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Welcome to Yantis! We are proud to introduce our new 1999 Data Book. It's not just MACH® 
anymore! Now featuring our entire line of programmable logic products, this is our most 
comprehensive and easy-to-use data book to date. 

Yantis brings unmatched emphasis and depth to the industry with our high-density MACH (Macro 
Array CMOS High Density) CPLD family, our newly-announced FPGA (field programmable gate 
array) family, VFl ™, as well as our SPLD product, the PAL®. In addition, our current software 
offerings have been expanded to include the DesignDirect™ tool suite, establishing software as a 
much stronger part of the Yantis solution. 

Yantis' MACH 4 and MACH 5 families represent the most comprehensive CPLD offering in the 
industry. Currently the leader in 3.3-Volt offerings, the MACH family has recently been expanded 
with the MACH 4A and MACH SA product lines offering even greater density solutions while still 
maintaining the exceptional performance MACH devices are known for. 

The VFl family marks Yantis' entry into the FPGA market. These new devices are designed to 
effectively double system performance by providing 50-100 percent faster system speed than any 
other FPGA vendor. 

Innovation and dedicated focus are at the heart of everything we do here at Yantis. From the 
development of ground-breaking architectures and advanced process technologies to our industry­
renown customer service. At Yantis, programmable logic performance is not measured in 
nanoseconds alone. By combining software performance with proven quality and reliability and 
the best on-time-delivery in the business, Yantis is committed to taking our customers Beyond 
Performance. 

Cheers, 

Andy Robin 

Vice President of Marketing 
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II YANTIS Introduction 
I BEYOND PERFORMANCE 

Formed in 1996, Yantis is an AMD company that exists solely to better serve the specialized 
requirements of programmable logic customers. Yantis brings expertise to the industry from almost 
two decades of innovation and excellence as one of the top PLD suppliers. 

TOTAL PROGRAMMABLE LOGIC LEADERSHIP 

Today's leading-edge electronic systems require programmable logic devices (PLDs) to provide a 
variety of benefits including quick time-to-market and design flexibility. Yantis is one of the only 
PLD suppliers that offers a complete portfolio of programmable logic solutions: SPLDs (Simple 
PLDs), CPLDs (Complex PLDs) and FPGAs (Field Programmable Gate Arrays). This complete 
portfolio ensures the optimal solution for each system need. In addition, Yantis PLDs are 
recognized as the industry's highest performance devices. 

Yantis is more than just the speed performance leader. Yantis ships more PLD components than 
any other supplier. Becoming the PLD volume leader required paying close attention to our 
customers' needs. These needs include accelerating system performance, simplifying PLD 
integration and delivering results with outstanding product quality that exceed our customers' 
expectations. At Yantis, we refer to this total product commitment as "Beyond Performance". 

Accelerating System Performance 

As the PLD performance leader, Yantis strives to enhance every aspect of our products to provide 
superior benefits to the designer. There are three basic components that affect performance in PLD 
devices: process technology, architecture and circuit design techniques. Yantis excels in all three. 

Process Technology: Yantis utilizes leading-edge· process technologies to drive system 
performance. In addition, Yantis has an experienced process technologies group that specializes 
in defining next-generation processes and improving existing processes. These technical experts 
also work closely with Yantis circuit designers to exploit process features to the fullest for superior 
speed performance while optimizing for other important device attributes such as low-power 
operation and 5-Volt tolerant I/Os in 2.5-Volt processes. 

Architecture Design: The basic device concept, or architecture, can greatly affect how fast the 
PLD device will run. Yantis has proven its performance leadership by desi§,ning and shipping faster 
programmable logic solutions. The original 22V10 architecture, the MACH CPLD architectures and 
the innovative VFl ™ FPGA architecture are examples of high-performance architecture leadership. 
All were specified and designed to provide better performing solutions. For example, the MACH 
products are SpeedLocked™ to ensure guaranteed timing regardless of usage, a capability that no 
other supplier offers. And, VFl FPGAs offer a unique Variable-Grain-Architecture™ that adapts to 
the designer's logic to achieve faster performance. 

Circuit Design: Circuit design affects every aspect of PLD performance. Special attention is paid 
to minimize data setup time and dock-to-output time, resulting in faster external system bus 
speeds. Analog phase-locked-loops are designed to offer clock multiplication, doubling and 
tripling internal frequencies. On-chip drivers are scaled for optimal interconnect performance 
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improving overall chip speed. In addition, logic and memory blocks are carefully planned to yield 
maximum speed and versatility. All of these are accomplished while minimizing power dissipation 
and with minimal silicon overhead. 

The focus Yantis places on PLD performance in process, architecture and circuit design translates 
into accelerated system speeds and shorter design cycles for the customer. Yantis is the PLD 
performance leader. 

Simplifying System Integration 

The time-to-market advantage of PLD technology allows system designers to complete the design 
of programmable logic devices long after many other components on the printed circuit board 
(PCB) have been finalized. This implies that the PLD must seamlessly integrate into a pre-defined 
system environment. System integration issues may include power dissipation limitations, In­
System Programming (ISP) requirements and 1/0 interoperability. Yantis believes that simplifying 
system integration is key to the success of Yantis and our customers. 

To enable fast and easy integration into leading-edge electronic systems, Yantis provides 3.3-Yolt 
safe 5-Yolt devices, 5-Yolt tolerant 3.3-Yolt devices and a roadmap to 2.5-Yolt operation. PCI 
compliance, hot-socketing, programmable slew rate, and programmable Bus-Friendly™ or pull-up 
operation are additional Yantis capabilities that aid in system integration. Power management 
capabilities allow the users of Yantis devices to trade speed in non-critical portions of their designs 
for lower power consumption. This feature, combined with the industry's most robust offering of 
3.3-Yolt devices, allows users to reduce their overall power consumption. Testability and 
programming are supported through the use of industry-standard JfAG interfacing. The use of the 
JfAG industry standard, not universal among PLD suppliers, further simplifies the integration of 
Yantis PLDs into the customer's overall system. Also, the availability of industrial and commercial 
temperature range devices allows designers to use these capabilities over a wide range of 
operating conditions. Most importantly, Yantis PLDs simplify system integration without 
compromising speed. 

Delivering Results 

Programmable logic's key value proposition to electronic system designers is time-to-market. Yet 
time-to-market is often achieved at the expense of system performance. Yantis ensures that 
designers can quickly access the performance that they seek while exploiting the time-to-market 
value provided by PLDs. Yantis takes the first step in delivering this capability many months before 
producing the first silicon of a new product family. Device architects, software tool designers and 
silicon engineers work in concert to ensure that new Yantis architectures easily support capabilities 
such as First-Time-Fit™, Fast-Fit-Time™, pin-locking, SpeedLocking™, and greater logic flexibility. 
Yantis DesignDirect™ software enables system designers to easily access these features. 
DesignDirect software is available either as a fully-integrated tool providing all design steps from 
capture to device programming or as a stand-alone silicon implementation tool that interfaces 
seamlessly with the industry's most popular third-party design capture, synthesis and simulation 
tools. DesignDirect software provides a rapid design environment that facilitates design changes 
while delivering superior speed performance to the· customer. Yantis is committed to delivering 
superior results to our customers. 
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VANTIS PRODUCTS 

MACH CPLDs 

Addressing the need for speed in networking, telecommunications, and computing, Yantis' 
MACH 1, 2, 4 and 5 families offer the industry's highest performance CPLDs. Devices are available 
in speeds as fast as 5ns tpn and in densities ranging from 32 to 512 macrocells. The MACH families 
are PCI-compliant and support JTAG-ISP, a critical customer requirement providing flexibility in 
the manufacturing environment. They also include other features such as SpeedLocking 
architecture for guaranteed fixed timing, Bus-Friendly inputs and I/Os, and programmable power­
down modes for extra power savings. 

MACH 4 Family 

Yantis' MACH 4 family is the most flexible CPLD solution on the market today, providing designers 
with high-speed, SpeedLocked solutions for both 5-Yolt and 3.3-Yolt applications. With the 
architecture of multiplexer-based central switch matrices, MACH 4 delivers First-Time-Fit, Fast-Fit­
Time, and easy system integration with 100% pin-out retention after any design change and refit. 
Other features include synchronous and asynchronous modes available for each macrocell, and 
input registers for extra design flexibility. 

MACH 4A Devices 

128 -120 

"' 
96 -0 -::::: 64 

48 -32 --32 64 96 128 192 256 

Macrocells 

MACH 5 Family 

The MACH 5 family from Yantis offers high-performance CPLDs with speeds as fast as 5.5ns and 
densities ranging from 128 to 512 macrocells. All MACH 5 family members deliver fast fit and easy 
system integration with excellent pin-out retention. The MACH 5 family is the industry's fastest 
high-density CPLD family enabling significantly higher speeds at higher densities than ever 
achieved before. 

MACH SA Devices 

256 -192 ---"' 160 ----g 
120 -----104 ---74 ---128 192 256 320 384 512 

Macrocells 
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VF1 FPGAs 

Yantis' VFl family is designed to provide "best in class" performance with a combined synergy of 
software and architecture that delivers unmatched Ease-of-Success™ to customers. Providing the 
industry's most cost-effective FPGA solutions for high-performance, low-power systems, products 
from the Yantis VFl family are designed to provide 50 to 100 percent faster system speed than any 
other FPGA vendor, effectively doubling system performance. 

The VFl family is based on a proprietary innovative and synthesis-friendly Variable-Grain­
Architecture design, unique Variable-Length-Interconnect™ hierarchy, and high-performance 
embedded memory. The VFl architecture provides the ability to vary FPGA block configuration to 
adapt to a large variety of possible applications and design styles. The VFl chip is designed with 
embedded, dual-port, 5-ns memory. Strategically located in vertical channels on the device, the 
memory provides maximum connectivity for the surrounding logic. At the core of the VFl family 
architecture is Variable-Grain-Block™ (VGB™) logic. Each VGB is capable of implementing fine­
grained three-input functions to coarse-grained 16-input functions, all providing extremely high 
performance. In addition, adjacent VGBs can be combined to create fast 32-input functions. 

VF1 Devices 

240/288 --168/204 ----"' ----0 164 ::::. 
124 --108 --12K 20K 25K 36K 

Gates 

PAL SPLDs 

As the SPLD leader, Yantis continues to provide a broad range of products including all the 
fundamental SPLD architectures. We offer key PAL devices in speed grades as fast as 5ns, along 
with low-power options, 3.3-Volt versions, industrial temperature range devices, and a wide range 
of packages. 

Vantis Software 

Yantis offers a suite of world-class software including DesignDirect software, MACHXL ® software, 
and MACH-Synario software. 

Yantis now offers internally-developed software targeted at FPGA, CPLD and SPLD devices. The 
DesignDirect software tool suite supports flexible top-down design methodologies optimized for 
high-density PLD design, thus allowing users to realize the benefits of designing in HDLs without 
sacrificing design performance and utilization. 

MACHXL software is the design implementation software for Yantis MACH and PAL devices that 
allows designers to use their own third~party design tools. 
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MACH-Synario software is a complete development system for MACH and PAL devices, providing 
a highly productive, low-cost environment for the design, implementation and simulation of 
VHDL, ABEL-HDL, and schematic-based designs on the PC. 

BEYOND PERFORMANCE 

To Yantis, Beyond Performance means providing our customers with more than what the 
competition offers. It means providing easy-to-use, high-performance devices that will help our 
customers get their products to market quicker. It means allowing them to breathe easy, knowing 
they can get top-notch customer support, day or night. It also means easy-to-use software that 
allows customers to design at the push of a button, and a proven 98 percent on-time delivery rate. 
Vantis knows how important it is to go beyond providing our customers with just the performance 
they desire. Vantis is committed to helping our customers succeed in the marketplace. 

That's why Vantis takes you Beyond Performance. 
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II YANTIS Vantis Device Selector Guide 
I BEYOND PERFORMANCE 

MACH® 4 FAMILY 

Table 1. MACH 4 Devices 1 

Commercial lnd'l 2 

Macrocells Dedicated Output PT per Output Flip· JTAG· fcNT 
Device Package (PLD Gates) I/Os Inputs Enables (w/NO speed adder) Flops ISP tPO ns MHz t,o ns lss3 ns 

M4(LV)-32/32-7 7.5 111.1 IO 5.5 

M4(LV)-32/32· 10 44PLCC, 
32 IO 95.2 12 6 

44TQFP, 
(1,250) 32 2 32 Up to 20 32 Yes 

M4(LV)-32/32·12 48TQFP 12 76.9 14 7 

M4(LV)-32/32-15 15 55.6 18 10 

M4(LV)-64/32-7 7.5 111.1 IO 5.5 

M4(LV)-64/32-10 44PLCC, 
64 IO 95.2 12 6 

44TQFP, 
(2,500) 32 2 32 Up to 20 96 Yes 

M4(LV)-64132-12 48TQFP 12 76.9 14 7 

M4(LV)-64/32-15 15 55.6 18 IO 

M4(LV)-96/48· 7 7.5 111.1 10 5.5 

M4(LV)-96/48-10 96 10 95.2 12 6 
lOOTQFP 

(3,750) 
48 8 48 Up to 20 144 Yes 

M4(LV)-96/48-12 12 76.9 14 7 

M4(LV)-96/48-15 15 55.6 18 IO 

M4(LV)-128N/64-7 7.5 111.1 IO 5.5 

M4(LV)-128N/64-10 128 10 95.2 12 6 
84PLCC 

(5,000) 
64 6 64 Up to20 192 No 

M4(LV)-128N/64-12 12 76.9 14 7 

M4(LV)-128N/64-15 15 55.6 18 10 

M4(LV)-128/64-7 7.5 111.1 10 5.5 

M4(LV)-128/64-10 lOOPQFP, 128 10 95.2 12 6 

lOOTQFP (5,000) 
64 6 64 Up to 20 192 Yes 

M4(LV)-128/64-12 12 76.9 14 7 

M4(LV)-128/64-15 15 55.6 18 10 

M4(LV)-192/96-7 7.5 111.1 IO 5.5 

M4(LV)-192/96-10 192 10 95.2 12 6 
144TQFP 

(7,500) 96 16 96 Up to20 288 Yes 
M4(LV)-192/96-12 12 76.9 14 7 

M4(LV)-192/96-15 15 55.6 18 IO 

M4(LV)-256/128-7 7.5 111.1 10 5.5 

M4(LV)-256/128-10 208PQFP 256 10 95,2 12 6 

256BGA (10,000) 128 14 128 Upto 20 384 Yes 
M4(LV)-256/128-12 12 76.9 14 7 

M4(LV)-256/128-15 15 55.6 18 IO 

Notes: 
1. M4 devices reflect a new nomenclature. A brief cross reference is provided below: 

OLDOPN 
MACH355·-> 
MACH436--> 

NEWM40PN 
M4-96J96 
M4-128N/64 

OLDOPN 
MACH446--> 
MACH466--> 

NEWM40PN 
M4-128/64 
M4-256/128 

lccmA 
tco"ns (Static) 

5.5 

6.5 
25 

8 

10 

5.5 

6.5 
25 

8 

IO 

5.5 

6.5 
50 

8 

IO 

5,5 

6.5 
70 

8 

10 

5.5 

6.5 
70 

8 

10 

5.5 

6.5 
85 

8 

IO 

5,5 

6.5 
100 

8 

IO 

2. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

3. Minimum setup time from input, l/O, or feedback to clock. 

4. Maximum time.from clock to output. 
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Table 2. MACH 4A Devices 1 

Commercial lnd'l 2 

Dedicated Dutput PT per fcNT tss3 lco4 

Device Package Macrocells I/Os inputs Enables Output Flip Flops JTAG-ISP tp0 ns MHz tpo ns ns ns 

M4A(3,5)-32/32-50 5 182 7.5 3 4 

M4A(3,5)-32/32-60 44PLCC, 6 154 10 4 4.5 

M4A(3,5)-32/32-7 44TQFP, 32 32 2 32 Up to 20 32 Yes 7.5 125 10 5.5 5 

M4A(3,5)-32/32-10 48TQFP 10 118 12 6 5.5 

M4A(3,5)-32/32-12 12 95 14 7 6.5 

M4A(3,5)-64132-50 5 182 7.5 3 4 

M4A(3,5)-64/32-60 44PLCC 6 154 10 4 4.5 

M4A(3,5)-64/32-7 44TQFP 64 32 2 32 Up to 20 96 Yes 7.5 125 10 5.5 5 

M4A(3,5)-64/32-10 48TQFP 10 118 12 6 5.5 

M4A(3,5)-64/32-12 12 95 14 7 6.5 

M4A(3,5)-96/48-50 5 182 7.5 3 4 

M4A(3,5)-96/48-60 6 154 10 4 4.5 

M4A(3,5)-96/48-7 lOOTQFP 96 48 8 48 Up to 20 144 Yes 7.5 125 10 5.5 5 

M4A(3,5)-96/48-10 10 118 12 6 5.5 

M4A(3,5)-96/48-12 12 95 14 7 6.5 

M4A(3,5)-128/64-50 5 182 7.5 3 4 

M4A(3,5)-128/64-60 6 154 10 4 4.5 

M4A(3,5)-128/64-7 lOOTQFP, 
128 64 6 64 Up to 20 192 Yes 7.5 125 10 5.5 5 

lOOPQFP 
M4A(3,5)-128/64-10 10 118 12 6 5.5 

M4A(3,5)-128/64-12 12 95 14 7 6.S 

M4A(3,5)-192/96-50 5 182 7.5 3 4 

M4A(3,5)-192/96-60 6 154 10 4 4.5 

M4A(3,5)-192/96-7 144TQFP 192 96 16 96 Up to 20 288 Yes 7.5 125 10 5.5 5 

M4A(3,5)-192/96-10 10 118 12 6 5.5 

M4A(3,5)-192/96-12 12 95 14 7 6.S 

M4A(3,5)-256/128-50 5 182 7.5 3 4 

M4A(3,5)-256/128-60 6 154 10 4 4.5 

M4A(3,5)-256/128-7 
208PQFP 

256 128 14 128 Up to 20 384 Yes 7.5 125 10 5,5 5 
256BGA 

M4A(3,5)-256/128-10 10 118 12 6 5.5 

M4A(3,5)-256/128-12 12 95 14 7 6.5 

Notes: 
1. Advance Information 

2. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

3. Minimum setup time from input, 1/0, or feedback to clock. 

4. Maximum time from clock to output. 
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MACH 5 FAMILY 

Table 3. MACH 5 Devices 
Commercial lnd'l1 

Maaocells Dedicated Output PT per tPO fcNT tpo tss2 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables Output JTAG·ISP ns MHz ns ns ns (Static) 

M5LV· 128/68·5 5.5 181.8 7.5 3 4.5 

M5(LV)· 128/68· 7 lOOPQFP, 7.5 125 10 4 6 

M5(LV)· 128/68· 10 IOOTQFP 128 68 4 16 Up to 32 Yes 10 100 12 5 7 35 (5,000) 
M5(LV)· 128/68· 12 12 83.3 15 6 8 

M5· 128/68· 15 15 62.5 20 8 10 

M5LV·128174-5 5.5 181.8 7.5 3 4.5 

M5LV-128174-7 128 7.5 125 10 4 6 
IOOTQFP 

(5,000) 
74 4 16 Up to 32 Yes 35 

M5LV-128174-10 10 100 12 5 7 

M5LV-128174-12 12 83.3 15 6 8 

M5LV-128/104-5 5.5 181.8 7.5 3 4.5 

M5(LV)-128/104-7 7.5 125 10 4 6 

M5(LV)-128/104-10 
144PQFP, 128 

104 4 16 Up to 32 Yes 10 100 12 5 7 35 144TQFP (5,000) 
M5(LV)-128/104-12 12 83.3 15 6 8 

M5-128/104-15 15 62.5 20 8 10 

M5LV-128/120-5 5.5 181.8 7.5 3 4.5 

M5(LV)-128/120-7 7.5 125 10 4 6 

M5(LV)-128/120-10 160PQFP 
128 

120 4 16 Upto32 Yes 10 100 12 5 7 35 (5,000) 
M5(LV)-128/120-12 12 83.3 15 6 8 

M5-128/120-15 15 62.5 20 8 10 

M5-192/68-7 7.5 125 10 4 6 

M5-192168-10 lOOPQFP, 192 10 100 12 5 7 
lOOTQFP (7,500) 68 4 24 Up to 32 Yes 45 

M5-192/68-12 12 83.3 15 6 8 

M5-192/68-15 15 62.5 20 8 10 

M5-1921104-7 7.5 125 10 4 6 

M5-192/104-10 192 10 100 12 5 7 
144PQFP 

(7,500) 104 4 24 Up to 32 Yes 45 
M5-192/104-12 12 83.3 15 6 8 

M5-192/104-15 15 62.5 20 8 10 

M5-192/120-7 7.5 125 10 4 6 

M5-1921120-10 192 10 100 12 5 7 
160PQFP (7,500) 120 4 24 Up to 32 Yes 45 

M5-192/120-12 12 83.3 15 6 8 

M5-192/120-15 15 62.5 20 8 10 

M5-192/160-7 7.5 125 10 4 6 

M5· 1921160-10 192 10 100 12 5 7 
208PQFP 

(7,500) 
160 4 24 Up to 32 Yes 45 

M5-192/160-12 12 83.3 15 6 8 

M5-1921160-15 15 62.5 20 8 10 
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Table 3. MACH 5 Devices (Continued) 
Commercial lnd'l1 

Macrocells Dedicated Output PT per lt>D fcNT IPD 1552 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables Output STAG-ISP ns MHz ns ns ns (Static) 

M5LV-256/68-5 5.5 181.8 7.5 3 4.5 

M5(LV)-256168-7 7.5 125 10 4 6 

M5(LV)-256168-10 IOOPQFP, 256 68 4 32 Upto32 Yes 10 100 12 5 7 55 IOOTQFP (I0,000) 
M5(LV)-256/68-12 12 83.3 15 6 8 

M5-256/68-15 15 62.5 20 8 10 

M5LV-256/74-5 5.5 181.8 7.5 3 4.5 

M5LV-256174-7 256 7.5 125 10 4 6 
lOOTQFP 

(I0,000) 
74 4 32 Up to 32 Yes 55 

M5LV-256174-10 10 100 12 5 7 

M5LV-256/74-12 12 83.3 15 6 8 

M5LV-2561104-5 5.5 181.8 7.5 3 4.5 

M5(LV)-256/104-7 7.5 125 10 4 6 

M5(LV)-2561104-10 
144PQFP, 256 

104 4 32 Upto32 Yes 10 100 12 5 7 55 
I44TQFP (10,000) 

M5(LV)-256/104-12 12 83.3 15 6 8 

M5-256/104-15 15 62.5 20 8 10 

M5LV-2561120-5 5.5 181.8 7.5 3 4.5 

M5(LV)-256/120-7 7.5 125 10 4 6 

M5(LV)-2561120-10 160PQFP 
256 

120 4 32 Upto32 Yes 10 100 12 5 7 55 (I0,000) 
M5(LV)-256/120-12 12 83.3 15 6 8 

MS-256/120-15 15 62.5 20 8 10 

MSLV-256/160-5 5.5 181.8 7.5 3 4.5 

M5(LV)-2561160-7 7.5 125 10 4 6 

M5(LV)-2561160-10 208PQFP 
256 

160 4 32 Upto32 Yes 10 100 12 5 7 55 (I0,000) 
M5(LV)-2561160-12 12 83.3 15 6 8 

M5-256/160-15 15 62.5 20 8 10 

M5(LV)-320/120-7 7.5 125 10 4 6 

M5(LV)-320/120-10 320 10 100 12 5 7 
I60PQFP 

(12,500) 
120 4 40 Upto32 Yes 70 

M5(LV)-320/120-12 12 83.3 15 6 8 

M5(LV)-320/120-15 15 62.5 20 8 10 

M5(LV)-320/160-7 7.5 125 10 4 6 

MS(LV)-320/160-10 320 IO 100 12 5 7 
208PQFP 

(12,500) 
160 4 40 Upto32 Yes 70 

M5(LV)-320/160-12 ·12 83.3 15 6 8 

M5(LV)-320/160-15 15 62.5 20 8 10 

M5(LV)-320/184-7 7.5 125 10 4 6 

M5(LV)-320/184-10 320 IO 100 12 5 7 
240PQFP 

(12,500) 
184 4 40 Upto32 Yes 70 

M5(LV)-320/184-12 12 83.3 15 6 8 

M5(LV)-320/184-15 15 62.5 20 8 10 

M5(LV)-320/192-7 7.5 125 10 4 6 

M5(LV)-320/192-10 320 10 100 12 5 7 
256BGA 

(12,500) 
192 4 40 Upto32 Yes 70 

M5(LV)-320/192-12 12 83.3 15 6 8 

M5(LV)-320/192-15 15 62.5 20 8 10 

12 Vantis Device Selector Guide 



Table 3. MACH 5 Devices (Continued) 
Commercial lnd'l1 

Macrocells Dedicated Output PT per tpD fcNT tpD tss2 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables Output JTAG-ISP ns MHz ns ns ns (Static) 

M5(LV)-3841120-7 7.5 125 10 4 6 

M5(LV)-3841120-10 384 10 100 12 5 7 
160PQFP (15,000) 120 4 48 Up to 32 Yes 75 

M5(LV)-3841120-12 12 83.3 15 6 8 

M5(LV)-3841120-15 15 62.5 20 8 10 

M5(LV)-384/160-7 7.5 125 10 4 6 

M5(LV)-3841160-10 384 10 100 12 5 7 
208PQFP (15,000) 160 4 48 Up to 32 Yes 75 

M5(LV)-3841160-12 12 83.3 15 6 8 

M5(LV)-3841160-15 15 62.5 20 8 10 

M5(LV)-384/184-7 7.5 125 10 4 6 

M5(LV)-3841184-10 384 10 100 12 5 7 
240PQFP 

(15,000) 184 4 48 Upto32 Yes 75 
M5(LV)-3841184-12 12 83.3 15 6 8 

M5(LV)-3841184-15 15 62.5 20 8 10 

M5(LV)-3841192-7 7.5 125 10 4 6 

M5(LV)-384/192-10 384 10 100 12 5 7 
256BGA (15,000) 192 4 48 Upto32 Yes 75 

M5(LV)-3841192-12 12 83.3 15 6 8 

M5(LV)-3841192-15 15 62.5 20 8 10 

M5(LV)-512/120-7 7.5 125 10 4 6 

M5(LV)-512/120-10 512 10 100 12 5 7 
160PQFP (20,000) 120 4 64 Up to 32 Yes 100 

M5(LV)-512/120-12 12 83.3 15 6 8 

M5(LV)-512/120-15 15 62.5 20 8 10 

M5(LV)-512/160-7 7.5 125 10 4 6 

M5(LV)-512/160-10 512 10 100 12 5 7 
208PQFP 

(20,000) 160 4 64 Upto3:.i Yes 100 
M5(LV)-512/160-12 12 83.3 15 6 8 

M5(LV)-512/160-15 15 62.5 20 8 10 

M5(LV)-512/184-7 7.5 125 10 4 6 

M5(LV)-512/184-10 512 10 100 12 5 7 
240PQFP (20,000) 184 4 64 Upto32 Yes 100 

M5(LV)-512/184-12 12 83.3 15 6 8 

M5(LV)-512/184-15 15 62.5 20 8 10 

M5(LV)-512/192-7 7.5 125 10 4 6 

M5(LV)-512/192-10 512 10 100 12 5 7 
256BGA (20,000) 192 4 64 Upto32 Yes 100 

M5(LV)-512/192-12 12 83.3 15 6 8 

M5(LV)-512/192-15 15 62.5 20 8 10 

M5(LV)-512/256-7 7.5 125 10 4 6 

M5(LV)-512/256-10 512 10 100 12 5 7 
352BGA (20,000) 256 4 64 Upto32 Yes 100 

M5(LV)-512/256-12 12 83.3 15 6 8 

M5(LV)-512/256-15 15 62.5 20 8 10 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, 1/0, or feedback to clock. 

J. Maximum time from clock to output. 
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Table 4. MACH SA Devices1 

Commercial lnd'l2 

Dedicated Output PT per tpo fcNT tpo tss3 lco4 
Device Package Macrocells I/Os Inputs Enables Output JTAG·ISP ns MHz ns ns ns 

MSA(3,5)· 128/68·5 5.5 181.8 7.5 3 4.5 

MSA(3,5)-128/68·7 7.5 125 10 4 6 
lOOPQFP 128 68 4 16 Up to 32 Yes 

MSA(3,5)-128/68· 10 10 100 12 5 7 

MSA(3,5)-128/68-12 12 83.3 15 6 8 

MSA(3,5)-128/74-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)· 128/7 4-7 7.5 125 10 4 6 
lOOTQFP 128 74 4 16 Up to 32 Yes 

MSA(3,5)· 128/7 4-10 10 100 12 5 7 

MSA(3,5)· 128/74· 12 12 83.3 15 6 8 

MSA(3,5)-128/104·5 5.5 181.8 7.5 3 4.5 

M5A(3,5)-128/104·7 7.5 125 10 4 6 
144TQFP 128 104 4 16 Up to 32 Yes 

MSA(3,5)-128/104· 10 10 100 12 5 7 

MSA(3,5)-128/104-12 12 83.3 15 6 8 

MSA(3,5)-128/120-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)· 128/120-7 7.5 125 10 4 6 
16oPQFP 128 120 4 16 Up to 32 Yes 

MSA(3,5)-128/120-10 10 100 12 5 7 

MSA(3,5)-128/120-12 12 83.3 15 6 8 

MSA(3,5)-192/68-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)-192/68-7 7.5 125 10 4 6 
lOOPQFP 192 68 4 24 Up to 32 Yes 

MSA(3,5)-192/68·10 10 100 12 5 7 

M5A(3,5)-192/68-12 12 83.3 15 6 8 

MSA(3,5)-192n4-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)-192/74-7 7.5 125 10 4 6 
lOOTQFP 192 74 4 24 Up to 32 Yes 

MSA(3,5)-192/74-10 10 100 12 5 7 

MSA(3,5)-192n4-12 12 83.3 15 6 8 

MSA(3,5)-192/104-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)-192/104·7 7.5 125 10 4 6 
144TQFP 192 104 4 24 Up to 32 Yes 

MSA(3,5)· 192/104-10 10 100 12 5 7 

MSA(3,5)· 192/104-12 12 83.3 15 6 8 

MSA(3,5)-192/120-5 5.5 181.8 7.5 3 4.5 

MSA(3,5)· 192/120-7 7.5 125 10 4 6 
160PQFP 192 120 4 24 Up to 32 Yes 

MSA(3,5)-192/120· 10 10 100 12 5 7 

MSA(3,5)-192/120· 12 12 83.3 15 6 8 
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Table 4. MACH SA Devices1 {Continued) 

Commercial lnd'l2 

Dedicated Output PT per lpo fcNT tpo tss3 tco4 
Device Package Macrocells I/Os Inputs Enables Output JTAG·ISP ns MHz ns ns ns 

M5A(3,5)·256/68·5 5.5 181.8 7.5 3 4.5 

M5A(3,5)·256/68· 7 7.5 125 JO 4 6 
lOOPQFP 256 68 4 32 Up to 32 Yes 

M5A(3,5)·256/68· 10 JO 100 12 5 7 

M5A(3,5)·256/68-12 12 83.3 15 6 8 

M5A(3,5)-256/74-5 5.5 181.8 7.5 3 4.5 

M5A(3,5)-256/74-7 7.5 125 10 4 6 
lOOTQFP 256 74 4 32 Up to 32 Yes 

M5A(3,5)-256/74-10 JO 100 12 5 7 

M5A(3,5)-256/74-12 12 83.3 15 6 8 

M5A(3,5)-256/104-5 5.5 181.8 7.5 3 4.5 

M5A(3,5)-256/104-7 7.5 125 JO 4 6 
144TQFP 256 104 4 32 Up to 32 Yes 

M5A(3,5)-256/104-10 10 100 12 5 7 

M5A(3,5)-256/104-12 12 83.3 15 6 8 

M5A(3,5)-256/120-5 5.5 181.8 7.5 3 4.5 

M5A(3,5)-256/120-7 7.5 125 10 4 6 
16oPQFP 256 120 4 32 Up to 32 Yes 

M5A(3,5)-256/120-10 10 100 12 5 7 

M5A(3,5)-256/120-12 12 83.3 15 6 8 

M5A(3,5)-256/160-5 5.5 181.8 7.5 3 4.5 

M5A(3,5)-256/160-7 7.5 125 10 4 6 
208PQFP 256 16o 4 32 Up to 32 Yes 

M5A(3,5)-256/160-10 10 100 12 5 7 

M5A(3,5)-256/160-12 12 83.3 15 6 8 

M5A3-320/120-5 5.5 181.8 7.5 3 4.5 

M5A3-320/120-6 6.5 166.7 JO 3 5 

M5A3-320/120-7 16oPQFP 320 120 4 40 Up to 32 Yes 7.5 125 JO 4 6 

M5A3-320/120-10 JO 100 12 5 7 

M5A3-320/120-12 12 83.3 15 6 8 

M5A3-320/160-5 5.5 181.8 7.5 3 4.5 

M5A3-320/160-6 6.5 166.7 JO 3 5 

M5A3-320/160-7 208PQFP 320 16o 4 40 Up to 32 Yes 7.5 125 JO 4 6 

M5A3-320/160-10 JO 100 12 5 7 

M5A3-320/160-12 12 83.3 15 6 8 

M5A3-320/192-5 5.5 181.8 7.5 3 4.5 

M5A3-320/192-6 6.S 166.7 10 3 5 

M5A3-320/192-7 256BGA 320 192 4 40 Up to 32 Yes 7.5 125 10 4 6 

M5A3-320/192-10 10 100 12 5 7 

M5A3-320/192-12 12 83.3 15 6 8 
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Table 4. MACH SA Devices1 (Continued) 
Commercial lnd'l2 

Dedicated Output PT per lpD fCNT lpD lss3 tco4 
Device Package Maaocells I/Os Inputs Enables Output JTAG·ISP ns MHz ns ns ns 

MSA3-384/12<>·5 5.5 181.8 7.5 3 4.5 

MSA3·384/120·6 6.5 166.7 10 3 5 

MSA3-384/120-7 160PQFP 384 120 4 48 Up to 32 Yes 7.5 125 10 4 6 

MSA3-384/120-10 10 100 12 5 7 

MSA3-384/120-12 12 83.3 15 6 8 

MSA3-384/160-5 5.5 181.8 7.5 3 4.5 

MSA3-384/160-6 6.5 166.7 10 3 5 

MSA3-384/160-7 208PQFP 384 160 4 48 Up to 32 Yes 7.5 125 10 4 6 

MSA3-384/160-10 10 100 12 5 7 

MSA3-384/160-12 12 83.3 15 6 8 

MSA3-384/192-5 5.5 181.8 7.5 3 4.5 

MSA3-384/192-6 6.5 166.7 10 3 5 

MSA3-384/192-7 256BGA 384 192 4 48 Up to 32 Yes 7.5 125 10 4 6 

M5A3-384/192-10 10 100 12 5 7 

MSA3-384/192-12 12 83.3 15 6 8 

M5A3-512/120-5 5.5 181.8 7.5 3 4.5 

M5A3-512/120-6 6.5 166.7 10 3 5 

MSA3-512/120-7 160PQFP 512 120 4 64 Up to 32 Yes 7.5 125 10 4 6 

M5A3-512/120-10 10 100 12 5 7 

MSA3-512/120-12 12 83.3 15 6 8 

M5A3-512/160-5 5.5 181.8 7.5 3 4.5 

MSA3-512/160-6 6.5 166.7 10 3 5 

M5A3-512/160-7 208PQFP 512 160 4 64 Upto 32 Yes 7.5 125 10 4 6 

MSA3-512/160-10 10 100 12 5 7 

MSA3-512/160-12 12 83.3 15 6 8 

M5A3-512/192-5 5.5 181.8 7.5 3 4.5 

MSA3-512/192-6 6.5 166c7 10 3 5 

M5A3-512/192-7 256BGA 512 192 4 64 Up to 32 Yes 7.5 125 10 4 6 

MSA3-512/192-10 10 100 12 5 7 

M5A3-512/192-12 12 83.3 15 6 8 

MSA3-512/256-5 5.5 181.8 7.5 3 4.5 

MSA3-512/256-6 6.5 166.7 10 3 5 

M5A3-512/256-7 352BGA 512 256 4 64 Up to 32 Yes 7.5 125 10 4 6 

M5A3-512/256-10 10 100 12 5 7 

MSA3-512/256-12 12 83.3 15 6 8 

Notes: 
1. Advance Information 

2. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

3. Minimum setup time from input, l/0, or feedback to clock. 

4. Maximum time from clock to output. 
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MACH 1 & 2 FAMILIES 

Table 5. MACH 1 Devices 
Commercial lnd'l1 

Macrocells Dedicated Output PT per Output tpo fcNT tpo tss2 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables (w/ NO speed adder) JTAG·ISP ns MHz ns ns ns (Static) 

MACH111·5 5 182 7.5 3.5 3.5 

MACH111-7 7.5 133 10 5.5 5 

MACH111-10 44PLCC, 32 
32 6 8 Up to 12 No IO 100 12 6.S 6 40 

44TQFP (1250) 
MACH111-12 12 76.9 14 7 8 

MACH111·15 15 66.6 18 10 IO 

MACH131-5 5.5 182 7.5 3.0 4 

MACH131-7 7.5 133 10 5.5 5 

MACH131-10 84PLCC 
64 64 6 16 Up to 12 No IO 100 12 6.5 6 75 (2500) 

MACH131-12 12 76.9 14 7 8 

MACH131-15 15 66.6 18 10 10 

Table 6. MACH 2 Devices 
Commercial lnd'l1 

Macrocells Dedicated Output PT per output tpo fcNT tpo tss2 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables (w/ NO speed adder) JTAG·ISP ns MHz ns ns ns (Static) 

MACH211-7 7.5 133 10 5.5 4.5 

MACH211-10 44PLCC, 64 IO 100 12 6.S 6 

44TQFP (2500) 32 6 8 Up to 16 No 40 
MACH211-12 12 83.3 14 7 8 

MACH211-15 15 66.6 18 10 10 

MACH221-7 7.5 133 10 5.5 5 

MACH221-10 96 10 100 12 6.S 6 
68PLCC 

(3750) 
48 8 16 Up to 16 No 70 

MACH221-12 12 83.3 14 7 8 

MACH221-15 15 66.6 18 10 10 

MACH231-6 6 166 5 4 

MACH231-7 7.5 133 5.5 5 

MACH231-10 84PLCC 
128 64 6 16 Up to 16 No 10 100 12 6.5 6.5 135 (5000) 

MACH231-12 12 83.3 14 7 8 

MACH231-15 15 66.6 18 10 10 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, J/0, or feedback to clock. 

3. Maximum time from clock to output. 
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Table 7. MACH 1SP Devices 

Commercial lnd'l1 

Macrocells Dedicated Output PT per Output !po fcNT !po tss2 teal lccmA 
Device Package (PLD Gates) I/Os Inputs Enables (w/ NO speed adder) JTAG-ISP ns MH2 ns ns ns (Static) 

MACHI I I SP-5 5 182 7.5 3.5 3.5 

MACHl11SP-7 7.5 133 10 5.5 5 

MACHlllSP-10 44PLCC, 32 
32 2 8 Up to 12 Yes 10 100 12 6.5 6 40 

44TQFP (1250) 
MACHlllSP-12 12 76.9 14 7 8 

MACH111SP-15 15 66.6 18 10 10 

MACHI 31 SP-5 5.5 182 7.5 3.0 4 

MACHl31SP-7 7.5 133 10 5.5 5 

MACHl31SP-10 lOOPQFP, 64 
64 6 16 Up to 12 Yes 10 12 6.5 6 

lOOTQFP (2500) 100 75 

MACHI 31 SP-12 12 76.9 14 7 8 

MACHI 31 SP-15 15 66.6 18 10 10 

Table 8. MACH 2SP Devices 

Commercial lnd'l1 

Macrocells Dedicated Output PT per Output !po fcNT !po lss2 tco3 lccmA 
Device Package (PLD Gates) I/Os Inputs Enables (w/ NO speed adder) JTAG-ISP ns MHz ns ns ns (Static) 

MACH2 I 1 SP-6 6 166 5 4 

MACH2 I I SP-7 7.5 133 10 5.5 4.5 

MACH211SP-10 44PLCC, 64 
32 2 8 Up to 16 Yes 10 100 12 6.5 6 40 

44TQFP (2500) 
MACH211SP-12 12 83.3 14 7 8 

MACH211 SP-15 15 66.6 18 10 10 

MACH221 SP-7 7.5 133 10 5.5 5 

MACH221SP-10 96 10 100 12 6.5 6 
lOOPQFP 

(3750) 
48 8 16 Up to 16 Yes 70 

MACH22 I SP-12 12 83.3 14 7 8 

MACH221SP-15 15 66.6 18 10 10 

MACH231SP-10 10 100 12 6.5 6.5 

MACH231 SP-12 lOOPQFP, 128 
64 6 16 Up to 16 Yes 12 83.3 14 80 

lOOTQFP (5000) 7 8 

MACH231 SP-15 15 66.6 18 10 10 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, 1/0, or feedback to clock. 

3. Maximum time from clock to output. 

Tbe MACHI IO, MACH120, MACH130, MACH210, MACHLV210, MACH215, MACH220 and MACH230 devices are not listed above 
and are not recommended for new designs. However, they are still supported by Vantis. For technical or sales support, please call 
your local Vantis sales office or visit our Web site at www.vantis.com for more information. 
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VF1 FAMILY 

Table 9. VF1 Devices 

Usable VGB Global RAM VGB 1/0 Commercial Industrial 
Oevice Gates Array Size Package I/Os Clock Pins Bits Flip Flops Flip-Flops JTAG Speed Grades Speed Grades 

144TQFP 108 4 3584 784 336 Yes -1, -2 -I 

16oPQFP 124 4 3584 784 336 Yes -1, -2 -I 
VF1012 12,000 14xl4 

208PQFP 164 4 3584 784 336 Yes -1, -2 -I 

256BGA 168 4 3584 784 336 Yes -1, -2 -I 

144TQFP 108 4 4608 1296 432 Yes -1, -2 -I 

16oPQFP 124 4 4608 1296 432 Yes -1, -2 -I 
VF1020 20,000 18xl8 

208PQFP 164 4 4608 1296 432 Yes -1, -2 -I 

256BGA 204 4 46o8 1296 432 Yes -1, -2 -I 

208PQFP 164 4 5120 16oO 480 Yes -1, -2 -I 

VF1025 25,000 20x20 256BGA 204 4 5120 1600 480 Yes -1, -2 -I 

352BGA 240 4 5120 16oo 480 Yes -1, -2 -I 

208PQFP 164 4 6144 2304 576 Yes -1, -2 -I 

VF1036 36,000 24x24 256BGA 204 4 6144 2304 576 Yes -1, -2 -I 

352BGA 288 4 6144 2304 576 Yes -1, -2 -I 
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CMOS PAL® FAMILY 

Table 10. Universal CMOS 16V8 PAL Devices 
Commercial lnd'l1 

Dedicated PT per tro fcNT lpo lss' lco3 lccmA 
Device Package l/Ds Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE16V8H-5 20) 5 166 - 3 4 125 

PALCE16V8H-7 7.5 125 - 5 5 115 

PALCE16V8H-10 8 10 8 
Half Power CMOS 

10 71.4 10 7.5 7.5 115 
20P,S,J PAL Device 

PALCE16V8H-15 15 50 15 12 10 90 

PALCE16V8H-25 25 40 25 13 11 90 

PALCE16V8Q-10 10 71.4 - 7.5 7.5 55 

PALCE16V8Q-15 Quarter Power CMOS 15 50 15 12 10 55 
20P,J 8 10 8 

PAL Device PALCE16V8Q-20 - - 20 13 11 65 

PALCE16V8Q-25 25 40 25 15 12 55 

Table 11. Universal CMOS 20V8 PAL Devices 
Commercial lnd'l1 

Dedicated PT per lpo fcNT !po lss2 lco3 lccmA 
Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE20V8H-5 28) 5 166 - 3 4 125 

PALCE20V8H-7 7.5 125 - 5 5 115 

PALCE20V8H-10 8 14 8 
Half Power CMOS 

10 71.4 7.5 7.5 115 
PAL Device 

-
PALCE20V8H-15 

24P, 28) 
15 50 15 12 10 90 

PALCE20V8H-25 25 40 25 15 12 90 

PALCE20V8Q-10 10 71.4 - 7.5 7.5 55 

PALCE20V8Q-1 S Quarter Power CMOS 15 50 - 12 10 55 
24P, 28) 8 14 8 

PAL Device PALCE20V8Q-20 - - 20 13 11 65 

PALCE20V8Q-25 25 40 25 15 12 55 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, J/0, or feedback to clock. 

3. Maximum time from clock to output. 
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Table 12. Universal CMOS 22V10 PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT tpo tss2 tco 3 lccmA 
Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE22V1 OH-5 28J 5 150 - 3 4 125 

PALCE22V1 OH-7 24P, 28J 
Half Power Varied 

7.5 133 - 4.5 4.5 115 

PALCE22V1OH-10 24P, s, 28J Prod Term 10 110 10 6 6 120 
10 12 8to 16 

Distribution PALCE22V1 OH-15 24P, s, 28J 15 58.8 15 10 10 90 

PALCE22V10H-20 24P, 28J 
Bus~Friendly ™ 

20 12 12 100 - -

PALCE22V10H-25 24P, s, 28J 25 35.7 25 15 15 90 

PALCE22V1 OQ-10 10 110 - 6 6 55 

PALCE22V1 OQ-15 24P, 28J 10 12 8to 16 
Quarter Power 

15 58.8 - 10 10 55 Bus-Friendly 
PALCE22V1 OQ-25 25 35.7 - 15 15 55 

Table 13. Universal CMOS 24V10 PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT lpo tss2 tco 3 lccmA 
Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE24V1 OH-15 15 66 - 10 10 115 
28P,J 10 12 8 to 16 CMOS PAL Device 

PALCE24V1 OH-25 25 50 - 12 12 115 

Table 14. Universal CMOS 26V12 PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT lpo tss2 lco3 lccmA 
Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE26V12H-7 28J 7.5 125 - 3.5 6 115 

PALCE26V12H-10 Adv. 22Vl 0 MIC 10 105 10 5 9 115 
12 14 8to16 

Bus-Friendly PALCE26V12 H-15 28P,J 15 58.8 15 10 10 105 

PALCE26V12 H-20 20 43 20 13 12 105 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, J/0, or feedback to clock. 

3. Maximum time from clock to output. 
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Table 15. Universal CMOS 29M16 PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT tpo t,,2 lco3 lccmA 
Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE29M16H-25 24P, 28J 16 5 8 to 16 Adv. Macrocell 25 33.3 - 15 15 100 

Table 16. Zero Power CMOS PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT tpo tss2 tco3 lccmA 
Family Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE16V8Z-12 - - 12 8 8 0.Q3 

16V8 PALCE16V8Z-15 
20P,J Zero Power CMOS 8 JO 8 

PAL Device - - 15 JO JO 0.Ql5 

PALCE16V8Z-25 20P,S,J 25 50 25 20 JO O.Ql5 

PALCE22V1 OZ-15 24P, 28J - - 15 JO JO 0.03 
22V10 10 12 8to 16 Zero Power 

PALCE22V10Z-25 24P, S, 28J 25 35.7 25 15 15 0.03 

Table 17. 3.3-V Low Voltage CMOS PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT tpo tss2 tea 3 lccmA 
Family Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALLV16V8-10 20P,S,J 3.3V 10 83.3 - 7 7 55 
16V8 8 JO 8 

PALLV16V8Z-20 20P,J 3.3V, Zero Power - - 20 15 JO 0.03 

PALLV22V10-7 28J 7.5 133 - 4.5 5.5 75 

PALLV22V10-10 3.3V JO 110 - 5.5 6.5 6o 
22V10 24P, 28J JO 12 8to 16 

PALLV22V10-15 15 58.8 15 JO 10 60 

PALLV22V1 OZ-25 24P, 28J 3.3V, Zero Power - - 25 15 15 0.03 

Table 18. Asynchronous Universal PAL Devices 

Commercial lnd'l1 

Dedicated PT per tpo fcNT tpo tss2 tca3 lccmA 
Family Device Package I/Os Inputs Output Feature ns MHz ns ns ns (Static) 

PALCE61 OH-15 J-KF/F 15 76.1 - 12 8 90 
610 24P, 28J 16 4 8 

PALCE61 OH-25 Prognunmable CLK 25 40 - 15 12 90 

PALCE20RA 1 OH-7 7.5 J004 7.5 2.5 7.5 JOO 

PALCE20RA 1OH-10 28J 10 76.94 10 3 10 100 
20RA10 10 JO 4 Programmable CLK 

PALCE20RA 1 OH-15 24P, 28J 15 52.64 15 4 15 100 

PALCE20RA10H-20 20 374 20 4 20 90 

29MA16 PALCE29MA 16H-25 24P, 28J 16 5 4to12 Prog. CIK, Adv MIC 25 33.3 - 15 15 100 

Notes: 
1. MACH devices are dual-marked with both commercial and industrial speeds while CMOS PAL devices are marked separately. 

2. Minimum setup time from input, 1/0, or feedback to clock. 

3. Maximum time from clock to output. 

4. Specified as f MAX (External Feedback) 

Ibis databook contains the PAL device information for the PALCE16V8, PALLV16V8, PALCE20V8, PALCE22V10, and PALLV22V10. 
For information on other PAL devices, please refer to the datasheets on our Web site at www.vantis.com. 
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II VANTIS 
I HEYONO PERfORMANCE 

FEATURES 

MACH 4 CPLD Family 
High Performance EE CMOS 
Programmable Logic 

+ High-performance, EE CMOS 3.3-V & 5-V CPLD families 
+ Flexible architecture for rapid logic designs 

- Excellent First-Time-Fit™ and refit 
- Speed locking TM for guaranteed fixed timing 
- Central, input and output switch matrices for 100% routability and 100% pin-out retention 

+ High speed 
- 5.0ns tpo Commercial and 7.5ns tpo Industrial 
- 182MHz fcNT 

+ 32 to 256 macrocells; 32 to 384 registers 
+ 44 to 256 pins in PLCC, PQFP, TQFP and BGA packages 
+ Advanced capabilities for easy system integration 

- 3.3-V & 5-V JEDEC-compliant operations 
- JTAG (IEEE 1149.1) compliant for boundary scan testing 
- 3.3-V & 5-V JTAG in-system programming 
- PCI compliant (-50/-55/-60/-65/-7/-10/-12 speed grades) 
- Safe for mixed supply voltage system designs 
- Programmable pull-up or Bus-Friendly™ inputs and I/Os 
- Hot-socketing 
- Programmable security bit 
- Individual output slew rate control 

+ Flexible architecture for a wide range of design styles 
- D!T registers and latches 
- Synchronous or asynchronous mode 
- Dedicated input registers 
- Programmable polarity 
- Reset/ preset swapping 

+ Advanced EE CMOS process provides high-performance, cost-effective solutions 
+ Supported by Vantis DesignDirect™ software for rapid logic development 

- Supports HDL design methodologies with results optimized for Vantis 
- Flexibility to adapt to user requirements 
- Software partnerships that ensure customer success 

+ Vantis and third-party hardware programming support 
- VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability 

support on PCs and automated test equipment 
- Programming support on all major programmers including Data 1/0, BP Microsystems, Advin, 

and System General 
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Table 1. MACH 4 Device Features1•2 

M4-32/32 M4-64/32 M4-96/48 M4-128/64 M4-128N/64 M4-192/96 M4-256/128 
Feature M4LV-32/32 M4LV-64/32 M4LV-96/48 M4LV-128/64 M4LV-128N/64 M4LV-192/96 M4LV-256/128 

Macrocells 32 64 96 128 128 192 256 

Maximum User 110 Pins 32 32 48 64 64 96 128 

tpo (ns) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

fcNT (MHz) 111 111 111 111 111 111 111 

teas (ns) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

tss (ns) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

Static Power (mA) 25 25 50 70 70 85 100 

JTAG Compliant Yes Yes Yes Yes No Yes Yes 

PCI Compliant Yes Yes Yes Yes Yes Yes Yes 

Notes: 
1. For information on the M4-96196 device, please refer to the M4-96196 datasheet at www.vantis.com. 

2. "M4-xxx" is for 5-V devices. "M4LV-xxx" is for 3.3-V devices. 

Table 2. MACH 4A Device Features 1•2 

M4A3-32/32 M4A3-64/32 M4A3-96/48 M4A3-128/64 M4A3-192/96 M4A3·256/128 
Feature M4A5-32/32 M4A5-64/32 M4A5-96/48 M4A5-128/64 M4A5-192/96 M4A5-256/128 

Macrocells 32 64 96 128 192 256 

Maximum User 1/0 Pins 32 32 48 64 96 128 

tp0 (ns) 5.0 5.0 5.0 5.0 5.0 5.0 

fcNT (MHz) 182 182 182 182 182 182 

teas (ns) 4.0 4.0 4.0 4.0 4.0 4.0 

tss (ns) 3.0 3.0 3.0 3.0 3.0 3.0 

Static Power (mA) TBD TBD TBD TBD TBD TBD 

JTAG Compliant Yes Yes Yes Yes Yes Yes 

PCI Compliant Yes Yes Yes Yes Yes Yes 

Notes: 
1. All information. on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 

availability. 

2. "M4A5-xxx" is for 5-V devices. "M4A3-xxx" is for 3.3-V devices. 
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GENERAL DESCRIPTION 

The MACH® 4 family from Yantis offers an exceptionally flexible architecture and delivers a 
superior Complex Programmable Logic Device (CPLD) solution of easy-to-use silicon products and 
software tools. The overall benefits for users are a guaranteed and predictable CPLD solution, faster 
time-to-market, greater flexibility and lower cost. The MACH 4 devices offer densities ranging from 
32 to 256 macrocells with 100% utilization and 100% pin-out retention. Both the MACH 4 and the 
MACH 4A families offer 5-V (M4-xxx and M4A5-xxx) and 3.3-V (M4LV-xxx and M4A3-xxx) 
operation. 

All MACH 4 products are 5-Vor 3.3-Vin-system programmable through theJTAG (IEEE Std. 1149.1) 
interface. ]TAG boundary scan testing capability also allows product testability on automated test 
equipment for device connectivity. 

All MACH 4 family members deliver First-Time Fit and easy system integration with pin-out 
retention after any design change and refit. With multi-tiered central switch matrices, enhanced 
logic arrays, intelligent logic allocators with an XOR gate and multi-clocking, the MACH 4 family 
has D or T-type registers and latches as well as synchronous/ asynchronous logic and flexible set/ 
reset capabilities. For both 3.3-V and 5-V operations, MACH 4 products can deliver guaranteed 
fixed timing as fast as 5.0 ns tPD and 182 MHz fem through the SpeedLocking feature when using 
up to 20 product terms per output (Tables 3 and 4). 

Table 3. MACH 4 Speed Grades 

Speed Grade 1 

Device -7 -10 -12 -14 -15 -18 

M4-32/32 

M4LV-32/32 
c C, I C, I I c I 

M4-64/32 

M4LV-64/32 
c C, I C, I I c I 

M4-96/48 

M4LV-96/48 
c C, I C, I I c I 

M4-128/64 

M4LV-128/64 
c C, I C, I I c I 

M4-128N/64 

M4LV-128N/64 
c C, I C, I I c I 

M4-192/96 

M4LV-192/96 
c C, I C, I I c I 

M4-256/128 

M4LV-256/128 
c C, I C, I I c I 

Note: 
1. C = Commercial, I = Industrial 
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Table 4. MACH 4A Speed Grades 

Speed Grade1• 2 

Device -50 -55 -60 -65 -7 -10 -12 -14 

M4A3-32/32 
M4A5-32/32 

c c c c C,I C,I C,I I 

M4A3-64/32 
M4A5-64132 

c c c c C,I C, I C,I I 

M4A3-96/48 
M4A5-96/48 

c c c c C,I C,I C,I I 

M4A3-128/64 
M4A5-128/64 

c c c c C,I C,I C, I I 

M4A3-192/96 
M4A5-192/96 

c c c c C,I C,I C,I I 

M4A3-256/128 
M4A5-256/128 

c c c c C,I C,I C, I I 

Notes: 
1. C = Commercial, I= Industrial 

2. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 
availability. 

The MACH 4 family offers 6 density-1/0 combinations in Thin Quad Flat Pack (TQFP), Plastic Quad 
Flat Pack (PQFP), Plastic Leaded Chip Carrier (PLCC), and Ball Grid Array (BGA) packages ranging 
from 44 to 256 pins (Tables 5 and 6). It also offers 1/0 safety features for mixed-voltage designs 
so that the 3.3-V devices can accept 5-V inputs, and 5-V devices do not overdrive 3.3-V inputs. 
Additional features include Bus-Friendly inputs and I/Os, a programmable power-down mode for 
extra power savings and individual output slew rate control for the highest speed transition or for 
the lowest noise transition. 

Table 5. MACH 4 Package and 1/0 Options (Number of I/Os in Table) 

M4-32/32 M4-64132 M4-96/48 M4-128/64 M4-128N/64 M4-192/96 M4-256/128 
Package M4LV-32/32 M4LV-64132 M4LV-96/48 M4LV-128/64 M4LV-128N/64 M4LV-192/96 M4LV-256/128 

44-pin PLCC 32 32 

44-pinTQFP 32 32 

48-pinTQFP 32 32 

84-pin PLCC 64 

100-pin TQFP 48 64 

1 00-pin PQFP 64 

144-pin TQFP 96 
208-pin PQFP 128 

256-pin BGA 128 
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Table 6. MACH 4A Package and 1/0 Options 1 (Number of I/Os in Table) 

M4A3-32/32 M4A3-64/32 M4A3-96/48 M4A3-128/64 M4A3-192/96 M4A3-256/128 
Package M4A5-32/32 M4A5-64/32 M4A5-96/48 M4A5-128/64 M4A5-192/96 M4A5-256/128 

44-pin PLCC 32 32 

44-pinTQFP 32 32 

48-pinTQFP 32 32 

100-pin TQFP 48 64 

100-pin PQFP 64 

144-pin TQFP 96 
208-pin PQFP 128 

256-pin BGA 128 

Note: 
1. All information on MACH 4A devices is Advance Information. Please contact a Vantis sales representative for details on 

availability. 

Yantis offers software design support for MACH devices in both the MACHXL ® and DesignDirect 
development systems. The DesignDirect development system is the Yantis implementation 
software that includes support for all Yantis CPLD, FPGA and SPLD devices. This system is 
supported under Windows '95, '98 and NT as well as Sun Solaris and HPUX. 

DesignDirect software is designed for use with design entry, simulaion and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology , Synopsys, Synplicity, Yiewlogic and others. It accepts EDIF 2 0 0 input netlists, 
generates JED EC files for Yantis PLDs and creates industry-standard EDIF, Yerilog, VITAL-compliant 
VHDL and SDF simulation netlist for design verification. 

DesignDirect software is also available in product configurations that include VHDL and Yerilog 
synthesis from Exemplar Logic and VHDL, Yerilog RTL and gate level timing simulation from Model 
Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 

The fundamental architecture of MACH 4 devices (Figure 1) consists of multiple optimized PAL® 
blocks interconnected by a central switch matrix. The central switch matrix allows communication 
between PAL blocks and routes inputs to the PAL blocks. Together, the PAL blocks and central 
switch matrix allow the logic designer to create large designs in a single device instead of having 
to use multiple devices. 

The key to being able to make effective use of these devices lies in the interconnect schemes. In 
MACH 4 architecture, the macrocells have been decoupled from the product terms through the 
logic allocator, and the 1/0 pins have been decoupled from the macrocells due to the output switch 
matrix. In addition, more input routing options are provided by the input switch matrix. These 
resources provide the flexibility needed to fit designs efficiently. 

PAL Block 

4 Note2 Clock 
Generator 

Clock/Input 
-~ Pins "Iii Note3 :!: 

>< Logic Output/ .c 8 .!!J. ·c Logic u a; 
"Iii Allocator Buried j (.) 
:!: Array 
.c with XOR Macrocells en Note 1 ~ 

Dedicated ! "5 

Input Pins Input 
16 % 

~ Switch 
0 

Matrix 
Cl) 
(.) 

PAL Block 

PAL Block 

Figure 1. MACH 4 Block Diagram and PAL Block Structure 

Notes: 
1. 16 for M4(LVJ-32/32 and M4A(3,5)-32132 devices. 

2. Block clocks do not go to 1/0 cells in M4(LV)-32132 or M4A(3,5)-32/32. 

1/0 
Pins 

1/0 
Pins 

17466F-001 

3. M4(LV)-192/96, M4(LV)-256/128, M4A(3,5)-192/96 and M4A(3,5)-256/128 have dedicated clock pins which cannot be used as 
inputs and do not connect to the central switch matrix. 
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The central switch matrix takes all dedicated inputs and signals from the input switch matrices and 
routes them as needed to the PAL blocks. Feedback signals that return to the same PAL block still 
must go through the central switch matrix. This mechanism ensures that PAL blocks in MACH 4 
devices communicate with each other with consistent, predictable delays. 

The central switch matrix makes a MACH 4 device more advanced than simply several PAL devices 
on a single chip. It allows the designer to think of the device not as a collection of blocks, but as 
a single programmable device; the software partitions the design into PAL blocks through the 
central switch matrix so that the designer does not have to be concerned with the internal 
architecture of the device. 

Each PAL block consists of: 

+ Product-term array 
+ Logic allocator 
• Macrocells 
+ Output switch matrix 
+ I/0 cells 
+ Input switch matrix 
+ Clock generator 

Product-Term Array 

The product-term array consists of a number of product terms that form the basis of the logic being 
implemented. The inputs to the AND gates come from the central switch matrix (Table 7), and are 
provided in both true and complement forms for efficient logic implementation. 

Table 7. PAL Block Inputs 

Device Number of Inputs to PAL Block 

M4(LV)-32/32 and M4A(3,5)-32/32 33 
M4(LV)-64/32 and M4A(3,5)-64/32 33 
M4(LV)-96/48 and M4A(3,5)-96/48 33 
M4(LV)-128/64 and M4A(3,5)-128/64 33 
M4(LV)-128N/64 33 

M4(LV)-192196 and M4A(3,5)-192196 34 
M4(LV)-256/128 and M4A(3,5)-256/128 34 

Because the number of product terms available for a given logic function is not fixed, the full sum 
of products is not realized in the array. The product terms drive the logic allocator, which allocates 
the appropriate number of product terms to generate the function. 

Logic Allocator 

Within the logic allocator, product 'terms are allocated to macrocells in "product term clusters." The 
availability and distribution of product term clusters are automatically considered by the software 
as it fits functions within a PAL block. The size of a product term cluster has been optimized to 
provide high utilization of product terms, making complex functions using many product terms 
possible. Yet when few product terms are used, there will be a minimal number of unused-or 
wasted-product terms left over. The product term clusters available to each macrocell within a 
PAL block are shown in Tables 8 and 9. 
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Each product term cluster is associated with a macrocell. The size of a cluster depends on the 
configuration of the associated macrocell. When the macrocell is used in synchronous mode 
(Figure 2a), the basic cluster has 4 product terms. When the associated macrocell is used in 
asynchronous mode (Figure 2b), the cluster has 2 product terms. Note that if the product term 
cluster is routed to a different macrocell, the allocator configuration is not determined by the mode 
of the macrocell actually being driven. The configuration is always set by the mode of the 
macrocell that the cluster will drive if not routed away, regardless of the actual routing. 

In addition, there is an extra product term that can either join the basic cluster to give an extended 
cluster, or drive the second input of an exclusive-OR gate in the signal path. If included with the 
basic cluster, this provides for up fo 20 product terms on a synchronous function that uses four 
extended 5-product-term clusters. A similar asynchronous function can have up to 18 product 
terms. 

When the extra product term is used to extend the cluster, the value of the second XOR input can 
be programmed as a 0 or a 1, giving polarity control. The possible configurations of the logic 
allocator are shown in Figures 3 and 4. 
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Table 8. Logic Allocator for MACH 4 Devices (except M4(LV)-32/32 and M4A(3,5)-32/32) 

Output Macrocell Available Clusters Output Macrocell Available Clusters 

Mo <;,, C1, C2 Ms ~,C5,~,C10 

M1 <;,, C1, C2, C3 ~ Cs, ~. C10, Cu 

M2 C1>Cz,C3, ~ M10 ~. C10, Cu, C12 

M3 C2, C3, C4, C5 Mu C10, Cu, C12• C13 

M4 C3, C4, C5, Cl) M12 Cu, C12• C13, C14 

Ms C4, C5, Cl), C7 M13 C12• C13, C14, C15 

Mi; C5, Cl), C7, Cs M14 C13. C14, C15 

M1 C(),C7,C5,~ M15 C14, C15 

Table 9. Logic Allocator for M4(LV)-32/32 and M4A(3,5)-32/32 

Output Macrocell Available Clusters Output Macrocell Available Clusters 

Mo c;,,c1>c2 Ms C5, ~. C10 

M1 <;,, C1, Cz, C3 ~ C5, ~. Cw. Cu 

M2 Cl> C2, C3, C4 M10 ~. C10, Cn, C12 

M3 C2, C3, C4, C5 Mu C10, Cu, C12• C13 

M4 ~. ~,C5, Cl) M12 Cu, C12• C13, C14 

Ms ~.C5,C(i,C7 M13 C12, C13, C14, C15 

Mi; C5,C(i,~ M14 C13, C14, C15 

M1 <:i;.~ M15 C14, C15 

---------------,-----------------------------, 
I 

Logic Allocator 

I I 

L---L-----------------------------------------1 
17466F-005 

a. Synchronous Mode 

---------------T----------------------------

I I 
I I I 
- - - - - - - - - - - - - - - - - -i;: :A5incl1..0iiou5 "Pio'de - - - - - - - - - - - - -

17466F-006 

Figure 2. Logic Allocator: Configuration of Cluster "n" Set by Mode of Macrocell "n" 
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a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low 

d. Basic cluster routed away. 
single-product-term, active high 

e. Extended cluster routed away 

Figure 3. Logic Allocator Configurations: Synchronous Mode 
17466F-007 

a. Basic cluster with XOR b. Extended cluster, active high c. Extended cluster, active low 

d. Basic cluster routed away. 
single-product-term, active high 

e. Extended cluster routed away 

Figure 4. Logic Allocator Configurations: Asynchronous Mode 
17466F-008 

Note that the configuration of the logic allocator has absolutely no impact on the speed of the 
signal. All configurations have the same delay. This means that designers do not have to decide 
between optimizing resources or speed; both can be optimized. 

If not used in the cluster, the extra product term can act in conjunction with the basic cluster to 
provide XOR logic for such functions as data comparison, or it can work with the D-,T-type flip­
flop to provide for J-K, and S-R register operation. In addition, if the basic cluster is routed to 
another macrocell, the extra product term is still available for logic. In this case, the first XOR input 
will be a logic 0. This circuit has the flexibility to route product terms elsewhere without giving up 
the use of the macrocell. 

Product term clusters do not "wrap" around a PAL block. This means that the macrocells at the 
ends of the block have fewer product terms available. 
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Macrocell 

The macrocell consists of a storage element, routing resources, a clock multiplexer, and 
initialization control. The macrocell has two fundamental modes: synchronous and asynchronous 
(Figure 5). The mode chosen only effects clocking and initialization in the macrocell. 

PAL-Block 
Initialization 

Product Terms 

Power-Up 
Reset 

Common PAL-block resource -------------------- --- --------------· 
Individual macrocell res<iurces 

AP AR 
From Logic Allocator ------------1DIT~ Q1-----< 

From 
PAL-Clock 
Generator 

Individual 
Initialization 

Product Term 

BlockCLKO 
BlockCLK1 

BlockCLK2 
BlockCLK3 

Power-Up 
Reset 

a. Synchronous mode 

AP AR 
-----------t DIT~ Qi-----< 

From Logic 
Allocator 

From PAL-Block ---==""'--~ 
Clock Generator ---===--__, 
Individual Clock --1 i,__ _ ___, _ _, 

Product Term 

b. Asynchronous mode 

Fi~ure 5. Macrocell 

To Output and Input 
Switch Matrices 

17466F-009 

To Output and Input 
Switch Matrices 

17466F-010 

In either mode, a combinatorial path can be used. For combinatorial logic, the synchronous mode 
will generally be used, since it provides more product terms in the allocator. 
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The flip-flop can be configured as a D-type or T-type latch. J-K or S-R registers can be synthesized. 
The primary flip-flop configurations are shown in Figure 6, although others are possible. Flip-flop 
functionality is defined in Table 10. Note that a J-K latch is inadvisable as it will cause oscillation 
if both J and K inputs are HIGH. 

36 

AP AR 
D Q 

a. D-type with XOR 

AP AR 
L Q 

G 

c. Latch with XOR 

AP AR 
T Q 

e. T-type with programmable T polarity 

AP AR 
D Q 

b. D-type with programmable D polarity 

AP AR 
L Q 

G 

d. Latch with programmable D polarity 

f. Combinatorial with XOR 

g. Combinatorial with programmable polarity 

17466F-011 

Figure 6. Primary Macrocell Configurations 
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Table 10. Register/Latch Operation 

Configuration lnput(s) CLK/LE 1 Q+ 

D=X 0,1, .J. (i) Q 
D-type Register D=O i (.!.) 0 

D=l i (.!.) I 

T=X 0, I, .J. (i) Q 
T-type Register T=O i (.!.) Q 

T=l i (.!.) Q 
D=X I (0) Q 

D-type Latch D=O 0(1) 0 

D=l O(l) I 

Note: 
1. Polarity of CLK!LE can be programmed 

Although the macrocell shows only one input to the register, the XOR gate in the logic allocator 
allows the D-, T-type register to emulate J-K, and S-R behavior. In this case, the available product 
terms are divided between J and K (or Sand R). When configured as J-K, S-R, or T-type, the extra 
product term must be used on the XOR gate input for flip-flop emulation. In any register type, the 
polarity of the inputs can be programmed. 

The clock input to the flip-flop can select any of the four PAL block clocks in synchronous mode, 
with the additional choice of either polarity of an individual product term clock in the 
asynchronous mode. 

The initialization circuit depends on the mode. In synchronous mode (Figure 7), asynchronous 
reset and preset are provided, each driven by a product term common to the entire PAL block. 

PAL-Block 

Power-Up 
Reset 

Initialization --·,L_I- ----,, 

Product Terms 

a. Power-up reset 

AR 
Q 

17466F-012 

Power-Up 
Preset 

PAL-Block _.--..L__J 

Initialization 
Product Terms -nl-------1-----. 

b. Power-up preset 

AP 
OIL 

AR 
Q 

17466F-013 

Figure 7. Synchronous Mode Initialization Configurations 
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A reset/preset swapping feature in each macrocell allows for reset and preset to be exchanged, 
providing flexibility. In asynchronous mode (Figure 8), a single individual product term is provided 
for initialization. It can be selected to control reset or preset. 

Individual 
Reset 

Product Term 

Power-Up 
Reset 

a. Reset 

AP AR 
DIUT Q 

17466F-014 

Individual 

Power-Up 
Preset 

Preset _.--,L___J 

Product Term 

b. Preset 

Figure 8. Asynchronous Mode Initialization Configurations 

AP AR 
D/UT Q 

17466F-015 

Note that the reset/preset swapping selection feature effects power-up reset as well. The 
initialization functionality of the flip-flops is illustrated in Table 11. The macrocell sends its data to 
the output switch matrix and the input switch matrix. The output switch matrix can route this data 
to an output if so desired. The input switch matrix can send the signal back to the central switch 
matrix as feedback. 

Table 11. Asynchronous Reset/Preset Operation 

AR AP CLK/LE1 Q+ 

0 0 x See Table IO 

0 1 x 1 

I 0 x 0 

I 1 x 0 

Note: 
1. Transparent latch is unaffected by AR, AP 

Output Switch Matrix 

The output switch matrix allows macrocells to be connected to any of several I/0 cells within a 
PAL block. This provides high flexibility in determining pinout and allows design changes to occur 
without effecting pinout. 

In MACH 4 devices (except M4(LV)-32/32 and M4A(3,5)-32/32), each PAL block has twice as many 
macrocells as I/0 cells. The MACH 4 output switch matrix allows for half of the macrocells to drive 
I/0 cells within a PAL block, in combinations according to Figure 9. Each I/0 cell can choose from 
eight macrocells; each macrocell has a choice of four I/0 cells. The M4(LV)-32/32 and M4A(3,5)-
32/32 allow every macrocell to drive an I/0 cell (Figures 12 and 13). 
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1/0 
Cell 
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1/0 
Cell 

1/0 
Cell 

Macro- Macro- Macro- Macro- Macro- Macro-
cell cell cell cell cell cell 

c. 1/0 can choose one of 8 macrocells 

Figure 9. MACH 4 Output Switch Matrix 
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Table 12. Output Switch Matrix Combinations for MACH 4 Devices (except M4(LV)-32/32 and M4A(3,S)-32/32) 

Macrocell Routable to 1/0 Pins 

MO, Ml 1100, llOS, 1106, 1107 

M2,M3 1100, 1101, 1106, 1107 

M4,MS 1100, 1101, 1102, 1107 

M6,M7 1100, 1101, 1102, 1103 

MS,M9 1101, 1102, 1103, 1104 

MIO,Mll 1102, 1103, 1104, llOS 

Ml2,Ml3 1103, 1104, llOS, 1106 

Ml4,MIS 1104, llOS, 1106, 1107 

110 Pin Available Macrocells 

1100 MO, Ml, M2, M3, M4, MS, M6, M7 

1101 M2, M3, M4, MS, M6, M7, MS, M9 

1102 M4, MS, M6, M7, MS, M9, MIO, Mll 

1103 M6, M7, MS, M9, MIO, Mll, Ml2, Ml3 

1104 MS, M9, MIO, Mll, Ml2, Ml3, Ml4, MIS 

llOS MO, Ml, MIO, Mll, Ml2, Ml3, Ml4, MIS 

1106 MO, Ml, M2, M3, Ml2, Ml3, Ml4, MIS 

1107 MO, Ml, M2, M3, M4, MS, Ml4,.MIS 

Table 13. Output Switch Matrix Combinations for M4(LV)-32/32 and M4A(3,5)-32/32 

Macrocell Routable to 110 Pins 

MO, Ml, M2, M3, M4, MS, M6, M7 1100, 1101, 1102, 1103, 1104, llOS, 1106, 1107 

MS, M9, MIO, Mll, Ml2, Ml3, Ml4, MIS llOS, 1109, llOIO, llOll, 11012, 11013, 11014, llOIS 

1/0 Pin Available Macrocells 

llOO,llOl,1102,1103,1104,1105,1106,1107 MO, Ml, M2, M3, M4, MS, M6, M7 

llOS, 1109, 11010, llOll, 11012, 11013, 11014, llOIS MS, M9, MIO, Mll, Ml2, Ml3, Ml4, MIS 
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1/0 Cell 

The VO cell (Figures 10 and 11) simply consists of a programmable output enable, a feedback 
path, and in all but the M4(LV)-32/32 and the M4A(3,5)-32/32 devices, a flip-flop. An individual 
output enable product term is provided for each 1/0 cell. The feedback signal drives the input 
switch matrix. 

Individual 
Output Enable 

Product Term 

From Output 
Switch Matrix 

To._ ____ .. 

Input 
Switch 
Matrix Q D/L 

r--"'1--- Block CLKO 
Block CLK1 
Block CLK2 

.__..r-- Block CLK3 

~----- Power-up reset 

17466F-017 

Figure 10. 1/0 Cell for MACH 4 Devices 
(except M4(LV)-32/32 and M4A(3,5)-32/32) 

Individual 
Output Enable --'.-...­

Product Term 

From Output 
Switch Matrix 

TO.------' 
Input 

Switch 
Matrix 

17466F-018 

Figure 11. 1/0 Cell for M4(LV)-32/32 and 
M4A(3,5)-32/32 

The MACH 4 1/0 cell contains a flip-flop, which provides the capability for storing the input in a 
D-type register or latch. The clock can be any of the PAL block clocks. Both the direct and 
registered versions of the input are sent to the input switch matrix. This allows for such functions 
as "time-domain-multiplexed" data comparison, where the first data value is stored, and then the 
second data value is put on the VO pin and compared with the previous stored value. 

Note that the flip-flop used in the MACH 4 1/0 cell is independent of the flip-flops in the 
macrocells. It powers up to a logic low. 

Zero-Hold-Time Input Register 

The MACH 4 devices have a zero-hold-time (ZHT) fuse which controls the time delay associated 
with loading data into all VO cell registers and latches. When programmed, the ZHT fuse increases 
the data path setup delays to input storage elements, matching equivalent delays in the dock path. 
When the fuse is erased, the setup time to the input storage element is minimized. This feature 
facilitates doing worst-case designs for which data is loaded from sources which have low (or zero) 
minimum output propagation delays from clock edges. 

Input Switch Matrix 

The input switch matrix (Figures 12 and 13) optimizes routing of inputs to the central switch 
matrix. Without the input switch matrix, each input and feedback signal has only one way to enter 
the central switch matrix. The input switch matrix provides additional ways for these signals to 
enter the central switch matrix. 
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Figure 13. M4(LV)-32/32 and M4A(3,S)-32/32 Input 
Switch Matrix 

Each MACH 4 device has four clock pins that can also be used as inputs. These pins drive a clock 
generator in each PAL block (Figure 14). The clock generator provides four clock signals that can 
be used anywhere in the PAL block. These four PAL block clock signals can consist of a large 
number of combinations of the true and complement edges of the global clock signals. Table 14 
lists the possible combinations. 

GCLKO 

LG8 : BlockCLKO 
(GCLKO or GCLK1) 

GCLK1 
Block CLK1 
(GCLK1 or GCLKO) 

GCLK2 

LQ3 
BlockCLK2 : (GCLK2 or GCLK3) 

GCLK3 
BlockCLK3 
(GCLK3 or GCLK2) 

17466F-004 

Figure 14. PAL Block Clock Generator 1 

Note: 
1. M4(LV)-32132, M4A(3,5)-32/32, M4(LV)-64/32 and M4A(3,5)-64132 have only two clock pins, GCLKO and GCLKl. GCLK2 is tied 

to GCLKO, and GCLK3 is tied to GCLKl. 
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Table 14. PAL Block Clock Combinations 1 

Block CLKO Block CLK1 BlockCLK2 Block CLK3 

GCLKO GCLKl x x 
. GCLKl GCLKl x x 

GCLKO GCLKO x x 
GCLKI GCLKO x x 

x x GCLK2 (GCLKO) GCLK3 (GCLKI) 

x x GCLK3 (GCLKI) GCLK3 ( GCLKl) 

x x GCLK2 (GCLKO) GCLK2 (GCLKO) 

x x GCLK3 (GCLKI) GCLK2 (GCLKO) 

Note: 
1. Values in parentheses are for the M4(LV)-32132, M4A(3,5)-32/32, M4(LV)-64/32 and M4A(3,5)-64132. 

1bis feature provides high flexibility for partitioning state machines and dual-phase clocks. It also 
allows latches to be driven with either polarity of latch enable, and in a master-slave configuration. 
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MACH 4 TIMING MODEL 

The primary focus of the MACH 4 timing model is to accurately represent the timing in a MACH 4 
device, and at the same time, be easy to understand. This model accurately describes all 
combinatorial and registered paths through the device, making a distinction between internal 
feedback and external feedback. A signal uses internal feedback when it is fed back into the 
switch matrix or block without having to go through the output buffer. The input register 
specifications are also reported as internal feedback. When a signal is fed back into the switch 
matrix after having gone through the output buffer, it is using external feedback. 

The parameter, tBUF> is defined as the time it takes to go from feedback through the output buffer 
to the I/0 pad. If a signal goes to the internal feedback rather than to the I/0 pad, the parameter 
designator is followed by an "i". By adding tBUF to this internal parameter, the external parameter 
is derived. For example, tPD = tprn + tBUF· A diagram representing the modularized MACH 4 timing 
model is shown in Figure 15. Refer to the Technical Note entitled MACH 4 Timing and High Speed 
Design for a more detailed discussion about the timing parameters. 
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INPUT REG/ 
INPUT LATCH 

l51RS tPDILi Q 
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1s1LZ 
tHILZ 

Central 
Switch 
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(External Feedback) 

(Internal Feedback) 

COMBIDFF!TFF/ 
LATCH/SR•/JK• 

*emulated 

tss{T) 1po1 
tsA(T) tpou 
tH(S/A) t'cO(S/A)i 
ts(SJA)L tao(SJA)i 
tH(S/A)L tsRI 

tsRR 

SIR 

Figure 15. MACH 4 Timing Model 

SPEEDLOCKING FOR GUARANTEED FIXED TIMING 

17466F-025 

The MACH 4 architecture allows allocation of up to 20 product terms to an individual macrocell 
with the assistance of an XOR gate without incurring additional timing delays. 

The design of the switch matrix and PAL blocks guarantee a fixed pin-to-pin delay that is 
independent of the logic required by the design. Other non-Yantis CPLDs incur serious timing 
delays as product terms expand beyond their typical 4 or 5 product term limits. Speed and 
SpeedLocking combine to give designs easy access to the performance required in today's designs. 
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JTAG BOUNDARY SCAN TESTABILITY 

All MACH 4 devices, except the M4(LV)-128N/64, have JTAG boundary scan cells and are 
compliant to the ]TAG standard, IEEE 1149.1. This allows functional testing of the circuit board on 
which the device is mounted through a serial scan path that can access all critical logic nodes. 
Internal registers are linked internally, allowing test data to be shifted in and loaded directly onto 
test nodes, or test node data to be captured and shifted out for verification. In addition, these 
devices can be linked into a board-level serial scan path for more complete board-level testing. 

JTAG IN-SYSTEM PROGRAMMING 

Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACH 4 devices provide In-System Programming (ISP) capability through their ]TAG ports. This 
capability' has been implemented in a manner that ensures that the JTAG port remains compliant 
to the IEEE 1149.1 standard. By using]TAG as the communication interface through which ISP is 
achieved, customers get the benefit of a standard, well-defined interface. 

MACH 4 devices can be programmed across the commercial temperature and voltage range. Yantis 
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO 
takes the JEDEC file output produced by Yantis' design implementation software, along with 
information about the JTAG chain, and creates a set of vectors that are used to drive the ]TAG 
chain. VantisPRO software can use these vectors to drive a ]TAG chain via the parallel port of a 
PC. Alternatively, VantisPRO software can output files in formats understood by common 
automated test equipment. This equpment can then be used to program MACH 4 devices during 
the testing of a circuit board. For more information about in-system programming, refer to the 
separate document entitled MACH ISP Manual. 

PCI COMPLIANT 

MACH 4(A) devices in the -50/-55/-60/-65/-7/-10/-12 speed grades are compliant with the PC/ 
Local Bus Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-V 
devices are fully PCI-compliant. The 3.3-V devices are mostly compliant but do not meet the PCI 
condition to clamp the inputs as they rise above Vee because of their 5-V input tolerant feature. 

SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS 

Both the 3.3-V and 5-V Vee MACH 4 devices are safe for mixed supply voltage system designs. 
The 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, while they 
accept inputs from other 3.3-V devices. The 3.3-V device will accept inputs up to 5.5 V. Both the 
5-V and 3.3-V versions have the same high-speed performance and provide easy-to-use mixed­
voltage design capability. 

PULL UP OR BUS-FRIENDLY INPUTS AND I/OS 

All MACH 4 devices have inputs and I/Os which feature the Bus-Friendly circuitry incorporating 
two inverters in series which loop back to the input. This double inversion weakly holds the input 
at its last driven logic state. While it is good design practice to tie unused pins to a known state, 
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can 
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a logic level 
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"l." For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in 
the General Information Section of the Vantis 1999 Data Book. 

All MACH 4A devices have a programmable bit that configures all inputs and I/Os with either pull­
up or Bus-Friendly characteristics. If the device is configured in pull-up mode, all inputs and 1/0 
pins are weakly pulled up. For the circuit diagram, please refer to the Input/Output Equivalent 
Schematics (page 393) in the General Information Section of the Vantis 1999 Data Book. 

POWER MANAGEMENT 

Each individual PAL block in MACH 4 devices features a programmable low-power mode, which 
results in power savings of up to 50%. The signal speed paths in the low-power PAL block will be 
slower than those in the non-low-power PAL block. This feature allows speed critical paths to run 
at maximum frequency while the rest of the signal paths operate in the low-power mode. 

PROGRAMMABLE SLEW RATE 

Each MACH 4 device I/0 has an individually programmable output slew rate control bit. Each 
output can be individually configured for the higher speed transition (3 V/ns) or for the lower 
noise transition (1 V /ns). For high-speed designs with long, unterminated traces, the slow-slew rate 
will introduce fewer reflections, less noise, and keep ground bounce to a minimum. For designs 
with short traces or well terminated lines, the fast slew rate can be used to achieve the highest 
speed. The slew rate is adjusted independent of power. 

POWER-UP RESET/SET 

All flip-flops power up to a known state for predictable system initialization. If a macrocell is 
configured to SET on a signal from the control generator, then that macrocell will be SET during 
device power-up. If a macrocell is configured to RESET on a signal from the control generator or 
is not configured for set/reset, then that macrocell will RESET on power-up. To guarantee 
initialization values, the V cc rise must be monotonic, and the clock must be inactive until the reset 
delay time has elapsed. · 

SECURITY BIT 

A programmable security bit is provided on the MACH 4 devices as a deterrent to unauthorized 
copying of the array configuration patterns. Once programmed, this bit defeats readback of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
Programming and verification are also defeated by the security bit. The bit can only be reset by 
erasing the entire device. 

HOT SOCKETING 

MACH 4A devices are well-suited for those applications that require hot socketing capability. Hot 
socketing a device requires that the device, when powered down, can tolerate active signals on 
the I/Os and inputs without being damaged. Additionally, it requires that the effects of the 
powered-down MACH devices be minimal on active signals. 
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BLOCK DIAGRAM - M4(LV)-32/32 AND M4A(3,5)-32/32 
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BLOCK DIAGRAM- M4(LV)-64/32 AND M4A(3,5)-64/32 
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BLOCK DIAGRAM- M4(LV)-192/96 AND M4A(3,S)-192/96 
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BLOCK DIAGRAM - M4(LV)-256/128 AND M4A(3,5)-256/128 
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ABSOLUTE MAXIMUM RATINGS 

M4and M4A5 
Storage Temperature .............. -65°C to + 150°C 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (TA) 

Ambient Temperature Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 70°C 

with Power Applied ............... -5°C to +100°C Supply Voltage (V cc) 

Device Junction Temperature ............. +130°C with Respect to Ground ......... +4.75 V to +5.25 V 

Supply Voltage 
with Respect to Ground ........... -0.5 V to + 7.0 V 

Industrial (I) Devices 

Ambient Temperature (TA> 
DC Input Voltage ............ -0.5 V to V cc + 0.5 V Operating in Free Air .............. -40°C to +85°C 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2000 V Supply Voltage (V cc) 

Latchup Current (TA= -40°C to +85°C) ....... 200 mA with Respect to Ground .......... +4.50 V to +5.5 V 

Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not Implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 

operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

5-V DC CHARACTERISTICS OVER OPERATING RANGES 
Parameter 
Symbol Parameter Description Test Conditions Min Typ Max Unit 

Ion = -3.2 mA, Vee = Min, VIN = Vm or V1L 2.4 v 
You Output HIGH Voltage 

Ion= 0 mA, Vee= Max, VIN= Y1norVIL 3.3 v 

Voi. Output WW Voltage ioL = 24 mA, Vee= Min, VIN= Vm or V1L (Note 1) 0.5 v 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 v 
(Note 2) 

VIL Input WW Voltage 
Guaranteed Input Logical WW Voltage for all Inputs 

0.8 v 
(Note 2) 

Im Input HIGH Leakage Current VIN = 5.25 V, Vee = Max (Note 3) 10 µA 

IIL Input WW Leakage Current VIN= 0 V, Va:= Max (Note 3) -10 µA 

lozu Off-State Output Leakage Current HIGH Your= 5.25 V, Vee= Max, VIN= Ym or VIL (Note 3) 10 µA 

ioZI. Off-State Output Leakage Current WW Your = 0 v, Vee = Max 'VIN = Vm or VIL (Note 3) -10 µA 

Isc Output Short-Circuit Current Your= 0.5 V, Vex;= Max (Note 4) -30 -160 mA 

Notes: 
1. Total IoL for one PAL block should not exceed 64 mA. 

2. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

3. 1/0 pin leakage is the worst case of hL and lozL (or IIH and 10~. 

4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
V0 ur = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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ABSOLUTE MAXIMUM RATINGS 

M4LV and M4A3 
Storage Temperature .............. -65°C to + 150°C 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (TA) 

Ambient Temperature Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 70°C 

with Power Applied .............. -55°C to + 100°C Supply Voltage (V eel 

Device Junction Temperature ............. + 130°C with Respect to Ground ........... +3.0 V to +3.6 V 

Supply Voltage 
with Respect to Ground ........... -0.5 V to +4.5 V 

Industrial (I) Devices 
Ambient Temperature (TA) 

DC Input Voltage ................. -0.5 V to 6.0 V Operating in Free Air .............. -40°C to +85°C 
Static Discharge Voltage . . . . . . . . . . . . . . . . . 2000 V Supply Voltage (V cc) 
Latchup Current (TA= -40°C to +85°C) ....... 200 mA with Respect to Ground ........... +3.0 V to +3.6 V 

Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 

Operating ranges de.fine those limits between which tbe func­
tionality of the device is guaranteed. 

3.3-V DC CHARACTERISTICS OVER OPERATING RANGES 
Parameter 
Symbol Parameter Description Test Conditions Min Typ Max Unit 

Vee= Min 108 = -100 µA · Ycc-0.2 v 
You Outpnt HIGH Voltage 

VIN = Vrn or VIL 108 = -3.2 mA 2.4 v 
Vee= Min loL = 100 µA 0.2 v 

VoL Output LOW Voltage VIN = Vrn or VIL 
(Note 1) Im= 24mA 0.5 v 

Vm lnput HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all 

2.0 5.5 v 
lnputs 

VIL Input LOW Voltage 
Guaranteed lnput Logical LOW Voltage for all 

--0.3 0.8 v 
lnputs 

Im lnput HIGH Leakage Current VIN= 3.6 v, Vee= Max (Note 2) 5 µA 

]IL Input LOW Leakage Current VIN= OV, Vee= Max (Note 2) -5 µA 

ioZH Off-State Output Leakage Current HIGH 
VoUT = 3.6 v, Vee= Max 

5 µA 
VIN = Vrn or VIL (Note 2) 

ioZL Off-State Output Leakage Current LOW Your= o v, Vee= Max -5 µA 
VIN= Vrn or VIL (Note 2) 

Isc Output Short-Circuit Current VoUT = 0.5 V, Vee= Max (Note 3) -15 -160 mA 

Notes: 
1. Total IOL for one PAL block should not exceed 64 mA. 

2. 1/0 pin leakage is the worst case of hr and IozL (or IIH and IoZF~· 

3. Not more than one output should he shorted at a time and duration of the short-circuit should not exceed one second. 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES1 

-7 -10 -12 -14 -15 -18 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Combinatorial Delay: 

IPDI Internal combinatorial propagation delay 5.5 8.0 10.0 12.0 13.0 16.0 ns 

IPD Combinatorial propagation delay 7.5 10.0 12.0 14.0 15.0 18.0 ns 

Registered Delays: 

~ Synchronous clock setup time, D-type register 5.5 6.0 7.0 10.0 10.0 12.0 ns 

lssr Synchronous clock setup time, T-type register 6.5 7.0 8.0 11.0 11.0 13.0 ns 

1M Asynchronous clock setup time, D-type register 3.5 4.0 5.0 8.0 8.0 10.0 ns 

ls.\T Asynchronous clock setup time, T-type register 4.5 5.0 6.0 9.0 9.0 11.0 ns 

Ins Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns 

IHA Asynchronous clock hold time 3.5 4.0 5.0 8.0 8.0 10.0 ns 

lcost Synchronous clock to internal output 3.5 4.5 6.0 8.0 8.0 10.0 ns 

lcos Synchronous clock to output 5.5 6.5 8.0 10.0 10.0 12.0 ns 

'coAi Asynchronous clock to internal output 7.5 10.0 12.0 16.0 16.0 18.0 ns 

'coA Asynchronous clock to output 9.5 12.0 14.0 18.0 18.0 20.0 ns 

Latched Delays: 

~ Synchronous Latch setup time 6.0 7.0 8.0 10.0 10.0 12.0 ns 

~ Asynchronous Latch setup time 4.0 4.0 5.0 8.0 8.0 10.0 ns 

IHSL Synchronous Latch hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns 

IHAL Asynchronous Latch hold time 4.0 4.0 5.0 8.0 8.0 10.0 ns 

IPDu Transparent latch to intemaJ output 8.0 10.0 12.0 15.0 15.0 18.0 ns 

1PDL Propagation delay through transparent latch to output 10.0 12.0 14.0 17.0 17.0 20.0 ns 

~ Synchronous Gale to internal output 4.0 5.5 8.0 9.0 9.0 10.0 ns 

'6os Synchronous Gale to output 6.0 7.5 10.0 11.0 11.0 12.0 ns 

'6oAi Asynchronous Gale to internal output 9.0 11.0 14.0 17.0 17.0 20.0 ns 

'6oA Asynchronous Gale to output 11.0 13.0 16.0 19.0 19.0 22.0 ns 

Input Register Delays: 

Isms Input register setup time 2.0 2.0 2.0 2.0 2.0 2.0 ns 

finRS Input register hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns 

l1COSi Input register clock to internal feedback 3.5 4.5 6.0 6.0 6.0 6.0 ns 

Input Latch Delays: 

lsn. Input latch setup time 2.0 2.0 2.0 2.0 2.0 2.0 ns 

tHIL Input latch hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns 

tmoSi Input latch gate to internal feedback 4.0 4.0 4.0 5.0 5.0 6.0 ns 

tPDw Transparent input latch to internal feedback 2.0 2.0 2.0 2.0 2.0 2.0 ns 

Input Register Delays with ZHT Option: 

lsmz Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns 

lmRz Input register hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES1 (CONTINUED) 
-7 -10 -12 -14 -15 -18 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Input Latch Delays with ZHT Option: 

lsnz Input latch setup time - ZHT 6.0 6.0 6.0 6.0 6.o 6.0 ns 

tllHZ Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns 

tPDJLZi Transparent input latch to internal feedback - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns 

Output Delays: 

teUF Output buffer delay 2.0 2.0 2.0 2.0 2.0 2.0 ns 

lsLW Slow slew rate delay adder 2.5 2.5 2.5 2.5 2.5 2.5 ns 

tEA Output enable time 9.5 10.0 12.0 15.0 15.0 17.0 ns 

tER Output disable time 9,5 10.0 12.0 15.0 15.0 17.0 ns 

Power Delay: 

tpL Power-down mode delay adder 2.5 2.5 2.5 2.5 2.5 2.5 ns 

Reset and Preset Delays: 

Ism Asynchronous reset or preset to internal register output 10.0 12.0 14.0 18.0 18.0 20.0 ns 

lsR Asynchronous reset or preset to register output 12.0 14.0 16.0 20.0 20.0 22.0 ns 

lsRR Asynchronous reset and preset register recovery time 8.0 8.0 10.0 15.0 15.0 17.0 ns 

lsRW Asynchronous reset or preset width 10.0 10.0 12.0 15.0 15.0 17.0 ns 

Clock/LE Width: 

tWLS Global clock width low 3.0 5.0 6.0 6.0 6.0 7.0 ns 

lwus Global clock width high 3.0 5.0 6.0 6.0 6.0 7.0 ns 

tWLA Product term clock width low 4.0 5.0 8.0 9.0 9.0 10.0 ns 

tWHA Product term clock width high 4.0 5.0 8.0 9.0 9.0 10.0 ns 

ti.ws 
Global gate width low (for low transparent) or high 

5.0 5.0 6.0 6.0 6.0 7.0 ns 
(for high transparent) 

lt;wA 
Product term gate width low (for low transparent) or 

4.0 5.0 6.0 9.0 9.0 11.0 ns 
high (for high transparent) 

tWIRL Input register clock width low 4.5 5.0 6.0 6.0 6.0 7.0 ns 

lwJRH Input register clock width high 4.5 5.0 6.0 6.0 6.0 7.0 ns 

lwn. Input latch gate width 5.0 5.0 6.0 6.0 6.0 7.0 ns 
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MACH 4 TIMING PARAMETERS OVER OPERATING RANGES1 (CONTINUED) 
-7 -10 -12 -14 -15 -18 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Frequency: 

External feedback, D-type, Min of l/(twr.s + twus) or 
90.9 80.0 66.7 50.0 50.0 41.7 MHz 

ll(lss + lcos) 

External feedback, T-type, Min of l/(!wu; + lwus) or 
83.3 74.1 62.5 47.6 47.6 40.0 MHz 

ll(lssr + lcos) 

fMAXS 
Internal feedback (foo), D-type, 

111.1 95.2 76.9 55.6 55.6 45.5 MHz 
Min of l/(twr.s + lwus) or ll(lss + !cost) 

Internal feedback (foo), T-type, 
100.0 87.0 71.4 52.6 52.6 43.5 MHz 

Min of 1/(twr.s + lwus) or l/(lssr + lcosi) 

No feedback2, Min of l/(lwJs + lwus), l/(lss +!us) or 
153.8 100.0 83.3 83.3 83.3 71.4 MHz 

l/(lssr + lus) 

External feedback, D-type, Min of l/(!wu + twuA) or 
76.9 62.5 52.6 38.5 38.5 33.3 MHz 

l/(fsA + lcoA) 

External feedback, T-type, Min of l/(!wu + IWHA) or 
71.4 58.8 50.0 37.0 37.0 32.3 MHz 

ll(tsAr + tcoJ 

fMAXA 
Internal feedback (fooAl' D-type, 

90.9 71.4 58.8 41.7 41.7 35.7 MHz 
Min of l/(twu + twuA) or l/(fsA + lcoAi) 

Internal feedback (fooA), T-type, 
83.3 66.7 55.6 40.0 40.0 34.5 MHz 

Min of ll(twu + lwuA) or ll(tsAr + lcoAi) 

No feedback2, Min of l/(!wu + twuA), 
125.0 100.0 62.5 55.6 55.6 50.0 MHz 

!/(Is,\ + tm) or ll(tsAr + fil) 

fMAXI 
Maximum lnput register frequency, 

111.0 100.0 83.3 83.3 83.3 71.4 MHz 
Min of l/(lwmu + lwmI) or l/(lsJRS + lii1RSl 

Notes: 
1. See "Switching Test Circuit" in the General Information Section of the Vantis 1999 Data Book. 

2. Tbis parameter does not apply to flip-flops in the emulated mode since the feedback path is required for emulation. 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES1 

-50 -55 -60 -65 ·7 -10 ·12 -14 

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Combinatorial Delay: 

1Po1 
Internal combinatorial 

3.5 4.0 4.0 4.5 5.0 7.0 9.0 11.0 
propagation delay 

ns 

1Po 
Combinatorial propagation 

5.0 5.5 6.0 6.5 7.5 10.0 12.0 14.0 ns 
delay 

Registered Delays: 

!&<; 
Synchronous clock setup 

3.0 3.5 4.0 4.0 5.5 6.0 7.0 10.0 us time, D-type register 

l&<;r 
Synchronous clock setup 

4.0 4.0 4.5 4.5 6.5 7.0 8.0 11.0 us time, T-type register 

lsA 
Asynchronous clock setup 

2.5 2.5 3.0 3.0 3.5 4.0 5.0 8.0 ns 
time, D-type register 

lsAr 
Asynchronous clock setup 

3.0 3.0 3.5 3.5 4.5 5.0 6.0 9.0 us time, T-type register 

tus 
Synchronous clock hold 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns 
time 

luA 
Asynchronous clock hold 

2.5 2.5 3.0 3.0 3.5 4.0 5.0 8.0 us time 

lcoSi 
Synchronous clock to 

2.5 2.5 2.5 2.5 2.5 2.5 3.5 3.5 ns internal output 

~OS 
Synchronous clock to 

4.0 4.0 4.5 4.5 5.0 5.5 6.5 6.5 us 
output 

~Ai 
Asynchronous clock to 

5.0 5.0 5.0 5.0 6.0 8.0 10.0 12.0 ns 
internal output 

~A 
Asynchronous clock to 

6.5 6.5 7.0 7.0 8.5 11.0 13.0 15.0 ns 
output 

Latched Delays: 

~ 
Synchronous latch setup 

4.0 4.0 4.5 4.5 6.0 7.0 8.0 10.0 us 
time 

lsAL 
Asynchronous latch setup 

3.0 3.0 3.5 3.5 4.0 4.0 5.0 8.0 us 
time 

tus1 
Synchronous latch hold 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns 
time 

tHAi 
Asynchronous latch hold 

3.0 3.0 3.5 3.5 4.0 4.0 5.0 8.0 us 
time 

1Pou 
Transparent latch to 

5.5 5.5 6.o 6.0 7.5 9.0 11.0 12.0 us internal output 

(Pill 
Propagation delay through 

7.0 7.0 8.0 8.0 10.0 12.0 14.0 15.0 us 
transparent latch to output 

loos1 
Synchronous gate to 

3.0 3.0 3.0 3.0 3.5 4.5 7.0 8.0 ns 
internal output 

lws Synchronous gate to output 4.5 4.5 5.0 5.0 6.0 7.5 10.0 11.0 ns 

looAJ 
Asynchronous gate to 

6.0 6.0 6.0 6.0 8.5 10.0 13.0 15.0 ns 
internal output 

lwA 
Asynchronous gate to 

7.5 7.5 8.0 
output 

8.0 11.0 13.0 16.0 18.0 us 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES1 {CONTINUED) 
-50 -55 -60 ·65 ·1 -10 -12 -14 

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Input Register Delays: 

ls!RS Input register setup time 1.5 1.5 2.0 2.0 2.0 2.0 2.0 2.0 ns 

tmRS Input register hold time 2.5 2.5 3.0 3.0 3.0 3.0 3.0 4.0 ns 

t1cOSi 
Input register clock to 

3.0 3.0 3.0 3.0 3.5 4.5 6.0 6.0 ns internal feedback 

Input Latch Delays: 

ls1L Input latch setup time 1.5 1.5 2.0 2.0 2.0 2.0 2.0 2.0 ns 

tm1 Input latch hold time 2.5 2.5 3.0 3.0 3.0 3.0 3.0 4.0 ns 

tlGOSi 
Input latch gate to internal 

3.5 3.5 4.0 4.0 4.0 4.0 4.0 5.0 ns 
feedback 

tpmu 
Transparent input latch to 

1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0 ns internal feedback 

Input Register Delays with ZHT Option: 

lsIRZ 
Input register setup time -

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns ZllT 

(HIRZ 
Input register hold time -

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns 
ZllT 

Input Latch Delays with ZHT Option: 

lsnz 
Input latch setup time -

6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 ns 
ZHT 

tun.z Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns 

lpDII.Zi 
Transparent input latch to 

6.0 6.0 6.o 6.0 6.0 6.0 6.0 6.0 ns internal feedback - ZHT 

Output Delays: 

toUF Output buffer delay 1.5 1.5 2.0 2.0 2.5 3.0 3.0 3.0 ns 

lstw Slow slew rate delay adder 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 ns 

tEA Output enable time 7.5 7.5 8.5 8.5 9.5 10.0 12.0 15.0 ns 

tER Output disable time 7.5 7.5 8.5 8.5 9.5 10.0 12.0 15.0 ns 

Power Delay: 

tp1 
Power-down mode delay 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 ns adder 

Reset and Preset Delays: 

Asynchronous reset or 

Ism preset to internal register 7.5 7.7 8.0 8.0 9.5 11.0 13.0 16.0 ns 
output 

lsR 
Asynchronous reset or 

9.0 9.2 10.0 10.0 12.0 14.0 16.o 19.0 ns 
preset to register output 

Asynchronous reset and 

lsRR preset register recovery 7.0 7.0 7.5 7.5 8.0 8.0 10.0 15.0 ns 
time 

lsRW 
As)11chronous reset or 

7.0 7.0 8.0 8.0 10.0 10.0 12.0 15.0 ns 
preset width 

Clock/LE Width: 

tWLS Global clock width low 2.0 2.0 2.5 2.5 3.0 5.0 6.0 6.0 ns 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES1 {CONTINUED) 
-50 -55 -60 -65 -7 -10 -12 -14 

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tWHS Global clock width high 2.0 2.0 2.5 2.5 3.0 5.0 6.0 6.0 ns 

tWLA 
Product term clock width 
low 

3.0 3.0 3.5 3.5 4.0 5.0 8.0 9.0 ns 

tWHA 
Product term clock width 
high 3.0 3.0 3.5 3.5 4.0 5.0 8.0 9.0 ns 

Global gate width low (for 

'<iws low transparent) or high 4.0 4.0 4.5 4.5 5.0 5.0 6.0 6.0 ns 
(for high transparent) 

Product term gate width 

'<iwA 
low (for low transparent) 

4.0 4.0 4.5 4.5 5.0 5.0 6.0 9.0 ns 
or high (for high 
transparent) 

tWIRL 
Input register clock width 

3.0 3.0 3.5 3.5 4.0 5.0 6.0 6.0 ns 
low 

lwiRH 
Input register clock width 

3.0 3.0 3.5 3.5 4.0 5.0 6.0 6.0 ns 
high 

tWIL Input latch gate width 4.0 4.0 4.5 4.5 5.0 5.0 6.0 6.0 ns 
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES1 (CONTINUED) 
-50 -55 -60 -65 -7 -10 -12 -14 

Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Frequency: 

External feedback, D-type, 
Min of l/(tWLS + tWHs) or 143 133 118 118 95.2 87.0 74.1 60.6 MHz 
11 ( lss + lcosl 

External feedback, T-type, 
Min of l/(tWLS + tWHs) or 125 125 Ill Ill 87.0 80.0 69.0 57.l MHz 
II ( lssr + !cos) 

Internal feedback (l{;Nr), 
fMAXS D-type, Min of l/(tWLS + 182 167 154 154 125 118 95.2 74.1 MHz 

tWHs) or l/(tss + lcosi) 

Internal feedback (~), 
T-type, Min of l/(tWLS + 154 161 143 143 Ill 105 87.0 69.0 MHz 
tWHS) or l/(lssr + lcosi) 

No feedback2, Min of 1/ 
( lwLs + tWHsl , 11 ( lss + lusl 250 250 200 200 154 125 100 83.3 MHz 
or l/(lssr + lusl 

External feedback, D-type, 
Min of l/(tWIA + tWllA) or Ill Ill 100 100 83.3 66.7 55.6 43.5 MHz 

l/(lsA + !co.V 

External feedback, T-type, 
Min of l/(tWIA + lwuA) or 105 105 95.2 95.2 76.9 62.5 52.6 41.7 MHz 

ll(lsAT + lco.V 

Internal feedback (~A), 
fMAXA D-type, Min of ll(lwu + 133 133 125 125 105 83.3 66.7 50.0 MHz 

lwuA) or l/(lsA + lcoAi) 

Internal feedback (l{;NTA), 
T-type, Min of l/(tWIA + 125 125 118 118 95.2 76.9 62.5 47.6 MHz 
t~ or l/(lsAr + taJAil 

No feedback2, Min of 1/ 
(tWIA + tWllA), l/(lsA + 167 167 143 143 125 100 62.5 55.6 MHz 
tHA) or l/(lsAT + tHA) 

Maximum input register 

fMAXI 
frequency, Min of l/(twiRH 

167 167 143 143 125 100 83.3 83.3 MHz 
+ lwiru.l or ll(lsIRs + 
tuIRs) 

Notes: 
1. See "Switching Test Circuit" in the General Information Section of the Vantis 1999 Data Book. 

2. This parameter does not apply to flipflops in the emulated mode since the feedback path is required for emulation. 
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CAPACITANCE 1 

Parameter Symbol Parameter Description Test Conditions Typ Unit 

CIN Input capacitance VIN=2.0V t 3.3 V or 5 V, 25°C, 1 MHz 6 pF 

Cito Output capacitance VoUT=2.0V 3.3 Vor 5 V, 25°C, 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 

this parameter may be affected. 

Ice vs. FREQUENCY 

These curves represent the typical power consumption for a particular device at system frequency. 
The selected "typical" pattern is a 16-bit up-down counter. This pattern fills the device and 
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. Power/Speed are optimized to obtain the highest counter frequency and the lowest 
power. The highest frequency (LSBs) is placed in common PAL blocks, which are set to high 
power. The lowest frequency signals (MSBs) are placed in a common PAL block and set to 
lowest power. 
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Figure 16. Ice Curves at High Power Mode 
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Frequency (MHz) 17466F-065 

Figure 17. Ice Curves at Low Power Mode 
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND 
M4A(3,5)-64/32) 

Top View 

A2 

A1 

AO 

M4(LV)-32/32 
M4A(3,5)-32/32 

AB 

A9 

A10 

A11 

M4(L V)-64132 
M4A(3,5)-64132 

A2 1/05 

A1 1106 

AO 1107 

TDI 

CLK0/10 

GND 

TCK 

BO 1/08 

B1 1/09 

B2 11010 

B3 1/011 

M4(L V)-64132 
M4A(3,5)-64132 

PIN DESIGNATIONS 

CLK/I = Clock or Input 

GND = Ground 

1/0 = Input/Output 

Vee Supply Voltage 

TDI Test Data In 

TCK Test Clock 

TMS = Test Mode Select 

TDO Test Data Out 

64 

44-Pin PLCC 

MACH4Family 

M4(L V)-64132 
M4A(3,5)-64132 

1/027 D3 

1/026 02 

1/025 01 

1/024 DO 

TDO 

GND 

CLK1/11 

TMS 

1/023 co 
1/022 C1 

1/021 C2 

M4(L V)-64132 
M4A(3,5)-64132 

c 7 

83 

B2 

B1 

BO 

M4(L V)-32/32 
M4A(3,5)-32/32 

BB 

B9 

B10 

17466F-026 

~ M•"""'' co-n 
PAL Block (A-D) 



CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND 
M4A(3,5)-64/32) 

Top View 

A2 
A1 
AO 

M4(L V)-32/32 
M4A(3,5)-32/32 

AB 
A9 

A10 
A11 

M4(L V)-64/32 
M4A(3,5)-64/32 

A2 1/05 
A1 1/06 
AO 1/07 

TDI 
CLK0/10 

GND 
TCK 

BO I/OB 
81 1/09 
B2 1/010 
B3 1/011 

M4(LV)-64/32 
M4A(3,5)-64/32 

PIN DESIGNATIONS 
CLK/I = Clock or Input 

GND Ground 

I/0 Input/Output 

Vee Supply Voltage 

TOI Test Data In 

TCK Test Clock 

TMS Test Mode Select 

TOO Test Data Out 

44-Pin TQFP 

o~~~~!if~~~~~;;i; 
1 
2 
3 

7 
B 
9 
10 
11 

C\IMVlO<Of'-..C00>0T"""C\I 
.,.... T""" T""" T""".,.... T""".,.....,.... C\J C\J C\I 

MACH 4 Family 

33 
32 
31 
30 
29 
2B 
27 
26 
25 
24 
23 

c 

M4(LV)-64/32 
M4A(3,5)-64/32 

1/027 03 
1/026 02 
1/025 01 
1/024 DO 
TDO 
GND 
CLK1/11 
TMS 
1/023 co 
1/022 C1 
1/021 C2 

M4(L V)-64/32 
M4A(3,5)-64/32 

7 

~ 

B3 
82 
81 
BO 

M4(LV)-32/32 
M4A(3,5)-32/32 

BB 
89 
B10 

17466F-027 

Macrocell (0-7) 

PAL Block (A-D) 
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CONNECTION DIAGRAM (M4(LV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 AND 
M4A(3,S)-64/32) 

Top View 

A2. 
A1 
AO 

M4(LV)-32132 
M4A(3,5)-32/32 

A8 
A9 

A10 
A11 

M4(L V)-64132 
M4A(3,5)-64132 

A2. 1/05 
A1 1/06 
AO 1/07 

TOI 
CLK0/10 

NC 
GND 
TCK 

BO 1/08 
81 1/09 
82 1/010 
83 1/011 

M4(LV)-64/32 
M4A(3,5)-64132 

PIN DESIGNATIONS 
CLK/I = Clock or Input 

GND Ground 

VO Input/Output 

Vee - Supply Voltage 

NC No Connect 

TDI = Test Data In 

TCK Test Clock 

TMS Test Mode Select 

mo = Test Data Out 

66 

48-PinTQFP 

M4(L V)-64132 
M4A(3,5)-64/32 

o~~~~;!.7~~~fll~[:; 
1 36 1/027 03 83 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

~~~~8~~~t::~~~ gggg> Clggggg 
iilB:S!ii !:313~<H3 

MACH4Family 

35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 

1/026 02 
11025 01 
1/024 DO 
TOO 
GND 
NC 
CLK1/11 
TMS 
1/023 co 
1/022 C1 
1/021 C2 

M4(L V)-64132 
M4A(3,5)-64/32 

c 7 

82 
81 
BO 

M4(L V)-32132 
M4A(3,5)-32/32 

88 
89 
810 

17466F-028 

~ Moc<°"ll (l>-7) 

PAL Block (A-D) 



CONNECTION DIAGRAM (M4(LV)-96/48 AND M4A(3,5)-96/48) 

Top View 
100-Pin TQFP 

!l!~::i::n:c &:lfrf~t2~ 

0 0 ~~~~gN 0 zoo~ MN~ 0 zoo o ooz ~zz~g~~~g~~~zz~zg~~~~gzz~ 

0 
NC 1 7S 
TOI 2 74 
NC 3 73 
NC 4 72 

A1 1/06 s 71 
AO 1/07 6 70 
BO 1/08 7 69 
B1 1/09 8 68 
B2 1/010 9 67 
B3 1/011 10 66 

10/CLKO 11 6S 
Vee 12 64 

GND 13 63 
11/CLK1 14 62 

84 1/012 1S 61 
BS 1/013 16 60 
B6 1/014 17 S9 
B7 l/01S 18 58 
co 1/016 19 S7 
C1 1/017 20 56 

NC 21 SS 
NC 22 54 

TMS 23 53 
TCK 24 S2 

NC 25 S1 

~~re~g~~~~~~~~~~~~~i~~~~~~ 

ooommo~~MO~ooo8~~8~~mmooo 
~zz~~gg~gz zz~> g~ggggzz~ 

PIN DESIGNATIONS 

CLK/I = Clock or Input 

GND Ground c 7 
Input 

1/0 Input/Output 

Vee Supply Voltage ~ 
NC No Connect 

TDI Test Data In 

TCK = Test Clock 

TMS Test Mode Select 

TDO Test Data Out 

MACH4Family 

NC 
TOO 
NC 
NC 
NC 
1/041 
1/040 
1/039 
1/038 
1/037 
1/036 
15/CLK3 
GND 
Vee 
14/CLK2 
l/03S 
1/034 
1/033 
1/032 
1/031 
1/030 
NC 
NC 
NC 
NC 

F1 
FO 
EO 
E1 
E2 
E3 

E4 
ES 
E6 
E7 
DO 
01 

17466F-029 

Macrocell (0-7) 

PAL Block (A-F) 
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CONNECTION DIAGRAM (M4(LV)-128N/64) 

Top View 

87 1/08 
86 1/09 
BS 1/010 
84 1/011 
83 1/012 
82 1/013 
81 1/014 
BO 1/01S 

CLKoflo 
Vee 
GND 

CLK1/l1 
co 1/016 
C1 1/017 
C2 1/018 
C3 1/019 
C4 1/020 
cs 1/021 
C6 1/022 
C7 1/023 

84-Pin PLCC 

74 GND 
73 1/0SS G7 
72 1/0S4 G6 
71 1/0S3 GS 

l/OS2 G4 
l/OS1 G3 
l/OSO G2 
1/049 G1 
1/048 GO 
CLKsfl4 
GND 
Vee 
CLK2/l3 
1/047 FO 

60 1/046 F1 
S9 l/04S F2 
S8 1/044 F3 
S7 1/043 F4 
S6 1/042 FS 
SS 1/041 F6 

GND 32 S4 1/040 F7 

Note: 

3334 3S36 3738 39 40414243 444S46 47 48 49 so S1 S2S3 

...... (01.0'll:;f"(Y)C\IT-0 
00000000 

Pin-compatible with the MACH131, MACH231, MACH435. 

PIN DESIGNATIONS 

CLK/I = Clock or Input 

GND 

I/0 

Vee 

68 

Ground 

Input 

Input/Output 

Supply Voltage 

c 7 

~ 

MACH 4 Family 

17466F-030 

Macrocel I (0-7) 

PAL Block {A-H) 



CONNECTION DIAGRAM (M4(LV)-128/64 AND M4A(3,5)-128/64) 

Top View 

GND 
GND 

TOI 
15 

87 1/08 
86 1/09 
85 1/010 
B4 1/011 
83 l/012 
B2 1/013 
81 1/014 
BO 1/015 

10/CLKO 
Vee 
Vee 
GND 
GND 

11/CLK1 
co 1/016 
C1 1/017 
C2 11018 
C3 1/019 
C4 1/020 
C5 1/021 
C6 1/022 
C7 l/023 

TMS 
TCK 
GND 
GND 

3 
4 (83) 
5 (12) 
6 (13) 
7 (14) 
8 (15) 
9 (16) 
10(17) 
11 (18) 
12(19) 
13(20) 
14 
15 
16 
17 
18(23) 
19(24) 
20(25) 
21 (26) 
22 (27) 
23(28) 
24(29) 
25 (30) 
26(31) 
27 
28 

100-Pin PQFP 

:fi"i!ii~iii --c.12.e.---
~~~~~~~~~~~~~;~~~~~~ 

GND 
GND 
TOO 
TRST 
1/055 G7 
1/054 G6 
1/053 G5 
1/052 G4 
1/051 G3 
1/050 G2 
1/049 G1 
1/048 GO 
14/CLK3 
GND 
GND 
Vee 
Vee 
13/CLK2 
1/047 FO 
1/046 F1 
1/045 F2 
1/044 F3 
1/043 F4 
1/042 F5 
1/041 F6 
1/040 F7 
12 
ENABLE 
GND 
GND 

17466F-031 

Note: 
Tbe numbers in parentheses reflect compatible pin numbers for 84-pin PLCC. 

PIN DESIGNATIONS 
I/CLK = Input or Clock 

GND Ground 

Input 

I/0 Input/Output 

Vee Supply Voltage 

TDI Test Data In 

TCK Test Clock 

TMS Test Mode Select 

TDO Test Data Out 

TRST = Test Reset 

ENABLE = Program 

c 7 

~ 
MACH4Family 

Macrocell (0-7) 

PAL Block (A-H) 
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CONNECTION DIAGRAM (M4(LV)-128/64 AND M4A{3,5)-128/64) 

Top View 

0 
GND 1 

TOI 2 
87 1/08 3 
B6 1/09 4 
B5 1/010 5 
B4 l/011 6 
B3 1/012 7 
B2 1/013 8 
81 l/014 9 
BO 11015 10 

10/CLKO 11 
Vee 12 
GND 13 

11/CLK1 14 
co 1/016 15 
e1 l/017 16 
e2 11018 17 
C3 1/019 18 
C4 l/020 19 
C5 1/021 20 
C6 l/022 21 
C7 l/023 22 

TMS 23 
TeK 24 
GND 25 

PIN DESIGNATIONS 
CLK/I = Clock or Input 

GND Ground 

Input 

1/0 Input/Output 

Vee = Supply Voltage 

TDI Test Data In 

TCK Test Clock 

TMS Test Mode Select 

TDO = Test Data Out 

70 

100-Pin TQFP 

!(~~:::~~<~ 0 ..... C\I C") v ll) <O""" :c:c:c:c::c::c:c:c 

~~~~~aa8~88~~8 §~wB~~§8~~ ~~g~g~~~g~>~~>~~~g~gg~~~~ 

~m~~~~~~~;~mm~~~~~~~g~~~~ 

~~~~~M~~~~~~~~~;~~~~~~~~~ 

1RST = Test Reset 

ENABLE = Program 

c 7 

75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

~ 

MACH4Family 

GND 
TOO 
TRST 
1/055 
11054 
11053 
1/052 
11051 
11050 
11049 
1/048 
14/eLK3 
GND 
Vee 
13/eLK2 
1/047 
11046 
1/045 
1/044 
11043 
1/042 
1/041 
11040 
ENABLE 
GND 

G7 
G6 
G5 
G4 
G3 
G2 
G1 
GO 

FO 
F1 
F2 
F3 
F4 
F5 
F6 
F7 

17466F-032 

Macrocell (0-7) 

PAL Block (A-H) 



CONNECTION DIAGRAM (M4(LV)-192/96 AND M4A(3,5)-192/96) 

Top View 

GND 
TOI 

E7 1/016 
E6 1/017 
E5 1/018 
E4 1/019 
E3 1/020 
E2 1/021 
E1 1/022 
EO 1/023 

12 
13 

Vee 
GND 

14 
F7 1/024 
F6 1/025 
FS 1/026 
F4 1/027 
F3 l/028 
F2 1/029 
F1 1/030 
FO 1/031 

GND 
Vee 

GO l/032 
G1 1/033 
G2 11034 
G3 1/035 
G4 l/038 
G5 l/037 
G6 l/038 
G7 1/039 

TMS 
TCK 
GND 

144-Pin TQFP 

108 
107 
108 
105 
104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 

GND 
TOO 
NC 
11087 A7 
1/086 A6 
1/085 AS 
1/084 A4 
1/083 A3 
1/082 A2 
11081 A1 
1/080 AO 
112 
Vee 
GND 
111 
110 
1/079 LO 
l/078 L1 
l/077 L2 
1/076 L3 
11075 L4 
l/074 L5 
1/073 LS 
1/072 L7 
GND 
Vee 
l/071 K7 
l/070 K6 
1/089 K5 
11068 K4 
l/067 K3 
l/066 K2 
l/065 K1 
1/064 KO 
NC 
GND 

17466F-033 

PIN DESIGNATIONS 
CLK Clock TMS Test Mode Select 

GND Ground IDO Test Data Out 

Input c 7 
1/0 Input/Output 

Vee Supply Voltage 

IDI Test Data In 

TCK = Test Clock 
12= Macrocell (0-7) 

PAL Block (A-L) 

MACH4Family 71 



CONNECTION DIAGRAM (M4(LV)-256/128 AND M4A(3,5)-256/128) 

Top View 

C-0 
e1 
C2 
C3 
e4 
C5 
C6 
e1 

DO 
01 
D2 
00 
D4 
05 
D6 
07 

EO 
E1 
E2 
E3 
E4 
E5 
E6 
E7 

FO 
F1 
F2 
F3 
F4 
F5 
F6 
F7 

GND 
TOI 

l/016 
1/017 
11018 
l/019 
l/020 
l/021 
l/022 
11023 
Vee 
GND 
l/024 
l/025 
l/026 
l/027 
l/028 
l/029 
l/030 
11031 

12 
13 

GND 
Vee 
Vee 
GND 
GND 
Vee 
Vee 
GND 

14 
1/032 
1/033 
1/034 
1/035 
l/036 
1/037 
1/038 
1/039 
GND 
Vee 

1/040 
l/041 
l/042 
1/043 
1/044 
l/045 
l/048 
l/047 
TMS 
TCK 
GND 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
43 
50 
51 
52 

PIN DESIGNATIONS 

CLK Clock 

GND Ground 

Input 

I/0 Input/Output 

Vee Supply Voltage 

TDI Test Data In 

TCK Test Clock 

TMS Test Mode Select 

72 

208-Pin PQFP 

TDO 

TRST 

Test Data Out 

Test Reset 

ENABLE= Program 

c 7 

~ 
MACH4 Family 

GND 
TOO 
TRST 
1/0111 N7 
1/0110 N6 
110109 N5 
1/0108 N4 
1/0107 N3 
1/0106 N2 
1/0105 N1 
1/0104 NO 
vee 
GND 
1/0103 M7 
1/0102 M6 
1/0101 M5 
V0100 M4 
1/099 M3 
l/098 M2 
1/097 M1 
l/096 MO 
111 
GND 
Vee 
vee 
GND 
GND 
vee 
Vee 
GND 
110 
19 
11095 L7 
l/094 L6 
11093 L5 
1/092 L4 
11091 L3 
l/090 L2 
11089 L1 
l/088 LO 
GND 
vee 
1/087 K7 
1/086 K6 
1/085 K5 
l/084 K4 
1/083 K3 
1/082 K2 
1/081 Kl 
l/080 KO 
ENABLE 
GND 

17466F-034 

Macrocell (0-7} 

PAL Block (A-P} 
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PRODUCT ORDERING INFORMATION 

MACH 4 Devices Commercial & Industrial - 3.3V and SV 
Yantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed 
by a combination of: 

M4- 256 I 128 

FAMILY TYPE T 
M4- =MACH 4 Family (5-V Vee) 
M4LV- =MACH 4 Family Low Voltage (3.3-V Vee) 

MACROCELL DENSITY 
32 = 32 Macrocells 
64 = 64 Macrocells 
96 = 96 Macrocells 

128N = 128 Macrocells, Non-ISP 
192 192 Macrocells 
256 ·= 256 Macrocells 

128 = 128 Macrocells 

I/Os~~~~~~~~~~~~~~~~~~~--' 

/32 = 32 I/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP 
/48 = 48 I/Os in 100-pin TQFP 
!64 = 64 I/Os in 84-pin PLCC, 100-pin PQFP or 100-pin TQFP 
196 = 96 I/Os in 144-pin TQFP 

/128 = 128 I/Os in 208-pin PQFP or 256-Pin BGA 

Valid Combinations 

M4-32/32 JC, VC, VC48 

M4LV-32/32 JC, VC, VC48 

M4-64/32 JC, VC, VC48 

M4LV-64/32 JC, VC, VC48 

M4-96/48 vc 
M4LV-96/48 vc 
M4-128/64 YC,VC 

-7, -10, -12, -15 
M4LV-128/64 YC,VC 

M4-128N/64 JC 

M4LV-128N/64 JC 

M4-192/96 vc 
M4LV-192/96 vc 
M4-256/128 YC,AC 

M4LV-256/128 YC,AC 

All MACH devices are dual-marked with both Commercial and 
Industrial grades. The Industrial speed grade is slower, i.e., 
M4-256/128-7YC-10YI 

-7 y c 

T 148 = 48-pin TQFP for M4(LV)-32/32 L or M4(LV)-64/32 

M4-32/32 

M4LV-32/32 

M4-64/32 

M4LV-64/32 

M4-96/48 

M4LV-96/48 

M4-128/64 

M4LV-128/64 

M4-128N/64 

M4LV-128N/64 

M4-192/96 

M4LV-192/96 

M4-256/128 

M4LV-256/128 

OPERATING CONDITIONS 
C = Commercial (0°C to + 70°C) 

= Industrial (-40 °C to +85 °C) 

PACKAGE TYPE 
A = Ball Grid Array (BGA) 
J = Plastic Leaded Chip Carrier 

(PLCC) 
V = Thin Quad Flat Pack (TQFP) 
Y = Plastic Quad Flat Pack (PQFP) 

SPEED 
-7 =7.5nstpn 

-10 = 10 ns tPD 
-12 = 12 ns tPD 
-14 = 14 ns tPD 
-15 = 15 ns tPD 
-18 = 18 ns tPD 

Valid Combinations 

JI, VI, VI48 

JI, VI, VI48 

JI, VI, VI48 

JI, VI, VI48 

VI 

VI 

YI, VI 
-10, -12, -14, -18 

YI, VI 

JI 

JI 

VI 

VI 

YI,AI 

YI,AI 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 

74 MACH4Family 



PRODUCT ORDERING INFORMATION 

MACH 4A Devices Commercial and Industrial - 3.3V and SV 
Yantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed 
by a combination of: 

M4A3-

FAMILY TYPE T 
M4A3- = MACH 4 Family Low Voltage Advanced 

Feature (3.3-V Vee) 
M4A5- = MACH 4 Family Advanced Feature (5-V Vee) 

MACROCELL DENSITY 
32 = 32 Macrocells 192 
64 = 64 Macrocells 256 
96 = 96 Macrocells 

128 = 128 Macrocells 

192 Macrocells 
256 Macrocells 

256 I 128 

I/Os---------------------' 
/32 = 32 I/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP 
/48 = 48 I/Os in 100-pin TQFP 
/64 = 64 I/Os in 100-pin TQFP or 100-pin PQFP 
196 = 96 l/Os in 144-pin TQFP 

/128 = 128 I/Os in 208-pin PQFP or 256-Pin BGA 

Valid Combinations 

M4A3-32/32 JC, VC, VC48 

M4A5-32/32 JC, VC, VC48 

M4A3-64/32 JC, VC, VC48 

M4A5-64/32 JC, VC, VC48 

M4A3-96/48 VC 

M4A5-96/48 -50, -55, -60, -65, vc 

M4A3-128/64 -7, -10, -12 YC, VC 

M4A5-128/64 YC,VC 

M4A3-192/96 vc 

M4A5-192/96 vc 

M4A3-256/128 YC,AC 

M4A5-256/128 YC,AC 

All MACH devices are dual-marked with both Commercial and 
Industrial grades. The Industrial speed grade is slower, i.e., 
M4A3-256/128-7YC-10YI 

-7 y c 

= 48-pin TQFP for 
M4A3-32/32 or M4A3-64/32 
M4A5-32/32 or M4A5-64/32 

OPERATING CONDITIONS 
c = Commercial (0°C to +70°C) 

= Industrial (-40 °C to +85 °C) 

'------ PACKAGE TYPE 
A = Ball Grid Array (BGA) 
J = Plastic Leaded Chip Carrier 

(PLCC) 
V = Thin Quad Flat Pack (TQFP) 
Y = Plastic Quad Flat Pack (PQFP) 

'-------SPEED 
-50 = 5.0 ns tPD 
-55 = 5.5 ns !PD 
-60 = 6.0 ns tpn 
-65 = 6.5 ns !PD 
-7 = 7.5 ns tPD 

-10 = 10 ns tpn 
-12 = 12 ns lpn 
-14 = 14 ns tPD 

Valid Combinations 

M4A3-32/32 JI, VI, VI48 

M4A5-32/32 JI, VI, VI48 

M4A3-64/32 JI, VI, VI48 

M4A5-64/32 JI, VI, VI48 

M4A3-96/48 VI 

M4A5-96/48 VI 
-7, -10, -12, -14 

M4A3-128/64 YI, VI 

M4A5-128/64 YI, VI 

M4A3-192/96 VI 

M4A5-192/96 VI 

M4A3-256/128 YI, AI 

M4A5-256/128 YI, AI 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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II VANTIS MACH 5 CPLD Family 
I llEYOND PERFORMANCE Fifth Generation MACH Architecture 

FEATURES 
+ High logic densities and I/Os for increased logic integration 

- 128 to 512 macrocell densities 
- 68 to 256 I/Os 

+ Wide selection of density and 1/0 combinations to support most application needs 
- 6 macrocell density options 
- 8 1/0 options 
- Up to 5 1/0 options per macrocell density 
- Up to 6 density & 1/0 options for each package 

+ Performance features to fit system needs 
- 5.5 ns tpo Commercial, 7.5 ns tp0 Industrial 
- 182 MHz fcNT 
- Four programmable power/speed settings per block 

+ Flexible architecture facilitates logic design 
- Multiple levels of switch matrices allow for performance-based routing 
- 100% routability and pin-out retention 
- Synchronous and asynchronous clocking, including dual-edge clocking 
- Asynchronous product- or sum-term set or reset 
- 16 to 64 output enables 
- Functions of up to 32 product terms 

+ Advanced capabilities for easy system integration 
- 3.3-V & 5-V JEDEC-compliant operations 
- JTAG (IEEE 1149.1) compliant for boundary scan testing 
- 3.3-V & 5-V JTAG in-system programming 
- PCI compliant (-5/-6/-7/-10/-12 speed grades) 
- Safe for mixed supply voltage system design 
- Programmable pull-up or Bus-Friendly™ Inputs & I/Os 
- Individual output slew rate control 
- Hot socketing 
- Programmable security bit 

+ Advanced EE CMOS process provides high performance, cost effective solutions 
+ Supported by Vantis DesignDirect™ software for rapid logic development 

- Supports HDL design methodologies with results optimized for Vantis 
- Flexibility to adapt to user requirements 
- Software partnerships that ensure customer success 

+ Vantis and Third-party hardware programming support 
- VantisPRO™ (formerly known as MACHPRO®) software for in-system programmability 

support on PCs and Automated Test Equipment 
- Programming support on all major programmers including Data 1/0, BP Microsystems, Advin, 

and System General 

Publication# 20446 Rev: G 
Amendment/0 Issue Date: November 1998 



Table 1. MACH 5 Device Features 1 

M5-128 MS-192 M5-256 M5-320 M5-384 MS-512 
Feature M5LV-128 M5LV-256 MSLV-320 MSLV·384 M5LV·512 

Supply Voltage (VJ 5 3.3 5 5 3.3 5 3.3 5 3.3 5 3.3 

Macrocells 128 128 192 256 256 320 320 384 384 512 512 

Maximum User 1/0 Pins 120 120 160 160 160 192 192 192 192 256 256 

tpo (ns) 7.5 5.5 7.5 7.5 5.5 7.5 7.5 7.5 7.5 7.5 7.5 

tss (ns) 4.0 3.0 4.0 4.0 3.0 4.0 4.0 4.0 4.0 4.0 4.0 

tcos (ns) 6.0 4.5 6.0 6.0 4.5 6.0 6.0 6.0 6.0 6.0 6.0 

fcNT (MHz) 125 182 125 125 182 125 125 125 125 125 125 

Static Power (mA) 35 35 45 55 55 70 70 75 75 100 100 

!TAG-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

PCl-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Note: 
1. ''M5-x=" is for 5-V devices. ''M5LV-x=" is for 33-V devices. 

Table 2. MACH SA Device Features 1 •2 

MSA3-128 MSA3-192 MSA3-256 M5A3-320 M5A3-384 MSA3-512 
Feature MSAS-128 M5A5-192 MSAS-256 

Supply Voltage (VJ 3.3 5 3.3 5 3.3 5 3.3 3.3 3.3 

Macrocells 128 128 192 192 256 256 320 384 512 

Maximum User 1/0 Pins 120 120 120 120 160 160 192 192 256 

tp0 (ns) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 

t55 (ns) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

tcos (ns) 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 

fcNT (MHz) 182 182 182 182 182 182 182 182 182 

Static Power (mA) TBD TBD TBD TBD TBD TBD TBD TBD TBD 

!TAG-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes 

PCl-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Notes: 
1. All information on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on 

availability. 

2. ''M5A5-x=" is for 5-V devices ''M5A3-x=" is for 33-V devices. 

GENERAL DESCRIPTION 

The MACH® 5 family consists of a broad range of high-density and high-1/0 Complex 
Programmable Logic Devices (CPLDs). The fifth-generation MACH architecture yields fast speeds 
at high CPLD densities, low power, and supports additional features such as in-system 
programmability, ]TAG testability, and advanced clocking options (Tables 1 and 2). Both the 
MACH 5 and the MACH 5A families offer 5-V (M5-xxx and M5A5-xxx) and 3.3-V (M5LV-xxx and 
M5A3-xxx) operation. 

Manufactured in state-of-the-art ISO 9000 qualified fabrication facilities on EECMOS process 
technologies, MACH 5 devices are available with pin-to-pin delays as fast as 5.5 ns (Tables 3 and 
4). The 5.5, 6.5, 7.5, 10, and 12-ns devices are compliant with the PC! Local Bus Specification. 
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Table 3. MACH 5 Speed Grades 

Speed Grade 1 

Device -5 -7 -10 -12 -15 -20 

M5-128 c C,I C,I C,I I 

M5LV-128 c C,I C,I C,I I 

M5-192 c C,I C, I C, I I 

M5-256 c C,I C,I C,I I 

M5LV-256 c C,I C,I C,I I 

M5-320 c C,I C,I C,I I 

M5LV-320 c C,I C,I C,I I 

M5-384 c C, I C, I C, I I 

M5LV-384 c C,I C,I C,I I 

M5-512 c C, I C,I C,I I 

M5LV-512 c C,I C,I C,I I 

Note: 
1. C = Commercial grade, I= Industrial grade 

Table 4. MACH SA Speed Grades 

Speed Grade1 

Device -5 -6 -7 -10 -12 -15 

M5A3-128 c C, I C, I C, I I 

M5A5-128 c C,I C,I C,I I 

M5A3-192 c C,I C,I C, I I 

M5A5-192 c C,I C,I C,I I 

M5A3-256 c C,I C,I C, I I 

M5A5-256 c C, I C, I C, I I 

M5A3-320 C (No1e 2) C (No1e 2) C, I (No1e 2) C, I C, I I 

M5A3-384 C (Nore 2) C (Nore 2) C, I (No1e 2) C,I C, I I 

M5A3-512 C (Nore 2) C (Nore 2) C, I (Nore 2) C,I C, I I 

Notes: 
1. C = Commercial grade, I= Industrial grade. All information on MACH 5A devices is Advance Iriformation. Please contact a 

Van tis sales representative for details on availability. 

2. Tbe-5 and-6 commercial and- 7 industrial speed grades are under development for M5A3-320, M5A3-384, and M5A3-512. 
Please contact a Vantis sales representative for details on availability. 

With Vantis' unique hierarchical architecture, the MACH 5 family provides densities up to 512 
macrocells to support full system logic integration. Extensive routing resources ensure pinout 
retention as well as high utilization. It is ideal for PAL® block device integration and a wide range 
of other applications including high-speed computing, low-power applications, communications, 
and embedded control. At each macrocell density point, Vantis offers several 1/0 and package 
options to meet a wide range of design needs (Tables 5. and 6). 
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Table 5. MACH 5 Package and 1/0 Options 1 

M5-128 M5-192 M5-256 M5·320 M5-384 M5-512 
Package M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512 

100-pin TQFP 68, 74* 68 68, 74* 

1 00-pin PQFP 68 68 68 

144-pin TQFP 104* 104* 

144-pin PQFP 104 104 104 

160-pin PQFP 120 120 120 120 120 120 

208-pin PQFP 160 160 160 160 160 

240-pin PQFP 184 184 184 

256-pin BGA 192 192 192 

352-pin BGA 256 

Note: 
1. The 1/0 options indicated with a "'"are only available for the "LV" devices. 

Table 6. MACH SA Package and 1/0 Options 1 

M5A3-128 M5A3-192 M5A3-256 M5A3-320 M5A3-384 M5A3-512 
Package M5A5-128 M5A5-192 M5A5-256 

100-pin PQFP 68 68 68 

100-pin TQFP 74 74 74 

144-pin TQFP 104 104 104 

160-pin PQFP 120 120 120 120 120 120 

208-pin PQFP 160 160 160 160 

256-pin BGA 192 192 192 

352-pin BGA 256 

Note: 
1. All information on MACH 5A devices is Advance Information. Please contact a Vantis sales representative for details on 

availability. 

Advanced power management options allow designers to incrementally reduce power while 
maintaining the level of performance needed for today's complex designs. I/0 safety features 
allow for mixed-voltage design, and both the 3.3-Y and the 5-Y device versions are in-system 
programmable through a ]TAG-compliant interface. 

Yantis offers software design support for MACH devices in both the MACHXL ® and DesignDirect 
development systems. The DesignDirect development system is the Yantis implementation 
software that includes support for all Yantis CPLD, FPGA and SPLD devices. This system is 
supported under Windows '95, '98 and NT as well as Sun Solaris and HPUX. 

DesignDirect software is designed for use with design entry, simulation and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology, Synopsys, Synplicity, Yiewlogic and others. It accepts EDIF 2 0 0 input netlists, 
generates JED EC files for Yantis PLDs and creates industry standard EDIF, Yerilog, VITAL compliant 
VHDL and SDF simulation netlists for design verification. 

DesignDirect software is also available in product configurations that include VHDL and Yerilog 
synthesis from Exemplar Logic and VHDL, Yerilog RTL and gate level timing simulation from Model 
Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 

The MACH 5 architecture consists of PAL blocks connected by two levels of interronnect (Figure 1). 
The block interconnect provides routing among 4 PAL blocks. This grouping of PAL blocks 
joined by the block interconnect is called a segment. The second level of interconnect, the 
segment interconnect, ties all of the segments together. The only logic difference between any 
two MACH 5 devices is the number of segments. Therefore, once a designer is familiar with one 
device, consistent performance can be expected across the entire family. All devices have four 
clock pins available which can also be used as logic inputs. 

Segment: 
4 Blocks 

Block: 
16MCs 

Figure 1. MACH 5 Block Diagram 

CLK 

4 

20446G-001 

The MACH 5 PAL blocks consist of the elements listed below (Figure 2). While each PAL block 
resembles an independent PAL device, it has superior control and logic generation capabilities. 

+ 1/0 cells 

+ Product-term array and Logic Allocator 

+ Macrocells 

+ Register control generator 

+ Output enable generator 

1/0 Cells 

The I/Os associated with each PAL block have a path directly back to that PAL block called local 
feedback. If the 1/0 is used in another PAL block, the interconnect feeder assigns a block 
interconnect line to that signal. The interconnect feeder acts as an input switch matrix. The block 
and segment interconnects provide connections between any two signals in a device. The block 
feeder assigns block interconnect lines and local feedback lines to the PAL block inputs. 
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Figure 2. PAL Block Structure 

PRODUCT-TERM ARRAY AND LOGIC ALLOCATOR 

2 

20446G-002 

The product-term array uses the same sum-of-products architecture as Yantis' PAL devices and 
consists of 32 inputs (plus their complements) and 64 product terms arranged in 16 clusters. A 
cluster is a sum-of-products function with either 3 of 4 product terms. 

Logic allocators assign the clusters to macrocells. Each macrocell can accept up to eight clusters 
of three or four product terms, but a given cluster can only be steered to one macrocell (Table 7). 
If only three product terms in a cluster are steered, the fourth can be used as an input to an XOR 
gate for separate logic generation and/ or polarity control. 

The wide logic allocator is comprised of all 16 of the individual logic allocators and acts as an 
output switch matrix by reassigning logic to macrocells to retain pinout as designs change. The 
logic allocation scheme in the MACH 5 device allows for the implementation of large equations 
(up to 32 product terms) with only one pass through the logic array. 

Table 7. Product Term Steering Options for PT Clusters and Macrocells 

Macrocell Available Clusters Macro cell Available Clusters 

Mo GJ, C1, C2, C3, C4 Ms C5, CjJ, C7, Cs, ~. C10, Cu, C12 

M1 GJ, c,, Cz, C3, ~. Cs ~ CjJ, ~.Cs, Cj, C10• Cu, C12• C13 

M2 GJ, C1, Cz, C3, ~. C5, CjJ M10 ,, C7, Cs, Cj, C10, Cu, C12• C13, C14 

M3 GJ, C1, Cz, C3, ~. C5, CjJ, ~ Mu Cg, Cj, C10, Cu, C12, C13, C14, C15 

~ GJ, C1, Cz, C3, ~. Cs, CjJ, C7 M12 Cs, Cj, C10, Cu, C12. C13, C14, C15 

Ms cl> C2, C3, C4, C5, c6, ~.Cs M13 Cj, C10, C1 I• C12, C13, C14, C15 

~ Cz, C3, C4, C5, CjJ, ~. Cs, ~ M14 C10, Cu, C12, C13, C14, C15 

M1 C3, C4, C5, CjJ, ~. Cs, Cj, C10 M15 Cu, C12, C13, C14, C15 
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Macrocells 

The macrocells for MACH 5 devices consist of a storage element which can be configured for 
combinatorial, registered or latched operation (Figure 3). The D-type flip-flops can be configured 
as T-type, ]-K, or S-R operation through the use of the XOR gate associated with each macrocell. 

Each PAL block has the capability to provide two input registers by using macrocells 0 and 15. In 
order to use this option, these macrocells must be accessed via the 1/0 pins associated with 
macrocells 3 and 12, respectively. Once the macrocell is used as an input register, it cannot be used 
for logic, so its clusters can be re-directed through the logic allocator to another macrocell. The 
1/0 pins associated with macrocells 0 and 15 can still be used as input pins. Although the I/0 pins 
for macrocells 3 and 12 are used to connect to the input registers, these macrocells can still be 
used as "buried" macrocells to drive device logic via the matrix. 

Control Generator 

Logic 
Allocator 

5-8 
Clusters/ 

MC 

Prog. Polarity 

Figure 3. Macrocell Diagram 

Macrocell 

Mode 
Selection 

20446G-003 

The control generator provides four configurable clock lines and three configurable set/reset lines to 
each macrocell in a PAL block. Any of the four clock lines and any of the three set/reset lines can 
be independently selected by any flip-flop within a block. The dock lines can be configured to 
provide synchronous global (pin) clocks and asynchronous product term docks, sum term docks, 
and latch enables (Figure 4). Three of the four global docks, as well as two product-term clocks 
and one sum-term clock, are available per PAL block. Positive or negative edge clocking is 
available as well as advanced clocking features such as complementary and biphase clocking. 
Complementary clocking provides two dock lines exactly 180 degrees out of phase, and is useful 
in applications such as fast data paths. A biphase clock line clocks flip-flops on both the positive 
and negative edges of the dock. The configuration options for the four clock lines per PAL block 
are as follows: 

Clock Line 0 Options 

+ Global dock (O, 1, 2, or 3) with positive or negative edge dock enable 

+ Product-term dock (A*B*C) 

+ Sum-term dock (A+B+C) 

Clock Line 1 Options 

+ Global clock (O, 1, 2, or 3) with positive edge clock enable 
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+ Global clock (0, 1, 2, or 3) with negative edge clock enable 

+ Global clock (O, 1, 2, or 3) with positive and negative edge clock enable (biphase) 

Clock Line 2 Options 

+ Global clock (O, 1, 2, or 3) with clock enable 

Clock Line 3 Options 

+ Complement of clock line 2 (same clock enable) 

+ Product-term clock (if clock line 2 does not use clock enable 

PT(0:2) 

'""" Sets/Reset 
o-2,LE 

20446G-004 

Figure 4. Clock Generator 
20446G-005 

Figure 5. Set/Reset Generator 

The set/reset generation portion of the control generator (Figure 5) creates three set/reset lines for 
the PAL block. Each macrocell can choose one of these three lines or choose no set/reset at all. 
All three lines can be configured for product term set/reset and two of the three lines can be 
configured as sum term set/reset and one of the lines can be configured as product-term or sum­
term latch enable. While the set/reset signals are generated in the control generator, whether that 
signal sets or resets a flip-flop is determined within the individual macrocell. The same signal can 
set one flip-flop and reset another. PT2 or /PT2 can also be used as a latch enable for macrocells 
configured as latches. 
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OE Generator 

There is one output enable (OE) generator per PAL block that generates two product-term driven 
output enables. Each 1/0 cell is simply an output buffer. Each 1/0 cell within the PAL block can 
choose to be permanently enabled, permanently disabled, or choose one of the two product term 
output enables per PAL block (Figure 6). 

Output Enable 
Generator 

Figure 6. Output Enable Generator and 1/0 Cell 
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MACH 5 TIMING MODEL 

The primary focus of the MACH 5 timing model is to accurately represent the timing in a MACH 5 
device, and at the same time, be easy to understand. This model accurately describes all 
combinatorial and registered paths through the device, making a distinction between internal 
feedback and external feedback. A signal uses internal feedback when it is fed back into the 
switch matrix or block without having to go through the output buffer. The input register 
specifications are also reported as internal feedback. When a signal is fed back into the switch 
matrix after having gone through the output buffer, it is using external feedback. 

The parameter, tBuF> is defined as the time it takes to go through the output buffer to the I/0 pad. 
If a signal goes to the internal feedback rather than to the I/0 pad, the parameter designator is 
followed by an "i". By adding tBuF to this internal parameter, the external parameter is derived. 
For example, tpn = tpm + tBUf' A diagram representing the modularized MACH 5 timing model is 
shown in Figure 7. Refer to the Technical Note entitled MACH 5 Timing and High Speed Design 
for a more detailed discussion about the timing parameters. 

{External Feedback) 

(Internal Feedback) 

IN 

COMB/OFF/ 
LATCH 
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>-----'---.-_J_-----------.-----<>------.----.--------.----.------l tH (SIA) tco(S/A) i Q 
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Figure 7. MACH 5 Timing Model 
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MULTIPLE 1/0 AND DENSITY OPTIONS 

The MACH 5 family offers six macrocell densities in a number of I/0 options. This allows designers 
to choose a device close to their logic density and I/0 requirements, thus minimizing costs. For 
the same package type, every density has the same pin-out. With proper design considerations, a 
design can be moved to a higher or lower density part as required. 

JTAG BOUNDARY SCAN TESTABILITY 

All MACH 5 devices have ]TAG boundary scan cells and are compliant to the ]TAG standard, IEEE 
1149 .1. This allows functional testing of the circuit board on which the device is mounted through 
a serial scan path that can access all critical logic nodes. Internal registers are linked internally, 
allowing test data to be shifted in and loaded directly onto test nodes, or test node data to be 
captured and shifted out for verification. In addition, these devices can be linked into a board-level 
serial scan path for more complete board-level testing. 

JTAG IN-SYSTEM PROGRAMMING 

Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACH 5 devices provide in-system programming (ISP) capability through their ]TAG ports. This 
capability has been implemented in a manner that insures that the ]TAG port remains compliant 
to the IEEE 1149.1 standard. By usingJTAG as the communication interface through which ISP is 
achieved, customers get the benefit of a standard, well-defined interface. 

MACH 5 devices can be programmed across the commercial temperature and voltage range. Yantis 
provides its free PC-based YantisPRO software to facilitate in-system programming. YantisPRO 
software takes the JEDEC file output produced by Yantis' design implementation software, along 
with information about the ]TAG chain, and creates a set of vectors that are used to drive the ]TAG 
chain. YantisPRO software can use these vectors to drive a ]TAG chain via the parallel port of a 
PC. Alternatively, YantisPRO software can output files in formats understood by common 
automated test equipment. This equipment can then be used to program MACH 5 devices during 
the testing of a circuit board. For more information about in-system programming, refer to the 
separate document entitled MACH ISP Manual. 

PCI COMPLIANT 

MACH 5(A) devices in the -5/-6/-7/-10/-12 speed grades are compliant with the PC! Local Bus 
Specification version 2.1, published by the PCI Special Interest Group (SIG). The 5-Y devices are 
fully PCI-compliant. The 3.3-Y devices are mostly compliant but do not meet the PCI condition to 
clamp the inputs as they rise above Y cc because of their 5-Y input tolerant feature. MACH 5 
devices provide the speed, drive, density, output enables and I/Os for the most complex PCI 
designs. 
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SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS 1 

Both the 3.3-V and 5-V Vee MACH 5 devices are safe for mixed supply voltage system designs. 
The 5-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V, while they 
accept inputs from other 3.3-V devices. The 3.3-V devices will accept inputs up to 5.5 V. Both the 
3.3-V and 5-V versions have the same high-speed performance and provide easy-to-use mixed­
voltage design capability. 

Note: 
1. Except for M5-128, M5-192, and M5-256. 

PULL-UP OR BUS-FRIENDLY INPUTS AND I/OS 

All MACH 5 devices have inputs and I/Os which feature the Bus-Friendly circuitry incorporating 
two inverters in series which loop back to the input. This double inversion weakly holds the input 
at its last driven logic state. While it is a good design practice to tie unused pins to a known state, 
the Bus-Friendly input structure pulls pins away from the input threshold voltage where noise can 
cause high-frequency switching. At power-up, the Bus-Friendly latches are reset to a logic level 
"1." For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in 
the General Information Section of the Yantis 1999 Data Book. All MACH 5A devices have a 
programmable bit that configures all input and I/Os with either pull-up or Bus-Friendly 
characteristics. If the device is configured in pull-up mode, all inputs and I/Os are weakly pulled 
up. For the circuit diagram, please refer to the Input/Output Equivalent Schematics (page 393) in 
the General Information Section of the Yantis 1999 Data Book. 

POWER MANAGEMENT 

There are 4 power/speed options in each MACH 5 PAL block (Table 8). The speed and power 
tradeoff can be tailored for each design. The signal speed paths in the lower-power PAL blocks 
will be slower than those in the higher-power PAL blocks. This feature allows speed critical paths 
to run at maximum frequency while the rest of the signal paths operate in a lower-power mode. 
In large designs, there may be several different speed requirements for different portions of the 
design. 

Table 8. Power Levels 

High Speed/High Power 100% Power 

Medium High Speed/Medium High Power 67% Power 

Medium Low Speed/Medium Low Power 40% Power 

Low Speed/Low Power 20% Power 

PROGRAMMABLE SLEW RATE 

Each MACH 5 device 1/0 has an individually programmable output slew rate control bit. Each 
output can be individually configured for the higher speed transition (3 V /ns) or for the lower 
noise transition (1 V /ns). For high-speed designs with long, unterminated traces, the slow-slew rate 
will introduce fewer reflections, less noise, and keep ground bounce to a minimum. For designs 
with short traces or well terminated lines, the fast slew rate can be used to achieve the highest 
speed. The slew rate is adjusted independent of power. 
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POWER-UP RESET/SET 

All flip-flops power up to a known state for predictable system initialization. If a macrocell is 
configured to SET on a signal from the control generator, then that macrocell will be SET during 
device power-up. If a macrocell is configured to RESET on a signal from the control generator or 
is not configured for set/reset, then that macrocell will RESET on power-up. To guarantee 
initialization values, the V cc rise must be monotonic and the clock must be inactive until the reset 
delay time has elapsed. 

SECURITY BIT 

A programmable security bit is provided on the MACH 5 devices as a deterrent to unauthorized 
copying of the array configuration patterns. Once programmed, this bit defeats readback of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
Programming and verification are also defeated by the security bit. The bit can only be reset by 
erasing the entire device. 

HOT SOCKETING 

MACH SA devices are well-suited for those applications that require hot socket capability. Hot 
socketing a device requires that the device, when powered-down, can tolerate active signals on 
the I/Os and inputs without being damaged. Additionally, it requires that the effects of the 
powered-down MACH device be minimal on active signals. 
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ABSOLUTE MAXIMUM RATINGS 

MS and MSAS 

Storage Temperature . . . . . . . ....... -65°C to + 150°C 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature (TA) 

Device Junction Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 70°C 

Temperature (Note 1) ........... +130°C or +150°C Supply Voltage (V cc> 
Supply Voltage with Respect to Ground ......... +4.75 V to +5.25 V 
with Respect to Ground ........... -0.5 V to +7.0 V Industrial (I) Devices 
DC Input Voltage ................. -0.5 V to 5.5 V 

Ambient Temperature (TA) 
Static Discharge Voltage . . . . . . . . . . . . . . . . . 2000 V Operating in Free Air .............. -40°C to +85°C 
Latchup Current (-40°C to +85°C) .......... 200 mA Supply Voltage (V cc) 
Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 

with Respect to Ground ........... +4.5 V to +5.5 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

5-V DC CHARACTERISITICS OVER OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Description Min Typ Max Unit 

Output HIGH Voltage Iott= -3.2 mA, Vee= Min, VIN= Vrn or VIL 2.4 v 
(For M5-320, M5-384, M5-512, M5A5-128; 

Iott= 0 mA, Vee= Max, VIN= Vrn or VIL 3.3 v 
You M5A5-192, M5A5-256 Devices) 

Output HIGH Voltage Iott= -3.2 mA, Yee= Min, VIN= Vm or VIL 2.4 v 
(For M5-128, M5-192, M5-256 Devices) Iott= -2.5 mA, Vee= 5.25 v, VIN= Vm or VIL 3.6 v 

VoL Output LOW Voltage (Note 2) IoL = +16mA, Vee= Min, VIN= VmorVIL 0.5 v 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 v 
(Note 3) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW Voltage for all Inputs 

0.8 v 
(Note 3) 

Irn Input HIGH Leakage Current VIN= 5.25, Vee= Max (Note 4) 10 µA 

11L Input LOW Leakage Current VIN= 0, Yee= Max (Note 4) -10 µA 

ioZH Off-State Output Leakage Current HIGH VoUT = 5.25, Yee= Max, VIN= Vrn or V1L (Note 4) 10 µA 

ioZL Off-State Output Leakage Current LOW VoUT = 0, Vee= Max, VIN= Vm or VIL (Note 4) -10 µA 

Isc Output Short-Circuit Current VoUT = 0.5 Vee= Max, VIN= Vrn or V1L (Note 5) -30 -180 mA 

Note: 
1. 150° for M5-128, M5-192 and M5-256 devices. 130° for M5-320, M5-384, M5-512 and all M5A5-.=x devices. 

2. Total !01 between ground pins should not exceed 64 mA. 

3. Tbese are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 

4. IIO pin leakage is the worst case of In and Iozr or !!Hand IozH· 

5. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
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ABSOLUTE MAXIMUM RATINGS 

MSLV and MSA3 

Storage Temperature .............. -65°C to +150°C 

OPERATING RANGES 

Commercial (C) Devices 

Ambient Temperature (TA) 

Device Junction Temperature ............. + 130°C Operating in Free Air . . . . . . . . . . . . . . . 0°C to + 70°C 

Supply Voltage CV cc) Supply Voltage 
with Respect to Ground .......... -0.5 V to +4 .. 5 V with Respect to Ground ........... +3.0 V to +3.6 V 

DC Input Voltage ................. -0.5 V to 5.5 V Industrial (I) Devices 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2000 V Ambient Temperature (T~ 

Latchup Current (-40°C to +85°C) .......... 200 mA Operating in Free Air .............. -40°C to +85°C 

Supply Voltage (V cc) Stresses above those listed under Absolute Maximum 
Ratings may cause permanent device failure. Functionality at 
or above these limits is not implied. Exposure to Absolute 
Maximum Ratings for extended periods may affect device 
reliability. 

with Respect to Ground ........... +3.0 V to +3.6 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

3.3-V DC CHARACTERISITICS OVER OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Description Min Max Unit 

Vee= Min Ion= -100 µA Vee -0.2 v 
You Output HIGH Voltage 

VIN = Vrn or V1L lou = 3.2 mA 2.4 v 

Vee= Min loL = 100 µA 0.2 v 
VoL Output LOW Voltage 

VIN = Vrn or VIL Ion = 16 mA (Note I) 0.5 v 
Vrn Input HIGH Voltage Your ~You Min orV0ur ~ V0LMax (Note 2) 2.0 5.5 v 
VIL Input LOW Voltage Your ~V08 Min orV0ur ~ V0LMax (Note 2) -0.3 0.8 v 
Irn Input HIGH Leakage Current VIN= 3.6, Vee= Max (Note 3) 10 µA 

IIL Input LOW Leakage Current VIN = 0, Vee =Max (Note 3) -IO µA 

Iozu Off-State Output Leakage Current HIGH V0ur = 3.6, Vee= Max, V1N = Vrn or VIL (Note 3) IO µA 

IozL Off-State Output Leakage Current LOW Your= 0, Vee= Max, VIN = Vrn or VIL (Note 3) -IO µA 

Isc Output Short-Circuit Current Your= 0.5 Vee= Max, VIN= Vrn or VIL (Note 4) -15 -160 mA 

Notes: 
1. Total IoL between ground pins should not exceed 64 mA. 

2. Tbese are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 

3. J/O pin leakage is the worst case of hL and IoZL or IIH and IozH-

4. Not more than one output should be shorted at one time. Duration of the short-circuit should not exceed one second. 
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MS(LV) TIMING PARAMETERS OVER OPERATING RANGES1 

-5 -7 -10 . -12 -15 -20 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Combinatorial Delay: 

tPDI 
Internal combinatorial propagation 

3.5 5.5 8.0 10.0 13.0 18.0 ns 
delay 

tpo Combinatorial propagation delay 5.5 7.5 10.0 12.0 15.0 20.0 ns 

Registered Delays: 

lss Synchronous clock setup time 3.0 4.0 5.0 6.0 8.0 10.0 ns 

lsA Asynchronous clock setup time 3.0 4.0 5.0 6.0 7.0 8.0 ns 

!us Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns 

IHA Asynchronous clock hold time 3.0 4.0 5.0 6.0 7.0 8.0 ns 

!cos; Synchronous clock to internal output 2.5 4.0 5.0 6.0 8.0 10.0 ns 

!cos Synchronous clock to output 4.5 6.0 7.0 8.0 10.0 12.0 ns 

lcoAi Asynchronous clock to internal output 6.0 8.0 10.0 13.0 15.0 18.0 ns 

lcOA Asynchronous clock to output 8.0 10.0 12.0 15.0 17.0 20.0 ns 

Latched Delays: 

lsAL Latch setup time 3.0 4.0 5.0 6.0 7.0 8.0 ns 

!HAL Latch hold time 3.0 4.0 5.0 6.0 7.0 8.0 ns 

tPDli Transparent latch internal 6.0 7.0 8.0 9.0 10.0 10.0 ns 

IPDL 
Propagation delay through transparent 

8.0 9.0 10.0 11.0 12.0 12.0 ns 
latch 

lwAi Gate to internal output 7.0 8.0 9.0 10.0 11.0 12.0 ns 

1<ioA Gate to output 9.0 10.0 11.0 12.0 13.0 14.0 ns 

Input Register Delays: 

lsrns 
Input register setup time using a 

2.0 2.0 3.0 3.0 3.0 3.0 ns 
synchronous clock 

lsJRA 
Input register setup time using an 

0.0 0.0 0.0 0.0 0.0 0.0 ns 
asynchronous clock 

lmRS 
Input register hold time using a 

3.0 3.0 4.0 4.0 4.0 4.0 ns 
synchronous clock 

IHIRA 
Input register hold time using an 

6.o 6.0 7.0 7.0 7.0 7.0 ns 
asynchronous clock 

Input Latch Delays: 

lsi1 Input latch setup time 2.0 2.0 3.0 3.0 3.0 3.0 ns 

lm1 Input latch hold time 6.o 6.0 7.0 7.0 7.0 7.0 ns 

IPDili Transparent input latch 5.0 5.0 6.0 6.0 6.0 6.0 ns 

Output Delays: 

lsUF Output buffer delay 2.0 2.0 2.0 2.0 2.0 2.0 ns 

ts1w Slow slew rate delay 2.5 2.5 2.5 2.5 2.5 2.5 ns 

IEA Output enable time 7.5 9.5 10.0 12.0 15.0 20.0 ns 

IER Output disable time 7.5 9.5 10.0 12.0 15.0 20.0 ns 
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MS(LV) TIMING PARAMETERS OVER OPERATING RANGES1 (CONTINUED) 
-5 -7 -10 -12 -15 -20 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Power Delays: 

Power level 1 delay (Note 2) 
4.0 4.0 4.0 4.0 4.0 4.0 

tpu (5.0) (5.0) (5.0) (5.0) (5.0) (5.0) 
ns 

Power level 2 delay (Note 2) 
6.0 6.0 6.0 6.0 6.0 6.0 

tPLz (9.0) (9.0) (9.0) (9.0) (9.0) (9.0) 
ns 

tPL3 Power level 3 delay (Note 2) 
9.0 9.0 9.0 9.0 9.0 9.0 

(17.5) (17.5) (17.5) (17.5) (17.5) (17.5) 
ns 

Additional Cluster Delay: 

tl'f Product tenn cluster delay 0.3 0.3 0.3 0.3 0.3 0.3 ns 

Interconnect Delays: 

tBLK Block interconnect delay 1.5 1.5 2.0 2.0 2.0 2.0 ns 

lsEG Segment interconnect delay 4.5 5.0 6.0 6.0 6.o 6.0 ns 

Reset and Preset Delays: 

lsru 
Asynchronous reset or preset to internal 

6.0 8.0 10.0 12.0 14.0 16.0 ns 
register output 

lsR 
Asynchronous reset or preset to register 
output 

8.0 10.0 12.0 14.0 16.0 18.0 ns 

ls RR Reset and set register recovery time 5.5 7.5 8.0 9.0 10.0 11.0 ns 

lsRW Asynchronous reset or preset width 3.0 4.0 5.0 6.0 7.0 8.0 ns 

Clock Enable Delays: 

~F.5 Clock enable setup time 4.0 5.0 6.0 7.0 7.0 8.0 ns 

~EH Clock enable hold time 3.0 4.0 5.0 6.0 6.0 7.0 ns 

Width: 

tWLs Global clock width low (Note 3) 2.5 3.0 4.0 5.0 6.0 6.0 ns 

tWllS Global clock width high (Note 3) 2.5 3.0 4.0 5.0 6.0 6.0 ns 

tWLA Product tenn clock width low 3.0 4.0 5.0 6.0 7.0 8.0 ns 

tWHA Product tenn clock width high 3.0 4.0 5.0 6.0 7.0 8.0 ns 

1<iWA 
Gate width low (for low transparent) or 

3.0 4.0 5.0 6.0 7.0 8.0 ns 
high (for high transparent) 

twrn Input register clock width low or high 3.0 4.0 5.0 6.0 7.0 8.0 ns 
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MS(LV) TIMING PARAMETERS OVER OPERATING RANGES1 (CONTINUED) 
-5 -7 -10 -12 -15 -20 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Frequency: 

External feedback, PAL block level. Min 
133 100 83.3 71.4 55.6 45.5 MHz 

of 1/(tWLs + tWHsl or l/(fss + lcosl 

fMAX 
Internal feedback, PAL block level. Min 

182 -125 100 83.3 62.5 50.0 MHz 
of l/(tWLS + tWHS) or ll(!Ss +lcosil 

No feedback PAL block level. Min of 
200 167 125 100 83.3 83.3 MHz 

1/(tWLS + tWHS) or l/(fss +!HS) 

External feedback, PAL block level. Min 
91 71.4 58.8 47.6 41.7 35.7 MHz 

of 1/(twu + tWHA) or ll(ISA + tco,J 

fMAXA 
Internal feedback, PAL block level. Min 

lll 83.3 66.7 52.6 45.5 38.5 MHz 
of 1/(twu + tWHA) or 1/(tsA +lcoAil 

No feedback, PAL block level. Min of 
167 125 100 83.3 71.4 62.5 MHz 

ll(twu + tWHA) or ll(tsA + tu,J 

fMAXI 
Maximum input register frequency 

167 125 100 83.3 71.4 62.5 MHz 
l/(!Srns+tHIRS) or 11(2 x lwicwl 

Notes: 
1. See "Switching Test Circuits" in the General Information Section of the Vantis 1999 Data Book. 

2. Numbers in parentheses are for M5-128, M5-192, and M5-256. 

3. if a signal is used as both a clock and a logic array input, then the maximum input frequency applies (/MAJ/2). 
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MSA(3,5) TIMING PARAMETERS OVER OPERATING RANGES 1 

-5 -6 -7 -10 -12 -15 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Combinatorial Delay: 

!Pili Internal combinatorial propagation delay 35 4.5 5.5 8.0 10.0 13.0 ns 

!Pl) Combinatorial propagation delay 5.5 6.5 7.5 10.0 12.0 15.0 ns 

Registered Delays: 

lss Synchronous clock setup time 3.0 3.0 4.0 5.0 6.0 8.0 ns 

lsA Asynchronous clock setup time 2.0 2.0 4.0 5.0 6.0 7.0 ns 

!HS Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns 

(HA Asynchronous clock hold time 2.0 2.0 4.0 5.0 6.0 7.0 ns 

lcosi Synchronous clock to internal output 2.5 3.0 4.0 5.0 6.0 8.0 OS 

lcos Synchronous clock to output 4.5 5.0 6.0 7.0 8.0 10.0 OS 

lcoAi Asynchronous clock to internal output 5.0 5.0 8.0 10.0 13.0 15.0 ns 

lcoA Asynchronous clock to output 7.0 7.0 10.0 12.0 15.0 17.0 OS 

Latched Delays: 

lsAL Latch setup time 3.0 4.0 4.0 5.0 6.0 7.0 ns 

tllAL Latch hold time 3.0 3.0 4.0 5.0 6.0 7.0 ns 

tPIJLi Transparent latch internal 6.0 7.0 7.0 8.0 9.0 10.0 ns 

tPIJL Propagation delay through transparent latch 8.0 9.0 9.0 10.0 11.0 12.0 OS 

'6oAi Gate to internal output 7.0 8.0 8.0. 9.0 10.0 11.0 ns 

'6oA Gate to output 9.0 10.0 10.0 11.0 12.0 13.0 ns 

Input Register Delays: 

Isms Input register setup time using a synchronous clock 2.0 2.0 2.0 3.0 3.0 3.0 ns 

lsIRA Input register setup time using an asynchronous clock 0.0 0.0 0.0 0.0 0.0 0.0 ns 

tums Input register hold time using a synchronous clock 3.0 3.0 3.0 4.0 4.0 4.0 ns 

tHIRA Input register hold time using an asynchronous clock 6.0 6.0 6.0 7.0 7.0 7.0 ns 

Input Latch Delays: 

lsIL Input latch setup time 2.0 2.0 2.0 3.0 3.0 3.0 ns 

tHIL Input latch hold time 6.0 6.0 6.0 7.0 7.0 7.0 ns 

tPDILi Transparent input latch 5.0 5.0 5.0 6.0 6.o 6.o ns 

Output Delays: 

tBUF Output buffer delay 2.0 2.0 2.0 2.0 2.0 2.0 ns 

lsLW Slow slew rate delay 2.5 2.5 2.5 2.5 2.5 2.5 ns 

tEA Output enable time 7.5 9,5 9.S 10.0 12.0 15.0 ns 

(ER Output disable time 7.5 9.5 9.S 10.0 12.0 15.0 ns 

Power Delays: 

tpu Power level 1 delay 4.0 4.0 4.0 4.0 4.0 4.0 ns 

tpL2 Power level 2 delay 6.0 6.0 6.0 6.0 6.0 6.0 ns 

tpL3 Power level 3 delay 9.0 9.0 9.0 9.0 9.0 9.0 ns 

Additional Cluster Delay: 

tPT Product term cluster delay 0.3 0.3 0.3 0.3 0.3 0.3 ns 
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MSA(3,5) TIMING PARAMETERS OVER OPERATING RANGES 1 (CONTINUED) 
-5 -6 -7 -10 -12 -15 

Min Max Min Max Min Max Min Max Min Max Min Max Unit 

Interconnect Delays: 

tBLK Block interconnect delay 320, 384 and 512 Macrocells 1.0 1.0 1.5 1.5 1.5 1.5 ns 

lsEG Segment interconnect delay 320, 384, and 512 Macrocells 2.0 2.0 2.5 4.0 4.0 4.0 ns 

tsLK Block interconnect delay 128, 192 and 256 Macrocells 1.5 1.5 1.5 1.5 1.5 1.5 ns 

lsEG Segment interconnect delay 128, 192 and 256 Macrocells 2.5 2.5 2.5 4.0 4.0 4.0 ns 

Reset and Preset Delays: 

lsru Asynchronous reset or preset to internal register output 6.0 8.0 8.0 10.0 12.0 14.0 ns 

tsR Asynchronous reset or preset to register output 8.0 10.0 10.0 12.0 14.0 16.0 ns 

lsRR Reset and set register recovery time 5.5 7.5 7.5 8.0 9.0 10.0 ns 

lsRW Asynchronous reset or preset width 3.0 4.0 4.0 5.0 6.0 7.0 ns 

Clock Enable Delays: 

lcEs Clock enable setup time 4.0 5.0 5.0 6.0 7.0 7.0 ns 

1<:EH Clock enable hold time 3.0 4.0 4.0 5.0 6.0 6.o ns 

Width: 

tWLS Global clock width low (Note 2) 2.5 3.0 3.0 4.0 5.0 6.0 ns 

tWHs Global clock width high (Note 2) 2.5 3.0 3.0 4.0 5.0 6.0 ns 

tWLA Product term clock width low 3.0 4.0 4.0 5.0 6.0 7.0 ns 

tWllA Product term clock width high 3.0 4.0 4.0 5.0 6.0 7.0 ns 

ltiWA 
Gate width low (for low transparent) 

3.0 4.0 4.0 5.0 6.0 7.0 ns or high (for high transparent) 

twrn Input register clock width low or high 3.0 4.0 4.0 5.0 6.0 7.0 ns 

Frequency: 

External feedback, PAL block level 
133 125 100 83.3 71.4 55.6 MHz 

Min of l/(tWLS + tWHS) or l/(lss + 1<;os) 

fMAX 
Internal feedback, PAL block level 

182 167 125 100 83.3 62.5 MHz 
Min of l/(tWLS + t~ or l/(lss +lt;osi) 

No feedback, PAL block level 
200 167 167 125 100 83.3 MHz 

Min of 1/(tWLS + tWHs) or l/(tss + tHs) 

External feedback, PAL block level 
l1l 111 71.4 58.8 47.6 41.7 MHz 

Min of !/( tWLA + tWHA) or ll(tsA + 1<;oA) 

fMAXA 
Internal feedback, PAL block level 

143 125 83.3 66.6 52.6 45.5 MHz 
Min of 1/(tWLA + tWHA) or l/(lsA +1<;oAi) 

No feedback, PAL block level 
167 125 125 100 83.3 71.4 MHz 

Min of l/(tWLA + tWHA) or ll(tsA + taJ 

fMAXI 
Maximum input register frequency 

167 125 125 100 83.3 71.4 MHz 
l/(tsms+tmRS) or 1/(2 x lwicwl 

Notes: 
1. See "Switching Test Circuit" in the General Iriformation Section of the Vantis 1999 Data Book. 

2. If a signal is used as both a clock and a logic array input, then the maximum input frequency applies (JMAJ/2) 
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CAPACITANCE1 

Parameter 
Parameter Symbol Description Test conditions Typ Unit 

CiN l/CLK pin VIN =2.0V 13.3 Vor 5 V, 25 °C, 1 MHz 12 pF 

Cvo 1/0 pin VoUT =2.0V }3.3 Vor 5 V, 25 °C, 1 MHz 10 pF 

Note: 
1. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 

these parameters may be affected. 

Ice vs. FREQUENCY 

These curves represent the typical power consumption for a particular device at system frequency. 
The selected "typical" pattern is a 16-bit up-down counter. This pattern fills the device and 
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. Power/Speed are optimized to obtain the highest counter frequency and the lowest 
power. The highest frequency (LSBs) is placed in common PAL blocks, which are set to high 
power. The lowest frequency signals (MSBs) are placed in a common PAL block and set to 
lowest power. For a more detailed discussion about MACH 5 power consumption, refer to the 
application note entitled MACH 5 Power in the Application Notes section of the Yantis 1999 Data 
Book. 
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CONNECTION DIAGRAM 

Top View 
100-Pin TQFP (741/0) 
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ORDERING INFORMATION 

SV MS AND MSAS 
Yantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of the elements below. 

FAMILY TYPE 
M5- = MACH 5 (5-V Vee) 
M5A5- =MACH 5A(5-V Vee) 

MACROCELL DENSITY 
128 = 128 Macrocells 
192 = 192 Macrocells 
256 = 256 Macrocells 
320 = 320 Macrocells 
384 = 384 Macrocells 
512 = 512 Macrocells 

I/Os 
/68 = 68 I/Os 
/74 = 74 I/Os 

/104 104 I/Os 
/120 120 I/Os 
/160 160 I/Os 
/184 184 I/Os 
/192 192 I/Os 
/256 = 256 I/Os 

M5- 512 /256 -7 

T 
A C 

L OPERATING CONDITIONS 
C = Commercial (0°C to +70°C) 

= Industrial (-40°C to +85°C) 

~---PACKAGE TYPE 
Y = Plastic Quad Flat Pack (PQFP) 
V = Thin Quad Flat Pack (TQFP) 
A = Ball Grid Array (BGA) 
H = Plastic Quad Flat Pack (PQFP) 

with exposed heat sink 

~~~~~~-SPEED 

-5 = 5.5 ns tpn 
-7 = 7.5 OS tpD 
-10 = 10 OS tPD 

-12 = 12nstpn 
-15 = 15 OS tpn 
-20 = 20 OS tpn 
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Valid Combinations 

M5-128/68 YC, VC, YI, VI 

M5A5-128/68 YC, YI 

M5A5-128/74 VC, VI 

M5-128/104 YC, YI 

M5A5-128/104 VC, VI 

M5-128/120 YC, YI 

M5A5-128/120 YC, YI 

M5-192/68 YC, VC, YI, VI 

M5A5-192/68 YC, YI 

M5A5-192/74 Commercial: VC, VI 

MS-192/104 M5: -7, -10, -12, -15 YC, YI 

MSA5-1921104 
M5A5: -5, -7, -10, -12 

VC, VI 

M5-192/120 YC, YI 
Industrial: 

M5A5-1921120 YC, YI 

M5-192/160 
M5: -10, -12, -15, -20 
M5A5: -7, -10, -12, -15 YC, YI 

M5-256/68 YC, VC, YI, VI 

M5A5-256/68 YC, YI 

M5A5-256/74 VC, VI 

M5-256/104 YC, YI 

M5A5-256/104 VC, VI 

M5-256/120 YC, YI 

M5A5-256/120 YC, YI 

M5-256/160 YC, YI 

M5A5-256/160 YC, YI 

Device Marking 

Actual device marking differs from the ordering part number 
(OPN). "MACH 5" is marked on a device wherever "M5-" is 
used in the OPN. All MACH devices are dual-marked with both 
Commercial and Industrial grades. The Industrial grade is 
slower, i.e., MACH5-512/256-7AC-10Al. 

Valid Combinations 

M5-320/120 HC, HI 

M5-320/160 HC, HI 

M5-320/184 HC, HI 

M5-320/192 AC, AI 

M5-384/120 Commercial: HC, HI 

M5-384/160 -7, -10, -12, -15 HC, HI 

M5-384/184 HC, HI 

M5-384/192 Industrial: AC, AI 

M5-512/120 -10, -12, -15, -20 HC, HI 

M5-512/160 HC, HI 

MS-5121184 HC, HI 

M5-512/192 AC, AI 

MS-512/256 AC, AI 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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ORDERING INFORMATION 

3.3V MSLV AND MSA3 
Yantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of the elements below. 

FAMILY TYPE 
M5LV- = MACH 5 Low Voltage (3.3-V Vee) 
M5A3- =MACH 5A Low Voltage (3.3-V Vee) 

MACROCELL DENSITY 
128 = 128 Macrocells 
192 = 192 Macrocells 
256 = 256 Macrocells 
320 = 320 Macrocells 
384 = 384 Macrocells 
512 = 512 Macrocells 

I/Os 
!68 
/74 

/104 
/120 
/160 
/184 
/192 
/256 

68 I/Os 
74 I/Os 
104 I/Os 
120 I/Os 
160 I/Os 
184 I/Os 
192 I/Os 
256 l/Os 

M5LV- 512 /256 -7 A C 

L OPERATING CONDITIONS 
C = Commercial (0°C to + 70°C) 

= Industrial (-40°C to +85°C) 

~~~~PACKAGETYPE 

Y = Plastic Quad Flat Pack (PQFP) 
V = Thin Quad Flat Pack (TQFP) 
A = Ball Grid Array (BGA) 
H = Plastic Quad Flat Pack (PQFP) 

with exposed heat sink 

'--------SPEED 
-5 = 5.5 ns tp0 

-6 = 6.5 ns tp0 

-7 = 7.5 ns tPD 

-10 = 10 ns tp0 

-12 = 12 ns tp0 

-15 = 15 ns tp0 

-20 = 20 ns tp0 
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Valid Combinations 

M5LV-128/68 YC, VC, YI, VI 

M5A3-128/68 YC, YI 

M5LV-128n4 VC, VI 

M5A3-128/74 VC, VI 

M5LV-128/104 YC, VC, YI, VI 

M5A3-128/104 VC,VI 

M5LV-128/120 YC, YI 

M5A3-128/120 YC, YI 

M5A3-192/68 Commercial: YC, YI 

M5A3-192n4 M5LV: -5, -7, -10, -12 VC, VI 

M5A3-192/104 
M5A3: -5, -7, -10, -12 

VC, VI 

M5A3-192/120 YC, YI 
Industrial: 

M5LV-256/68 YC, VC, YI, VI 

M5A3-256/68 
M5LV: -7, -10, -12, -15 
M5A3: -7, -10, -12, -15 YC, YI 

M5LV-256/74 VC, VI 

M5A3-256/74 VC, VI 

M5LV-256/104 YC, VC, YI, VI 

M5A3-256/104 VC, VI 

M5LV-256/120 YC, YI 

M5A3-256/120 YC, YI 

M5LV-256/160 YC, YI 

M5A3-256/160 YC, YI 

Device Marking 

Actual device marking differs from the ordering part number 
(OPN). "MACH 5" is marked on a device wherever "M5-" is 
used in the OPN. All MACH devices are dual-marked with both 
Commercial and Industrial grades. The Industrial grade is 
slower, i.e., MACHS LV-512/256-7AC-10AI. 

Valid Combinations 

MSLV-320/120 HC,HI 

M5A3-320/120 HC, HI 

MSLV-320/160 HC,HI 

M5A3-320/160 HC,HI 

M5LV-320/184 HC,HI 

M5LV-320/192 AC, AI 

M5A3-320/192 AC,AI 

M5LV-384/120 HC, HI 

M5A3-384/120 Commercial: HC,HI 

M5LV-384/160 M5LV: -7, -10, -12, -15 HC, HI 

M5A3-384/160 M5A3: -5, -6, -7, -10, -12 HC, HI 

MSLV-384/184 HC,HI 

M5LV-384/192 Industrial: AC,AI 

M5A3-384/192 M5LV: -10, -12, -15, -20 AC,AI 

M5LV-512/120 M5A3: -7, -10, -12, -15 HC, HI 

M5A3-512/120 HC,HI 

MSLV-512/160 HC, HI 

M5A3-512/160 HC, HI 

M5LV-512/184 HC, HI 

M5LV-512/192 AC,AI 

M5A3-512/192 AC,AI 

MSLV-512/256 AC,AI 

M5A3-512/256 AC,AI 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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II VANTIS 
I BEYON[) PERFORMANCE 

FEATURES 

MACH 1 and 2 CPLD Families 
High-Performance EE CMOS Programmable Logic 

• High-performance electrically-erasable CMOS PLO families 
+ 32 to 128 macrocells 
+ 44 to 100 pins in cost-effective PLCC, PQFP and TQFP packages 
+ Speedlocking™ - guaranteed fixed timing up to 16 product terms 
• Commercial 5/5.5/6/7.5/10/12/15-ns tp0 and Industrial 7.5/10/12/14/18-ns tp0 

• Configurable macrocells 
- Programmable polarity 
- Registered or combinatorial outputs 
- Internal and 1/0 feedback paths 
- D-type or T-type flip-flops 
- Output Enables 
- Choice of clocks for each flip-flop 
- Input registers for MACH 2 family 

+ JTAG (IEEE 1149.1)-compatible, 5-V in-system programming available 
+ Peripheral component interconnect (PCI) compliant at 5/5.5/6/7.5/10/12 ns 
• Safe for mixed supply voltage system designs 
+ Bus-Friendly™ inputs and I/Os reduce risk of unwanted oscillatory outputs 
+ Programmable power-down mode results in power savings of up to 75% 
+ Supported by Vantis DesignDirect™ software for rapid logic development 

- Supports HDL design methodologies with results optimized for Yantis 
- Flexibility to adapt to user requirements 
- Software partnerships that ensure customer success 

• Vantis and third-party hardware programming support 
- VantisPRO™ (formerly known as MACH PRO®) software for in-system programmability 

support on PCs and Automated Test Equipment 
- Programming support on all major programmers including Data 1/0, BP Microsystems, Advin, 

and System General 

Publication# 14051 Rev: K 
Amendment/0 Issue Date: November 1998 



Table 1. MACH 1 and 2 Family Device Features 1 

Feature MACH111 (SP) MACH131 (SP) MACH211 (SP) MACH221 (SP) MACH231 (SP) 

Macrocells 32 64 64 96 128 

Maximum user 1/0 pins 32 64 32 48 64 

tpo (ns) 5.0 5.5 7.5 (6.0) 7.5 6.0 (10) 

ts (ns) 3.5 3.0 5.5 (5) 5.5 5 (6.5) 

tco (ns) 3.5 4 4.5 (4) 5 4 (6.5) 

fcNT (MHz) 182 182 133 (166) 133 166 (100) 

Note: 
1. Values in parentheses () are for the SP version. 

GENERAL DESCRIPTION 

The MACH® 1 & 2 families from Yantis offer high-performance, low cost Complex Programmable 
Logic Devices (CPLDs), addressing the growing need for speed in networking, telecommunications 
and computing. MACH 1 & 2 devices are available in speeds as fast as 5.0-ns tpn and in densities 
ranging from 32 to 128 macrocells (Tables 1 and 2). The overall benefits for users include 
guaranteed high performance for entry-to-mid-level logic needs at a low cost. 

Table 2. MACH 1 and 2 Family Speed Grades 1 

Device -5 -6 -7 -10 -12 -14 -15 -18 

MACH111 C (Note 2) C,I C,I C,I I c I 

MACH111SP C (Note 2) C,I C,I C, I I c I 

MACH131 C (Note 3) C,I C,I C,I I c I 

MACH131SP C (Note 3) C,I C,I C,I I c I 

MACH211 c C,I C,I I c I 

MACH211SP c c C,I C,I I c I 

MACH221 c C,I C,I I c I 

MACH221SP c C,I C, I I c I 

MACH231 c c c C,I I c I 

MACH231SP c C,I I c I 

Notes: 
1. C = Commercial, 1 = Industrial 

2. -5 speed grade for MACHI I I (SP) = 5.0 ns tm 

3. -5 speedgradeforMACH13l(SP) =5.5ns tpD 

The MACH 1 & 2 families consist of ten devices-five base options, each with a counterpart that 
includes }TAG-compatible in-system programming (ISP). These devices offer five different density­
I/0 combinations in Thin Quad Flat Pack (TQFP), Plastic Quad Flat Pack (PQFP), and Plastic 
Leaded Chip Carrier (PLCC) packages from 44 to 100 pins (Table 3). Each MACH 1 & 2 device is 
PCI compliant and includes other features such as SpeedLocking architecture for guaranteed fixed 
timing, Bus-Friendly inputs and I/Os, and programmable power-down mode for extra power 
savings. 
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Table 3. MACH 1 and 2 Family Package and 1/0 Options 

Device 44-pin PLCC 44-pinTQFP 68-pin PLCC 84-pin PLCC 1 OO·pin TQFP 100-pin PQFP 

MACH111 x x 
MACH111SP x x 
MACH131 x 
MACH131SP x x 
MACH211 x x 
MACH211SP x x 
MACH221 x 
MACH221SP x 
MACH231 x 
MACH231SP x x 

Note: 
1. 1be MACHJ 10, MACH120, MACH130, MACH210, MACHLV210, MACH215, MACH220 and MACH230 are not listed above and 

not recommended for new designs. However, they are still supported by Vantis. For technical or sales support, please call your 
local Vantis sales office or visit our Web site at www.vantis.com for more information. 

Yantis offers software design support for MACH devices in both the MACHXL ® and DesignDirect 
development systems. The DesignDirect development system is the Yantis implementation 
software that includes support for all Yantis CPLD, FPGA, and SPLD devices. This system is 
supported under Windows '95, '98 and NT as well as Sun Solaris and HPUX. 

DesignDirect software is designed for use with design entry, simulation and verification software 
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model 
Technology, Synopsys, Synplicity, Yiewlogic and others. It accepts EDIF 2 0 0 input netlists, 
generates JED EC files for Yantis PLDs and creates industry-standard EDIF, Yerilog, VITAL compliant 
VHDL and SDF simulation netlists for design verification. 

DesignDirect software is also available in product configurations that include VHDL and Yerilog 
synthesis from Exemplar Logic and VHDL, Yerilog RTL and gate level timing simulation from Model 
Technology. Schematic capture and ABEL entry, as well as functional simulation, are also provided. 
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FUNCTIONAL DESCRIPTION 

Each MACH 1 and 2 device consists of multiple, optimized PAL® blocks interconnected by a switch 
matrix. The switch matrix allows communication between PAL blocks, and routes inputs to the PAL 
blocks. Together, the PAL blocks and switch matrix allow the logic designer to create large designs 
in a single device instead of using multiple devices. 

1/0 Pins PAL Block 

l/OPins PAL Block 

Note: 

Clock/Input Pins r ___________________________________ ~ 

Array and 
Allocator 

Output 
Macrocells 

Buried 

1/0 Cells 1/0 Pins 

Macrocells !+-+--------+ ~ PALBlock 

Buried Macrocell Feedback 
(notel) 

Output Macrocell Feedback 
l/OPinfeedback 

PAL Block 1/0 Pins 

14051K-002 

Dedicated Input Pins 

1. There are no buried macrocells in MACH 1 devices. All macrocells are output macrocells. 

Device PAL Blocks Macrocells per Block I/Os per Block Product Terms per Block 

MACHl 11 (SP) 2 16 16 70 

MACH131(SP) 4 16 16 70 

MACH211(SP) 4 16 8 68 

MACH221(SP) 8 12 6 52 

MACH231 (SP) 8 16 8 68 

Figure 1. Overall Architecture of MACH 1 & 2 Devices 

The switch matrix takes all dedicated inputs and signals from the input switch matrices and routes 
them as needed to the PAL blocks. Feedback signals that return to the same PAL block still must 
go through the switch matrix. This mechanism ensures that PAL blocks in MACH devices 
communicate with each other with guaranteed fixed timing (SpeedLocking). 

The switch matrix makes a MACH device more advanced than simply several PAL devices on a 
single chip. It allows the designer to think of the device not as a collection of blocks, but as a 
single programmable device; the software partitions the design into PAL blocks through the 
central switch matrix so that the designer does not have to be concerned with the internal 
architecture of the device. 
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Each PAL block consists of the following elements: 

+ Product-term array 

+ Logic Allocator 

+ Macrocells 

+ 1/0 cells 

Each PAL block additionally contains an asynchronous reset product term and an asynchronous 
preset product term. This allows the flip-flops within a single PAL block to be initialized as a bank. 
There are also output enable product terms that provide tri-state control for the 1/0 cells. 

Product-Term Array 

The product-term array consists of a number of product terms that form the basis of the logic being 
implemented. The inputs to the AND gates come from the switch matrix (Table 4), and are 
provided in both true and complement forms for efficient logic implementation. 

Because the number of product terms available for a given function is not fixed, the full sum of 
products is not realized in the array. The product terms drive the logic allocator, which allocates 
the appropriate number of product terms to generate the function. 

Table 4. PAL Block Inputs 

Device Number of Inputs to PAL Block Device Number of Inputs to PAL Block 

MACH111 26 MACH211SP 26 

MACH111SP 26 MACH221 26 

MACH131 26 MACH221SP 26 

MACH131SP 26 MACH231 32 

MACH211 26 MACH231SP 32 

Logic Allocator 

The logic allocator (Figure 2) is a block within which different product terms are allocated to the 
appropriate macrocells in groups of four product terms called "product term clusters". The 
availability and distribution of product term clusters is automatically considered by the software as 
it fits functions within the PAL block. The size of the product term clusters has been designed to 
provide high utilization of product terms. Complex functions using many product terms are 
possible, and when few product terms are used, there will be a minimal number of unused, or 
wasted, product terms left over. 

The product term clusters do not "wrap" around the logic block. This means that the macrocells 
at the ends of the block have fewer product terms available (Tables 5, 6, 7, 8). 
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Fiqure 2. Product Term Clusters and the Loqic Allocator 

Table 5. Logic Allocation for MACH111(SP) 

Available Clusters Output Macrocell 

(o,C1 Ms 

Co, C1, Cz Mi 
Cl> Cz, C3 Mw 

Cz, C3, C4 Mu 

C3, C4, Cs M12 

C4, Cs· Ci; M13 

es. ei;. c, M14 

Cf;, c, M15 

Table 6. Logic Allocation for MACH131(5P) 

Available Clusters Output Macrocell 

(o,C1 Ms 

GJ, C1, C2 Mi 
C1,Cz, C3 M10 

C2, C3, C4 Mu 

C3, C4, Cs M12 

C4, Cs, Ci; M13 

Cs, Ci;, C7 M14 

Cf;, C7, Cs M1s 

MACH 1 Bi 2 Families 
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Available Clusters 

Cs,~ 

Cs, C9, Cw 

Cci. Cw, Cu 

Cw, Cu, C12 

Cu, C12, C13 

C12, C13, C14 

C13, C14, C1s 

C14,C1s 

Available Clusters 

C7,C8,C9 

C8,~, Cw 

~.Cw, Cu 

C10• Cu, C12 

Cu, C12, C13 

C12. C13, C14 

C13, C14, C1s 

C14, C1s 



Table 7. Logic Allocation for MACH211(SP) and MACH231(SP) 

Macrocell Macrocell 

Output Buried Available Clusters Output Buried Available Clusters 

Mo GJ, Cl> C2 Mg C7, Cg, ~, Cm 

M1 GJ, C1, C2, C3 ~ Cg, ~. Cm, Cu 

M2 C1, C2, C3, C4 M10 C9, C10, Cu, C12 

M3 ~, C3, C4, C5 Mu Cm, Cu, C12· C13 

M4 C3, C4, C5, Cjj M12 Cu, C12, C13, C14 

M5 ~.~,Cjj.~ M13 C12, C13, C14, C15 

Mii ~.Cjj,~,Cg M14 C13, C14, C15 

M1 C6, C7, Cg,~ M15 C14, C15 

Table 8. Logic Allocation for MACH221(SP) 

Macro cell Macrocell 

Output Buried Available Clusters Output Buried Available Clusters 

Mo GJ,C1,~ Mii C5, C6> C7, Cg 

M1 GJ, C1, ~,C3 M1 ~,C7,Cg,~ 

M2 C1, C2, C3, C4 Mg ~,Cg,~,Cm 

M3 ~.~.~.~ ~ Cg, ~' C10, Cn 

~ ~' C4, C5, <1; M10 ~.Cm, Cu 

M5 C4,C5,(1;,~ Mu Cm, Cu 

Macrocell 

There are two fundamental types of macrocell: the output macrocell and the buried macrocell. The 
buried macrocell is only found in MACH 2 devices. The use of buried macrocells effectively 
doubles the number of macrocells available without increasing the pin count. 

Both macrocell types can generate registered or combinatorial outputs. For the MACH 2 series, 
a transparent-low latch configuration is provided. If the register is used, it can be configured as 
a T-type or a D-type flip-flop. Register and latch functionality is defined in Table 9. 
Programmable polarity (for output macrocells) and the T-type flip-flop both give the software a 
way to minimize the number of product terms needed. These choices can be made automatically 
by the software when it fits the design into the device. 

Table 9. Register/Latch Operation 

Configuration D/T CLK/LE Q+ 

x O,lJ Q 
0-Register 0 i 0 

1 i 1 

x o,1J Q 
T-Register 0 i Q 

1 i Q 
x 1 Q 

Latch 0 0 0 

1 0 1 
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The output macrocell (Figure 3) sends its output back to the switch matrix, via internal feedback, 
and to the 1/0 cell. The feedback is always available regardless of the configuration of the 1/0 cell. 
This allows for buried combinatorial or registered functions, freeing up the 1/0 pins for use as 
inputs if not needed as outputs. The basic output macrocell configurations are shown in Figure 4. 

The buried macrocell (Figure 5) does not send its output to an I/0 cell. The output of a buried 
macrocell is provided only as an internal feedback signal which feeds the switch matrix. This 
allows the designer to generate additional logic without requiring additional pins. The buried 
macrocell can also be used to register or latch inputs. The input register is a D-type flip-flop; the 
input latch is a transparent-low: D-type latch. Once configured as a registered or latched input, the 
buried macrocell cannot generate logic from the product-term array. The basic buried macrocell 
configurations are shown in Figure 6. 

Note: 

PAL-Block 
Asynchronous 

Preset 

Sum of Products AP 
from Logic ----------tD!rlL1 Q 

Allocator 

CLKo • 
• CLKn---•-.___J AR 

PAL-Block 
Asynchronous 

Reset To 
Switch--------------' 
Matrix 

1. I.atcb option available on MACH 2 devices only. 

Figure 3. Output Macrocell 
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Allocator 
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7 
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From 
Logic 
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CLKo ----r-i 
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To Switch---------' 
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Allocator __ .....___, 

CL Ko 
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Allocator ---'---1 
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Matrix 

To 
1/0 
Cell 

To 
1/0 
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To 
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h. Latch, active low (MACH 2 only) 

14051K-005 

Figure 4. Output Macrocell Configurations 
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Figure 5. Buried Macrocell (MACH 2 only) 
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Figure 6. Buried Macrocell Configurations (MACH 2 only) 
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The flip-flops in either macrocell type can be clocked by one of several clock pins (Table 10). 
Registers are clocked on the rising edge of the clock input. Latches hold their data when the gate 
input is HIGH. Clock pins are also available as inputs, although care must be taken when a signal 
acts as both clock and input to the same device. 

Table 10. Macrocell Clocks 

Device Number of Clocks Available Device Number of Clocks Available 

MACHl 11 4 MACH211SP 2 

MACH111SP 2 MACH221 4 

MACH131 4 MACH221SP 4 

MACH131SP 4 MACH231 4 

MACH211 4 MACH231SP 4 

All flip-flops have asynchronous reset and preset. This is controlled by the common product terms 
that control all flip-flops within a PAL block. For a single PAL block, all flip-flops, whether in an 
output or a buried macrocell, are initialized together. The initialization functionality of the flip-flops 
is illustrated in Table 11. 

Table 11. Asynchronous Reset/Preset Operation 

Configuration AR AP CLl<ILE Q+ 

0 0 x See Table 9 

0 I x 1 
Register 

1 0 x 0 

1 1 x 0 

0 0 x See Table 9 

0 I 0 Illegal 

0 1 1 I 

Latch 1 0 0 Illegal 

1 0 1 0 

1 1 0 Illegal 

1 1 1 0 

1/0 Cells 

The 1/0 cells (Figure 7) provide a three-state output buffer. The three-state buffer can be left 
permanently enabled for use only as an output, permanently disabled for use as an input, or it can 
be controlled by one of two product terms for bi-directional signals and bus connections. The two 
product terms provided are common to a bank of 1/0 cells. 
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Figure 7. 110 Cell 

SPEEDLOCKING FOR GUARANTEED FIXED TIMING 

To Buried 
Macrocell 

(MACH 2 only) 14051K-007 

The unique MACH 1 & 2 architecture is designed for high performance-a metric that is met in 
both raw speed, and even more importantly, guaranteed fixed speed. The design of the switch 
matrix and PAL blocks guarantee a fixed pin-to-pin delay that is independent of the logic required 
by the design. Other non-Yantis CPLDs incur serious timing delays as product terms expand 
beyond their typical 4 or 5 product term limits (Figure 8). Speed and SpeedLocking combine to 
give designers easy access to the performance required in today's designs. 
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MACH 1 & 2 Speedlocklng 
• Patented Architecture 
•Path Independent 
• Logic/Routing Independent 
• Guaranteed Fixed Timing 
• Up to 16 Product Terms per Output 

Non-MACH 
•Variable 
• Path Dependent 
• Logic/Routing Dependent Delays 
• Unpredictable 
• 4-5 Product Terms before Delays 

Speed Locking 

11 
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Figure 8. Timing in MACH 1 & 2 vs. Non-MACH Devices 

MACH 1 & 2 Families 

14051K-001 



JTAG IN-SYSTEM PROGRAMMING 

Programming devices in-system provides a number of significant benefits including: rapid 
prototyping, lower inventory levels, higher quality, and the ability to make in-field modifications. 
All MACHxxxSP devices provide in-system programming (ISP) capability through their ]TAG ports. 
This capability has been implemented in a manner that insures that the ]TAG port remains 
compliant to the IEEE 1149 .1 standard. By using ]TAG as the communication interface through 
which ISP is achieved, customers benefit from a standard, well-defined interface. 

MACHxxxSP devices can be programmed across the commercial temperature and voltage range. 
These devices tristate the outputs during programming. Yantis provides its free PC-based 
YantisPRO software to facilitate in-system programming. YantisPRO software takes the JEDEC file 
output produced by Yantis' design implementation software, along with information about the 
]TAG chain, and creates a set of vectors that are used to drive the ]TAG chain. YantisPRO software 
can use these vectors to drive a JTAG chain via the parallel port of a PC. Alternatively, YantisPRO 
software can output files in formats understood by common automated test equipment. This 
equipment can then be used to program MACH:xxx:SP devices during the testing of a circuit board. 
For more information about in-system programming, refer to the separate document entitled 
MACH ISP Manual. 

BUS-FRIENDLY INPUTS AND I/Os 

The MACH 1 & 2 inputs and I/Os include two inverters in series which loop back to the input. 
This double inversion weakly holds the input at its last driven logic state. For the circuit diagram, 
please refer to the Input/Output Equivalent Schematics (page 393) in the General Information 
Section of the Yantis 1999 Data Book. 

PCI COMPLIANT 

The MACH 1 & 2 families in -5/-6/-7/-10/-12 speed grades are fully compliant with the PC! Local 
Bus Specification published by the PCI Special Interest Group. The MACH 1 & 2 families' 
predictable timing ensures compliance with the PCI AC specifications independent of the design. 

POWER-DOWN MODE 

The MACH 1 & 2 families feature a programmable low-power mode in which individual signal 
paths can be programmed for low power. These low-power speed paths will be slower than the 
non-low-power paths. This feature allows speed critical paths to run at maximum frequency while 
the rest of the paths operate in the low-power mode, resulting in power savings of up to 75%. If 
all of the signals in a PAL block are in low-power mode, then the total power is reduced even 
further. 

SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS 

All MACHxxxSP and most of the MACH 1 & 2 devices are safe for mixed supply voltage system 
designs. These 5-Y devices will not overdrive 3.3-Y devices above the output voltage of 3.3 Y, 
while they can accept inputs from other 3.3-Y devices. The MACH 1 & 2 families provide easy-to­
use mixed-voltage design compatibility. For more information, refer to the Technical Note entitled 
Mixed Supply Design with MACH 1 & 2 SP Devices. 

POWER-UP RESET 

All flip-flops power-up to a logic LOW for predictable system initialization. The actual values of 
the outputs of the MACH devices will depend on the configuration of the macrocell. To guarantee 

MACH 1 & 2 Families 139 



initialization values, the Vee.rise must be monotonic and the clock must be inactive until the reset 
delay time has elapsed. 

SECURITY BIT 

A security bit is provided on the MACH devices as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback of the programmed pattern by 
a device programmer, securing proprietary designs from competitors. Programming and 
verification are also defeated by the security bit. The bit can only be reset by erasing the entire 
device. 
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MACH211(SP} PAL BLOCK 
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~ 
BLOCK DIAGRAM (MACH131, MACH131SP) 
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BLOCK DIAGRAM (MACH211, MACH211SP) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to +150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (T,J 
With Power Applied .............. -55°C to +125°C Operating in Free Air . . . . . . . . . . . . . . . 0°C to + 70°C 
Device Junction Temperature ............. + 150°C Supply Voltage (V cc) 
Supply Voltage with with Respect to Ground ......... +4.75 V to +5.25 V 
Respect to Ground ............... -0.5 V to + 7.0 V 

DC Input Voltage ............ -0.5 V to V cc +0.5 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or I/0 Pin Voltage .. -0.5 V to Vee +0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Industrial (I) Devices 

Ambient Temperature (TA) 

Latchup Current (TA= -40°C to +85°C) ....... 200 mA Operating in Free Air .............. -40°C to +85°C 

Supply Voltage (V cc) Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. 

with Respect to Ground ........... +4.5 V to +5.5 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC CHARACTERISTICS OVER OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Description Min Typ Max 

Iou = -3.2 mA, Vee =Min, VIN= Vrn or V1L 2.4 
You Output HIGH Voltage 

lou = -300 µA, Vee= Max, V1N = Vrn or Vu. (Note l) 3.5 

VoL Output LOW Voltage lot= 16 mA, Vee= Min, VIN= Vrn or V1L (Note 2) 0.5 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 
(Note 3) 

Vu. Input LOW Voltage 
Guaranteed Input Logical LOW Voltage for all Inputs 

0.8 
(Note 3) 

lrn Input HIGH Leakage Current V1N = 5.25 V, V Vee= Max (Note 4) 10 

In. Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 4) -10 

loZH Off-State Output Leakage Current HIGH VoUT = 5.25 V, Vee= Max, VIN= Vrn or Vu. (Note 4) 10 

lozt Off-State Output Leakage Current LOW VoUT = 0 V, Vee= Max, VIN= Vrn or V1L (Note 4) -10 

Isc Output Short-Circuit Current VoUT = 0.5 V Vee= Max (Note 5) -30 
-130 (Note 6), 

-160 

Notes: 

Unit 

v 
v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

1. Tbis applies toMACHlllSP, MACH131SP, and die code "B" or later for MACH211(SP) andMACH231(SP). Tbis does not apply 
toMACHlll, MACH131, MACH221(SP), and die code "A"forMACH211(SP) andMACH231(SP). 

2. Total lorfor one PAL block should not exceed 64 mA. 

3. Tbese are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included. 

4. 1/0 pin leakage is the worst case of IJL and IozL (or I1Hand Ioz];[). 

5. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

6. For commercial temperature range only. 

150 MACH 1 & 2 Families 



MACH111 AND MACH111SP 

SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

-5 -7 -10 -12 -14 -15 -18 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tpo Input, 1/0, or Feedback to Combinatorial Output 5 7.5 10 12 14 15 18 OS 

Setup Time from Input, 1/0, or Feedback D-type 3.5 5.5 6.5 7 8.5 10 12 OS 

Is to Clock T-type 4 6.5 7.5 8 10 11 13.5 ns 

tH Register Data Hold Time 0 0 0 0 0 0 0 ns 

'co Clock to Output 3.5 5 6 8 10 10 12 OS 

tWL LOW 2.5 3 5 6 6 6 7.5 ns 
Clock Width 

tWH HIGH 2.5 3 5 6 6 6 7.5 ns 

External I !/(ts + 'col 
D-type 143 95 80 66.7 54 50 42 MHz 

Feedback T-type 133 87 74 62.5 50 47.6 39 MHz 

fMAX 
Maximum 

D-type 182 133 100 76.9 69 66.6 53 MHz 
Frequency Internal Feedback <fcNT) 

T-type 167 125 91 71.4 57 55.5 44 MHz 

No Feedback} l/(tWL + tWH) 200 167 100 83.3 83.3 83.3 66.7 MHz 

tAR Asynchronous Reset to Registered Output 7.5 9.5 11 16 19.5 20 24 ns 

IARW Asynchronous Reset Width (Note 2) 4.5 5 7.5 12 14.5 15 18 ns 

!ARR Asynchronous Reset Recovery Time (Note 2) 4.5 5 7.5 8 10 10 12 ns 

IAP Asynchronous Preset to Registered Output 7.5 9.5 11 16 19.5 20 24 ns 

tAPW Asynchronous Preset Width (Note 2) 4.5 5 7.5 12 14.5 15 18 OS 

!APR Asynchronous Preset Recovery Time (Note 2) 4.5 5 7.5 8 10 10 12 OS 

tEA Input, 1/0, or Feedback to Output Enable 7.5 9.5 10 12 14.5 15 18 OS 

IER Input, 1/0, or Feedback to Output Disable 7.5 9.5 10 12 14:5 15 18 OS 

ltp lpo Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 OS 

lu'S ts Increase for Powered-down Macrocell (Note 3) 7 7 7 7 7 7 7 OS 

ILPCo 'co Increase for Powered-down Macrocell (Note 3) 3 3 3 3 3 3 3 ns 

tLPEA tEA Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 ns 

Notes: 
1. See "Switching Test Circuit" in the General Information Section of the Vantis 1999 Data Book. 

2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 

3. If a signal is powered-down, this parameter must be added to its respective high-speed parameter. 
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MACH131 AND MACH131SP 

SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

-5 -7 -10 -12 -14 ·15 -18 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tPil Input, 1/0, or Feedback to Combinatorial Output 5.5 7.5 10 12 14 15 18 ns 

D-type 3.0 5.5 6.5 7 8.5 10 12 ns 
Is Setup Time from Input, 1/0, or Feedback 

6.5 T-type 3.5 7.5 8 10 11 13.5 ns 

!ii Hold Time 0 0 0 0 0 0 0 ns 

lco Clock to Output 4 5 6 8 10 10 12 ns 

lwL LOW 2.5 3 4 6 6 6 7.5 ns 
Clock Width 

lwH filGH 2.5 3 4 6 6 6 7.5 ns 

External 
11/(ls +!co) 

D-type 143 95 80 66.7 54 50 42 MHz 

Feedback T-type 133 87 74 62.5 50 47.6 39 MHz 

fMAX 
Maximum D-type 182 133 100 76.9 69 66.6 53 MHz 
Frequency Internal Feedback (fcNr) 

T-type 167 125 91 71.4 57 55.5 44 MHz 

No l Feedback ll(lwr. + lwu) 200 167 125 83.3 83.3 83.3 66.7 MHz 

tAR Asynchronous Reset to Registered Output 8.5 9.5 11 16 19.5 20 24 us 

tARW Asynchronous Reset Width (Note 2) 4.5 5 7.5 12 14.5 15 18 ns 

!ARR Asynchronous Reset Recovery Tune (Note 2) 4.5 5 7.5 8 10 10 12 ns 

IAP Asynchronous Preset to Registered Output 8.5 9,5 11 16 19.5 20 24 ns 

tAPW Asynchronous Preset Width (Note 2) 4.5 5 7.5 12 14.5 15 18 ns 

!APR Asynchronous Preset Recovery Time (Note 2) 4.5 5 7.5 8 10 10 12 ns 

IEA Input, 1/0, or Feedback to Output Enable 7.5 9.5 10 12 14.5 15 18 ns 

IER Input, 1/0, or Feedback to Output Disable 7.5 9,5 10 12 14.5 15 18 ns 

ILP tPil Increase for Powered-Down Macrocell (Note 3) 10 10 10 10 10 10 10 us 

tLPS Is Increase for Powered-Down Macrocell (Note 3) 7 7 7 7 7 7 7 ns 

ILPCo !co Increase for Powered-Down Macrocell (Note 3) 3 3 3 3 3 3 3 ns 

lu>EA tEA Increase for Powered-Down Macrocell (Note 3) 10 10 10 10 10 10 10 ns 

Notes: 
1. See "Switching Test Circuit" in the General Information Section of the Vantis 1999 Data Book .. 

2. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 

3. If a signal is powered down, this parameter must be added to its respective high-speed parameter. 
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MACH211 AND MACH211SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

Parameter -6 -7 -10 -12 -14 -15 -18 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tpo 
Input, 110, or Feedback to Combinatorial 

6 7.5 IO 12 14 15 18 ns 
Output 

Setup Time from Input, 110, or Feedback D-type 5 5.5 6.5 7 8.5 IO 12 ns 
ls to Clock T-type 5.5 6.S 7.5 8 IO II 13.5 ns 

(H Register Data Hold Time 0 0 0 0 0 0 0 ns 

!co Clock to Output 4 4.S 6 8 IO IO 12 ns 

twi. LOW 2.5 3 5 6 6 6 7.5 ns 
Clock Width 

tWH HIGH 2.5 3 5 6 6 6 7.5 ns 

External J 11(1g + lco) 
D-type Ill IOO 80 66.7 54 50 42 MHz 

Feedback T-type 105 91 74 62.S 50 47.6 39 MHz 

fMAX 
Maximum 

D-type 166 133 100 83.3 69 66.6 55.6 MHz 
Frequency Internal Feedback (fcNr) 

T-type 150 125 91 76.9 62.5 62.S 51.3 MHz 

No Feedback J 11<twi + tWH) 200 167 100 83.3 83.3 83.3 66.7 MHz 

lsL Setup Time from Lnput, 110, or Feedback to Gate 5 5.5 6.S 7 8.5 10 12 ns 

tHL Latch Data Hold Time 0 0 0 0 0 0 0 ns 

7 7 13 

~ Gate to Output 7 7.5 8 10 II II (note6) ns 
(note4) (note 5) 13.5 

~WI. Gate Width LOW 2.5 3 5 6 6 6 7.5 ns 

Lnput, 110, or Feedback to Output Through 20 
(POL Transparent Input or Output Latch 9 9.5 12 14 17 17 (note6) ns 

20.5 

lsIR Input Register Setup Time 1.5 2 2 2 2 2 2.5 ns 

t111R Input Register Hold Time 1.5 2 2 2 2.5 2.5 3.5 ns 

20 
t1co Lnput Register Clock to Combinatorial Output 10 11 13 15 18 18 (note6) ns 

22 

Input Register Clock to Output Register D-type 8 9 10 12 14.5 15 18 ns 
tics Setup T-type 9 IO 11 13 16 16 19.S ns 

IWICL Input Register LOW 2.5 3 5 6 6 6 7.5 ns 

IWICH Clock Width HIGH 2.5 3 5 6 6 6 7.5 ns 

fMAXIR 
Maximum Input Register I l/(twicL + twiett) 200 167 100 83.3 83.3 83.3 66.7 MHz 
Frequency 

ls1L Input Latch Setup Time 1.5 2 2 2 2 2 2.5 ns 

lmL Input Latch Hold Time 1.5 2 2 2 2.5 2.5 3.5 ns 

!IGO Input Latch Gate to Combinatorial Output 12 12 14 17 20 20 24 ns 

l1GOL 
Input Latch Gate to Output Through Transparent 

13 14 16 19 22 22 26.S ns 
Output Latch 

lsLL 
Setup Time from Input, 110, or Feedback Through 

7 7.5 8.5 9 11 12 14.S ns 
Transparent Input Latch to Output Latch Gate 

l1GS Lnput Latch Gate to Output Latch Setup 9 10 11 13 16 16 19.5 ns 

(WIGL Input Latch Gate Width LOW 2.5 3 5 6 6 6 7.5 ns 

IPDLL 
Input, 110, or Feedback to Output Through 

12 12.S 14 16 19 19 23 ns 
Transparent Input and Output Latches 
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MACH211 AND MACH211SP {CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

Parameter -6 -7 -10 -12 -14 -15 -18 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tAR 
Asynchronous Reset to Registered or Latched 

9 9.5 15 16 19.5 20 24 ns 
Output 

tARW Asynchronous Reset Width (Note 2) 4 5 10 12 14.5 15 18 ns 

!ARR Asynchronous Reset Recovery Tune (Note 2) 4 5 10 10 10 10 12 ns 

!AP 
Asynchronous Preset to Registered or Latched 

9 9.5 15 16 19.5 20 24 ns 
Output 

tAPW Asynchronous Preset Width (Note 2) 4 5 10 12 14.5 15 18 ns 

!APR Asynchronous Preset Recovery Tune (Note 2) 4 5 10 10 10 10 12 ns 

tEA lnpu~ 1/0, or Feedback to Output Enable 9 9.5 10 12 14 15 18 ns 

!ER Input, 1/0, or Feedback to Output Disable 9 9.5 10 12 14 15 18 ns 

tlP !po Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 JO 10 ns 

~ ts Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 JO 10 ns 

lu>co too Increase for Powered-down Macrocell (Note 3) 0 0 0 0 0 0 0 ns 

lu>EA tEA Increase for Powered-down Macrocell (Note 3) 10 10 JO 10 10 10 10 ns 

Notes: 
1. See "Switching Test Circuit" in the General Information Section of the Vantis 1999 Data Book. 

2. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 

3. If a signal is powered-down, this parameter must be added to its respective high-speed parameter. 

4. MACH211 tGO = 7 ns. MACH211SP tea = 7.5 ns. 

5. MACH211, commercial tea = 7 ns. 

6. Tbefaster-18teo tPDb t1co applytoMACH211 only, notMACH211SP. 
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MACH221 and MACH221SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

Parameter -7 -10 -12 -14 -15 -18 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Unit 

lpn Input, 110, or Feedback to Combinatorial Output 7.5 10 12 14 15 18 ns 

Setup Time from Input, 110, or Feedback to D-type 5.5 6.5 7 8.5 10 12 ns 
t, Clock T-type 6.5 7.5 8 10 II 13.5 ns 

tu Register Data Hold Time 0 0 0 0 0 0 ns 

lco Clock to Output 5 6 8 10 10 12 ns 

!WL LOW 3 5 6 6 6 7.5 ns 
Clock Width 

!WI! HIGH 3 5 6 6 6 7.5 ns 

External 
11/(!g +!col 

D-type 95 80 66.7 54 so 42 MHz 

Feedback T-type 87 74 62.5 50 47.6 39 MHz 

fMAX 
Maximutn 

D-type 133 100 83.3 69 66.6 55.6 MHz 
Frequency Internal Feedback (foo) 

T-type 125 91 76.9 62.5 62.5 51.3 MHz 

No Feedbackj_ll(twi + twu) 167 100 83.3 83.3 83.3 66.7 MHz 

'sL Setup Time from Input, 110, or Feedback to Gate 5.5 6.5 7 8.5 10 12 ns 

luL Latch Data Hold Time 0 0 0 0 0 0 OS 

'<io Gate to Output 7 
7 

10 11 11 13.5 ns 
(note2) 

'<iWL Gate Width LOW 3 5 6 6 6 7.5 OS 

IPDL 
Lnput, 110, or Feedback to Output Through Transparent 

9.5 12 14 17 17 20.5 OS 
Lnput or Output Latch 

'sIR Input Register Setup Time 2 2 2 2 2 2.5 ns 

luIR Input Register Hold Time 2 2 2 2.5 2.5 3.5 OS 

tico Input Register Clock to Combinatorial Output 11 13 15 18 18 22 OS 

D-type 9 10 12 14.5 15 18 ns 
lies Input Register Clock to Output Register Setup 

T-type 10 11 13 16 16 19.5 OS 

lwtcL Input Register LOW 3 5 6 6 6 7.5 OS 

lwicu Clock Width HIGH 3 5 6 6 6 7.5 ns 

fMAXIR 
Maximum Input Register 

Il/(twicL + twicul 167 100 83.3 83.3 83.3 66.7 MHz 
Frequency 

'sIL Input Latch Setup Time 2 2 2 2 2 2.5 ns 

!HIL Input Latch Hold Time 2 2 2 2.5 2.5 3.5 ns 

l1GO Input Latch Gate to Combinatorial Output 12 14 17 20 20 24 OS 

!IGOL 
Input Latch Gate to Output Through Transparent Output 

I4 I6 19 22 22 26.5 ns 
Latch 

'su 
Setup Time from Input, 110, or Feedback Through 

7.5 8.5 9 II 12 14.5 OS 
Transparent Lnput Latch to Output Latch Gate 

IIGs Input Latch Gate to Output Latch Setup 10 II 13 16 16 19.5 ns 

lwiGL Input Latch Gate Width LOW 3 5 6 6 6 7.5 ns 

!PDLL 
Lnput, 110, or Feedback to Output Through Transparent 

11.5 14 16 19 19 23 OS 
Input and Output Latches 

!AR Asynchronous Reset to Registered or Latched Output 9.5 15 16 19.5 20 24 OS 

!ARW Asynchronous Reset Width (Note 3) 5 10 12 14.5 15 I8 ns 

!ARR Asynchronous Reset Recovery Time (Nole 3) 5 8 10 10 10 12 ns 

!AP Asynchronous Preset to Registered or Latched Output 9.5 15 16 19.5 20 24 OS 
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MACH221 and MACH221SP (CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

Parameter -7 -10 -12 -14 -15 -18 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tAPW Asynchronous Preset Width (Note 3) 5 10 12 14.5 15 18 ns 

!APR Asynchronous Preset Recovery Time (Note 3) 5 8 10 10 10 12 ns 

!EA Input, 1/0, or Feedback to Output Enable 9.5 12 12 14 15 18 ns 

liiR Input, 1/0, or Feedback to Output Disable 9.5 12 12 14 15 18 ns 

li.P lpo Increase for Powered-down Macrocell (Note 4) 10 10 10 10 10 10 ns 

lu>s ts Increase for Powered-down Macrocell (Note 4) 10 10 10 10 10 10 us 

luw too Increase for Powered-down Macrocell (Note 4) 0 0 0 0 0 0 ns 

Ii.PEA i.. Increase for Powered-down Macrocell (Note 4) 10 10 10 10 10 10 ns 

Notes: 
1. See "Switching Test Circuits" in the General Information section of the Vantis 1999 Data Book. 

2. MACH221 tea = 7 ns. MACH221SP tea = 8 ns. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 

4. ff a signal is powered-down, this parameter must be added to its respective high-speed parameter. 
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MACH231 AND MACH231SP 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

-6 -7 -10 -12 -14 -15 -18 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

tpo Input, VO, or Feedback to Combinatorial Output 6 7.5 10 12 14 15 18 ns 

Setup Time from Input, VO, or Feedback D-type 5 5.5 6.5 7 8.5 10 12 ns 
Is to Clock 6 6.5 T-type 7.5 8 10 11 13.5 ns 

IH Register Data Hold Time 0 0 0 0 0 0 0 ns . 
lco Clock to Output 4 5 6.5 8 10 10 12 ns 

IWL LOW 2.5 3 4 6 6 6 7.5 ns 
Clock Width 

IWH HIGH 2.5 3 4 6 6 6 7.5 ns 

External D-type 111 95 77 66.7 54 50 42 MHz 

Feedback ll(ts + lco) 
T-type 100 87 72 62.5 50 47.6 39 MHz 

fMAX 
Maximum D-type 166 133 100 83.3 69 66.6 55.6 MHz 
Frequency Internal Feedback (foo) 

T-type 150 125 91 76.9 62.5 62.5 51.3 MHz 

No 
1/(tWL + twu) 200 167 125 83.3 83.3 83.3 66.7 MHz 

Feedback 

Is! Setup Time from Input, VO, or Feedback to Gate 5 5.5 6.5 7 8.5 10 12 ns 

lttL Latch Data Hold Time 0 0 0 0 0 0 0 ns 

~ Gate IO Output 5 6 7.5 8.5 11 11 13.5 ns 

'6wL Gate Widlh LOW 2 3 4 6 6 6 7.5 ns 

tpm 
Input, VO, or Feedback to Output Through 

9 9.5 14 14.5 17 17 20.5 ns 
Transpacent Input or Output Latch 

lsIR Input Register Setup Time 1.5 2 2 2 2 2 2.5 ns 

lmR Input Register Hold Time 1.5 2 2.5 2.5 2.5 2.5 3.5 ns 

l1co Input Register Clock to Combinatorial Output 10 11 15.5 16 18 18 22 ns 

Input Register Clock to output Register D-type 8 9 11 12 14.5 15 18 ns 
tics Setup 16 16 T-type 9 10 12 13 19.5 ns 

IWJCL Input Register LOW 2.5 3 4 6 6 6 7.5 ns 

lwictt 
Clock Width HIGH 2.5 3 4 6 6 6 7.5 ns 

fMAXIR Maximum Input Register Frequency 200 167 125 83.3 83.3 83.3 66.7 MHz 

lsIL Input Latch Setup Time 1.5 2 2 2.5 2.5 2.5 2.5 ns 

lttlL Input Latch Hold Time 1.5 2 2.5 3 3 3 3.5 ns 

IIGo Input Latch Gate to Combinatorial Output 11 12 17 17 20 20 24 ns 

l1GOL 
Input Latch Gate IO Output Through Transparent 

13 14 18 19.5 22 22 26.5 ns 
Output Latch 

lsu 
Setup Time from Input, VO, or Feedback Through 

7 7.5 10 10.5 11 12 14.5 ns 
Transparent Input Latch to Output Latch Gate 

IIGs Input Latch Gate to Output Latch Setup 9 10 11 13.5 16 16 19.5 ns 
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MACH231 AND MACH231 SP (CONTINUED) 
SWITCHING CHARACTERISTICS OVER OPERATING RANGES1 

-6 -7 -10 -12 -14 -15 -18 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max Min Max Min Max Min Max Min Max Unit 

lwiGL Input Laich Gate Width WW 2 3 4 6 6 6 7.5 OS 

lrou. 
Input, J/O, or Feedback to Output 'lbrough 

11 12.5 16 17 19 19 23 ns 
Transparent Input and Output Lalches 

!AR 
Asynchronous Reset to Registered or Lalched 

9 9.5 13 16 19.5 20 24 ns 
Output 

tARW Asynchronous Reset Width (Note 2) 4 5 10 12 14.5 15 18 OS 

IARR 
Asynchronous Reset Recovery Tune 

4 5 7.5 8 10 10 12 OS 
(Note 2) 

IAP 
Asynchronous Preset to Registered or Lalched 

9 9.5 13 
Output 

16 19.5 20 24 ns 

tAPW Asynchronous Preset Width (Note 2) 4 5 10 12 14.5 15 18 OS 

!APR Asynchronous Preset Recovery Tune (Note 2) 4 5 7.5 8 10 10 12 OS 

~ Input, J/O, or Feedback to Output F.oable 9 9.5 10 12 15 15 18 OS 

~ lnpu~ IIO, or Feedback to Output Disable 9 9.5 10 12 15 15 18 OS 

tlP tro Increase for Powered-down Macrocell (Note 3) 9 10 10 10 10 10 10 OS 

'u>s Is Increase for Powered-down Macrocell (Note 3) 6 7 7 7 7 7 7 OS 

Vco too Increase for Powered-down Macrocell (Note 3) 0 0 0 0 0 0 0 OS 

IU'l!A Ii!& Increase for Powered-down Macrocell (Note 3) 9 10 10 10 10 10 10 OS 

Notes: 
1. See "SWitching Test Circuit" in the General Information section of the Vantis 1999 Data Book. 

2. These parameters are not 100% tested, hut are evaluated at initial characterization and at any time the design is modified where 
this parameter may be affected. 

3. If a signal is powered-down, this parameter must be added to its respective high-speed parameter. 

CAPACITANCE 1 

Parameter Symbol Parameter Description Test Conditions Typ Unit 

Cm Input Capacitance VIN= 2.0V Vee= 5.0V, 6 pF 
7 TA= 2s·c 

CoUT Output <:apacttance VOUT = 2.0V f= lMHz 8 pF 

Note: 
1. These parameters are not 100% tested, hut are caku/ated at initial characterization and at any time the design is modified where 

these parameters may be affected. 
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Ice vs. FREQUENCY 

These curves represent the typical power consumption for a particular device at system frequency. 
The selected "typical" pattern is a 16-bit up-down counter. This pattern fills the device and 
exercises every macrocell. Maximum frequency shown uses internal feedback and a D-type 
register. 
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Table 12. Ice 

Parameter 
Device Parameter Symbol Description Test Description Typ Unit 

MACH111(SP) 
40 

MACH211(SP) 

MACH221(SP) Vee= 5V, 70 

MACH131 (SP) 
Supply Current (Static) TA= 25°C, 

75 
f=OMHz 

MACH231SP 80 

MACH231 135 
lee mA 

MACH111(SP) 
45 

MACH211(SP) 

MACH221(SP) Vee= 5V, 75 

MACH131(SP) 
Supply Current (Active) TA= 25°C, 

80 
f=lMHz 

MACH231SP 100 

MACH231 150 
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND 
MACH111SP-5/7/10/12/15) 
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND 
MACH111SP-5/7/10/12/15) 

Top View 

1/05 
1/06 
1/07 

44-PlnTQFP 

1/027 
1/026 
1/025 
1/024 (TOI) 10 

(CLK 0/10) CLK0/11 
Block A GND 

33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 

CLK3/15 (TOO) 
GND BlockB 

(TCK) CLK1/12 
1/08 
1/09 

1/010 
1/011 

PIN DESIGNATIONS 
CLK/I = Clock or Input 

GND - Ground 
I - Input 
1/0 • Input/Output 
V cc Supply Voltage 

Note: 

7 
8 
9 
10 
11 

C\IC'>"<l"UlCOl'-COO>O~C\I 
........................................ C\I C\I C\I 

TDI = Test Data In 
TCK = Test Clock 

CLK2/14 (CLK 1/11) 
13(TMS) 
1/023 
1/022 
1/021 

TMS Test Mode Select 
TDO = Test Data Out 

1. Pin designators in parentheses () apply to the MACH111SP 

162 MACH 1 & 2 Families 

14051K·019 



CONNECTION DIAGRAM (MACH131-5/7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH211-7/10/12/15 AND MACH211SP-6n/10/12/15) 

Top View 
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1. Pin designators in parentheses ()apply to the MACH211SP 

166 MACH 1 & 2 Families 

14051K-023 



CONNECTION DIAGRAM (MACH211-7/10/12/15 AND MACH211SP-6/7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH221-7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH221SP-7/10/12/15) 

Top View 
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CONNECTION DIAGRAM {MACH231-6/7/10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH231SP-10/12/15) 

Top View 
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CONNECTION DIAGRAM (MACH231SP-10/12/15) 

Top View 
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ORDERING INFORMATION 
Yantis programmable logic product~ are available with several ordering options. The order number (Valid Combination) is formed 
by a combination of: 

MACH 131 SP ·5 Y C 

FAMILY TYPE _________ T~ l PROGRAMMING DESIGNATOR 

MACH = Macro Array CMOS High-Density 

MACROCELL DENSITY -----------' 
111 = 32 Macrocells, 32 I/Os 
131 = 64 Macrocells, 64 I/Os 
211 = 64 Macrocells, 32 I/Os 
221 = 96 Macrocells, 48 I/Os 
231 = 128 Macrocells, 64 I/Os 

PRODUCT DESIGNATION -----------' 
SP = ]TAG-compatible, In-system Programmable 

Valid Combinations - Commercial 

MACH111 -5, -7, -10, -12, -15 JC, VC 

MACH111SP -5, -7, -10, -12, -15 JC, VC 

MACH131 -5, -7, -10, -12, -15 JC/l 

MACH131SP -5, -7, -10, -12, -15 VC,YC 

MACH211 -7, -10, -12, -15 JC, VC 

MACH211SP -6, -7, -10, -12, -15 JC, VC 

MACH221 -7, -10, -12, -15 JC 

MACH221SP -7, -10, -12, -15 YC 

MACH231 
-6, -7 JC 

-10, -12, -15 JCll 

MACH231SP -10, -12, -15 VC,YC 

Note: 

Blank = Initial Algorithm 
/1 = First Revision 

OPERATING CONDITIONS 
C = Commercial (0°C to + 70°C) 

= Industrial (-40°C to +85 °C) 

PACKAGE TYPE 
] = Plastic Leaded Chip Carrier 

(PLCC) 
V = Thin Quad Flat Pack (TQFP) 
Y = Plastic Quad Flat Pack (PQFP) 

'------- SPEED 
-5 = 5.0 or 5.5 ns tp0 

-6 = 6.0 ns lpo 
-7 = 7.5 ns tpo 

-10 = 10 ns lpo 
-12 = 12 ns tp0 

-14 = 14 ns tp0 

-15 = 15 ns tp0 

-18 = 18 ns tpo 

Valid Combinations - Industrial 

MACH111 -7, -10, -12, -14, -18 Jl 
MACH111SP -7, -10, -12, -14, -18 Jl 
MACH131 -7, -10, -12, -14, -18 Jiil 

MACH131SP -7, -10, -12, -14, -18 YI 

MACH211 -10, -12, -14, -18 Jl 
MACH211SP -10, -12, -14, -18 Jl 
MACH221 -10, -12, -14, -18 Jl 
MACH221SP -10, -12, -14, -18 YI 

MACH231 -12, -14, -18 Jiil 
MACH231SP -12, -14, -18 YI 

Valid Combinations 

The Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 

1. All MACH devices are dual-marked with both Commercial and Industrial grades. The Industrial grade is slower, i.e. 
MACH131SP-5YC-7YI 
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II VANTIS 
PRELIMINARY 

I HEYONU PERFORMANCE 

VF1 FPGA Family 

FEATURES AND BENEFITS 
+ The industry's first Variable-Grain-Architecture™ enables high-density, high-performance 

designs for a wide range of applications 
- Architecture adapts to logic to enable synthesis-friendly, high-performance designs 
- From three to six parallel inputs with all possible input combinations decoded in a single level 

of high-speed logic 
- Up to 32 parallel input functions with a subset of input combinations decoded in only two 

logic levels 
-Available in four sizes with 12K, 20K, 25K, and 36K gates 

+ Variable-Length-Interconnect™ delivers predictable performance and First-Time-Fit™ layouts 
- High-speed direct connectivity minimizes connection lengths for maximum performance 
- Variable-length connections span from two logic blocks to the entire chip, including I/Os 
- Result is optimal length resource for every net 

+ Flexible on-chip clocking options deliver up to 250MHz performance 
- Four low-skew global clocks minimize clock variations within the chip 
- Two on-chip phase-locked loops (PLLS) synchronize on-chip clocks with the system clock 
- PLLs provide 1x, 2x, and 3x frequency multiplication for on-chip clock synthesis 
- Clocks generated on-chip may be used as global clocks 

+ Vantis' hierarchical design methodology and DesignDirect™ software provide Ease-of­
Success™ and First-Time-Fit 
- DesignDirect software supports Verilog and VHDL hardware description languages (HDLs) for 

design flexibility 
- Integrates easily with a variety of third-party front-end design entry, simulation, and synthesis 

tools 
- Easy-to-learn mapping and layout software coupled with fast run times and superior quality 

of results contribute to maximum productivity 
- Vantis design software ensures First-Time-Fit results by examining a design prior to the place­

and-route phase and determining whether or not it will fit into the chosen VF1™ FPGA 
+ Pin-locking feature ensures that 1/0 pin assignments will not change when moving a design 

from one VF1 FPGA size to another or when making design changes 
- When making design changes or shifting density, special routing logic enables pin-locking 

with minimal performance degradation 
- Allows shifting to higher or lower density FPGA without making changes to board layout 

+ Zero-power Edge Connect lines allow easy implementation of NOR functions on input lines 
- Eight Edge Connect lines-two per side of the chip 
- Input pins may be connected to these lines to implement NOR functions 
- NOR functions consume zero power 

Publication# VF1003-DS-1 
Amendment/0 Issue Date: November 1998 



PRELIMINARY 

+ High-speed embedded dual-port memory simplifies the implementation of on-chip FIFOs and 
RAM 
- Needs fewer bits than single-port architectures to implement FIFOs and register stacks 
- Minimizes access time for both read and write cycles 
- Over 6K bits of embedded SRAM in the largest VF1 FPGA device in 32x4 configurable blocks 
- Specific configurations may be defined by the user 

+ Flexible 1/0 buffers allow interfacing to a wide variety of systems 
- 1/0 buffers are compatible with both 3.3V and SV 1/0 levels 
- Programmable slew rates reduce output signal over/under shoot 
- Three-state control for 1/0 bus interconnections allow multiplexing on long interconnect lines 
- PCl-compatible I/Os, coupled with optional 33MHz and 66MHz PCI buffers, allow easy 

interfacing to PCI buses 
+ In-system programming via the built-in JTAG boundary scan port 

- Allows VF1 FPGAs to be programmed after mounting on a printed-circuit board 
- Reduces the need for on-board SPROM 
- When coupled with pin-locking, allows design changes to be made and loaded without 

removing the device from the board 
+ Outperforms systems implemented with competitive reprogrammable FPGAs by 67% to 100% 

- High-performance registered 1/0 improves chip speed 
- On-chip phase-locked loops with the ability to double or triple input clocks, up to 200 MHz, 

allows the Vantis FPGA to run up to three times faster than the system clock 
- Embedded memory has Sns read/write access time for fast loads and stores 
- Pipelined logic capable of 250 MHz operation supports the development of high-performance 

systems 

Table 1. Available Devices in the VF1 Family 

Features VF1012 VF1020 VF1025 VF1036 

Typical gates 12,000 20,000 25,000 36,000 

Array size (VGB) 14x14 18x18 20x20 24x24 

Logic flip-flops 784 1296 1600 2304 

DPSRAM blocks (32x4) 28 36 40 48 

Total RAM bits 3584 4608 5120 6144 

Clock pins 4 4 4 4 

Maximum I/Os 168 216 240 288 

Maximum 110 flip-flops 336 432 480 576 

Table 2. Package Types and Total 1/0 Pins (including clock pins) 

Packages VF1012 VF1020 VF1025 VF1036 

352 BGA 244 292 

256BGA 172 208 208 208 

208PQFP 168 168 168 168 

160PQFP 128 128 

144TQFP 112 
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PRELIMINARY 

OPERATIONAL DESCRIPTION 

The Yantis VFl FPGA family offers FPGA designers a level of performance that was once available 
only to ASIC gate array designers. The VFl's Variable-Grain-Architecture minimizes the logic and 
interconnect resources needed to implement high-performance, complex functions. It supports 
logic configurations with three to six logic inputs with all possible input combinations decoded in 
a single LUT (look-up table) level. It also supports configurations with up to thirty-two partially­
decoded parallel inputs that use only two LUT levels. 

Coupled with high-performance Variable-Length-Interconnect (VLI) and from 3.6K to 6.lK bits of 
embedded dual-port SRAM, the Variable-Grain-Architecture delivers the best performance in the 
FPGA industry in a cost-effective solution that virtually guarantees design success. 

Superior performance coupled with densities from 12K to 36K logic gates makes the Yantis VFl 
family the best choice for high-performance, complex FPGA-based designs. Designers who create 
high-performance, high-density designs typically employ a design methodology based on 
hardware description languages (HDLs) such as Verilog or VHDL to speed the design process and 
manage complexity. The Yantis design methodology employs third-party HDL design tools 
coupled with Yantis' physical mapping and layout software. 

The VFl overview that follows describes a new, sophisticated FPGA architecture that includes a 
rich set of building blocks and interconnect resources. The VFl family is manufactured in a state­
of-the-art deep-submicron 0.18-micron (Leffective) process technology for high performance and 
small die size. It uses four layers of metal interconnect to further enhance performance, reduce die 
size, and lower cost. 

Variable-Grain-Architecture 

The VFl FPGA family employs a new variable-granularity architecture that allows virtually any 
level of logic complexity to be implemented using minimum chip resources. It comprises three 
levels of logic hierarchy (Figure 1): 

Top Level: Super Variable-Grain-Block (Super VGB), SRAM, and 1/0 Block (IOB). The highest 
level building block in the VFl architecture is the Super VGB. It is a symmetrical structure, made 
up of four VGBs, that can be combined to create complex, high-performance functions using local 
building blocks and local interconnect resources. Supporting Super VGBs at the top level are dual­
port embedded SRAM and input/output blocks. 

Second Level: Variable-Grain-Block (VGB). The next level, the VGB, includes four CBBs, logic 
to combine two or more CBBs to implement wide logic functions. Wide-gating logic supports 
complex functions with up to sixteen parallel inputs within a single VGB. The VGB also includes 
high-speed carry logic to build high-performance arithmetic functions and common control logic. 

Configurable Building Blocks (CBB). The CBB is the lowest level building block. It includes six 
logic inputs, two 8-bit look-up tables (LUTs) to define logic functions, a flip-flop to save results, 
selectable outputs, and interconnections to other FPGA resources. A single CBB can implement 
two 3-input functions or one 4-input function using only the logic within the CBB. 
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A VFl FPGA (Figure 1) is arranged in a matrix of Super VGBs, separated by routing channels made 
up of interconnect resources called Variable-Length-Interconnect. Figure 2 shows the architecture 
of the VF1025 FPGA. The VF1025 consists of a 20x20 matrix of VGBs with two columns of 
embedded SRAM running vertically near the center of the device. Each column of SRAM is 
supported by dedicated SRAM address lines. 

There are three IOBs for each row and column of VGBs on each side of the chip. The VF1025, 
therefore, has 60 IOBs per side, giving a total of 240 IOBs for the device. Two input Edge Connect 
lines on each side of the device (eight lines total) may be connected to their adjacent IOBs to 
implement an input NOR function. The Edge Connect lines consume no power, even when 
implemented as a NOR function 
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A VGB in a VFl FPGA corresponds roughly to one of the coarse-grained logic blocks found in 
competitive FPGA products-but a VGB is much more flexible. Its four CBBs can work 
independently as fine-grained elements to implement simple logic functions while using minimum 
resources, or they can be combined within the VGB and with other VGBs to handle very complex 
functions. 

The following sections describe the VFl architecture, starting at the CBB level and moving up the 
hierarchy. 

CBS 

A CBB consists of two parts: a configurable combinatorial element ( CCE) and a configurable 
sequential element (CSE) (Figure 3). In general terms, the CCE receives logic inputs and generates 
outputs. The CSE stores and routes the outputs. 

CBB 

1 1 
Variable....__ _____________ __, Variable 

Length Length 
Interconnect Interconnect VFlds-003 

Figure 3. Configurable Building Block (CBB) 

A CCE (Figure 4) contains two 8-bit, three-input look-up tables (3LUTs). The CCE receives inputs 
via VFl Variable-Length-Interconnect routing resources, direct connections from adjacent VGBs, 
and local feedback within the VGB. (Inputs are covered in more detail later.) A LUT input decoder 
routes the inputs to the LUTs. The LUT input decoder spans all four CBBs in a VGB to enable the 
combining of CBBs to create five- and six-input functions. These wider functions are described 
later. 

Bit patterns loaded into the LUTs define the output generated by each input combination. 

VFldS-004 

Figure 4. Configurable Combinatorial Element (CCE) 

Note: 
A C in a mux block indicates tbat the block's function ts set by the VFJ configuration bitstream and ts not a logical block that can 
be controlled dynamically 

VF1 FPGA Family 181 



PRELIMINARY 

The two 3LUTs may generate individual outputs (Figure 4), or they may be combined into a 16-bit 
4LUT that decodes four inputs (Figure 5). If the 3LUTs operate independently, one output follows 
the Feedthrough route to the CBB output while the other goes to the following CSE via the 3/4LUT 
path shown in Figure 4. 

The Feedthrough line coming from the Input Switch is a special high-speed path that allows long­
line routing resources to be routed from one line to another without going through a long-line 
switch matrix. The Feedthrough path provides better performance than the switch matrix path. 
This is covered in the VGB Interconnect section. 

·~ro ------;r---
11<PUT1 

INPVT2 

TO CSE 

lNPUT3 
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Figure 5. Four-Input CCE Configuration 

The CSE (Figure 6) receives the outputs from the CCE via the top mux on the left (along with Carry 
Logic, CCE, and Wide Gating inputs) and the Feedthrough line on the bottom left. The top mux 
output may be stored in the CSE register or it may bypass the register and go directly to an output 
via a second mux. The output of the second mux goes to a direct connect line that connects to 
other VGBs and IOBs, and to a local feedback (LFB) line that connects to other CBBs within the 
same VGB. 

The Feedthrough line from the lower 3LUT can be routed to VLI resources and to a second LFB 
line. 
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Figure 6. Configurable Sequential Element (CSE) 

CSE register control signals consist of a clock enable (CE), a clock, and a direct set/reset. The 
register clock enable may be a common enable, a separately generated independent enable, or it 
may be tied to V cc· 

Both the register clock (CLK) and the set/reset signal (S/R) may be configured to meet specific 
design requirements. The polarity of the clock can be selected by configuring the mux that 
precedes the clock input to the register. The set/reset source may be configured as either local 
(LSR) or global (GSR). If a local set/reset is selected, it applies to all the registers in one VGB. 

The Feedthrough line can be routed to a long interconnect line via a dedicated driver. The driver 
can be enabled by either being tied to Yee or by a locally-generated output enable (OE). This 
function allows a signal from a long interconnect line to enter a Super VGB via a CBB input, bypass 
CBB logic, and connect directly to a shared Super VGB long-line driver. The long-line driver 
connects the signal to another long interconnect line. This is an alternative to using a switch at an 
intersection of long lines. It adds additional drive to the signal, allows the signal to be connected 
to lines that are parallel to the original line as well as perpendicular, and may have less delay than 
a switch at a line intersection. 

VGB 

The second level in the VFl FPGA family hierarchy is the Variable-Grain-Block, or VGB (Figure 7). 
A VGB contains four CBBs plus common control functions, wide gating logic, and high-speed carry 
logic. 

A VGB is a very flexible structure that can be combined in a variety of ways to create very simple 
or very complex logic structures. A VGB can be viewed as a fine-grained architecture when each 
CBB is used to implement a separate logic function. It becomes a coarse-grained architecture when 
the entire VGB is dedicated to a single function. 
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Just as the LUTs within a single CBB can be combined to create complex functions, the CBBs 
within a VGB can be combined. By combining the four 8-bit 3LUTs in two CBBs into a single 32-
bit SLUT, all possible combinations of five logic inputs can be decoded (Figure 8). By combining 
all four CBBs in a VGB into a single 64-bit 6LUT, all possible combinations of six inputs can be 
decoded (Figure 9). The combined output becomes an input to one of the CSEs (Figure 6, upper­
left mux). 
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Figure 8. Five-Input Function Using Two CBBs 
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Figure 9. Six-Input Function Using Four CBBs in One VGB 
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Figure 10 shows some of the possible fully-decoded combinations that can be implemented in a 
single VGB. The left VGB in Figure 10 shows some combinations that are possible without 
combining CBBs. A single VGB can implement eight three-input functions, or four four-input 
functions, or four three-input functions plus two four-input functions. Other combinations are also 
possible. 
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Figure 10. Examples of Logic Configurations in One VGB 

The second VGB in Figure 10 shows some possible combinations when two CBBs are combined 
while two CBBs function independently. The combined CBBs form a SLUT that implements a five­
input function, while the independent CBBs implement various combinations of three- and four­
input functions. The third VGB is configured for two five-input functions, and the fourth is 
configured for a single six-input function. 

In many cases, however, an application does not require the decoding of every possible 
combination of a set of inputs. In these cases, configuring CBBs in combinations other than those 
described above can save device resources. For example, two CBBs may be configured as separate 
4-input elements with their outputs multiplexed to decode an 8-input function using only two 
CBBs. Since each CBB decodes 16 combinations of four inputs, this configuration decodes 32 
possible combinations of eight inputs. 

Special wide-gating logic that is part of the VGB architecture is used to implement configurations 
up to 32 inputs in only two logic levels. The wide gating logic includes a dedicated 4LUT that is 
used to combine CBBs into functions with up to sixteen inputs using all four CBBs in one VGB 
(Figure 11). In this example, each CBB within a VGB is configured to fully decode four inputs. 
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Each of the four CBBs generates an output that becomes an input to the 4LUT in the wide gating 
logic. The 4LUT fully decodes the four inputs from the CBBs. 
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INPUT4 
ff\!PUT5 
1NPUT8 
IN.PUT7 
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INPUTIO 
INPUT11 
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INPUT15 
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figure 11. Decoding 16-lnput Function Using Wide Gating Logic 
VF1ds-011 

The configuration in Figure 11 does not decode all 65,536 possible combinations of sixteen inputs. 
Instead, it decodes sixteen combinations of four inputs in each CBB for a total of 64 possible 
combinations. The wide-gating 16-bit LUT decodes sixteen possible combinations. The circuit, 
therefore, decodes 1024 combinations (16*64). For most logic functions this is quite adequate, and 
it is accomplished using only the high-speed, short-intraconnect logic contained in a single VGB. 

SuperVGB 

The third hierarchical level is the Super VGB (Figure 12). It consists of four mirrored VGBs with 
four sets of shared long-connect multiplexers/drivers. The symmetrical arrangement of the Super 
VGB improves logic density and minimizes interconnect length for implementing complex 
functions. Inputs can come from any direction on the chip and outputs can go in any direction. 
Compared to architectures that force logic paths to flow in one general direction, this Super VGB 
symmetry shortens signal paths and thus improves both performance and density. 
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Figure 12. Super VGB Architecture 

Each Super VGB has four sets of shared drivers, each set pointing in a different direction on the 
chip. These drivers allow a Super VGB to connect to the VLI lines (see Interconnecting VGBs) that 
provide general signal routing throughout the chip. Each set of shared drivers contains four 
individual drivers for a total of sixteen drivers in each Super VGB. 

In addition to general interconnection of VGBs to long interconnect lines, the shared drivers are 
used to implement logic functions with up to 32 parallel inputs. Two 16-input functions (Figure 
11) can be multiplexed using a shared driver, thus providing a 32-input function that decodes 2,048 
possible conditions. 

Interconnect Resources 

In today's deep-submicron technologies, interconnect length often has a greater impact on device 
performance than gate or logic-block delays. The Yantis VFl family minimizes most interconnect 
delays by providing multiple levels of interconnect resources that often allow complex functions 
to be implemented completely within a VGB or Super VGB. These complex functions, however, 
must be connected to other VGBs and to I/0 blocks, therefore longer routing resources are 
needed. 

The VFl architecture provides three levels of high-performance interconnect resources: 

+ Local feedback allows CBB outputs to feed back to the inputs of all CBBs within the same 
VGB. 

+ Inter-VGB Direct connect routes the outputs of every CBB in every VGB to the inputs of eight 
nearby VGBs and to IOBs. 

+ Variable-Length-Interconnect resources provide programmable interconnects that may span 
two VGBs, four VGBs, eight VGBs, and the entire FPGA. 
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These interconnect resources provide highly efficient routes for making component connections 
while maintaining maximum performance levels. In addition to maximizing performance, the VFl 
family interconnect methodology allows Yantis' optimization, mapping, and place-and-route 
software tools to achieve First-Time-Fit results. It also simplifies pin locking and density shifting 
when moving from one VFl FPGA to another within the same package type. 

Local Feedback 

The earlier description of CBBs shows how local feedback lines (LFBs) are routed back from the 
CBB outputs toward the CBB inputs. These LFBs are then routed to the inputs of every CBB in the 
same VGB (Figure 13). Local feedback provides a very powerful, high-performance routing 
resource that works entirely within the VGB and uses no general routing resources. 

VF1ds-013 

Figure 13. Local Feedback 
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lnter-VGB Direct Connect 

Every CBB in every VGB has a direct-connect output that connects it to the inputs of two CBBs in 
eight other nearby VGBs (Figure 14). The direct connect routing shown in the upper left portion 
of Figure 14 shows how direct-connect lines are routed when the output CBB is not near the edge 
of the VFl FPGA. The routing shown in the lower right shows how a direct-connect output 
connects to three IOBs when the output CBB is near the edge of the device. 

El) VGB Diroct Input 

VF1ds-014 

Figure 14. lnter-VGB Direct Connect 

Only two direct-connect routes are shown in Figure 14, but every CBB in every VGB ha,s the same 
direct-connect routing resources. The direct-connect capability allows VGBs that are adjacent to 
each other to be combined in very powerful logic structures without using slower general routing 
resources. 
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Variable-Length-Interconnect Resources 

The VFl family provides four types of Variable-Length-Interconnect resources that run in channels 
between Super VGBs, both horizontally and vertically (Figure 15). Two groups of interconnects 
run within each channel. Each group of interconnects includes the following: 

+ Long Connect: 16 lines run from edge to edge on the chip, both vertically and horizontally. 

+ Octal Connect: 4 lines span 8 VGBs both horizontally and vertically. 

+ Quad Connect: 4 lines span 4 VGils (two Super VGils) both horizontally and vertically. 

+ Double (or Twin) Connect: 8 lines span 2 VGBs both horizontally and vertically. 
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Figure 15. Variable-Length Interconnect Resources 

The sixteen long-connect lines can be used to implement three-state buses, whereas octal, quad, 
and double connect lines cannot. CBBs can connect directly to octal, quad, and double connect 
lines, but cannot connect directly to long lines. A VGB output connects to a long line resource by 
using a shared long-line driver in a Super VGB. 

VLI lines change direction by connecting with other VLI lines at switch matrixes located at the 
intersections of the horizontal and vertical groups of lines. Long lines, however, can bypass the 
switch matrix by using a CBB Feedthrough line, as described in the CBB section. 
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Interconnect Performance Considerations 

Short connections deliver better performance than long connections. Interconnect resources, in 
order of performance, are: 

+ Local feedback within a single VGB 

+ Direct-connect lines between VGBs and from VGBs to IOBs 

+ Dual lines that span two VGBs 

+ Quad lines that span four VGBs 

+ Octal lines that span eight VGBs 

+ Long lines that span the entire VFl FPGA 

Yantis' DesignDirect software selects routing resources and calculates timing for both routing and 
logic delays. Designers can control routing indirectly by specifying timing constraints that must be 
met by the DesignDirect tools. 

Carry Logic 

Every VGB includes high-speed carry logic that facilitates the implementation of arithmetic circuits 
such as adders, subtracters, bit shifters, up/down counters, and comparators. To improve 
arithmetic speed, the carry chain within a VGB is placed between the CCEs and the CSEs within 
each CBB (Figure 16). 
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Figure 16. Carry Routing Within a VGB 

A VGB receives a carry input from a preceding VGB in the arithmetic chain, and generates a carry 
for the following VGB (Figure 17). The carry chain between VGBs starts with the bottom VGB in 
a column and proceeds vertically through the column. Each column of VGBs has its own carry 
chain. 

192 VF1 FPGA Family 



PRELIMINARY 

VF1ds-017 

Figure 17. Carry Routing Between VGBs 

Embedded Memory 

Every VFl FPGA family member includes embedded memory configured as 32x4 dual-port SRAM 
blocks (Figure 2). The dual-port configuration (one read/write port and one read port) allows an 
application to read from the read port while it is reading from or writing to the read/write port. 
This allows applications such as FIFOs and register stacks to run much faster, and requires only 
half as many memory bits to implement as a single-port RAM would require. 

Specific memory structures are created by the Yantis DesignDirect software and are implemented 
by the configuration bitstream. In addition, initial memory contents can be loaded at configuration 
time. 
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Figure 18. VF1 Dual-Port SRAM 
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The embedded memory is implemented as two columns of memory blocks that run the full length 
of the FPGA device (Figure 2). Two columns of Super VGBs (four columns of VGBs) run between 
the memory columns, and additional columns of Super VGBs are outside the memory columns. 
This configuration minimizes the distance between Super VGBs and embedded memory, thus 
allowing shorter interconnects and faster memory access. It also simplifies density shifting and pin 
locking features. Table 3 lists the memory capacity of each VFl FPGA family member. 

Table 3. VF1 Embedded Memory.Capacity 

VF1012 VF1020 VF1025 VF1036 

VGB Array SJze 14x 14 18x 18 20x20 24x24 

Embedded Memory Blocks 28 36 40 48 

Total Memory Bits 3584 4608 5120 6144 

Note: 
For a detailed description of memory access modes and timing, refer to the "VFJ Dual-Port SRAM Architecture and Timing" 
Technical Note. 

One port of each SRAM block is a read/write port and the other is a read-only port (Figure 18). 
The read/write port on the left of Figure 18 consists of a write/read address input (WRAD) that 
may be stored in Read Address Registers, or may bypass the registers and go directly to the 
Read/Write Port. For write operations, the write address is stored in the Read/Write Port and write 
data -is stored in the Write Data Registers. 
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Figure 19. VF1 Dual-port SRAM Routing Resources 
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Memory read and write.addresses come from dedicated SRAM address buses (Figure 19). There 
are five read address lines, five write address lines, and six control lines (including global clocks) 
connected to each 32x4 memory block. The SRAM address bus is driven by VLI quad and long 
lines. Read/write data for the read/write port connect to VLI long lines. Read data from the read 
port and output enable lines connect to any VLI resources. 
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Memory Modes 

The VFl embedded memory supports six single- and dual-port synchronous and asynchronous 
read and synchronous write operations. All single-port operations use the read/write port. The 
read-only port is used for dual-port operations. All write operations are synchronous. Read 
operations may be synchronous or asynchronous. 

In dual-port operations, it is possible to read from the read port at the same time that the read/ 
write port is performing a read or write. It is also possible to access the same address 
simultaneously. If the read/write port writes to an address at the same time that the read port reads 
the address, the read port will read the old contents of the address until the next clock cycle, at 
which time the contents of the address will change to the new data. 

The mode diagrams that follow represent memory behavior and not physical memory 
implementation. The modes are: 

+ Single-port synchronous read/write (Figure 20). Both read and write operations are syn­
chronized by WRCLK. Synchronous read operations register read data on the output. 

+ Single-port synchronous write/asynchronous read (Figure 21). This operation is identical 
to the synchronous read/write except that read data is not registered on the output. 

+ Single-port synchronous write/asynchronous read, registered read address (Figure 
22). The read address is registered prior to the read/write port using a separate clock (AD­
DRCLK), rather than the WRCLK that is used for write and synchronous read operations. 

+ Dual-port synchronous read/write (Figure 23). This function adds a second read port to 
the single-port synchronous read/write operation. The read port functions identically to the read 
operations in the read/write port. 

+ Dual-port synchronous write/asynchronous read (Figure 24). In this mode the read port 
performs asynchronous reads while the read/write port performs synchronous writes or asyn­
chronous reads. 

+ Dual-port synchronous write/asynchronous read, registered read address (Figure 25). 
The read port performs registered address read operations. 

The timing diagrams in Figures 26-29 show the timing relationships for each mode. Write timing 
applies to the read/write port only, and read timing is identical for each port. 

Note: 
More detailed descriptions of these memory modes, plus detailed timing diagrams of each mode, are found in the "VFJ Dual-Port 
SRAM Architecture and Timing" Technical Note. 
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Figure 22. Single-Port Synchronous Write/Asynchronous Read, Registered Read Address 
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Figure 24. Dual-Port Synchronous Write/ Asynchronous Read 
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Figure 26. Synchronous Write Timing 
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Figure 29. Asynchronous Read Timing with Registered Read Address 
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Input/Output Blocks 

Input/output blocks (IOBs) provide an interface between the internal logic functions of the VFl 
FPGA and the remainder of the system in which the device is installed. IOBs support input and 
output functions, and interface the VFl FPGA to both 3.3V and 5V 1/0 levels. 

IOB regions lie on all four sides of the FPGA (Figure 2). Each programmable IOB includes a pad, 
input logic, and output logic (Figure 30). The input and output sections function separately from 
each other, sharing only the 1/0 pad and common Set/Reset logic. The common Set/Reset signal 
is either the VFl Global Set/Reset, or a local set/reset. 

Separate input and output enable signals allow an IOB to function as both an input pin and an 
output pin in a design. 

Figure 30. VF1 Input/Output Block (IOB) 
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Figure 31 gives a more detailed view of the programmable IOB. Both the input and output sections 
share a common set/reset signal. The set/reset may be locally-generated (LSR), or it may be the 
VFl global signal (GSR). The input and output sections use separate clocks and separate clock 
enables. 

The IOB input section includes an input buffer, input register/latch, and programmable logic to 
connect the input to appropriate interconnect lines. The input signal may either be registered or 
bypass the register. When the register is used, a delay may be inserted between the input pad and 
the register (Figure 32) to ensure zero hold time for the register when using an external clock. The 
delay is not used when an on-chip PLL generates the clock (refer to the PLL description later in 
this document). 

Input signals may be routed to long lines, to shift-connect lines, to edge-connect lines, or directly 
to VGBs via direct connect lines. The long-line connections may be permanently enabled by tying 
to Vee> disabled by tying to GND, or dynamically controlled via a locally-generated signal. Other 
connections are established when the VFl FPGA is configured. Connections are described in more 
detail following the IOB output description. 
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Figure 31. VF1 Input/Output Block 
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The IOB output section includes programmable interconnections from the VFl logic, an output 
register, and an output buffer with programmable slew rate control (Figures 31 and 32). Output 
data may come from direct connect lines, long lines, or shift-connect lines. The output may be 
permanently enabled or disabled by tying to Vee or GND, or controlled dynamically by a locally­
generated enable signal. 
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Figure 32. VF1 1/0 Buffer 

The VFl 1/0 buffer (Figure 32) offers designers a wide selection of programmable capabilities: 

+ Three-state control capability for interfacing to buses 

+ Programmable pull-up resistor for a weak high bias 

+ Programmable Bus-Friendly™ architecture to hold the last output value when the IOB goes 
into high-impedance mode 

+ Output slew rate control to reduce ringing 

+ Programmable input delay allows zero hold time from external clock 

+ IEEE 1149.1 boundary scan capability to simplify board testing 
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DlrecfConnect 
VF1ds-033 

Figure 33. 108 Interconnect 

IOBs may connect to long lines, shift-connect lines, direct-connect lines, and Edge Connect lines 
(Figure 33). Long-line connections allow any VGB anywhere in the VFl FPGA to be connected to 
IOBs. Long-line connections are made to routing resources that are perpendicular to the edge of 
the device where the IOB is located. Each IOB may connect to two long-line channels. 

Shift-connect lines give the VFl FPGA family a very powerful pin-locking capability when a design 
moves a design to either a higher or lower density VFl FPGA. Shift-connect lines expand an IOBs 
long-line connection span from two channels to four, making it much more efficient to lock pin 
assignments when shifting from one device density to another. 

Direct-connect lines connect IOBs directly with VGBs that are near the edge of the VFl FPGA. 
These are the fastest connections between logic elements and 1/0 elements. 

Edge Connect lines apply to inputs only. An IOB input section may be configured to connect to 
an Edge Connect line as well as another data line. The Edge Connect lines (two per side of the 
VFl FPGA) are used to implement input NOR functions on IOB inputs. 
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Global Interconnect and PLL 

Global signals in the VFl family include four global clocks and a global set/reset function 
(Figure 34). The Set/Reset signal input is at one corner of the VFl FPGA. The four global clock 
inputs are distributed with one CLK input at each corner. Two of the global clocks may be applied 
to embedded phase-locked loop (PLL) circuits for clock deskewing and frequency multiplication. 

CJ..K 

:CLI< 

VF1ds-034 

Figure 34. VF1 Global Interconnect 

All four global clocks have individual clock trees that distribute them throughout the VFl FPGA 
(Figure 35). These clock trees cannot be subdivided. Clocks associated with PLLs may either bypass 
the PLL circuit or may be applied to the PLL with the PLL output applied to the clock tree. In 
addition, clocks may be generated within the VFl FPGA and distributed using the global clock tree 
(the VLI input in Figure 35). · 

Maximum input frequency on any clock pin is 250 MHz. Operation at the maximum frequency 
requires certain design considerations. Refer to Vantis applications notes for guidelines on high­
frequency designs. 

From VU 

Figure 35. Global Clocks and PLL 

VF1 FPGA Family 
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PLL 

The embedded analog PLL circuits can be used to deskew clocks from one chip to another and to 
synthesize on-chip clocks using an external reference frequency (usually an external clock input). 

Systegi 
Clock 

S):stem 
Clol:k 

Nomud ('lockSk~ Situation 

Chip A 

Figure 36. Deskewing Clocks with PLLs 

Chip's 
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Clock skew from one chip to another robs a system of much of its performance by delaying the 
generation. of reliable outputs from larger chips. When a system clock is applied to two chips of 
different sizes (Figure 36), the clock will propagate through the chips at different rates. For 
example, the clock will reach flip-flop 4 in Chip A (Figure 36, upper diagrams) much sooner than 
it reaches flip-flop 8 in Chip B. Process and environmental variables also contribute to clock skew 
within a chip. 

The waveforms (Figure 37, upper waveforms) show the results of skew in the two chips. The 
dotted lines in the chip waveforms show when the system clock reaches the first flip-flop in the 
chip and when it reaches the last. The solid line shows when the clock reaches the mid-point along 
each chip's clock trunk. 

A PLL can "shift" the reference clock within a chip and reduce the time that it takes for the chip to 
generate its output. The PLL works by monitoring the reference clock and the clock signal at the 
end of the chip's clock trunk (Figure 36, lower diagrams). It then shifts the clock phase so that the 
shifted clock pulse reaches the end of each chip at the same time that the system clock reaches 
the chip input. The PLL effectively synthesizes a new clock at the same frequency as the system 
clock, but slightly shifted in phase (Figure 37, lower waveforms). 
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Figure 37. Pll Waveforms for Deskewing Clocks 

Table 4. Pll operating conditions 

Parameter Min Max 

Input clock rise time 5 

Input fall time 5 

40 60 

Input Clock Frequency with multiplication factor of 1 30 150 

Input Clock Frequency with multiplication factor of 2 16 100 

Input Clock Frequency with multiplication factor of 3 16 66 

Input Clock Stability (between adjacent clocks) 100 

Tune for PLL to acqllire lock 30 

Total jitter on PLL output (both accumulated and phase-to-phase 
500 

measures as peak-to-peak) 

Duty cycle for PLL output 40 60 

VF1ds-037 

Unit Output Frequency 

ns 

ns 

% 

MHz 30 to 150 MHz 

MHz 32 to 200Mllz 

MHz 48to 198MHz 

ps 

µs 

ps 

% 

The PLL can also be used to synthesize on-chip clocks that are multiples of the system clock 
frequency, up to a maximum of 200MHz. For example, if the system clock operates at 66MHz, the 
on-chip PLL can double the clock to 132MHz or triple it to 198MHz. If the system clock runs at 100 
MHz, the PLL can double it to 200 MHz for use within the VFl FPGA. 

Table 4 lists the PLL operating conditions. 

As shown in Table 4 (see tLOCK signal), the PLL will acquire a lock on the reference clock within 
30 µs, but it may acquire a lock much sooner. A LOCK status signal goes high when a lock is 
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acquired, so it is possible either to wait 30 µs or to test the LOCK signal to assure that the PLL has 
acquired a lock. 

Global Set/Reset 

The VFl global set/reset signal (Figure 38) may be generated externally and applied to the VFl 
FPGA via the Global Set/Reset input pin, ot it may be generated within the VFl FPGA. In addition, 
the polarity of the set/reset signal may be selected. Both of these conditions are determined at 
configuration time. 

GSJ.l 
Pad 

Design Methodology 

FtomVLI 
Figure 38. Global Set/Reset 
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Complex systems with greater than lOK gates require a sophisticated software-based design 
methodology. While a schematic-based methodology may be adequate for smaller designs, and 
sometimes for portions of larger designs, a hardware-description language (HDL) is more 
appropriate for developing complex designs. 

The Yantis design flow consists of two parts (Figure 39): 

+ Design development using third-party front-end development tools. These tools provide de­
sign entry, simulation, synthesis, and timing analysis. Designs are transferred from these tools 
to the Yantis tools in an EDIF file format. Some third-party tools can provide timing constraint 
files for use by the Yantis tools. 

+ Design implementation using Yantis physical design tools. These technology-specific tools 
provide optimization, mapping, timing calculation, and device programming. The output is a 
JEDEC bit-stream file for programming VFl FPGAs via the ]TAG port or the dedicated program­
ming port. 
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The Yantis tools include a design manager, graphical user interface, and a logic editor and viewer. 
The logic editor and viewer enable viewing and moving logic elements down to the YGB level. 

Schematic 
Entry 

HDL Capture and 
Simulation 

Logic Simulation 
and 

Timing analysis 
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3rd Party Design Tools 

I .... ;;)- Data Flow 

Figure 39. Vantis Design Methodology 
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Yantis design environment tools are timing driven, using timing constraint files that are provided 
by the third-party front-end tools (Figure 40). The Yantis tools generate timing files that can be fed 
back to the front-end tools for further simulation and timing analysis. The output of the design 
process is a configuration bitstream that is loaded a VFl FPGA during configuration. 
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Detailed descriptions of the Yantis design methodology and tools are found in the Design 
Methodology Users Manual on the software CD-ROM. 

JTAG Compatibility 

VFl family FPGA products are fully compliant with ]TAG 1149.1. They implement the following 
standard JTAG instructions: 

• BYPASS 

• SAMPLE/PRELOAD 

• EXTEST 

• HI GHZ 

• USERCODE 

• IDCODE 

• INTEST 

In addition, they implement three non-standard instructions that are used for configuring the VFl 
FPGAs through the ]TAG port. These instructions are described in the Con.figuration modes section 
that follows. 

Configuration Modes 

The VFl family of devices consists of SRAM-based reprogrammable FPGAs that are configured, or 
programmed, every time they are powered up. Configuration is the process of loading 
configuration data into the device from either a companion SPROM or a host system (Figure 41). 
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The configuration data defines the device's functionality. In addition to power-up configuration, 
VFl FPGAs can be reconfigured during operation (in-system programming) if the host system 
decides to change the device's functionality. 

The following is a general description of each configuration mode. Detailed descriptions of all 
modes and timing are contained in the VFJ Con.figuration Guide Technical Note. The Yantis VCM 
SPROM data sheet describes the companion SPROM. 

VF1 Host System or 
FPGA SP ROM 

VF1ds-041 

Figure 41. Configuring a VF1 FPGA 

The VFl FPGA family supports five configuration modes, two that use SPROMs and three that 
depend on a host processor. The modes are: 

+ Master serial mode. The VFl automatically loads its configuration data from an external serial 
PROM. 

+ Slave serial mode. When two or more VFl FPGAs in a system are loaded from the same PROM, 
the first device loaded is loaded in Master serial mode and subsequent devices are loaded in 
Slave serial mode. In this mode, the master device provides the CCLK signal to slave devices. 

+ Asynchronous peripheral mode. A host device provides configuration data a byte at a time 
in parallel to the VFl FPGA. The VFl FPGA serializes the data internally for loading. 

+ Synchronous peripheral mode. A host device provides the load clock to the VFl FPGA and 
provides byte-wide configuration data on every eighth clock pulse. 

+ }TAG mode. The VFl FPGA configuration data is loaded via the ]TAG boundary scan circuitry. 
A host, such as a microprocessor, controls loading and provides configuration data. 

Configuration modes are selected by the three mode pins, MO-M2, as shown in Table 5. 

Table 5. Configuration Mode Selection Pins 

Configuration Mode M2 M1 MO 

Master Serial 0 0 0 

Slave Serial I I I 

Synchronous Peripheral 0 I I 

Asynchronous Peripheral I 0 I 

]TAG 0 0 I 

Modes are described briefly below. The Technical Note VFJ Con.figuration Guide provides 
comprehensive guidelines. 

With the exception of the pins directly involved in configuration, all VFl 1/0 pins are in three-state 
mode during configuration. Following configuration the state of the I/0 pins is determined by the 
configuration pattern. Table 5 lists the pins that are used by the various configuration modes. 
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Master Serial 

MO (I) 

Ml (I) 

M2 (I) 

/PROGRAM (I) 

/INlT (OD) 

DON!! (OD) 

HDC (0) 

/LDC (0) 

CCLK (0) 

TOI (I) 

TCLK(I) 

TMS (I) 

TOO (0) 

DOUT (O) 

DINO (I) 

Notes: 
I = Input 
0 = Output 
OD • open Drain 
VO = Input/Output 
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Slave Serial 

MO (I) 

Ml (I) 

M2 (I) 

/PROGRAM (I) 

/INlT (OD) 

DONE (OD) 

me (O) 

/LDC (O) 

CCLK (I) 

TOI (I) 

TCLK (I) 

TMS (I) 

TOO (0) 

DOUT (O) 

DINO (I) 

PRELIMINARY 

Table 6. Pins Used in Configuration Modes 

Synchronous Asynchronous 
Peripheral Peripheral JTAG User Operation 

MO (I) MO (I) MO (I) (J/O)/RTRIG 

Ml (I) Ml (I) Ml (1) (J/O)/RDO 

M2 (I) M2 (I) M2 (I) (J/O) 

/PROGRAM (I) /PROGRAM (I) /PROGRAM (I) /PROGRAM (I) 

/INlT (OD) /INlT (OD) /INlT (OD) (J/O) 

DONE (OD) DONE (OD) DONE (OD) DONE (OD) 

me (O) HLC (0) (J/O) 

/LDC (O) /LDC (O) (J/O) 

CCLK (I) CCLK (O) CCLK (I) 

TOI (I) TD! (I) TOI (I) TOI (I) 

TCLK (I) TCLK (I) TCLK (I) TCLK (I) 

TMS (I) TMS (I) TMS (I) TMS (I) 

TOO (0) TOO (0) TOO (0) TOO (0) 

DOUT (O) Dour (o) (J/O) 

DINO (I) DINO (I) (J/O) 

DINI (I) DINI (I) (J/O) 

DIN2 (I) DIN2 (I) (J/O) 

DIN3 (I) DIN3 (I) (J/O) 

DIN4 (I) DIN4 (I) (J/O) 

DIN5 (I) DIN5 (I) (J/O) 

DIN6 (I) DIN6 (I) (J/O) 

DIN7 (I) DIN7 (I) (J/O) 

RDY/(/BUSY) (0) RDY/(IBUSY)(O) (J/O) 

/CSO (I) (J/O) 

CSl (I) (J/O) 

/WS (I) (J/O) 

/RS (I) (J/O) 
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Functions of the configuration mode signals are described below. Refer to the individual mode 
descriptions that follow for timing relationships of these signals. 

MO/RTRIG 
M1/RDO 
M2 

/PROGRAM 

/INIT 

DONE 

HOC 

/LDC 

CCLK 

Three multiplexed 1/0 pins that select the configuration mode. During configuration, these pins are input pins and are sampled 
right after initialization to determine the configuration mode. In normal mode, MO and Ml can be used as RTRIG and RDO for non­
JTAG read-back. 

A dedicated input pin that initiates configuration. A low level clears the configuration memory and puts the device into a WAIT 
state. The MODE pins are sampled. A low-to-high transition clears the configuration memory once more and starts the configuration 
process. If this pin is high during power up, the device will skip the WAIT state after clearing the configuration memory and will go 
directly into configuration mode. 

A multiplexed 1/0 pin that indicates initialization status. During device configuration /INIT is an open-drain status pin that can 
also be used to reset the serial EPROM for a Master device. A low /!NIT when /PROGRAM is high indicates initialization is not complete 
and the device is not ready to receive data for configuration. Tying all the /!NIT pins from different devices together ensures the Master 
device does not start configuration until all slave devices are initialized. For non-JTAG configuration modes, holding the /!NIT pin low 
externally will delay configuration. 

A dedicated open drain pin that signals when configuration is done. A low output indicates the device is in configuration. A 
high output indicates configuration is done and all the I/Os will be enabled. For non-JTAG configuration modes, enabling of all the I/Os 
in different devices can be synchronized by tying all the DONE pins together. 

A multiplexed 1/0 status pin that is Low During Configuration. 

A multiplexed 1/0 status pin that is Low During Configuration. 

A dedicated 1/0 pin for configuration clock input or output. In the Master mode, this pin is the clock output from an internal 
oscillator that drives the serial EPROM and Slave VF! FPGAs. In the Slave mode and Synchronous Peripheral mode, this pin receives a 
clock from the Master VF! FPGA or from a host source. 

TOI. TCLK, TMS, TOO IDI, TCLK, and TMS are dedicated input pins; mo is a dedicated output pin. These pins are used for JTAG boundary scan 
functions and for programming VF! FPGAs in ]TAG mode. 

DOUT A multiplexed 1/0 pin to pass configuration data from the first VFl FPGA in a chain to subsequent devices. During 
configuration, this is an output pin for sending DIN data to daisy-chained devices. 

DI NO-7 Seven multiplexed 1/0 pins for byte-wide data input. During Synchronous and Asynchronous Peripheral modes, these input pins 
receive parallel configuration data. 

ROY /(/BUSY) A multiplexed 1/0 Ready or Busy status pin. This pin indicates when it is appropriate to write another byte of data into the VFl 
FPGA during Peripheral mode configuration. In Asynchronous peripheral mode, the pin is high (RDY) when the VF! is ready to receive 
data, and it is low (/BUSY) when the VF! is processing the last byte it received. In Synchronous peripheral mode, the signal is normally 
low and goes high for one CCLK period to acknowledge the receipt of a byte of configuration data. 

/CSO, CS 1, /WS, /RS Multiplexed 1/0 pins. These four inputs are used in Asynchronous Peripheral mode. The chip is selected when /CSO is low and CS I 
is high. While the chip is selected, a low on/WS loads the data on DIN [0:7] into the internal data register. A low on /RS changes DIN7 
into a status pin that outputs the same signal as the RDY/(/BUSY) pin. 
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MO M1 M2 Vee Vee 

VF1 MASTER 
VCM 

DIN 0-714-+---+--1SDATA 

CCLK SCLK 

DONE CS 

INIT OE/RESET 
VFlds-042 

Figure 42. Master Serial Mode 

Master Serial Mode 

In Master serial mode, configuration data is loaded automatically from a serial PROM into the VFl 
FPGA (Figure 42). On power-up, or when a PROGRAM command is received, both the /INIT signal 
and the DONE signal from the VFl FPGA go low, generating /CE and /RESET signals to the serial 
EEPROM. 

The /INIT signal goes high, enabling the output of the EEPROM. The VFl FPGA generates the 
configuration clock, CCLK, and applies it to the EEPROM. CCLK clocks the configuration data out 
of the EEPROM and clocks it into the VFl FPGA. 

If two or more EEPROMs are required to hold the configuration data, the first EEPROM pulls its 
/CASOUT signal low when it has loaded its last data bit, enabling the second EEPROM to provide 
subsequent configuration data. The loading continues until the VFl FPGA is fully configured at 
which time DONE goes high, halting the configuration process. 

Configuration can also be initiated by the /PROGRAM command. 

Both /INIT and DONE are open-collector drivers that require external pull-up resistors. 

Slave Serial Mode 

Slave serial mode is normally used when two or more VFl FPGAs are configured in a daisy chain 
(Figure 43). In Figure 43 first VFl FPGA in the chain is configured as a Master and all following 
devices are slaves. Two SPROMs are shown to illustrate how they may be cascaded to provide 
adequate storage for multiple configuration bitstreams. The Master VFl FPGA generates the CCLK 
configuration clock for all devices in the chain as well as for the SPROMs. 
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Figure 43. Slave Serial Mode 

Configuration starts and proceeds the same as in Master serial mode until the Master device is 
loaded. At that point, the Master transmits subsequent configuration data out on its DOUT pin. 
That data goes to the DIN pin of the second device. When that device is loaded, it transmits 
subsequent data on its DOUT pin to the third device. This process continues until all VFl FPGAs 
in the chain have been configured. 

Figure 43 shows VFl slave-mode devices following a master-mode device. This is not the only case 
in which slave-mode configuration is used. It may also be used following VFl FPGAs configured 
in Synchronous or Asynchronous peripheral modes, or when a host system configures a VFl FPGA 
directly in serial mode. 

Asynchronous Peripheral Mode 

Asynchronous Peripheral mode is used to load one or more VFl FPGAs with byte-wide data from 
a microprocessor bus (Figure 44). The VFl FPGA serializes each byte internally, so this mode offers 
no speed advantage over serial modes. Data transfer is made on the trailing edge of the logical 
AND of signals /WS and /CSO being low and /RS and /CSl being high. Chip select signals can be 
cycled or mainta.ined at a static level during the configuration process. Each byte of data is written 
into the VFl FPGA's DIN (7:0] input pins. 
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Vee Vee 
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PERIPHERAL RS 

DIN0-7 

DONE 
Host System 

INIT 

ROY/BUSY 

PROGRAM 

DOUT CCLK 
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DINO CCLK 
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VF1 SLAVE 

INIT I---
PROGRAM VF1ds-044 

Figure 44. Asynchronous Peripheral Mode 

When two or more VFl FPGAs are daisy-chained for configuration, the lead device loads itself first 
and then it presents serial configuration data on its DOUT pin. It also generates the CCLK clock 
signal to control shifting of data into subsequent slave-mode devices in the daisy chain. 

The RDY/UBUSY) status output indicates when another byte can be loaded from the host system. 
A high indicates that the VFl FPGA is ready to receive another byte, while a low indicates that it 
cannot accept a byte. The length of the low signal will vary depending on the shifting status of 
previously loaded bytes. In addition to appearing on its status pin, the RDY /UBUSY) signal can be 
multiplexed on the DIN7 pin by setting chip select pin /WR high and setting pin /RD low. 

Synchronous Peripheral Mode 

In Synchronous Peripheral mode, a host system presents byte-wide data over a microprocessor 
bus and controls shifting of that data by inputting a clock signal to the VFl FPGA's CCLK pin 
(Figure 45). The first data byte is clocked into the VFl FPGA on the rising edge of the second CCLK 
pulse after /INIT goes high. Bytes are then clocked in on every eighth CCLK pulse. In this mode, 
the RDY /UBUSY) signal acknowledges the loading of the byte by going high for one CCLK period 
on the same clock that loaded the byte. CCLK must remain active after the last byte is loaded to 
complete the shifting. 
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Figure 45. Synchronous Peripheral Mode 

Synchronous Peripheral mode can be used in daisy-chain configurations. The first VFl FPGA in 
the chain loads itself, and then presents serial data on its DOUT pin for loading into the following 
devices in the chain. CCLK is applied in parallel to all devices from the host system. The data 
appears on DOUT 1.5 cycles after it is loaded in parallel, which means that DOUT changes on a 
falling CCLK edge and the next VFl FPGA loads data on the next rising edge. 

JTAGMode 

In ]TAG mode, VFl FPGAs are configured using the ]TAG pins TCLK, TMS TDI, and TDO. Three 
additional ]TAG instructions support ]TAG configuration mode: 

+ PROG_MODE. This instruction places the VFl FPGA in programming mode. 

+ PROGRAM. Once the VFl FPGA is in programming mode, this instruction shifts configuration 
data into the VFl FPGA. 

+ VERIFY. After configuration this instruction is used to read back all configuration, VGB and 
1/0 flip-flops, and embedded SRAM bits in the device. 

A host system such as a microprocessor controls the configuration of the VFl FPGA or devices and 
supplies configuration data. The host also provides the configuration clock. 
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Figure 46. JTAG Mode 
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If two or more VFl FPGAs are to be configured, they are arranged in a daisy chain with all devices 
selected for JfAG mode configuration (Figure 46). Data is applied to the TDI pin of the first device 
and the TDO pin of that device is connected to the TDI pin of the next device. The TMS and TCLK 
signals from t:he host are applied to all VFl FPGAs in parallel. 

In-System Programming 

A VFl FPGA is normally loaded with a configuration program when its host system is powered 
up. As described in the section above, this is often accomplished by loading the program from a 
separate SPROM. In the case of the Yantis VFl family, the program may also be loaded through 
the JfAG port or the dedicated programming port. 

The typical FPGA, however, is part of a larger system that includes a microprocessor. The system 
design can often be simplified by having the microprocessor, rather than a separate serial PROM, 
configure the VFl FPGA. The microprocessor can configure the VFl FPGA using host-driven Slave 
mode, Asynchronous Peripheral mode, Synchronous Peripheral mode, or JfAG mode. In most 
applications, JfAG mode will be used. 

Using a host microprocessor to load the VFl FPGA simplifies making design changes or installing 
ECOs after the device has been installed in a system. The new configuration program can simply 
be loaded into the microprocessor and then loaded into the VFl FPGA, eliminating the need to 
swap PROMs or any other physical part of the system. It also allows dynamic changing of system 
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functionality by allowing multiple configuration programs to reside in the host system and be 
loaded into the VFl FPGAs as needed. 

Core Program 

Yantis plans to offer high-value, reusable cores as part of its VFl family. The first cores in this 
program are PCI cores that support both the 33MHz and 66MHz standards. Detailed information 
will be published later. 
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ORDERING INFORMATION 

Yantis YF1 Series FPGAs 

YANTIS FP_G_A ________ T_Y_F_J
1 r036 

A 

M AH C 1 

FAMILY _ 
= 1000 sereis family 

GATE COUNT 
012 = 12K 
020 = 20K 
025 = 25K 
036 = 36K 

SUPPLY YOLTAG..__ ____________ __. 

A = 3.3V 

EMBEDDEDFUNCTIO.,._ ______ --..,... _____ __, 
M =Memory 

lECHNICAL SPECIFICATIONS 

TSPEED 
1 = Speed grade 1 (Slowest) 
2 = Speed grade 2 

OPERATING CONDITIONS 
C = Commercial (0°C to + 70°C) 

= Industrial (-40 °C to +85 °C) 

~-- PACKAGE TYPE 
Ball Grid Array (BGA) 
AH = 256, AM= 352 
Plastic Quad Flat Pack (PQFP) 
YO = 160, YS=208, YT=240 
Thin Quad Flat Pack (TQFP) 
VN = 144 

The following pages contain preliminary technical specifications for the VFl family. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to + 150°C 

Device Junction Temperature ............... +120°C 

Supply Voltage with Respect to 
Ground ....................... -0.5 V to +4.0 V 

DC Input Voltage .................. -0.5 to 5.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2000 V 

Latchup Current C0°C to + 70°C ) ........... 200 mA 

Note: 
Stresses above those listed under Absolute Maximum Ratings 
may cause permantent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi­
mum Ratings for extended periods may affect device reliability. 

DC CHARACTERISTICS 
Parameter Parameter Description 

Vm Input High Voltage 

VIL Input Low Voltage 

lm1 Input High Leakage Current (Vm = Max Vee= 3.6V) 

JILi Input Low Leakage Current (Vin = OV) 

l1m Input High Leakage Current with Pull Up (Vm =Max Vcc=3.6V) 

In.2 Input Low Leakage Current with Pull Up (Vin = OV) 

OPERATING RANGES 
Ambient Temperature CT A) Operating 
in Free Air . . . . . . . . . . . . . . . . . . . . . . 0°C to + 70°C 

Supply Voltage CV cc) with 
Respect to Ground. . . . . . . . . . . . . . +3.0 V to +3.6 V 

Note: 
operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Min Max Unit 

2.0 v 
0.8 v 
10.0 pA 

-10.0 pA 

10.0 pA 

-100.0 pA 

lm3 Input High Leakage Current with Bus Friendly (Vin = Max V cc= 3.6V) 10.0 pA 

IIL3 Input Low Leakage Current with Bus Friendly (Vin = OV) -10.0 pA 

Von Output High Voltage @ Ion = -4.0mA (LVTTL) (Vee = 3.0V) 2.4 v 
Output High Voltage @ Ion = -500uA (LVCMOS) (Vee = 3.0V) 0.9Vee v 

Vm Output Low Voltage @ ioL = 12.0mA (LVTTL) (Vee = 3.0V) 0.4 v 
Output Low Voltage@ ioL = l.5mA (LVCMOS) (Vee= 3.0V) O.lVcc v 

loZu1 Off State Output Leakage with Bus High 10.0 pA 

ioZLI Off State Output Leakage with Bus Low -10.0 pA 

lozu2 Off State Output Leakage with Bus High (Pull Up) (Note 1) 10.0 pA 

ioZJ.2 Off State Output Leakage with Bus Low (Pull Up) (Note 1) -100.0 pA 

loZ113 Off State Output Leakage with Bus High (Bus Friendly) 10.0 pA 

loZL3 Off State Output Leakage with Bus Low (Bus Friendly) -10.0 pA 

Is!; Output Short Circuit Current (Vout = 0.SV) (Vee= Max Vee = 3.6V) 300.0 mA 

Slcc Standby Supply Current (Nominal V cc) 6.0 mA 

Notes: 
1. fTAG and dedicated configuration pins have only Pull Up option. 

2. Usage of PU adds 20mA per PU to the dynamic Ice· 
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AC CHARACTERISTICS 

The following tables contain preliminary AC timing parameters for the VFl FPGA family. It is 
recommended that the timing analysis tools in Yantis' DesignDirect software be used to calculate 
timing for a design. However, the following tables can be used to develop approximate delays for 
small circuits. Interconnect delays and interconnect driver delays are not included in these tables. 
Timing information will be updated as final characterization is done. The latest timing information 
is published on the Yantis Web site (www.vantis.com). 

Input AC Parameters 

108 General Input Delays 
Parameter Parameter Description Test Conditions -1 -2 Unit 

tlN IOB Standanl Input Delay 0.9 0.7 ns 

looi. IOB Transparent Input Latch Delay without Delay 1.5 1.2 ns 

tlNXID IOB Transparent Input Latch Delay with Delay IOB to Direct Connect to CBB 4Wr 6.4 5.3 OS 
< 

~ Input Long Line Enable Tune 1.8 1.5 ns 

tlU.BR Input Long Line Disable Tune 2.4 2.0 ns 

108 Input Set/Reset Delays 
Parameter Parameter Description -1 -2 Unit 

tISRGO IOB Input Register (Latch) Global Set/Reset -+ Interconnect lines 1.5 1.2 ns 

lrsm.o IOB Input Register (Latch) Local Set/Reset -+ Interconnect Lines 2.4 2.0 ns 

tlSllGKOC IOB Input Register (Latch) Global Set/Reset Recovery Tune 0.5 0.4 ns 

'- IOB Input Register (Latch) Local Set/Reset Recovery nme 1.0 0.8 OS 

108 Input Register (Latch) Global Clock (Gate) Delays 
Parameter Parameter Description -1 -2 Unit 

tlRLGS IOB Input Register (Latch) Global Clock (Gate) Setup Tune WlthoutDelay 0.0 0.0 ns 

mmi IOB Input Register (Latch) Global Clock (Gate) Hold Tune Without Delay 0.8 0.6 ns 

lmwsD IOB Input Register (Latch) Global Clock (Gale) Setup Tune With Delay 5.0 4.1 ns 

lou.GIID IOB Input Register (Latch) Global Clock (Gate) Hold Tune With Delay 0.0 0.0 ns 

lmtGCo IOB Input Register (Latch) Global Clock (Gate) -+Interconnect Lines 1.8 1.5 ns 

t1RJ.GCl!S IOB Input Register (Latch) Global Clock Enable Setup nme 0.9 0.7 ns 

t1111.GCl!ll IOB Input Register (Latch) Global Clock Enable Hold Tune 0.0 0.0 ns 

108 Input Register (Latch) Local Clock (Gate) Delays 
Parameter Parameter Description -1 -2 Unit 

t1RIJ.S IOB Input Register (Latch) Local Clock (Gate) Setup Tune Without Delay 0.0 0.0 ns 

t1RW1 IOB Input Register (Latch) Local Clock (Gate) Hold Time Without Delay 1.8 1.5 ns 

lnuoo IOB Input Register (Latch) Local Clock (Gate) Setup Tune With Delay 4.0 3.3 ns 

tlRWID IOB Input Register (Latch) Local Clock (Gate) Hold nme With Delay 0.0 0.0 ns 

tlRLLCO IOB Input Register (Latch) Local Clock (Gate)-+ Interconnect Lines 2.8 2.3 ns 
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108 Input Register (Latch) Local Clock (Gate) Delays (Continued) 
Parameter Parameter Description -1 -2 Unit 

tlRIJ.CES JOB Input Register (Latch) Local Clock Enable Setup 1ime 0.0 0.0 ns 

lnu.1.CEH JOB Input Register (Latch) Local Clock Enable Hold 1ime 0.8 0.6 ns 

Output AC Parameters 

108 General Output Delays 
Parameter Parameter Description Test Conditions -1 -2 Unit 

lour JOB Standard Output Delay to Pad 4.0 3.3 ns 

loEA Output Buller Enable 1ime 
CBB 4LUT Direct Connect to JOB 

4.5 3.7 ns 

loHR Output Buller Disable 1ime 6.2 5.1 OS 

lsi.w Output Buller Slow Slew Rate Adder 1.8 1.5 ns 

108 Output Set/Reset Delays 
Parameter Parameter Description -1 -2 Unit 

loRSRGO JOB Output Register Global Set/Reset -+ Pad 4.1 3.4 ns 

loRSRLQ JOB Output Register Local Set/Reset -+ Pad 5.1 4.2 OS 

loR<iRHC JOB Output Register Global Set/Reset Recovery 1ime 0.5 0.4 ns 

loRI.REc JOB Output Register Local Set/Reset Recovery 1ime 1.0 0.8 ns 

108 Output Register Global Clock Delays 
Parameter Parameter Description -1 -2 Unit 

loRGS JOB Output Register Global Clock Setup 1ime 0.4 0.3 ns 

loR<iH JOB Output Register Global Clock Hold 1ime 0.4 0.3 ns 

loRGCO JOB Output Register Global Clock -+ Pad 4.5 3.7 ns 

loRGCES JOB Output Register Global Clock Enable Setup 1ime 1.0 0.8 ns 

loRGCEH JOB Output Register Global Clock Enable Hold 1ime 0.0 0.0 ns 

108 Output Register Local Clock Delays 
Parameter Parameter Description -1 -2 Unit 

loRIS JOB Output Register Local Clock Setup 1ime 0.0 0.0 ns 

loRIJI JOB Output Register Local Clock Hold 1ime 1.4 1.1 ns 

tom.co JOB Output Register Local Clock -+ Pad 5.4 4.5 ns 

loRI.CES JOB Output Register Local Clock Enable Setup 1ime 0.0 0.0 OS 

loRLCEH JOB Output Register Local Clock Enable Hold 1ime 0.8 0.6 ns 
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CBB AC Parameters 

Combinatorial Configurable Building Block (CBB) Delays 
Parameter Parameter Description Test Conditions -1 -2 Unit 

t51UT CBB Input-+ WT -+ CBB Output (3-LUT) 2.2 1.8 ns 

t41m CBB Input-+ LUT -+ CBB Output ( 4-LUT) 3.2 2.6 ns 

lsLUT CBB Input-+ LUT -+ CBB Output (5-LUT) JOB to Direct Connect to CBB to Direct 3.6 3.0 ns 

liiLUT CBB Input-+ LUT-+ CBB Output (6-LUT) Connect to JOB 5.8 4.8 ns 

lwG CBB Input-+ LUT-+ CBB Output (Wide Gate) 4.1 3.4 ns 

tVFP CBB 3LUT Feedthrough 2.1 1.7 ns 

Registered Configurable Building Block (CBB) VGB Global Clock Delays 
Parameter Parameter Description -1 -2 Unit 

t3LUTGS CBB Input -+ VGB Global Clock Setup Time (3-LUT) 1.2 1.0 ns 

t4LUTGS CBB Input-+ VGB Global Clock Setup Time ( 4-LUT) 2.2 1.8 ns 

t5LUTGS CBB Input-+ VGB Global Clock Setup Time (5-LUT) 2.6 2.1 ns 

liiLUTGS CBB Input -+ VGB Global Clock Setup Time ( 6-LUT) 4.7 3.9 ns 

twGGs CBB Input -+ VGB Global Clock Setup Time (Wide Gate) 3.0 2.5 ns 

t3LUTGH CBB Input -+ VGB Global Clock Hold Time (3-LUT) 0.0 0.0 ns 

t4LUTGH CBB Input -+ VGB Global Clock Hold Time ( 4-LUT) 0.0 0.0 ns 

t5LUTGH CBB Input-+ VGB Global Clock Hold Time (5-LUT) 0.0 0.0 ns 

liiLUTGH CBB Input-+ VGB Global Clock Hold Time (6-LUT) 0.0 0.0 ns 

twGGH CBB Input-+ VGB Global Clock Hold Time (Wide Gate) 0.0 0.0 ns 

tvGCo VGB Global Clock -+ CBB Output 1.8 1.5 ns 

!vGCES VGB Global Clock Enable Setup Time 0.5 0.4 ns 

tvGCEH VGB Global Clock Enable Hold Time 0.4 0.3 ns 

tvGSR VGB Global Set/Reset-+ CBB Output 1.4 1.1 ns 

lvGREC VGB Global Set/Reset Recovery Time 0.3 0.2 ns 

Super VGB Control Signals 
Parameter Parameter Description -1 -2 Unit 

tVFF VGB Feedthrough 1.1 0.9 ns 

lsDEA Shared Driver Enable Time 2.4 2.0 ns 

lsDER Shared Driver Disable Time 2.8 2.3 ns 
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Registered Configurable Building Block {CBB) VGB Local Clock Delays 
Parameter Parameter Description -1 -2 Unit 

t3LUTLS CBB Input -+ VGB Local Clock Setup Time (3-LUT) 0.5 0.4 ns 

t4wns CBB Input-+ VGB Local Clock Setup Time ( 4-LUT) 1.4 1.1 ns 

tsum.s CBB Input-+ VGB Local Clock Setup Time (5-LUT) 1.8 1.5 ns 

16w11.s CBB Input -+ VGB Local Clock Setup Time ( 6-LUT) 4.0 3.3 ns 

twGLS CBB Input-+ VGB Local Clock Setup Time (Wide Gate) 2.3 1.9 ns 

t3LUTLH CBB Input -+ VGB Local Clock Hold Time (3-LUT) 0.0 0.0 ns 

t4LUTLH CBB Input -+ VGB Local Clock Hold Time ( 4-LUT) 0.0 0.0 OS 

t5LUTLH CBB Input-+ VGB Local Clock Hold Time (5-LUT) 0.0 0.0 OS 

16LUTLH CBB Input -+ VGB Local Clock Hold Time ( 6-LUT) 0.0 0.0 OS 

twGLH CBB Input-+ VGB Local Clock Hold Time (Wide Gate) 0.0 0.0 OS 

tvtco VGB Local Clock -+ CBB Output 2.4 2.0 ns 

tVLCES VGB Local Clock Enable Setup Time 0.0 0.0 ns 

tVLCEH VGB Local Clock Enable Hold Time 1.0 0.8 OS 

tVLSR VGB Local Set/Reset -+ CBB Output 2.0 1.6 OS 

tVLREC VGB Local Set/Reset Recovery Time 0.0 0.0 ns 

VGB Carry Logic AC Parameters 

VGB Combinatorial High Speed Carry Logic 
Parameter Parameter Description Test Conditions -1 -2 Unit 

'oPSUM Operand/Control Input -+ Sum Logic Output -+ CBB Output 2.6 2.1 ns 

'oPCARRY Operand/Control Input -+ Carry Logic Output Direct Connect to CBB 3LUT 2.1 1.7 ns 

fo;UM Carry Logic Input -+ Sum Logic Output -+ CBB Output Carry Logic 1.0 0.8 ns 

lcCARRY Carry Logic Input -+ Carry Logic Output 0.4 0.3 ns 

VGB Registered Global Clock High Speed Carry Logic 
Parameter Parameter Description -1 -2 Unit 

'orGS Operand/Control Input -+ Sum Logic -+ VGB Global Clock Setup Time I.6 1.3 OS 

'oPGH Operand/Control Input -+ Sum Logic-+ VGB Global Clock Hold Time 0.0 0.0 OS 

lcGS Carry Logic Input -+ Sum Logic -+ VGB Global Clock Setup Time 0.0 0.0 OS 

lcGH Carry Logic Input -+ Sum Logic -+ VGB Global Clock Hold Time 0.6 0.5 OS 

VGB Registered Local Clock High Speed Carry Logic 
Parameter Parameter Description -1 -2 Unit 

'oPLS Operand/Control Input -+ Sum Logic -+ VGB Local Clock Setup Time 0.9 0.7 OS 

'oPLH Operand/Control Input-+ Sum Logic -+ VGB Local Clock Hold Tnue 0.0 0.0 OS 

lcLS Carry Logic Input -+ Sum Logic -+ VGB Local Clock Setup Time 0.0 0.0 OS 

lcLH Carry Logic Input -+ Sum Logic -+ VGB Local Clock Hold Time 1.2 1.0 OS 
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VF1 FAMILY PACKAGE PIN LISTS 

VFl family FPGA devices are available in five package types as listed in the table below. Pin lists 
for each package type and VFl family device follow the table. The pin lists are arranged by 
package type and are sorted by signal type and name. 

Within a given package, certain common signals appear on the same pins regardless of the VFl 
FPGA in the package. For example, the VF1012, VF1020, VF1025, and VF1036 devices are available 
in the 256 BGA package. The SET/RESET signal, all CLKx inputs, ]TAG interface signals, and all 
configuration signals appear on the same pins in the 256 BGA package for every member of the 
family. These common signals are listed at the beginning of each package type. These are followed 
by JOB (Input/Output Block) pin lists. JOB placement varies by family member within a single 
package type. 

Each pin list includes a specification drawing of the package. 

VF1 Family Package Options/Total Pins 
Package VF1012 VF1020 VF1025 VF1036 

352 BGA 244 292 

256 BGA 172 208 208 208 

208 PQFP 168 168 168 168 

160 PQFP 128 128 

144TQFP 112 
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352 BGA PACKAGE 

At CORNER 
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Vantis Package Type & Leadcount 
(JEDEC Drawing Number) 

BGD352 

Dimension (M0·151(B)/BAR·2) 

Codes Min Max 

A 1.10 1.65 

Al 0.50 0.70 

A2 0.60 0.95 

A3 0.15 0.45 

D,E 35.00 BASIC 

Dl, El 31.75 BASIC 

M 26x 26 

N 352 

MR 4 

e 1.27 BASIC 

b 0.60 0.90 

p 20.4 21.2 

s 0.635 BASIC 
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BOTIOM VIEW 
(DIE SIDE) 

Note 

overall thickness 

ball height 

body thickness 

seating plane clearance 

body size 

ball footprint 

ball matrix size 

total ball count 

number of rows deep 

ball pitch 

ball diameter 

encapsulation area 

solder ball placement 

El 
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352 BGA Common Signals (VF1025, VF1036) 

Group Signal Pin 

SET!RF.5ET DI 

cum B4 

Clock Inputs CLKI D25 

CLK2 AF23 

CLK3 AC! 

TD! D26 

TMS D2 
}TAG Interface 

TDO AE4 

TCLK A4 

PROGRAM 823 

Configuration, Dedicated DONE AC25 

CCLK AF4 

HDC E26 

/LDC E23 

/INIT E24 

MO E25 

Ml F26 

M2 AB26 

/CSO AB25 

CSl AB24 

IRS AB23 

IWS AC26 
Configuration, Multiplexed 

RDY/(/BUSY) AC2 

DOUT AB! 

D7 AB4 

D6 AB3 

D5 AB2 

D4 F4 

D3 El 

D2 E2 

DI E3 

DO E4 

Yee (17) C3, AC3, C4, AC4, C23, AC23, C24, AC24, D3, AD3, D4, AD4, D13, AD23, D23, AD24, D24 

Power Pins Al, 826, AEI, A2, Cl, AE2, A3, C2, AE3, A24, C25, AE24, A25, C26, AE25, A26, NI, 
GND (35) AE26, Bl, P26, AFl, 82, ADI, AF2, 83, AD2, AF3, 824, AD25, AF13, 825, AD26, AF24, 

AF25, AF26 
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352 BGA INPUT/OUTPUT BLOCKS (VF1025, VF1036) 

Signal VF1025 VF1036 Signal VF1025 VF1036 Signal VF1025 VF1036 Signal VF1025 VF1036 Signal VF1025 VF1036 Signal VF1025 VF1036 

!OBI AS AS !OBS! 020 017 IOBIOI V2S M26 IOBISI AEIS AE21 IOB201 V4 AF8 IOB2Sl P2 

IOB2 DS DS IOBS2 A21 AIB 108102 V24 M2S 1081S2 ADIS AC21 IOB202 U1 AE8 108252 P3 

IOB3 C5 C5 108S3 821 818 !08103 V23 M24 1081S3 AC15 AD21 108203 U2 AD8 IOB253 P4 

1084 BS 85 IOB54 C21 CIB !08104 W26 M23 1081S4 AF14 AF20 !08204 U3 ACS I082S4 N2 

IOBS A6 A6 IOB5S D'll DIS !08105 W25 N26 !081S5 AE14 AE20 !08205 U4 AF7 1082SS N3 

!086 86 86 !0856 A22 A19 IOB!o6 W24 N2S 1081S6 ADl4 AD20 IOB2o6 Tl AE7 108256 N4 

1087 D6 D6 I08S7 B22 819 !08107 W23 N24 1081S7 ACl4 AC20 !08207 T2 AD7 1082S7 Ml 

IOBB C6 C6 !08SB C22 C19 108108 Y26 N23 108!S8 AE13 AF19 10820B T3 AC7 1082S8 M2 

1089 A7 A7 10BS9 022 019 108109 Y2S P2S IOBIS9 ADl3 AE19 !08209 T4 AF6 IOB2S9 M3 

IOBlO 87 87 10B6o A23 A20 !08110 Y24 P24 108160 AC13 AD19 108210 RI AE6 10B26o M4 

IOBll LI C7 10861 E26 B20 IOBlll Y23 P23 108161 AF12 ACl9 !08211 R2 AD6 !08261 LI 

IOBl2 D7 D7 10862 E23 C20 !08112 AA26 R26 108162 AEl2 AFIB !08212 R3 AC6 !08262 L2 

!0813 AB AB 10863 E24 020 !08113 AA2S R25 108163 AD12 AEIB 108213 R4 AF5 108263 13 

10814 BB BB 10864 E2S A21 !08114 AA24 R24 108164 ACl2 ADIB !08214 Pl AES 108264 L4 

!OBIS C8 C8 10865 F26 B21 IOBllS AA23 R23 10816S AFll ACIB !08215 P2 AD5 108265 Kl 

!0816 Dll DB !0866 F2S C21 108116 AB26 T26 108166 AE8 AF17 108216 P3 ACS 10B266 K2 

10817 A12 A9 !0867 F23 D21 108117 A825 T25 lOBl67 AD8 AEl7 !08217 P4 AC2 108267 K3 

I081B 812 89 !0868 F24 A22 IOBllB AB24 T24 10816B AC8 AD17 !0821B N2 AB! !08268 K4 

!0819 C12 C9 !0869 G26 822 108119 AB23 T23 lOB169 AF7 AC17 108219 N3 AB4 IOB269 JI 

!0820 Dl2 D9 !0870 G2S C22 108120 AC26 U26 108170 AE7 AF16 108220 N4 AB3 108270 J2 

10821 A13 AIO !0871 G24 D22 !08121 AE23 U25 !08171 AD7 AEl6 IOB221 Ml AB2 108271 J3 

!0822 813 BIO 10872 G23 A23 108122 AF22 U24 108172 AC7 ADl6 108222 M2 AA! !08272 J4 

!0823 Cl3 CIO 10873 H26 E26 108123 AC22 U23 108173 AF6 AC!6 108223 M3 AA2 108273 HI 

!0824 At4 DIO 10874 H2S E23 !08124 AD2Z V26 108174 AE6 AFIS !08224 M4 AA4 10B274 H2 

IOB2S Bt4 All 10875 H24 E24 IOB12S AE22 V2S l0817S AD6 AEIS l0822S LI AA3 !08275 H3 

IOB26 Ct4 Bil IOB76 1.23 E25 IOB!26 AF21 V24 IOB176 AC6 ADIS IOB226 H2 YI !08276 H4 

IOB27 D14 Ctt IOB77 M26 F26 108127 AE21 V23 IOB177 AFS AC15 lOB227 H3 Y2 !08277 GI 

IOB28 AIS Dll 10878 M2S F25 IOBl2B AC21 W26 IOB17B AE5 AF14 IOBZ2B H4 Y3 IOB27B G2 

IOB29 B15 A12 IOB79 M24 F23 10Bl29 ADZ! W25 IOBl79 AD5 AE14 IOBZ29 Gt Y4 108279 G3 

IOB30 C15 Bl2 10880 M23 F24 IOBl30 AF20 W24 108180 ACS ADl4 108230 G2 WI !08280 G4 

!0831 DIS C12 10BBI N26 GZ6 !08131 AE20 W23 108181 AC2 AC14 108231 G3 W2 !08281 Fl 

IOB32 Al6 012 IOBB2 N25 G25 lOB132 AD20 Y26 !08182 AB! AE13 IOB232 G4 W3 IOB282 F2 

IOB33 816 A13 lOBB3 N24 G24 108133 AC20 Y25 !08183 AB4 ADl3 108233 Fl W4 108283 F3 

!0834 Cl6 813 10884 N23 G23 !08134 AF19 Y24 !08184 AB3 AC13 108234 F2 VI 108284 F4 

!0835 016 C13 lOBB5 P25 H26 108135 AE19 Y23 10818S AB2 AF12 !08235 F3 V2 I0828S El 

!0836 Al7 Al4 10886 P24 H25 !08136 AD19 AA26 !08186 AAI AE12 !08236 F4 V3 108286 E2 

10837 817 814 IOBB7 P23 H24 !08137 ACl9 AA2S !08187 AA2 AD12 !08237 El V4 !08287 E3 

!0838 Ct7 Ct4 10888. R26 H23 108138 AFIB AA24 108188 AA4 AC12 108238 E2 Ut 108288 E4 

!0839 017 014 IOBB9 R25 ]26 !08139 AEIB AA23 108189 AA3 AFll !08239 E3 U2 

!0840 AIB Al5 10890 R24 J25 !08140 ADIB AB26 !08190 YI AEll !08240 E4 U3 

!0841 818 815 IOB91 R23 J24 !08141 ACIB ABZS 108191 Y2 ADii !08241 U4 

10842 CIB C15 IOB92 T26 J23 108142 AF17 AB24 108192 Y3 ACll !08242 Tl 

!0843 018 015 IOB93 T25 K26 108143 AE17 AB23 !08193 Y4 AFlO !08243 T2 

!0844 A19 A!6 IOB94 T24 K25 !08144 AD17 AC26 108194 WI AEIO 108244 T3 

!0845 819 816 10B95 T23 K24 I0814S AC17 AE23 108195 W2 ADlO !08245 T4 

!0846 C19 Ct6 10B96 U26 K23 !08146 AF16 AF2Z !08196 W3 AClO !08246 RI 

10847 D19 016 10B97 U25 126 108147 AE16 AC22 108197 W4 AF9 !08247 R2 

!0848 A20 A17 10B98 U24 12S !08148 AD16 AD22 108198 VI AE9 108248 R3 

10849 820 817 IOB99 U23 124 !08149 AC!6 AE22 108199 V2 AD9 108249 R4 

!0850 C20 C17 108100 V26 123 !08150 AF15 AF21 108200 V3 AC9 !08250 Pl 

VF1 FPGA Family 229 



PRELIMINARY 

256 BGA PACKAGE 

Note: 
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SECTION A-A 

Yantis Package Type & 
Lead count 

(JEDEC Drawing Number) 

BGD256 
(M0-151(8)/BAL-2) 1 

Dimension Codes Min Max Note 

A 1.10 1.65 overnll thickness 

Al 0.50 0.70 ball height 

A2 0.60 0.95 body thickness 

A3 0.15 0.45 seating plane clearance 

D,E 27.00BASIC body size 

Dl,El 24.13 BASIC ball footprint 

M 20x20 ball matrix size 

N 256 total ball count 

MR. 4 number of rows deep 

e 1.27BAS1C ball pitch 

b 0.60 0.90 ball diameter 

p 14.8 15.2 encapsulation area 

s 0.635 BASIC solder ball placement 

El 

1. BGD is Vant£5' internal abbreviation for a wtrebonded, plastic, cavity-down ball grid array that has been thermally enhanced 
with a beat sink. 
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PRELIMINARY 

256 BGA COMMON SIGNALS (VF1012, VF1020, VF1025, VF1036) 

Group Signal Pin 
SETIRF$ET D2 

curo B4 

Clock Inputs CI.Kl Dl9 

CLK2 Vl7 

CLK3 U3 

TD! DIS 

TMS D3 
JTAG Interface 

TOO V4 

TCLK C4 

/PROGRAM C17 

Configuration, Dedicated DONE UIS 

CCLK W4 

HDC 020 

/LDC El7 

/INIT EIS 

MO El9 

Ml E20 

M2 Tl9 

ICSO TIS 

CSl Tl7 

IRS U20 

IWS Ul9 
Configuration, Multiplexed 

RDY/(/BUSY) U2 

DOUT Ul 

D7 T4 

D6 T3 

D5 T2 

D4 El 

D3 E2 

D2 E3 

DI E4 

DO DI 

vcc (20) 
B2, B3, BIS, Bl9, C2, C3, Cl8, Cl9,D4, 017, U4, Ul7, 

V2, V3, VIS, Vl9, W2, W3, WIS, Wl9. 
Power Pins 

GND (20) 
Al, A2, A3, AlS, Al9, A20, Bl, B20, Cl, C20, VI, V20, WI, W20, YI, Y2, 

Y3, YlS, Yl9, Y20. 
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PRELIMINARY 

256 BGA INPUT/OUTPUT BLOCKS (VF1012, VF1020, VF1025, VF1036) 

Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 

lOBI A4 A4 A4 A4 IOB51 Gl9 Cl6 Al5 Bl4 lOBIDI Vl2 RIS H20 

lOB2 D5 D5 05 D5 10B52 G20 016 BIS IOBID2 Wl2 Rl7 ]17 

lOB3 C5 C5 C5 C5 10B53 Hl7 Al7 Cl5 lOBID3 Yl2 T20 N20 JIS 

1084 85 85 B5 85 IOB54 HIS 817 Dl5 108104 VII 119 Nl9 ]19 

lOBS A5 A5 A5 A5 lOBSS Hl9 D20 Al6 Cl4 lOBIDS Ull TIS NIS J20 

1086 D6 D6 D6 D6 10BS6 H20 El7 816 Dl4 10Blo6 Wll 117 Nl7 K20 

1087 D7 G6 G6 108S7 ]17 EIS Cl6 Al5 108107 Yll U20 P20 117 

1088 C7 86 86 10858 K20 E19 Dl6 1081DS WID Ul9 Pl9 KIS 

1089 87 Mi Mi lOBS9 117 E20 Al7 IOBID9 VID Wl7 PIS Kl9 

10810 A7 D7 D7 G6 10860 KIS Fl7 817 lOBllO UIO Yl7 Pl7 120 

lOBll D8 C7 C7 86 10861 Kl9 FIS D20 BIS lOBlll YID Ul6 R20 Ll9 

10812 C8 87 87 Mi 10862 120 Fl9 E17 CIS 108112 U9 Vl6 Rl9 Ll7 

lOBl3 88 A7 A7 10863 Ll9 F20 EIS OIS IOB113 V8 Wl6 RIS LIS 

IOBl4 A8 D8 D8 10864 Ll7 Gl7 E19 l0Bll4 W8 Y16 Rl7 M20 

!OBIS D9 C8 cs l086S LIS GIS E20 IOB115 V8 UIS 120 Ml9 

lOBl6 AID B8 B8 D7 10866 M20 Gl9 Fl7 l0Bll6 us VIS Tl9 MIS 

lOBl7 DID A8 A8 C7 10867 Ml9 G20 FIS Al6 lOB117 Y7 WIS TIS Ml7 

IOBIS CIO D9 D9 87 10868 MIS Hl7 F19 Bl6 lOBUS W7 YIS 117 N20 

10819 BIO C9 C9 10869 Ml7 HIS F20 Cl6 l0Bll9 V7 U14 U20 Nl9 

10820 All 89 89 10870 Nl7 Hl9 Gl7 016 10Bl20 U7 Vl4 Ul9 NIS 

10821 Bil A9 A9 10871 F20 H20 GIS A17 lOB121 U6 Wl4 Wl7 Nl7 

10822 Dll AID AIO A7 10872 Pl9 ]17 Gl9 817 108122 YS Yl4 Yl7 P20 

10823 Cll DID DIO D8 IOB73 PIS JIS G20 020 108123 W5 Ul3 Ul6 Pl9 

10824 Al2 CID CIO C8 10874 Pl7 }19 Hl7 Bl7 10Bl24 V5 Vl6 

IOB2S Bl2 BID BIO IOB7S R20 }20 HIS HIS 10812S US Wl6 

IOB26 Cl2 All All lOB76 Rl9 K20 Hl9 Hl9 10Bl26 Y4 Y16 

10B27 Dl2 Bil Bil 10877 RIS Kl7 H20 E20 108127 U2 Vl3 U15 PIS 

IOB28 013 Dll B8 10B7S Rl7 KIS ]17 Fl7 10Bl2S Ul Wl3 VIS Pl7 

10829 Al4 Cll A8 10879 T20 Kl9 JIS 108129 T4 Yl3 WIS R20 

10830 Bl4 Al2 D9 10880 119 120 ]19 108130 T3 Ul2 YIS 

IOB31 Cl4 Bl2 Dll C9 lOBSI TIS L19 }20 IOB131 12 Vl2 Ul4 

10832 014 Cl2 Cll 89 lOB82 117 Ll7 K20 FIS lOB132 Tl Wl2 V14 

lOB33 AIS Dl2 Al2 A9 lOB83 U20 LIS Kl7 Fl9 IOB133 R4 Yl2 Wl4 Rl9 

10834 BIS A13 812 AIO lOB84 Ul9 M20 11S F20 lOB134 R3 Vil Yl4 RIS 

lOB3S CIS Bl3 Cl2 DIO lOBSS Wl7 Ml9 Kl9 10Bl3S R2 Ull Ul3 Rl7 

lOB36 DIS C13 Dl2 CIO lOB86 Yl7 MIS 120 IOBl36 RI Wll V13 

IOB37 Al6 BIO 10887 U16 Ml7 L19 108137 P4 Yl1 W13 

lOB38 Bl6 All 10B88 Vl6 N20 Gl7 10Bl38 P3 WIO Yl3 

lOB39 Cl6 Bil 10889 Wl6 Nl9 GIS 108139 P2 VID 120 

10B40 Dl6 Dl3 Dll 10890 Yl6 NIS Gl9 108140 Pl UIO 119 

10841 Al7 Al4 Cll 10891 UIS Ll7 10Bl41 N4 YID TIS 

10842 Bl7 Bl4 Al2 10892 VIS LIS 108142 M4 Y9 Tl7 

10843 D20 Cl4 Al3 Bl2 10893 WIS M20 108143 M3 W9 U20 

10844 E17 Dl4 Bl3 Cl2 10894 YIS Nl7 Ml9 620 108144 M2 V9 Ul9 

lOB4S HIS AIS Cl3 012 l089S Ul4 P20 MIS Hl7 lOBl4S Ml U9 U12 Wl7 

10846 E19 BIS Dl3 A13 10896 Vl4 Pl9 Ml7 HIS 108146 L3 V8 Vl2 Yl7 

10847 B20 CIS Al4 Bl3 10897 Wl4 PIS 108147 L4 W8 Wl2 Ul6 

10848 Fl7 DIS 814 Cl3 10898 Y14 Pl7 108148 L2 V8 Y12 Vl6 

10849 617 Al6 Cl4 Dl3 10899 U13 R20 lOBl49 LI U8 Vil Wl6 

10850 61S 816 Dl4 Al4 108100 Ul2 Rl9 Hl9 108150 K2 Y7 Ull Yl6 
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PRELIMINARY 

256 BGA INPUT/OUTPUT BLOCKS (VF1012, VF1020, VF1025, VF1036} 

Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 

I081Sl K3 W7 I0820I Hl U7 I08l51 LI 

l0815l K4 V7 l08l0l H3 l08l5l K2 

108153 KI U7 l08l03 H4 l08l53 Ill 

I08JS4 J4 Y6 Wll U15 l08l04 GI I08l54 K4 

I08155 HJ W6 YB VIS l0820S Gl M4 Y6 l082S5 Kl 

I08JS6 H2 V6 WJO WIS l08l06 G3 M3 W6 I08256 JI 

108157 H3 U6 VJO !08207 G4 M2 V6 I082S7 J2 

!08158 H4 YS UJO !08208 Fl Ml 108258 J3 

l081S9 Gt WS YJO 108209 F2 L3 1082S9 J4 

108160 G2 vs Y9 YlS !08210 F3 L4 108260 HI 

108161 G3 us W9 Ul4 l082B F4 U6 I08261 H2 

108J6l G4 Y4 V9 V14 !08212 El YS 108262 

I08163 F4 U2 U9 108213 E2 WI 108263 

108164 El U1 YB 108214 E3 L2 vs I08264 

I0816S E2 T4 W8 108215 E4 LI U5 108265 H3 

I08166 E3 T3 vs W14 108216 DI K2 Y4 108266 H4 

108167 E4 T2 us Y14 108217 K3 U2 108267 Gt 

108168 DI Tl Y7 U13 108218 K4 Ul 108268 

108169 R4 W7 V13 108219 Kl T4 l08l69 

108170 R3 Y7 W13 l082l0 JI T3 108l70 

108171 R2 U7 Y13 l08lll Jl T2 l08l71 G2 

108172 Rt Y6 Ull l082l2 J3 Tl l08l72 G3 

I08173 P4 W6 V12 l08ll3 J4 l08l73 G4 

!08174 P3 V6 W12 l08ll4 HJ l08l74 

108175 Pl U6 Yll l08ll5 Hl l0827S 

108176 Pl YS VB l08ll6 H3 R4 108276 

108177 N4 W5 Ull l08l27 H4 R3 108l77 Fl 

108178 VS Wll l08ll8 Gt R2 !08278 Fl 

108179 us YB l08l29 Gl l08l79 F3 

!08180 Y4 WJO l08l30 G3 !08280 

!08181 N3 Ul VJO l08l31 G4 l08l81 

!0818l Nl U1 UJO l0823l Fl Rt l08l82 

!08183 NI T4 YlO l08l33 F2 P4 l08l83 F4 

!08184 M4 T3 Y9 !08234 F3 P3 l08l84 El 

!08185 M3 Tl W9 l0823S F4 l08l8S El 

!08186 Ml Tl V9 l08l36 El l08l86 E3 

!08187 Ml R4 U9 l08l37 E2 l08l87 E4 

!08188 L3 R.l Y8 108l38 E3 P2 l08l88 DI 

!08189 L4 Rl W8 l08l39 E4 Pl 

!08190 L2 Rt 108l40 DI N4 

108191 LI P4 !08241 N3 

l0819l K2 P3 l08l4l Nl 

!08193 K3 P2 vs l08l43 NI 

!08194 K4 Pl us !08244 M4 

!08195 KI N4 Y7 l08l4S M3 

!08196 Jl N3 108l46 M2 

!08197 Jl N2 !08247 Ml 

!08198 J3 NI l08l48 L3 

!08199 J4 W7 108249 L4 

!08l00 HJ Y7 l082SO L2 
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PRELIMINARY 

208 PQFP PACKAGE 

234 

Pin 208 

Pin52 

30.40 
---------- 30.80 __ ___,_ 

27.90 
------ 28.10 -----

25.50 
REF 

3~ 3• 

Pin 156 

~~O~ fMAX 

OM.2IN5 'r-~- ~-"-~l___,-A=--...-1 I~ _\k, SEATING PLANE t [±] 

VF1 FPGA Family 

16-038-PQR-1_AH 
PRH208 
EC95 
8-13-97 Iv 



PRELIMINARY 

208 PQFP Common Signals (VF1012, VF1020, VF1025, VF1036) 

Group Signal Pin 

SET/RF.5ET 207 

CLIW 2 

Clock Inputs CLIU 54 

CLK2 105 

CLK3 157 

TD! 53 

TMS 208 
JTAG Interface 

TOO 156 

TCLK I 

/PROGRAM 52 

Configuration, Dedicated DONE 104 

CCLK 155 

HDC 55 

/LDC 56 

/INlT 57 

MO 58 

Ml 59 

M2 99 
/CSO 100 

CS! 101 

/RS 102 

/WS 103 
Configuration, Multiplexed 

RDY/(IBUSY) 158 

DOUT 159 

D7 160 

D6 161 

D5 162 

D4 202 

D3 203 

D2 204 

DI 205 

DO 206 

vcc (16) 8, 112, 20, 125, 32, 137, 45, 149, 60, 164, 72, 177, 84, 189, 97, 201 
Power Pins 

9, 21, 33, 46, 61, 73, 85, 98, Ill, 124, 136, 148, 163, 176, 188, 200 GND (16) 
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PRELIMINARY 

256 PQFP INPUT/OUTPUT BLOCKS (VF1012, VF1020, VF1025, VF1036) 

Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 

!OBI 3 3 3 3 IOB51 65 48 40 37 IOBIOI 126 94 75 

IOB2 4 4 4 4 !0852 66 49 41 IOB102 127 95 76 

IOB3 5 5 5 5 IOB53 67 50 42 IOB103 128 96 82 

IOB4 6 6 6 6 IOB54 68 51 43 IOBI04 129 99 83 

IOB5 7 7 7 7 IOB55 69 55 44 38 IOB105 130 100 86 

!086 10 10 10 10 IOB56 70 56 47 39 IOB106 131 101 87 77 

!087 11 11 11 !0857 71 57 48 40 IOB107 132 102 88 78 

!088 12 12 12 !0858 58 49 !08108 133 103 89 

!089 13 13 13 !0859 74 59 50 !08109 134 106 90 

IOBIO 14 14 14 11 !0860 75 62 51 !08110 135 107 91 

IOBll 15 15 15 12 !0861 76 63 55 41 108111 108 92 

IOBl2 16 16 16 13 !0862 77 64 56 42 !08112 138 109 93 79 

!0813 17 17 17 !0863 78 65 57 43 !08113 139 110 94 80 

!0814 18 18 18 !0864 79 66 58 !08114 140 113 95 81 

10815 19 19 19 10865 80 67 59 !08115 141 114 96 
10816 14 !0866 81 68 62 !08116 142 115 99 

IOB17 22 22 22 15 !0867 82 69 63 44 !08117 143 116 100 

!OBIS 23 23 23 16 !0868 83 70 64 47 !08118 144 117 101 82 

!0819 24 IOB69 86 71 65 48 !08119 145 118 102 83 

!0820 25 10870 87 66 49 108120 146 119 103 86 

!0821 26 !0871 88 74 67 50 !08121 147 120 106 87 

!0822 27 17 !0872 89 75 68 51 108122 150 121 107 88 

!0823 28 18 !0873 90 69 55 108123 151 122 108 89 

!0824 29 19 !0874 91 70 56 !08124 152 109 

!0825 30 24 24 !0875 92 71 57 !08125 153 110 

!0826 31 25 25 !0876 93 58 !08126 154 113 

!0827 34 26 26 . !0877 94 74 59 !08127 158 123 114 90 

!0828 35 27 22 !0878 95 75 62 !08128 159 126 115 91 

!0829 36 28 23 !0879 96 76 108129 160 127 116 92 

!0830 37 29 24 !0880 99 77 108130 161 117 

10831 38 !0881 100 78 108131 162 118 

10832 39 !0882 101 79 63 l0Bl32 165 119 

10833 40 !0883 102 80 64 108133 166 128 120 93 

10834 41 30 27 25 10884 103 81 65 108134 167 129 121 94 

10835 42 31 28 26 10885 106 76 108135 168 130 122 95 

!0836 43 34 29 I0886 107 77 I08136 169 131 123 

10837 44 I0887 108 78 I08!37 170 132 126 

I0838 47 I0888 109 82 66 IOBl38 171 133 127 

I0839 48 I0889 110 83 67 108139 172 96 
I0840 49 35 27 I0890 113 86 68 I08!40 173 99 

10B41 50 36 28 IOB91 114 108141 174 100 

10B42 51 37 29 10892 ll5 IOB142 175 IOI 

I0843 55 38 30 !0893 116 108143 178 102 

lOB44 56 39 31 108')4 117 87 79 69 I08144 179 103 

10845 57 40 34 !0895 118 88 80 70 108145 180 134 128 106 

lOB46 58 41 35 30 10896 119 89 81 71 108146 181 135 129 107 

IOB47 59 42 36 31 !0897 120 90 108147 182 130 108 

10848 62 43 37 34 I0898 121 91 I08148 183 138 109 

10849 63 44 38 35 I0899 122 92 108149 184 139 110 

10850 64 47 39 36 !08100 123 93 74 I08150 185 140 113 
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PRELIMINARY 

256 PQFP INPUT/OUTPUT BLOCKS (VF1012, VF1020, VF1025, VF1036) 

Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 Signal VF1012 VF1020 VF1025 VF1036 

!08151 186 141 108201 143 108251 

!08152 187 142 108202 190 108252 

!08153 143 108203 191 108253 

108154 190 144 131 114 108204 192 108254 183 

!08155 191 145 132 115 108205 193 180 144 108255 184 

!08156 192 146 133 116 108206 194 181 145 108256 

!08157 193 147 108207 195 182 146 108257 

!08158 194 150 108208 196 108258 

!08159 195 151 108209 197 !08259 185 

!08160 196 152 117 108210 198 !0826o 186 

108161 197 153 118 108211 199 147 108261 187 

!08162 198 154 119 108212 202 150 !08262 

IOB163 199 158 134 !08213 203 151 108263 

108164 202 159 135 108214 204 183 152 108264 

!08165 203 160 108215 205 184 153 108265 190 

!08166 204 161 138 120 108216 206 185 154 108266 191 

108167 205 162 139 121 108217 158 108267 192 

!08168 206 165 140 122 108218 159 108268 

108169 166 141 123 108219 16o 108269 

!08170 167 142 126 108220 161 108270 

108171 168 143 127 108221 162 108271 193 

108172 169 144 108222 165 108272 194 

!08173 170 145 108223 186 108273 195 

108174 171 146 !08224 187 108274 

108175 172 147 128 108225 108275 

108176 173 150 129 108226 190 166 108276 

108177 174 151 130 108227 191 167 !08277 196 

!08178 152 108228 192 168 !08278 197 

108179 153 108229 193 108279 198 

108180 154 !08230 194 108280 

108181 175 158 108231 195 108281 

108182 178 159 131 108232 196 169 !08282 

108183 179 16o 132 108233 197 170 108283 199 

108184 161 !08234 198 171 108284 202 

108185 162 108235 199 108285 203 

108186 165 108236 202 108286 204 

108187 !BO 166 133 108237 203 108287 205 

108188 181 167 134 108238 204 172 108288 206 

108189 182 168 135 108239 205 173 

108190 183 169 108240 206 174 

108191 184 170 108241 175 

108192 185 171 108242 178 

108193 172 138 108243 179 

!08194 173 139 108244 

108195 174 140 _ 108245 

108196 175 108246 

108197 178 !08247 180 

108198 179 108248 181 

108199 186 141 108249 182 

108200 187 142 108250 
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160 PQFP PACKAGE 

Pin 160 

Pin40 

31.00 
---------2-7-.9-0 31 .4° --------<-

28.10 

Pin 80 

Pin 120 

25.35 
REF 

3~ &% 

PRELIMINARY 

02sl ~~60 ~r r~=-1 
M·1n r-~- A~\S-.....,,-,---=--.,..- SEATING PLANE 

T t bCJ 
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16-038-PQR-1 
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12-22-95 Iv 



PRELIMINARY 

160 PQFP Common Signals (VF1012, VF1020) 

Group Signal Pin 

SET/RESET 159 

CLl(Q 2 

Clock Inputs CLKI 42 

CLK2 81 

CLK3 121 

TD! 41 

TMS 160 
JfAG Interface 

TDO 120 

TCLK I 

/PROGRAM 40 

Configuration, Dedicated DONE 80 

CCLK 119 

llDC 43 

/IDC 44 

/!NIT 45 

MO 46 

Ml 47 

M2 75 

/CSO 76 

CS! 77 

/RS 78 

/WS 79 
Configuration, Multiplexed 

RDY/(/BUSY) 122 

DOUT 123 

D7 124 

D6 125 

D5 126 

D4 154 

D3 155 

D2 156 

DI 157 

DO 158 

vcc (12) 8, 20, 33, 48, 60, 73, 88, IOI, 113, 128, 141, 153 
Power Pins 

GND (12) 9, 21, 34, 49, 61, 74, 87, 100, 112, 127, 140, 152 
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PRELIMINARY 

160 PQFP INPUT/OUTPUT BLOCKS (VF1012. VF1020) 

Signal VF1012 VF1020 Signal VF1012 VF1020 Signal VF1012 VF1020 Signal VF1012 VF1020 Signal VF1012 VF1020 

!OBI 3 3 !0851 53 36 !08101 108151 138 105 !08201 

1082 4 4 !0852 54 37 !08102 !08152 139 Io6 !08202 142 

!083 5 5 !0853 55 38 !08103 95 72 !08153 107 !08203 143 

!084 6 6 !0854 56 39 !08104 96 75 !08154 142 108 !08204 144 

!085 7 7 !0855 57 43 !08105 97 76 !08155 143 109 !08205 145 

!086 10 10 !0856 58 44 IOBlo6 77 !08156 144 110 I082o6 146 

1087 11 11 10857 59 45 108107 78 108157 145 111 !08207 147 

1088 12 12 10858 46 108108 79 108158 146 114 108208 148 

!089 13 13 10859 62 47 108109 98 82 108159 147 115 108209 149 

!0810 14 14 10860 63 50 !08110 99 83 108160 148 116 !08210 150 

!0811 15 15 !0861 51 !08111 84 108161 149 117 !08211 151 

!0812 16 16 10862 52 !08112 102 85 108162 150 118 !08212 154 

10813 17 17 !0863 53 !08113 103 86 108163 151 122 108213 155 

!0814 18 18 !0864 64 54 !08114 104 89 108164 154 123 108214 156 

10815 19 19 10865 65 55 108115 105 108165 155 124 108215 157 

10816 10866 66 56 !08116 Io6 108166 156 125 !08216 158 

10817 22 22 !0867 57 !08117 107 108167 157 126 

10818 23 23 10868 58 108118 108 108168 158 129 

10819 10869 59 108119 109 90 108169 

10820 10870 67 108120 110 91 108170 

!0821 10871 68 62 !08121 111 108171 

!0822 24 !0872 69 63 !08122 114 108172 

10823 25 10873 108123 115 108173 130 

10824 26 10874 108124 116 108174 131 

10825 24 10875 108125 117 108175 

!0826 25 10876 70 108126 118 108176 

10827 26 10877 71 108127 122 92 108177 

!0828 27 10878 108128 123 93 108178 

10829 28 10879 72 64 108129 124 94 108179 

10830 29 10880 75 65 !08130 125 108180 

!0831 !0881 76 66 108131 126 !08181 132 

!0832 !0882 77 !08132 129 108182 133 

!0833 !0883 78 !08133 !08183 134 

!0834 30 27 !0884 79 !08134 130 !08184 

!0835 31 28 10885 82 108135 131 108185 

10836 29 10886 83 108136 95 !08186 

10837 32 !0887 84 !08137 96 !08187 

10838 35 !0888 85 67 !08138 97 !08188 

10839 36 10889 86 68 108139 132 !08189 

!0840 37 !0890 89 69 108140 133 !08190 135 

!0841 38 10891 108141 134 108191 136 

10842 39 !0892 90 !08142 108192 137 

10843 43 30 !0893 91 !08143 108193 

!0844 44 31 !0894 108144 !08194 

!0845 45 !0895 108145 135 98 !08195 

!0846 46 !0896 !08146 136 99 108196 

10847 47 10897 92 70 !08147 137 108197 

!0848 50 !0898 93 71 !08148 102 !08198 

!0849 5.1 32 10899 94 108149 103 !08199 138 

10850 52 35 108100 108150 104 !08200 139 
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PRELIMINARY 

144 TQFP PACKAGE 

Pin 144 

Pin36 

21.80 
14--------- 22.20 ---..i 

i.----- 19.80 -----..i 

1.75 
REF 

Pin 108 

eJ~~ fMAX 
1~35 1.60 

~?~ !--- - - ~-t:--.--,lr----=-A---.I_ SEATING PLANE 
T t L±J 

VF1 FPGA Family 

VF1ds-056 

241 



PRELIMINARY 

144 TQFP Signals {VF1012) 

Group Signal Pin 

SET/RESET 143 

CLKO 2 

Clock Inputs CLKI 38 

CLK2 73 

CLK3 109 

TD! 37 

TMS 144 
)TAG Interface 

TDO 108 

TCLK I 

PROGRAM 36 

Configuration, Dedicated DONE 72 

CCLK 107 

HDC 39 

/LDC 40 

/!NIT 41 

MO 42 

Ml 43 

M2 67 

/CSO 68 

CSI 69 

/RS 70 

/WS 71 
Configuration, Multiplexed 

RDY/(/BUSY) 110 

DOUT 111 

D7 112 

D6 113 

D5 114 

D4 138 

D3 139 

D2 140 

DI 141 

DO 142 

vcc (12) 8, 17, 29, 44, 53, 65, 80, 92, IOI, 116, 128, 137 
Power Pins 

GND (12) 9, 18, 30, 45, 54, 66, 79, 91, 100, 115, 127, 136 
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PRELIMINARY 

144 TQFP INPUT/OUTPUT BLOCKS (VF1012) 

Signal VF1012 Signal VF1012 Signal VF1012 Signal VF1012 
JOBI 3 IOB43 39 IOBSS 74 IOB127 110 

IOB2 4 IOB44 40 IOB86 7S IOB128 111 

IOB3 s IOB4S 41 IOB87 76 IOB129 112 

IOB4 6 IOB46 42 IOB88 77 IOBI30 113 

JOBS 7 IOB47 43 IOB89 78 IOBI31 114 

IOB6 10 IOB48 46 IOB90 81 IOB132 117 

IOB7 IOB49 IOB91 IOBI33 

JOBS IOBSO IOB92 IOB134 

IOB9 JOBS! IOB93 82 IOB13S 118 

IOBlO 11 IOBS2 47 IOB94 IOBI36 

IOBll 12 IOBS3 48 IOB9S IOBI37 

IOBI2 13 IOBS4 49 IOB96 IOB138 

IOB13 14 IOBSS so IOB97 83 IOB139 119 

IOB14 IS IOBS6 SI IOB98 84 IOB140 120 

JOB IS 16 IOB57 52 IOB99 85 IOBI41 121 

IOBJ6 IOB58 IOBIOO IOB142 

IOB17 19 IOB59 55 IOBIOI IOBI43 

!OBIS 20 IOB60 S6 IOB102 IOBI44 

IOB19 !OB61 IOB103 86 IOBI45 122 

IOB20 IOB62 IOB104 87 lOBJ46 123 

IOB21 IOB63 IOB105 88 IOB147 124 

IOB22 21 IOB64 57 IOBI06 IOB148 

IOB23 22 IOB6S SS IOB107 IOB149 

IOB24 23 IOB66 S9 IOB108 IOBISO 

IOB2S IOB67 IOBI09 89 !OBIS! 125 

IOB26 IOB68 IOBllO 90 IOBIS2 126 

IOB27 IOB69 IOB!ll IOBIS3 

IOB28 24 IOB70 60 IOB112 93 IOBIS4 129 

IOB29 2S IOB71 61 IOBl13 94 IOBISS 130 

IOB30 26 IOB72 62 IOB114 9S IOBIS6 131 

IOB31 IOB73 IOBllS 96 IOBIS7 132 

IOB32 IOB74 IOB116 97 IOBISS 133 

IOB33 IOB7S IOBl17 98 IOBIS9 134 

IOB34 27 IOB76 63 IOBl18 IOB160 

IOB3S IOB77 IOB119 IOB161 

IOB36 IOB78 IOB120 l0Bi62 

IOB37 28 IOB79 64 IOB121 99 IOB163 13S 

IOB38 31 IOBSO 67 IOB122 102 lOB164 138 

IOB39 32 JOBS! 68 IOB123 103 lOB16S 139 

IOB40 33 IOB82 69 IOB124 104 IOBI66 140 

IOB41 34 IOB83 70 IOB12S lOS IOBI67 141 

IOB42 3S IOB84 71 IOB126 106 l0Bi68 142 
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II VANTIS 
I BEYOND PERFORMANCE 

PALCE16V8 COM'L:H-5/7/10/15/25, Q-10/15/25 IND:H-10/25, Q-20/25 
PALCE16V8Z COM'L:-25 IND:-12/15/25 

PALCE16V8 and PALCE16V8Z Families 
EE CMOS (Zero-Power) 20-Pin Universal 
Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

+ Pin and function compatible with all 20-pin PAL® devices 
+ Electrically erasable CMOS technology provides reconfigurable logic and full testability 
+ High-speed CMOS technology 

- 5-ns propagation delay for "-5" version 
- 7.5-ns propagation delay for "-7" version 

+ Direct plug-in replacement for the PAL 16R8 series 
+ Outputs programmable as registered or combinatorial in any combination 
+ Peripheral Component Interconnect (PCI) compliant 
+ Programmable output polarity 
+ Programmable enable/disable control 
+ Preloadable output registers for testability 
+ Automatic register reset on power up 
+ Cost-effective 20-pin plastic DIP, PLCC, and SOIC packages 
+ Extensive third-party software and programmer support 
+ Fully tested for 100% programming and functional yields and high reliability 
+ 5-ns version utilizes a split leadframe for improved performance 

GENERAL DESCRIPTION 

The PALCE16V8 is an advanced PAL device built with low-power, high-speed, electrically­
erasable CMOS technology. It is functionally compatible with all 20-pin GAL devices. The 
macrocells provide a universal device architecture. The PALCE16V8 will directly replace the 
PAL16R8, with the exception of the PAL16Cl. 

The PALCE16V8Z provides zero standby power and high speed. At 30-µA maximum standby 
current, the PALCE16V8Z allows battery-powered operation for an extended period. 

The PALCE16V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic 
can always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate 
cells in the AND logic array that can be erased electrically. 

The fixed OR array allows up to eight data product terms per output for logic functions. The 
sum of these products feeds the output macrocell. Each macrocell can be programmed as 
registered or combinatorial with an active-high or active-low output. The output configuration 
is determined by two global bits and one local bit controlling four multiplexers in each 
macrocell. 

Publication# 16493 Rev: E 
Amendment/O Issue Date: November 1998 



BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 

Programmable AND Array 
32x64 

CLK/lo 

The PALCE16V8 is a universal PAL device. The PALCE16V8Z is the zero-power version of the 
PALCE16V8. It has all the architectural features of the PALCE16V8. In addition, the PALCE16V8Z 
has zero standby power and an unused product term disable feature for reduced power 
consumption. It has eight independently configurable macrocells (MC0-MC7). Each macrocell can 
be configured as registered output, combinatorial output, combinatorial I/0 or dedicated input. 
The programming matrix implements a programmable AND logic array, which drives a fixed OR 
logic array. Buffers for device inputs have complementary outputs to provide user­
programmable inpu~nal polarity. Pins 1and11 serve either as array inputs or as clock (CLK) 
and output enable (OE), respectively, for all flip-flops. 

Unused input pins should be tied directly to Vee or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state, and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 

The programmable functions on the PALCE16V8 are automatically configured from the user's 
design specification. The design specification is processed by development software to verify 
the design and create a programming file (JEDEC). This file, once downloaded to a programmer, 
configures the device according to the user's desired function. 

The user is given two design options with the PALCE16V8. First, it can be programmed as a 
standard PAL device from the PAL16R8 series. The PAL programmer manufacturer will supply 
device codes for the standard PAL device architectures to be used with the PALCE16V8. 
The programmer will program the PALCE16V8 in the corresponding architecture. This allows 
the user to use existing standard PAL device JEDEC files without making any changes to them. 
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Alternatively, the device can be programmed as a PALCE16V8. Here the user must use the 
PALCE16V8 device code. This option allows full utilization of the macrocell. 

t-----1--10 Q t-----t 

CLK Q t----------. 

To 
Adjacent 
Macrocell 

I/Ox 

1------ From 

*SG1 

'In macrocells MC0 and MC 7. SG 1 is replaced by SGO on the feedback multiplexer. 

Figure 1. PALCE16V8 Macrocell 

CONFIGURATION OPTIONS 

SLOx 
Adjacent 
Pin 

16493E·2 

Each macrocell can be configured as one of the following: registered output, combinatorial 
output, combinatorial I/0, or dedicated input. In the registered output configuration, the output 
buffer is enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled 
by a product term or always enabled. In the dedicated input configuration, it is always disabled. 
With the exception of MC0 and MC7, a macrocell configured as a dedicated input derives the 
input signal from an adjacent 1/0. MC0 derives its input from pin 11 (OE) and MC7 from pin 1 
(CLK). 

The macrocell configurations are controlled by the configuration control word. It contains 2 
global bits (SGO and SGl) and 16 local bits (SL00 through SL07 and SL10 through SL17). SGO 
determines whether registers will be allowed. SG 1 determines whether the PALCE16V8 will 
emulate a PAL16R8 family or a PAL10H8 family device. Within each macrocell, SLOx, in 
conjunction with SG 1, selects the configuration of the macrocell, and SLlx sets the output as 
either active low or active high for the individual macrocell. 

The configuration bits work by acting as control inputs for the multiplexers in the macrocell. 
There are four multiplexers: a product term input, an enable select, an output select, and a 
feedback select multiplexer. SG 1 and SLOx are the control signals for all four multiplexers. In 
MC0 and MC7, SGO replaces SG 1 on the feedback multiplexer. This accommodates CLK being 
the adjacent pin for MC7 and OE the adjacent pin for MC0. 
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Registered Output Configuration 

The control bit settings are SGO = 0, SG 1 = 1 and SLOx = 0. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined by_ SLlx. The flip-flop is loaded on the LOW-to-HIGH transition of CLK. The feedback 
path is from Q on the register. The output buffer is enabled by OE. 

Combinatorial Configurations 

The PALCE16V8 has three combinatorial output configurations: dedicated output in a non­
regfstered device, I/0 in a non-registered device and I/0 in a registered device. 

Dedicated Output in a Non-Registered Device 

The control bit settings are SGO = 1, SGl = 0 and SLOx = 0. All eight product terms are available 
to the OR gate. Although the macrocell is a dedicated output, the feedback is used, with the 
exce.E!!_on of pins 15 and 16. Pins 15 and 16 do not use feedback in this mode. Because CLK 
and OE are not used in a non-registered device, pins 1 and 11 are available as input signals. Pin 
1 will use the feedback path of MC7, and pin 11 will us.e the feedback path of MC0. 

Combinatorial 1/0 in a Non-Registered Device 

The control bit settings are SGO = 1, SGl = 1, and SLOx = 1. Only seven product terms are 
available to the OR gate. The eighth product term is used to enable the output buffer. The signal 
at the I/0 pin is fed back to the AND array via the feedback multiplexer. This allows the pin to 
be used as an input. 

Because CLK and OE are not used in a non-registered device, pins 1 and 11 are available as 
inputs. Pin 1 will use the feedback path of MC7, and pin 11 will use the feedback path of MC0. 

Combinatorial 1/0 in a Registered Device 

The control bit settings are SGO = 0, SG 1 = 1. and SLOx = 1. Only seven product terms are available 
to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding I/0 signal. 

Dedicated Input Configuration 

The control bit settings are SGO = 1, SGl = 0 and SLOx = 1. The output buffer is disabled. Except 
for MC0 and MC7, the feedback signal is an adjacent I/0. For MC0 and MC7, the feedback signals 
are pins 1 and 11. These configurations are summarized in Table 1 and illustrated in Figure 2. 

Tibl 1M llC f a e acroce on 1g_urat1on 

Cell Devices Cell Devices 
560 561 5L0x Configuration Emulated 560 561 5L0x Configuration Emulated 

Device Uses Registers Device Uses No Registers 

PAL16R8, 16R6, Comblnatorial 
PAL10H8, 12H6, 

0 1 0 Registered Output 
16R4 

1 0 0 
Output 

14H4, 16H2, 10L8, 
1216, 1414, 16L2 

Comblnatorial 
PAL12H6, 14H4, 

0 1 1 
I/O 

PAL16R6, 16R4 1 0 I Input 16H2, 1216, 1414, 
16L2 

1 1 1 
Comblnatorial 

PAL16L8 
J/O 
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Programmable Output Polarity 

The polarity of each macrocell can be active-high or active-low, either to match output signal 
needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save "DeMorganizing" efforts. 

Selection is through a programmable bit SLlx which controls an exclusive-OR gate at the output 
of the AND/OR logic. The output is active high if SLlx is 1 and active low if SLlx is 0. 
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OE -------------... OE -------------... 

----10 Q x>----tD Q 

CLK 0 CLK 0 

a. Registered active low b. Registered active high 

c. Combinatorial 1/0 active low d. Combinatorial 1/0 active high 

Vee 

Note 1 

e. Combinatorial output active low f. Combinatorial output active high 

~ 
Notes: 
1. Feedback is not available on pins 15 and 16 in tbe 

combinatorial output mode. 
~----<=J Adjacent 110 pin 

Note2 
2. Tbis configuration is not available on pins 15 and 16. 

252 

g. Dedicated input 

Figure 2. Macrocell Configurations 
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Power-Up Reset 

All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE16V8 will depend on whether they are selected as registered or combinatorial. If registered 
is selected, the output will be HIGH. If combinatorial is selected, the output will be a function 
of the logic. 

Register Preload 

The register on the PALCE16V8 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 

Security Bit 

A security bit is provided on the· PALCE16V8 as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback and verification of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
The bit can only be erased in conjunction with the array during an erase cycle. 

Electronic Signature Word 

An electronic signature word is provided in the PALCE16V8 device. It consists of 64 bits of 
programmable memory that can contain user-defined data. The signature data is always available 
to the user independent of the security bit. 

Programming and Erasing 

The PALCE16V8 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 

Quality and Testability 

The PALCE16V8 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
yields and post-programming functional yields in the industry. 

Technology 

The high-speed PALCE16V8 is fabricated with Yantis' advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are 
designed to be compatible with TTL devices. This technology provides strong input clamp 
diodes, output slew-rate control, and a grounded substrate for clean switching. 

PCI Compliance 

PALCE16V8 devices in the -5/-7/-10 speed grades are fully compliant with the PC/ Local Bus 
Specification published by the PCI Special Interest Group. The PALCE16V8's predictable timing 
ensures compliance with the PCI AC specifications independent of the design. 

Zero-Standby Power Mode 

The PALCE16V8Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALCE16V8Z will go into standby mode, shutting down 
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most of its internal circuitry. The current will go to almost zero Occ < 15 µA). The outputs will 
maintain the states held before the device went into the standby mode. There is no speed 
penalty associated with coming out of standby mode. 

When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Ice vs. frequency graph. 

Product-Term Disable 
On a programmed PALCE16V8Z, any product terms that are not used are disabled. Power is cut 
off from the product terms so that they do not draw current. As shown in the Ice vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is greater at the 
higher frequencies. 

Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PWs. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (CONTINUED) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (T ,J 
with Power Applied . . . . . . . .... -55°C to +125°C Operating in Free Air. . . . . .. 0°C to + 75°C 

Supply Voltage Supply Voltage (V cc) 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground. . . .... +4.75 V to +5.25 V 

DC Input Voltage . . . .. -0.5 V to Vee + 0.5 V 

DC Output or I/O 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Pin Voltage ................. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to 75°C) ......... 100 mA 

Stresses above tbose listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may ajfect device reliability. Pro­
gramming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

VoH Output HIGH Voltage Iott = -3.2 mA, VIN = Vrn or VIL> v cc = Min 2.4 

VoL Output LOW Voltage IOL = 24 mA, VIN= Vrn or VIL> Vee= Min 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note I) 

Irn Input HIGH Leakage Current VIN= 5.25 V, Vee =Max (Note 2) 

I1L Input LOW Leakage Current VIN= 0 V, Vee =Max (Note 2) 

loZH Off-State Output Leakage Current HIGH Your= 5.25 V, Vee =Max 
VIN= Vrn or V1L (Note 2) 

IozL Off-State Output Leakage Current LOW Your= OV, Vee= Max 
VIN= Vrn or VIL (Note 2) 

lsc Ouiput Short-Circuit Current Your= 0.5 V, Vee= Max (Note 3) -30 

Ice (Static) Supply Current for -5 
Outputs Open Oour = 0 mA), VIN = 0 V 
Vee= Max 

Ice (Dynamic) Supply Current for -7 Outputs Open (louT = 0 mA), 
Vee= Max, f = 25 MHz 

Notes: 

Max 

0.5 

0.8 

10 

-100 

10 

-100 

-150 

125 

115 

1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. J/O pin leakage is the worst case of hr and lozr (or IIH and lozHJ. 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
V 0ur = 0. 5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 V, TA= 25 °C, 5 pF 

Cour Output Capacitance Vour = 2.0 v f = 1 MHz 8 pF 

Note: 
1. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES1 

-5 -7 
Parameter 

Symbol Parameter Description Min 2 Max Min 2 Max Unit 

tpo Input or Feedback to Combinatorial Output 1 5 3 7.5 ns 

Is Setup Time from Input or Feedback to Clock 3 5 OS 

tu Hold Tiffie 0 0 ns 

!co Clock to Output 1 4 1 5 ns 

lsKEWR Skew Between Registered Outputs (Note 3) 1 1 OS 

IWL 
Clock Width 

LOW 3 4 ns 

!Wll HIGH 3 4 ns 

External Feedback l/(tg+1<;o) 142.8 100 MHz 

fMAX 
Maximum Frequency 

Internal Feedback (l{;NT) l/(tg+ta,) (Note 5) 166 125 MHz 
(Note4) 

No Feedback l/(tWll+twi) 166 125 MHz 

Im OE to Output Enable 1 6 1 6 OS 

lpxz OE to Output Disable 1 5 1 6 OS 

!EA Input to Output Enable Using Product Term Control 2 6 3 9 ns 

!ER Input to Output Disable Using Product Term Control 2 5 3 9 OS 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Output delay minimums for tpf> tco tpzx, tpxz, tEA, and tERare defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 

3. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

4. Tbese parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

5. tep is a calculated value and is not guaranteed. tCF can be found using the following equation: 
tep = llfMAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to +150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (TA) 
with Power Applied .............. -55°C to +125°C Operating in Free Air ............... 0°C to +75°C 
Supply Voltage Supply Voltage (V cc) 
with Respect to Ground ..... -0.5 V to + 7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to Vee + 0.5 V Industrial (I} Devices 
DC Output or 1/0 

Temperature CT A) Operating 
Pin Voltage ................. -0.5 V to Vee+ 0.5 V 

in Free Air ...................... -40°C to +85°C 
Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Supply Voltage (V cc) 
Latchup Current (TA= -40°C to +85°C) ....... 100 mA with Respect to Ground ........... +4.5 V to +5.5 V 
Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 

Parameter 
Symbol Parameter Description Test Description Min Max 

VoH Output HIGH Voltage ioH = -3.2 mA, VIN = Vrn or VIL> Yee= Min 2.4 

VoL Output LOW Voltage ioL = 24 mA, VIN = Vrn or VIL> Yee= Min 0.5 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 

0.8 
Voltage for all Inputs (Note 1) 

Im Input HIGH Leakage Current VIN= 5.25 v, Vee= Max (Note 2) 10 

IIL Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 2) -100 

IoZH Off-State Output Leakage Current HIGH 
VoUT = 5.25 v, Vee= Max 

10 
VIN= Vrn or VIL (Note 2) 

IoZL Off-State Output Leakage Current LOW 
VoUT = 0 v, Vee= Max -100 
VIN= Vrn or VIL (Note 2) 

Isc Output Short-Circuit Current Your= 0.5 V, Yee= Max (Note 3) -30 -150 

Commercial Supply Current Outputs Open (lout = 0 mA) 115 
Ice (Dynamic) 

Vee= Max, f = 15 MHz Industrial Supply Current 130 

Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. J/O pin leakage is the worst case of In and lozL (or IIH and lozHJ. 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25 °C, 5 pf 

Cour Output Capacitance v0ur = 2.ov f=lMHz 8 pF 

Note: 
1. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES1 

-10 
Parameter 

Symbol Parameter Description Min 2 Max 

tPD Input or Feedback to Combinatorial Output 3 10 

Is Selllp Time from Input or Feedback to Clock 7.5 

tu Hold Time 0 

!co Clock to Output 3 7.5 

tWL LOW 6 
Clock Width 

tWll HIGH 6 

External Feedback ll(fs+!co) 66.7 

fMAX 
Maximum Frequency 

Internal Feedback (JC1n) l/(fs+lcF) (Note 4) 71.4 
(Note3) 

No Feedback l/(tWH+tWL) 83.3 

tnx OE to Output Enable 2 10 

tpxz OE to Output Disable 2 10 

tEA Input to Output Enable Using Product Term Control 3 10 

tER Input to Output Disable Using Product Term Control 3 10 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

2. Output delay minimums for tpIJ> tc;o, tpzx, tpxz, tEA, and tER are defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation puiposes only. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 

tep = llfMAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature CT A) 
with Power Applied . . . . . .... -55°C to +125°C Operating in Free Air. . . . . . ....... 0°C to + 75°C 
Supply Voltage Supply Voltage CV cc) 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or I/0 
Operating ranges de.fine those limits between which the func­
tionality of the device is guaranteed. 

Pin Voltage ................. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= 0°C to 75°C) ......... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

You Output HIGH Voltage 100 = -3.2 mA, VIN= Vrn or V1v Vee= Min 2.4 

VoL Output LOW Voltage lot= 24 mA, VIN = Vrn or VIL• Yee= Min 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note I) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

Irn Input HIGH Leakage Current VIN= 5.25 V, Yee =Max (Note 2) 

l1L Input LOW Leakage Current VIN= 0 V, Yee = Max (Note 2) 

Iozu Off-State Output Leakage Current HIGH VoUT = 5.25 V, Yee =Max 
VIN = Vrn or VIL (Note 2) 

loZL Off-State Output Leakage Current LOW VoUT = o V, Yee = Max 
VIN= Vrn or VIL (Note 2) 

Isc Output Short-Circuit Current Your= 0.5 V, Yee= Max (Note 3) -30 

Ice Supply Current (Dynamic) 
Outputs Open (lour = 0 mA), 
Vee= Max, f = 15 MHz 

Notes: 

Max 

0.5 

0.8 

10 

-100 

10 

-100 

-150 

55 

1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. J/0 pin leakage is the worst case of hL and loZL (or IIH and lozHJ. 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 05 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee = 5.0 v, TA= 25 °C, 5 pf 

Cour Output Capacitance Your= 2.ov f=lMHz 8 pf 

Note: 
1. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES1 

-10 
Parameter 

Symbol Parameter Description Min 2 Max Unit 

tPIJ Input or Feedback to Combinatorial Output 3 10 ns 

Is Setup Time from Input or Feedback to Clock 7.5 ns 

In Hold Time 0 ns 

lco Clock to Output 3 7.5 ns 

IWL 
Clock Width 

LOW 6 ns 

IWH HIGH 6 ns 

External Feedback I/(fs+tco) 66.7 MHz 

fMAX 
Maximum Frequency 

Internal Feedback %Nr) l/(ls+lcF) (Note 4) 71.4 MHz 
(Note 3) 

No Feedback ll(twn+twi) 83.3 MHz 

IPZX OE to Output Enable 2 10 ns 

IPXZ OE to Output Disable 2 10 ns 

IEA Input to Output Enable Using Product Term Control 3 10 ns 

IER Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Output delay minimums/or tpf> tco tpm tpxz, tEA, and tER are defined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation puiposes only. 

3. 1bese parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tep is a calculated value and is not guaranteed. tcp can be found using the following equation: 

tep = 1/fMAX (internal feedback)- t5 . 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature .............. -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (TA) 

with Power Applied .............. -55°C to +125°C Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 75°C 
Supply Voltage Supply Voltage (Vee) 
with Respect to Ground .......... -0.5 V to + 7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . -0.5 V to V cc + 0.5 V 

DC Output or 1/0 
Industrial (I) Devices 
Temperature (TA) Operating 

Pin Voltage ................. -0.5 V to V cc + 0.5 V 
in Free Air ...................... -40°C to +85°C 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 
Supply Voltage (V cc) 

Latchup Current (TA= -40°C to +85°C) ....... 100 mA with Respect to Ground ........... +4.5 V to +5.5 V 
Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

Operating ranges de.fine those limits between which the func­
tionality of the device is guaranteed. 

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 

Parameter 
Symbol Parameter Description Test Description Min Max 

VoH Output IHGH Voltage Iott= -3.2 mA, VIN= Vrn or Vu,, Vee= Min 2.4 

VoL Output LOW Voltage loL = 24 mA, VIN= Vrn or Vu,, Vee= Min 0.5 

Vrn Input HIGH Voltage 
Guaranteed Input Logical IHGH 

2.0 
Voltage for all Inputs (Note 1) 

Vu, Input LOW Voltage 
Guaranteed Input Logical LOW 

0.8 
Voltage for all Inputs (Note 1) 

Irn Input IHGH Leakage Current VIN= 5.25 V, Vee= Max (Note 2) 10 

In, Input LOW Leakage Current VIN = 0 V, Vee= Max (Note 2) -100 

loZH Off-Stale Output Leakage Current IHGH VoUT = 5.25 v, Vee= Max 10 
VIN = Vrn or Vu, (Note 2) 

lozi. Off-Stale Output Leakage Current LOW 
VoUT = 0 v, Vee= Max -100 
VIN = Vrn or V1L (Note 2) 

Isc Output Short-Circuit Current VoUT = 0.5 v, Vee= Max (Note 3) -30 -150 

H 90 
Commercial Supply Current 

Outputs Open (lom = 0 mA) Q 55 
Ice (Dynamic) 

Vee= Max, f = 15 MHz H 130 
Industtial Supply Current 

Q 65 

Notes: 
1. 1bese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case of In. and lozr (or IIH and loz~· 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

3. Not more than one output should be shorted at a Nme, and the duraNon of the short-circuit should not exceed one second. 
VoUT = 0.5 V bas been chosen to avoid test problems caused by tester ground degradaNon. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25 °C, 5 pF 

Cour Output Capacitance v0ur = 2.ov f= !MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES1 

-15 -20 -25 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max 

tpo Input or Feedback to Combinatorial Output 15 20 25 

Is Setup Time from Input or Feedback to Clock 12 13 15 

Iii Hold Time 0 0 0 

!co Clock to Output 10 11 12 

IWL 
Clock Width 

LOW 8 10 12 

twu HIGH 8 10 12 

External Feedback 1/(ls+tco) 45.5 41.6 37 
Maximum 

Internal Feedback ll(ts+lcF) 
fMAX Frequency 50 45.4 40 

(Note 2) (foo) (Note 3) 

No Feedback l/(twu+lwt) 62.5 50.0 41.6 

tnx OE to Output Enable 15 18 20 

lpxz OE to Output Disable 15 18 20 

IEA Input to Output Enable Using Product Term Control 15 18 20 

IER Input to Output Disable Using Product Term Control 15 18 20 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tCF is a calculated value and is not guaranteed. tCF can be found using the following equation: 

tCF = 1/f MAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to+ 150°C Industrial {I) Devices 
Ambient Temperature Ambient Temperature (TA) 
with Power Applied .............. -55°C to +125°C Operating in Free Air .............. -40°C to +85°C 

Supply Voltage Supply Voltage (V cc) 
with Respect to Ground .......... -0.5 V to + 7.0 V with Respect to Ground ........... +4.5 V to +5.5 V 
DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or I/O Pin Voltage ... -0.5 V to V cc + 0.5 V 

Operating ranges de.fine those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= -40°C to +85°C) ....... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may dijJer. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

Iott=6mA 3.84 
Yott Output HIGH Voltage VIN= Vrn or VIL• Vee= Min 

Iott= 20 µA Yee-0.l v 
loL = 24 mA 

VoL Output LOW Voltage VIN= Vrn orV1L, Vee= Min lm=6mA 

Im= 20 µA 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Notes l and 2) 

V1L Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Notes l and 2) 

lrn Input HIGH Leakage Current VIN= 5.25 v, Vee= Max (Note 3) 

l1L Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 3) 

loZH Off-State Output Leakage Current HIGH Your= 5.25 V, Yee= Max 
VIN = Vrn or VIL (Note 3) 

lozL Off-State Output Leakage Current LOW Your= O V, Vee= Max 
VIN= Vrn or VIL (Note 3) 

Isc Output Short-Circuit Current Your= 0.5 v, Yee= Max (Note 4) -30 

Supply Current (Static) Outputs Open (lour = 0 mA) f=OMHz 
lee Supply Current (Dynamic) Yee= Max f = 15 MHz 

Notes: 

Max 

0.5 

0.33 

0.1 

0.9 

10 

-10 

10 

-10 

-150 

30 

75 

1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 
2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 

3. 1/0 pin leakage is the worst case of hL and IozL (or IIH and IoZJfJ· 

Unit 

v 
v 
v 
v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA 

4. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 V, TA= 25 °C, 5 pF 

Cour Output Capacitance Your= 2.0 v f=IMHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES1 

-12 
Parameter 

Symbol Parameter Description Min Max Unit 

!PD Input or Feedback to Combiuatorial Output (Note 2) 12 ns 

ls Setup Time from Input or Feedback to Clock 8 ns 

tH Hold Time 0 ns 

'co Clock to Output 8 ns 

twi. 
Clock Width 

LOW 5 ns 

tWH HIGH 5 ns 

External Feedback ll(ts+1<:o) 62.5 MHz 

fMAX 
Maximum Frequency 

Internal Feedback (foo) ll(ts+lcF) 77 MHz 
(Notes 3 and 4) 

No Feedback l/(1wtt+twi.) 100 MHz 

tPZX OE to Output Enable 8 ns 

tPXZ OE to Output Disable 8 ns 

~ Input to Output Enable Using Product Term Control 13 ns 

tER Input to Output Disable Using Product Term Control 13 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. This parameter is tested in standby mode. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. Output delay minimums for tpf> tco tpzx, tpxz, tEA, and tER are de.fined under best case conditions. Future process improvements 
may alter these values therefore, minimum values are recommended for simulation purposes only. 

5. tCF is a calculated value and is not guaranteed. tcp can be found using the following equation: 

tCF = llfMAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ..... .. -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 

Industrial (I) Devices 

Ambient Temperature (TA) 
with Power Applied .............. -55°C to +125°C Operating in Free Air .............. -40°C to +85°C 
Supply Voltage Supply Voltage (V cc) 
with Respect to Ground . -0.5 V to + 7.0 V with Respect to Ground ........... +4.5 V to +5.5 V 
DC Input Voltage . . . . . . . . . . . -0.5 V to V cc + 0.5 V 

DC Output or l/0 Pin Voltage ... -0.5 V to Vee+ 0.5 V 

Operating ranges define tbose limits between which the func­
tionality <if the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= -40°C to +85°C) ....... 100 mA 

Stresses above tbose listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Description Min 

loH = 6mA 3.84 
VoH Output HIGH Voltage VIN = Vm or VIL, Yee= Min 

Iott= 20 µA Yee-0.1 V 

loL = 24mA 

VoL Output LOW Voltage VIN= Vrn or V1L, Yee= Min IOL=6mA 

IOL = 20µA 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Notes 1 and 2) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Notes 1 and 2) 

Im Input HIGH Leakage Current VIN = 5.25 v, Vee= Max (Note 3) 

I1L Input LOW Leakage Current VIN= 0 V, Yee= Max (Note 3) 

loZH Off-State Output Leakage Current HIGH VoUT = 5.25 v, Yee= Max 
VIN= Vrn or V1L (Note 3) 

loZL Off-State Output Leakage Current LOW Your= 0 V, Yee= Max 
VIN = Vrn or VIL (Note 3) 

Isc Output Short-Circuit Current VoUT = 0.5 V, Vee= Max (Note 4) -30 

Supply Current (Static) Outputs Open (loUT = 0 mA) f=OMHz 
Ice 

Supply Current (Dynamic) Yee= Max f = 25 MHz 

Notes: 

Max 

0.5 

0.33 

0.1 

0.9 

10 

-10 

10 

-10 

-150 

15 

75 

1. 'These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 

3. J/O pin leakage is the worst case of hr and lozL (or IIH and IozHJ. 

Unit 

v 
v 
v 
v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA 

4. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
VoUT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25 °C, 5 pF 

CoUT Output Capacitance VoUT= 2.0V f= lMHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the desiRn is modified where 

capacitance may he affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES1 

Parameter 
-15 

Symbol Parameter Description Min 2 Max Unit 

tro Input or Feedback to Combinatorial Output 15 ns 

Is Setup Time from Input or Feedback to Clock 10 ns 

tH Hold Time 0 ns 

lco Clock to Output 10 ns 

tWL 
Clock Width 

LOW 8 ns 

tWH HIGH 8 ns 

External Feedback ll(ls+lcol 50 MHz 
Maximum 

fMAX Frequency (Notes 3 Internal Feedback (foo) l/(ls+lcF) 58.8 MHz 
and4) 

No Feedback l/(tWH+twi) 62.5 MHz 

tPZX OE to Output Enable 15 ns 

lpxz OE to Output Disable 15 ns 

tEA Input to Output Enable Using Product Term Control 15 ns 

tER Input to Output Disable Using Product Term Control 15 ns 

Notes: 
1. See "Switching TestCircuit"fortestconditions. 

2. This parameter is tested in standby mode. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 
tep = llfMAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to +150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (TA) 
with Power Applied .............. -55°C to +125°C Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 75°C 
Supply Voltage Supply Voltage (V cc) 
with Respect to Ground .......... -0.5 V to + 7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to Vee + 0.5 V Industrial (I) Devices 
DC Output or I/0 Pin Voltage ... -0.5 V to Vee+ 0.5 V 

Temperature (TA) Operating 
Static Discharge Voltage ................. 2001 V in Free Air ...................... -40°C to +85°C 

Latchup Current (TA= -40°C to +85°C) ....... 100 mA Supply Voltage CV cc) 
Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

with Respect to Ground ........... +4.5 V to +5.5 V 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 

Parameter 
Symbol Parameter Description Test Description Min Max 

lott=6mA 3.84 
VoH Output HIGH Voltage VIN= Vrn or V1L, Vee= Min 

Iott= 20 µA Vcc-0.1 V 

lot= 24 mA 0.5 

VOL Output LOW Voltage V1N = Vrn orV1L> Vee= Min lm=6mA 0.33 

Im= 20 µA 0.1 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Notes 1 and 2) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 

0.9 
Voltage for all Inputs (Notes 1 and 2) 

Im Input HIGH Leakage Current VIN = 5.25 V, Yee= Max (Note 3) 10 

IIL Input LOW Leakage Current VIN = O V, Yee= Max (Note 3) -10 

ioZH Off-State Output Leakage Current HIGH 
VoUT = 5.25 V, Yee= Max 10 
VIN = Vrn or VIL (Note 3) 

lozL Off-State Output Leakage Current LOW Your= 0 V, Vee= Max -10 
VIN = Vrn or VIL (Note 3) 

Isc Output Short-Circuit Current VoUT = 0.5 v, Vee= Max (Note 4) -30 -150 

Supply Current (Static) Outputs Open (10UT = 0 mA) f = OMHz 15 
Ice 

Supply Current (Dynamic) Yee= Max f = 25 MHz 90 

Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 

3. 1/0 pin leakage is the worst case of Irr and lozr (or IIH and lozHJ. 

Unit 

v 
v 
v 
v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA 

4. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
V 0ur = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25 °C, 5 pF 

Cour Output Capacitance Your= 2.ov f=IMHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES1 

-25 
Parameter 

Symbol Parameter Description Min 2 Max 

tpD Input or Feedback to Combinatorial Output (Note 3) 25 

Is Setup Time from Input or Feedback io Clock 20 

tH Hold lime 0 

!co Clock to Output 10 

lwt 
Clock Width 

LOW 8 

tWH HIGH 8 

External Feedback 
Maximum 

l/(ls+tco) 33.3 

fMAX Frequency (Notes 4 Internal Feedback (foo) 1/(lg+lcF) 50 
and5) 

No Feedback l/(tWH+twi) 50 

tpzx OE to Output Enable 25 

tpxz OE to Output Disable 25 

!EA Input to Output Enable Using Product Term Control 25 

!ER Input to Output Disable Using Product Term Control 25 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. This parameter is tested in standby mode. 

3. This parameter is tested in Standby Mode. 'When the device is not in Standby Mode, the tpD will typically be 2 ns faster. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

ns 

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

5. tCF is a calculated value and is not guaranteed. tCF can be found using the following equation: 
tCF = l!fMAX (internal feedback)- t5. 
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SWITCHING WAVEFORMS 

Input or ~ 

Feedback ______ '~~~~ Ip~ _v_T __ _ 

Combinatorial 
Output 

16493E-3 

a. Combinatorial output 

Clock 

16493E-4 

c. Clock width 

OE-----' 
tpxz 

Output 

Input or 
Feedback 

Clock---------

Registered 
Output 

Input 

Output 

---------
b. Registered output 

d. Input to output disable/enable 

16493E-7 

e. OE to output disable/enable 

Notes: 
1. Vy~l.SV 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2 ns to 5 ns typical. 

PALCE16V8 and PALCE16V8Z Families 

16493E-5 

16493E-6 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

//Ill 

SWITCHING TEST CIRCUIT 

5V 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010-PAL 

Output n-------..._-feJ Test Point 

16493E-8 

Commercial 

Specification S1 cL R1 R2 

tPD, lco Closed 

Z~H: Open 50pF 390Q 
IEA 

Z ~L: Closed 200Q 

H~Z:Open 
IER 

L~Z:Closed 
5 pF H-5: 200Q 
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Measured Output Value 

1.5 v 

1.5 v 

H ~ Z: You-0.5 v 
L ~ Z: VOL+ 0.5 V 



TYPICAL Ice CHARACTERISTICS 

v cc = 5 v, TA = 25°C 

100 

~ _s 
75 

(.) 

2 

50 

25 

0 10 20 

16VBH-5 

16VBH-7 

16VBH-10 
16VBH-15/25 

16VBZ-12/15 

16VBQ-10/15/25 

16VBZ-25 

30 40 50 

Frequency (MHz) 16493E-9 

Ice vs. Frequency 

The selected "typical" pattern utilized 50% of the device resources. Ha/f of the macrocells were programmed as registered, and the 
other ha(f were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any vector, half 
of the outputs were switching. 

By utilizing 50% of the device, a midpoint is de.fined for Ice· From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 

The PALCE16V8 is manufactured using Yantis' advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the 
device can be erased and reprogrammed-a feature which allows 100% testing at the factory. 

Symbol Parameter Test Conditions Value Unit 

Max Storage Temperature 10 Years 
loR Min Pattern Data Retention Time 

Max Operating Temperatnre 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
PALCE16V8X-X/5 devices have some unique features that make them extremely robust, 
especially when operating in high-speed design environments. Pull-up resistors on inputs and 
1/0 pins cause unconnected pins to default to a known state. Input clamping circuitry limits 
negative overshoot, eliminating the possibility of false clocking caused by subsequent ringing. 
A special noise filter makes the programming circuitry completely insensitive to any positive 
overshoot that has a pulse width ofless than about 100 ns for the /5 versions. Selected /4 devices 
are also being retrofitted with these robustness features. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE16V8 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE16V8Z 
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The PALCE16V8 has been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will be HIGH 
independent of the logic polarity. This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous operation of the power-up reset and the wide 
range of ways V cc can rise to its steady state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 

• The V cc rise must be monotonic. 

+ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

Parameter Symbol Parameter Descriptions Min Max Unit 

IPR Power-Up Reset Tune 1000 ns 

Is Input or Feedback Setup Tune 
See Switching Characteristics 

lwL Clock Width WW 
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Power 
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Figure 3. Power-Up Reset Waveform 

TYPICAL THERMAL CHARACTERISTICS 
Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

0jc Thennal impedance, junction to case 

0ja Thennal impedance, junction to ambient 

200 lfpm air 

400 lfpm air 
0jma Thermal impedance, junction to ambient with air flow 

600 lfpm air 

800 lfpm air 

Plastic ejc Considerations 

Typ 

PDID PLCC 

25 22 

71 64 

61 55 

55 51 

51 47 

47 45 

16493E-12 

Unit 

oc;w 

oc;w 

oc;w 

oc;w 

oc;w 

oC/W 

The data listed for plastic (Jjc are for reference only and are not recommended for use in calculating junction temperatures. The 
heatflow paths in plastic-encapsulated devices are complex, making the (Jjc measurement relative to a specific location on the pack­
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, (}Jc tests on packages are pet:formed in a constant-temperature bath, keeping the package surface at a constant tem­
perature. Therefore, the measurements can only be used in a similar environment. 
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CONNECTION DIAGRAMS 
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ORDERING INFORMATION 

Commercial and Industrial Products 
Yantis programmable logic products for cornrnercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

FAMILY TYPE 
PAL = Prograrnrnable Array Logic 
TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V = Versatile 
NUMBER OF OUTPUTS 

POWER 
= Half Power (90-125 rnA Ice) 
= Quarter Power (55 rnA Ice) 

PAL 

T 

H 

Q 
z = Zero Power (15 µA Ice Standby) 

SPEED 
-5 
-7 

-10 
-12 
-15 
-20 
-25 

= 5 ns tpo 
= 7.5 ns tp0 

= 10 ns tpo 
= 12 ns lpo 
= 15 ns tp0 

= 20 ns tpo 
= 25 ns tp0 

PALCE16V8H-5 

PALCE16V8H-7 

PALCE16V8H-10 

PALCE16V8Q-10 

PALCE16V8H-15 

PALCE16V8Q-15 

PALCE16V8Q-20 

PALCE16V8H-25 

PALCE16V8Q-25 

PALCE16V8Z-12 

PALCE16V8Z-15 

PALCE16V8Z-25 

Valid Combinations 

JC 

PC,JC, SC 

PC,JC, SC, PI,JI 

JC 

PC, JC, SC 

PC,JC 

PI,Jl 

PC, JC, SC, PI, JI 

PC, JC, PI, JI 

PI,Jl 

PC, JC, SC, Pl, JI, SI 

CE 16 V 8 H -5 J c /5 

15 

14 

15 

/4 

L PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 

I 4 = First Revision 
/5 = Second Revision 

(Sarne Algorithm as I 4) 

.__ __ OPERATING CONDITIONS 

C = Cornrnercial (0°C to + 75°C) 
= Industrial (-40°C to +85°C) 

....._ ___ PACKAGE TYPE 
p 

J 

s 

= 20-Pin Plastic DIP (PD 020) 
= 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
= 20-Pin Plastic Gull-Wing 

Small Outline Package (SO 020) 

Valid Combinations 

Valid Combinations lists configurations planned to be 
supported in volume for this device. Consult the local Yantis 
sales office to confirm availability of specific valid 
combinations and to check on newly released combinations. 
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FINAL COM'L:-10 IND:-20 II VANTIS PALLV16V8-10 & PALLV16V8Z-20 
I llEYQN[) PERFORMANCE Low Voltage, Zero Power 20-Pin EE CMOS 

Universal Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

+ Low-voltage operation, 3.3 V JEDEC compatible 
- Vee= +3.0 V to +3.6 V 

+ Pin and function compatible with all 20-pin PAL® devices 
+ Electrically-erasable CMOS technology provides reconfigurable logic and full testability 
+ Direct plug-in replacement for the PAL 16R8 series 
+ Designed to interface with both 3.3-V and 5-V logic 
+ Outputs programmable as registered or combinatorial in any combination 
+ Programmable output polarity 
+ Programmable enable/disable control 
+ Preloadable output registers for testability 
+ Automatic register reset on power up 
+ Cost-effective 20-pin plastic DIP, PLCC, and SOIC packages 
+ Extensive third-party software and programmer support 
+ Fully tested for 100% programming and functional yields and high reliability 

GENERAL DESCRIPTION 

The PALLV16V8 is an advanced PAL device built with low-voltage, high-speed, electrically-erasable 
CMOS technology. It is functionally compatible with all 20-pin GAL devices. The macrocells 
provide a universal device architecture. The PALLV16V8 will directly replace the PAL16R8, with the 
exception of the PAL16Cl. 

The PALLV16V8Z provides zero standby power and high speed. At 30-µA maximum standby 
current, the PALLV16V8Z allows battery powered operation for an extended period. 

The PALLV16V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic can 
always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate cells 
in the AND logic array that can be erased electrically. 

The fixed OR array allows up to eight data product terms per output for logic functions. The sum 
of these products feeds the output macrocell. Each macrocell can be programmed as registered or 
combinatorial with an active-high or active-low output. The output configuration is determined by 
two global bits and one local bit controlling four multiplexers in each macrocell. 

Publication# 17713 Rev, E 
Amendment/O Issue Date: November 1998 



BLOCK DIAGRAM 

OE/lg l/Oo 

FUNCTIONAL DESCRIPTION 

Programmable AND Array 
32x64 

1/03 1/05 

The PALLV16V8 is a low-voltage, EE CMOS version of the PALCE16V8. 

CLK/10 

1/05 1/07 177130-1 

The PALLV16V8Z is a low-voltage, EE CMOS version of the PALCE16V8. In addition, the 
PALLV16V8Z has zero standby power and an unused product term disable feature for reduced 
power consumption. 

The PALLV16V8 is a universal PAL device. It has eight independently configurable macrocells 
(MC0-MC7). Each macrocell can be configured as registered output, combinatorial output, 
combinatorial 1/0 or dedicated input. The programming matrix implements a programmable AND 
logic array, which drives a fixed OR logic array. Buffers for device inputs have complementary 
outputs to provide user-programmable input ~nal polarity. Pins 1 and 11 serve either as array 
inputs or as clock (CLK) and output enable (OE), respectively, for all flip-flops. 

Unused input pins should be tied directly to V cc or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 

The programmable functions on the PALLV16V8 are automatically configured from the user's 
design specification. The design specification is processed by development software to verify the 
design and create a programming file. This file, once downloaded to a programmer, configures the 
device according to the user's desired function. 
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The user is given two design options with the PALLV16V8. First, it can be programmed as a 
standard PAL device from the PAL16R8 and PAL10H8 series. The PAL programmer manufacturer 
will supply device codes for the standard PAL device architectures to be used with the PALLV16V8. 
The programmer will program the PALLV16V8 in the corresponding architecture. This allows the 
user to use existing standard PAL device JEDEC files without making any changes to them. 
Alternatively, the device can be programmed as a PALLV16V8. Here the user must use the 
PALLV16V8 device code. This option allows full utilization of the macrocell. 

SLOx 
SG1 

>-----1--1 D Q 1-----1 

CL a i--------1'"'"""'---, 

*SG1 

•Jn macrocells MC0 and MC 7, SGJ is replaced by SGO on the feedback multiplexer. 

Figure 1. PALLV16V8 Macrocell 

CONFIGURATION OPTIONS 

To 
Adjacent 
Macrocell 

I/Ox 

From 
Adja,cent 

Pm 

177130-004 

Each macrocell can be configured as one of the following: registered output, combinatorial output, 
combinatorial I/0, or dedicated input. In the registered output configuration, the output buffer is 
enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled by a 
product term or always enabled. In the dedicated input configuration, it is always disabled. With 
the exception of MC0 and MC7, a macrocell configured as a dedicated input derives the input signal 
from an adjacent I/0. MC0 derives its input from pin 11 (OE) and MC7 from pin 1 (CLK). 

The macrocell configurations are controlled by the configuration control word. It contains 2 global 
bits (SGO and SGl) and 16 local bits (SL00 through SL07 and SL10 through SL17). SGO determines 
whether registers will be allowed. SG 1 determines whether the PALLV16V8 will emulate a PAL16R8 
family. Within each macrocell, SLOx, in conjunction with SGl, selects the configuration of the 
macrocell, and SLlx sets the output as either active low or active high for the individual macrocell. 

The configuration bits work by acting as control inputs for the multiplexers in the macrocell. There 
are four multiplexers: a product term input, an enable select, an output select, and a feedback 
select multiplexer. SG 1 and SLOx are the control signals for all four multiplexers. In MC0 and MC7, 
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SGO replaces SG 1 on the feedback multiplexer. This accommodates CLK being the adjacent pin for 
MC7 and OE the adjacent pin for MC0. 

Registered Output Configuration 

The control bit settings are SGO = 0, SGl = 1 and SLOx=O. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined b_y SLlx. The flip-flop is loaded on the LOW-to-HIGH transition of CLK. The feedback 
path is from Q on the register. The output buffer is enabled by OE. 

Combinatorial Configurations 

The PALLV16V8 has three combinatorial output configurations: dedicated output in a non­
registered device, 1/0 in a non-registered device and 1/0 in a registered device. 

Dedicated Output In a Non-Registered Device 

The control bit settings are SGO = 1, SGl = 0 and SLOx=O. All eight product terms are available to 
the OR gate. Although the macrocell is a dedicated output, the feedback is used, with the exception 
of MC3 and MC4. MC3 and MC4 do not use feedback in this mode. Because CLK and OE are not 
used in a non-registered device, pins 1 and 11 are available as input signals. Pin 1 will use the 
feedback path of MC7, and pin 11 will use the feedback path of MC0. 

Combinatorial 1/0 In a Non-Registered Device 

The control bit settings are SGO = 1, SGl = 1, and SLOx=l. Only seven product terms are available 
to the OR gate. The eighth product term is used to enable the output buffer. The signal at the 1/0 
pin is fed back to the AND array via the feedback multiplexer. This allows the pin to be used as 
an input. 

Because CLK and OE are not used in a non-registered device, pins 1 and 11 are available as inputs. 
Pin 1 will use the feedback path of MC7, and pin 11 will use the feedback path of MC0. 

Combinatorial 1/0 in a Registered Device 

The control bit settings are SGO = 0, SGl = 1 and SLOx=l. Only seven product terms are available 
to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding 1/0 signal. 

Dedicated Input Configuration 

The control bit settings are SGO = 1, SGl = 0 and SLOx=l. The output buffer is disabled. Except for 
MC0 and MC7, the feedback signal is an adjacent 1/0. For MC0 and MC7, the feedback signals are 
pins 1 and 11. These configurations are summarized in Table 1 and illustrated in Figure 2. 
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Table 1. Macrocell Configuration 

Cell Devices Cell Devices 
SGO SG1 SLOx Configuration Emulated SGO SG1 SLOx Configuration Emulated 

Device Uses Registers Device Uses No Registers 

Registered PAL16R8, 16R6, Combinatorial 
PALIOH8, 12H6, 

0 1 0 
Output 16R4 

1 0 0 
Output 

14H4, !6H2, 1018, 12L6, 
141.4, 16L2 

0 1 I 
Combinatorial 

PAL16R6, 16R4 1 0 I Input 
PAL12H6, 14H4, !6H2, 12L6, 

1/0 141.4, 16L2 

1 I 1 
Combinatorial 

PAL16L8 
1/0 

Programmable Output Polarity 

The polarity of each macrocell can be active-high or active-low, either to match output signal 
needs or to reduce product terms. Programmable polarity allows Boolean expressions to be written 
in their most compact form (true or inverted), and the output can still be of the desired polarity. 
It can also save "DeMorganizing" efforts. 

Selection is through a programmable bit SLlx which controls an exclusive-OR gate at the output 
of the AND/OR logic. The output is active high if SLlx is 1 and active low if SLlx is 0. 
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c. Combinatorial 1/0 active low 

Vee 

Note 1 

e. Combinatorial output active low 

Notes: 
1. Feedback is not available on pins 15 and 16 in the 

combinatorial output mode. 

2. The dedicated-input configuration is not available 
on pins 15 and 16. 
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Note 1 
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~ 
~1----<=J Adjacent 1/0 pin 
~ Note2 

177130-5 
g. Dedicated input 

Figure 2. Macrocell Configurations 
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Benefits of Lower Operating Voltage 

The PALLV16V8 has an operating voltage range of 3.0V to 3.6 V. Low voltage allows for lower 
operating power consumption, longer battery life, and/or smaller batteries for notebook 
applications. The PALLV16V8 inputs accept up to 5.5 V, so they are safe for mixed voltage design. 

Because power is proportional to the square of the voltage, reduction of the supply voltage from 
5.0 V to 3.3 V significantly reduces power consumption. This directly translates to longer battery 
life for portable applications. Lower power consumption can also be used to reduce the size and 
weight of the battery. Thus, 3.3-V designs facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of I/0 voltage swings. This reduces noise 
generation and provides a less hostile environment for board design. A lower operating voltage 
also reduces electromagnetic radiation noise and makes obtaining FCC approval easier. 

Power-Up Reset 

All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALLV16V8 will depend on whether they are selected as registered or combinatorial. If registered 
is selected, the output will be HIGH. If combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 

The register on the PALLV16V8 can be preloaded from the output pins to facilitate functional testing 
of complex state machine designs. This feature allows direct loading of arbitrary states, making it 
unnecessary to cycle through long test vector sequences to reach a desired state. In addition, 
transitions from illegal states can be verified by loading illegal states and observing proper 
recovery. 

The preload function is not disabled by the security bit. This allows functional testing after the 
security bit is programmed. 

Security Bit 

A security bit is provided on the PALLV16V8 as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback of the programmed pattern by 
a device programmer, securing proprietary designs from competitors. However, programming and 
verification are also defeated by the security bit. The bit can only be erased in conjunction with 
the array during an erase cycle. 

Electronic Signature Word 

An electronic signature word is provided in the PALLV16V8 device. It consists of 64 bits of 
programmable memory that can contain user-defined data. The signature data is always available 
to the user independent of the security bit. 

Programming and Erasing 

The PALLV16V8 can be programmed on standard logic programmers. It also may be erased to reset 
a previously configured device back to its unprogrammed state. Erasure is automatically performed 
by the programming hardware. No special erase operation is required. 
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Quality and Testability 

The PALLV16V8 offers a very high level of built-in quality. The erasability if the device provides a 
direct means of verifying performance of all the AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to yield the highest programming yields 
and post-programming function yields in the industry. 

Technology 

The high-speed PALLV16VSZ is fabricated with Yantis' advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. This technology provides strong 
input-damp diodes and a grounded substrate for clean switching. 

Zero-Standby Power Mode 

The PALLV16V8 features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALLV16VSZ will go into standby mode, shutting down most 
of its internal circuitry. The current will go to almost zero Clcc < 30 µA). The outputs will maintain 
the states held before the device went into the standby mode. There is no speed penalty associated 
with coming out of standby mode. 

When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Ice vs. frequency graph. 

The PALLV16VSZ-20 has the free-running-dock feature. This means that if one or more registers 
are used, switching only the CLK will not wake up the logic array or any macrocell. The device 
will not be in standby mode because the CLK buffer will draw some current, but dynamic Ice will 
typically be less than 2 mA. 

Product-Term Disable 

On a programmed PALLV16VSZ, any product terms that are not used are disabled. Power is cut off 
from these product terms so that they do not draw current. As shown in the Ice vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is greater at the 
higher frequencies. 

Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PWs. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM {CONTINUED) 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 

Ambient Temperature (TA) 
with Power Applied .............. -55°C to +125°C Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 75°C 

Supply Voltage with Supply Voltage (V cc) 
Respect to Ground ............... -0.5 V to + 7 .0 V with Respect to Ground ........... +3.0 V to +3.6 V 

DC Input Voltage ................. -0.5 V to 5.5 V 

DC Output or I/0 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

Pin Voltage ...................... -0.5 V to 5.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latch-up Current 
(TA= 0°C to 75°C) ..................... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. F,xposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Conditions Min 

VIN = VIH or V11 
108 =-2mA 2.4 

You Output HIGH Voltage 
Vee= Min Ion= -75 mA Vee-0.2V 

VIN = VIH or V11 ioL=2mA 
VOL Output LOW Voltage 

Vee= Min ioL = lOOmA 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Iuputs (Note 1) 2.0 

V11 Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs (Note 1) 

IIH Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

I11 Input LOW Leakage Current VIN= OV, Vee= Max (Note 2) 

Iozu Off-_State Output Leakage Current HIGH VoUT =Vee, Vee= Max, VIN= VIH or V11(Note2) 

ioZL Off-State Output Leakage Current LOW VoUT = Vee, Vee = Max, VIN = VIH or V1L (Note 2) 

Isc Output Short-Circuit Current VoUT = 0.5 v, Vee= Max (Note 3) -50 

Ice Supply Current Outputs Open (loUT = 0 mA), Vee= Max, f = 15 MHz (Note 4) 

Notes: 

Max 

0.4 

0.2 

5.5 

0.8 

10 

-100 

10 

-100 

-130 

55 

1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case ofhL and lozL (or !IL and lozJ. 

Unit 

v 
v 

v 
v 
v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

3. Not more than one output should be shortened at a time, and the duration of the short-circuit should not exceed one second. 
VoUT = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test conditions. Refer to the Ice vs.frequency graph for typical measurements. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

Cm Input Capacitance VIN= 2.0V Vee - 3.3 V, TA= 25°C, 5 pF 

Coor Output Capacitance Your= 2.0V f=lMHz 8 pF 

Note: 
1. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

-10 
Parameter 

Symbol Parameter Description Min Max Unit 

Im Input or Feedback to Combinatorial Output (Note 2) 10 ns 

Is Setup Tune from Input or Feedback to Clock 7 ns 

tH Hold Tlme 0 ns 

loo Clock to Output 7 ns 

lwL WW 6 ns 
Clock Width 

tWll HIGH 6 ns 

External Feedback ll(ts + fco) 71.4 MHz 

fMAX 
Maximum Frequency 

Internal Feedback (fCNT ll(ts + lcF) 83.3 MHz 
(Notes 2 and 3) 

No Feedback l/(ls + tH) 83.3 MHz 

tl'ZX Oii to Output Enable 10 ns 

1Pxz OE to Output Dlsable 10 ns 

tEA Input to Output Enable Using Product Term Control 12 ns 

liiR Input to Output Disable Using Product Term Control 12 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 

tep = llf MAX (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to + 150°C Industrial (I) Devices 

Ambient Temperature Ambient Temperature (T,J .......... -40°C to +85°C 
with Power Applied .............. -55°C to +125°C Supply Voltage (V cc) with 
Supply Voltage with Respect to Ground ............... +3.0V to +3.6 V 
Respect to Ground ............... -0.5 V to +7.0 V 

DC Input Voltage ................. -0.5 V to 5.5 V 
Operating ranges de.fine those limits between which tbe 
functionality of the device is guaranteed. 

DC Output or I/O 
Pin Voltage ...................... -0.5 V to 5.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latch-up Current 
(TA= -40°C to 85°C) .................... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Conditions Min 

VIN = Vm or Vn. loH =-2mA 2.4 
VoH Output HIGH Voltage 

Vee= Min loH = -75µA Vee-0.2V 

VIN = Vrn or Vn. l01=2mA 
Vo1 Output LOW Voltage 

Vee= Min Io1=100 µA 

Vrn Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs (Note 1) 2.0 

Vn. Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs (Note 1) 

Irn Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

lu Input LOW Leakage Current VIN = 0 v, Vee= Max (Note 2) 

loZH Off-State Output Leakage Current HIGH Your= Vee, Vee= Max, VIN= VrnorVn. (Note 2) 

loZL Off-State Output Leakage Current LOW Your= Vee, Vee= Max, V1N = Vrn or Vn. (Note 2) 

Isc Output Short-Circuit Current Your= 0.5 V, Vee= Max (Note 3) -15 

Outputs Open (lour = O mA) f=OMHz 
Ice Supply Current 

Vee = MaX, f = 15 MHz (Note 4) f = 15 MHz 

Note: 

Max 

0.4 

0.2 

5.5 

0.8 

10 

-10 

10 

-10 

-75 

30 

45 

1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. I/0 pin leakage is the worst case of/IL and lozL (or Im and lozHJ. 

Unit 

v 

v 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA. 

3. Not more than one output should be shorted at a time, and the duration of tbe short-circuit should not exceed one second. Vour 
= 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 

4. Tbis parameter is guaranteed worst case under test conditions. Refer to tbe Ice vs.frequency graph for typical measurements. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

Cm Input Capacitance VIN= 2.0V Vee= 5.0 V, TA= 25°C, 5 pF 

Cout Output Capacitance VoUT = 2.0V f=lMHz 8 pF 

Note: 
1. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1 

-20 
Parameter 

Symbol Parameter Description Min Max Unit 

tpn Input or Feedback to Comblnalorial Output (Note 2) 20 ns 

Is Setup Tune from Input or Feedback to Clock 15 ns 

Iii Hold Tune 0 ns 

lco Clock to Output 10 ns 

!wt WW 8 ns 
Clock Width 

lwu IDGH 8 ns 

External Feedback 1/(lg + lco) 40 MHz 

fMAX 
Maximum Frequency 

Internal Feedback (fCNT) 1/(lg + tcF) 50 MHz 
(Notes 3 and 4) 

No Feedback 1/(lg +tu) 66.7 MHz 

tnx Oii to Output Enable 20 ns 

Im OE to Output Disable 20 ns 

liiA Input to Output Enable Using Product Term Control 20 ns 

tER Input to Output Disable Using Product Term Control 20 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. 1bis parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpv will typically be about 2 nsfaster. 

3. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tCF is a calculated value and is not guaranteed. tcF can be found using the following equation: 

tCF = llf MAX (internal feedback) - t5• 
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SWITCHING WAVEFORMS 

Input or ~ 

Feedback _____ '_, ~xx@V,-tpo -v-.,,o---
Combinatorial , . 

Output 

177130-7 

a. Combinatorial output 

Clock 

Input or 
Feedback 

Clock ---------

Registered 
Output 

Input 

Output 

---------
b. Registered output 

.177130-8 

177130-9 

c. Clock width 

177130-10 

d. Input to output disable/enable 

OE------' 

Output 

Notes: 

tpxz 

177130-11 

e. OE to output disable/enable 

1. Vr= 1.5 Vfor input signals and Va/2foroutput signals. 

2. Input pulse amplitude 0 V to 3.0 V 

3. Input rise and fall times 2 ns to 5 ns typical. 
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KEY TO SWITCHING WAVEFORM 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 

from H to L from H to L 

Ill!/ May Will be 
Change Changing 

from L to H from L to H 

X'IX'!fX Don't Care, Changing, 
Any Change State 

Permitted Unknown 

ID-ffi Does Not Center 
Apply Line is High· 

Impedance 
"Off" State 

KS00001 O·PAL 

SWITCHING TEST CIRCUIT 

Vee 

Output Test Point 

R2 le, 
S2 

l 177130·12 

Specification s, 52 CL R1 R2 Measured Output Value 

IPD, loo Closed Closed Vcrf2 

Z~H:Open Z ~ H: Closed 30pF 
IPZX, IEA Z ~ L: Closed Z~L:Open l.6K I.6K Vcrf2 

H~Z:Open H~ Z:Closed 
5 pF 

H~Z:Vott-0.SV 
lpxz, IER 

L~Z: Closed L~Z:Open L ~ Z: VoL + 0.5 V 
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TYPICAL Ice CHARACTERISTICS 
Vee= 3.3 v. TA= 2s0 c 

150 

125 

100 

Ice (mA) 75 

50 

25 

0 10 

PALLV16V8-10 

PALLV16VBZ-20 

20 30 40 50 

Frequency (MHz) 177130-13 

Ice vs. Frequency 

The selected "typical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocel/. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice- From this midpoint, a designer may scale the Ice graphs up or down 
to estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 

The PALLV16V8 is manufactured using Yantis' advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, devices 
can be erased and reprogrammed-a feature which allows 100% testing at the factory. 

Symbol Parameter Test Conditions Value Unit 

Max Storage Temperature 10 Years 
IDR Min Pattern Data Retention Time 

Max Operating Temperature 20 Years 

N Max Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 

The PALLV16V8 has some unique features that make it extremely robust, especially when operating 
in high-speed design environments. Pull-up resistors on inputs and I/0 pins cause unconnected 
pins to default to a known state. Input clamping circuitry limits negative overshoot, eliminating the 
possibility of false clocking caused by subsequent ringing. A special noise filter makes the 
programming circuitry completely insensitive to any positive overshoot that has a pulse width of 
less than about 100 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

ESD 
Protection 

and 
Clamping 

Vee 

>50kQ 

Programming = 
Pins only 

Vee 

L----------
Programming 

Voltage 
Detection 

= 

Typical Input 

Vee 

Provides ESD 
Protection and 

Clamping 

Typical Output 

Vee 

>50kQ 

Positive 
Overshoot 

Filter 

Programming 
Circuitry 

177130-14 

Preload Feedback 
Circuitry Input 

177130-15 
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POWER-UP RESET 

The PALLV16V8 has been designed with the capability to reset during system power-up. Following 
power-up, all flip-flops will be reset to LOW. The output state will be HIGH independent of the 
logic polarity. This feature provides extra flexibility to the designer and is especially valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways V cc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 

+ The V cc rise must be monotonic. 

+ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

tpR 

ls 

!wt 

Parameter 
Symbol Parameter Descriptions Min Max 

Power-Up Reset Time 1000 

Input or Feedback Setup Time 
See Switching Characteristics 

Clock Width LOW 

Power 

Registered 
Output 

Clock 

Figure 3. Power-Up Reset Waveform 
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ns 
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TYPICAL THERMAL CHARACTERISTICS 

Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Typ 

Symbol Parameter Description PDIP PLCC Unit 

0jc Thermal impedance, junction to case 20 19 OC/W 

0ja Thermal impedance, junction to ambient 65 57 OC/W 

200 lfpm air 58 41 OC/W 

400 lfpm air 51 37 OC/W 

0jma Thermal impedance, junction to ambient with air flow 
600 lfpm air 47 35 OC/W 

800 lfpm air 44 33 OC/W 

Plastic Bjc Considerations 
1be data listed for plastic fJi0 arefor reference only and are not recommended for use in calculatingjunction temperatures. 1be heat­
flow paths in plastic-encapsulated devices are complex, making the fJjc measurement relative to a specific location ion the package 
surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, fJjc tests on packages are performed in a constant temperature. Therefore, the measurements can only be used in a 
similar environment. 
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CONNECTION DIAGRAMS (TOP VIEW) 

DIP/SOIC PLCC 

eLK/1 0 Vee 0 

~ () 

1/07 
....J () 

11 ~ -= () > 

12 I/Os 2 1 20 

I 3 1/05 • 
13 4 

14 1/04 
14 5 

I 5 1/03 
15 6 

Is 1/02 
le 7 

17 1/01 
17 8 

Is 1/00 

GND OE/1 9 
9 10 11 12 

_JP 0 "' 0 

177130-2 z Lil ~ Cl 0 
PIN DESIGNATIONS 
CLK Clock Note: 

GNO Ground 
Pin 1 is marked for orientation. 

I Input 

1/0 Input/Output 

NC No Connect 

Vee Supply Voltage 
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~ 

19 

13 

g-

18 I/Os 

17 1/05 

16 1/04 

15 1/03 

14 1/02 
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ORDERING INFORMATION 

Commercial and Industrial Products 

Yantis programmable logic products for industrial applications are available with several ordering options. The order number 
(Valid Combination) is formed by a combination of: 

PAL 

FAMlLYTYPE T 
PAL = Programmable Array Logic 
TECHNOLOGY 

LV = Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V = Versatile 

NUMBER OF OUTPUTS 

Z = Zero Power 
(30 µA Ice Standby) 

SPEED 

-10 = 10 ns tpo 
-20 = 20 ns tpo 

Valid Combinations 

PALLV16V8-10 PC,JC, SC 

PALLV16V8Z-20 PI,JI 

LV 16 v 8 z -10 p c 

L OPERATING CONDITIONS 

C = Commercial (0°C to +75°C) 
= Industrial (-40°C to 85°C) 

PACKAGE TYPE 
p 

J 

s 

= 20-Pin Plastic DIP (PD 020) 
= 20-Pin Plastic Leaded Chip 

Carrier (PL 020) 
= 20-Pin Plastic Gull-Wing Small 

Outline Package (SO 020) 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
Yantis sales office to confirm availability of specific 
valid combinations and to check on newly released 
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II VANTIS 
I HEYONIJ PERFORMANCE 

COM'L: H-5nt10/15/25, Q-10/15/25 IND: H-15125, Q-20/25 

PALCE20V8 Family 
EE CMOS 24-Pin Universal 
Programmable Array Logic 

DISTINCTIVE CHARACTERISTICS 

+ Pin and function compatible with all PAL® 20V8 devices 
+ Electrically erasable CMOS technology provides reconfigurable logic and full testability 
+ High-speed CMOS technology 

- 5-ns propagation delay for "-5" version 
- 7.5-ns propagation delay for "-7" version 

+ Direct plug-in replacement for a wide range of 24-pin PAL devices 
+ Programmable enable/disable control 
+ Outputs individually programmable as registered or combinatorial 
+ Peripheral Component Interconnect (PCI} compliant 
+ Preloadable output registers for testability 
+ Automatic register reset on power-up 
+ Cost-effective 24-pin plastic SKINNY DIP and 28-pin PLCC packages 
+ Extensive third-party software and programmer support 
+ Fully tested for 100% programming and functional yields and high reliability 
+ Programmable output polarity 
+ 5-ns version utilizes a split leadframe for improved performance 

GENERAL DESCRIPTION 

The PALCE20V8 is an advanced PAL device built with low-power, high-speed, electrically­
erasable CMOS technology. Its macrocells provide a universal device architecture. The 
PALCE20V8 is fully compatible with the GAL20V8 and can directly replace PAL20R8 series 
devices and most 24-pin combinatorial PAL devices. 

Device logic is automatically configured according to the user's design specification. A design is 
implemented using any of a number of popular design software packages, allowing automatic 
creation of a programming file based on Boolean or state equations. Design software also verifies 
the design and can provide test vectors for the finished device. Programming can be 
accomplished on standard PAL device programmers. 

The PALCE20V8 utilizes the familiar sum-of-products (AND/OR) architecture that allows users to 
implement complex logic functions easily and efficiently. Multiple levels of combinatorial logic 
can always be reduced to sum-of-products form, taking advantage of the very wide input gates 
available in PAL devices. The equations are programmed into the device through floating-gate 
cells in the AND logic array that can be erased electrically. 

Publication# 16491 Rev: E 
Amendment/O Issue Date: November 1998 



The fixed OR array allows up to eight data product terms per output for logic functions. The 
sum of these products feeds the output macrocell. Each macrocell can be programmed as 
registered or combinatorial with an active-high or active-low output. The output configuration 
is determined by two global bits and one local bit controlling four multiplexers in each 
macrocell. 

BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 

Programmable AND Array 
40x64 

CLK!lo 

16491E 

The PALCE20V8 is a universal PAL device. It has eight independently configurable macrocells 
(MC0-MC7). Each macrocell can be configured as a registered output, combinatorial output, 
combinatorial 1/0, or dedicated input. The programming matrix implements a programmable 
AND logic array, which drives a fixed OR logic array. Buffers for device inputs have 
complementary outputs to provide user-programmable input~nal polarity. Pins 1 and 13 serve 
either as array inputs or as clock (CLK) and output enable (OE) for all flip-flops. 

Unused input pins should be tied directly to V cc or GND. Product terms with all bits 
unprogrammed (disconnected) assume the logical HIGH state, and product terms with both true 
and complement of any input signal connected assume a logical LOW state. 

The programmable functions on the PALCE20V8 are automatically configured from the user's 
design specification, which can be in a number of formats. The design specification is processed 
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by development software to verify the design and create a programming file. This file, once 
downloaded to a programmer, configures the device according to the user's desired function. 

The user is given two design options with the PALCE20V8. First, it can be programmed as an 
emulated PAL device. This includes the PAL20R8 series and most 24-pin combinatorial PAL 
devices. The PAL device programmer manufacturer will supply device codes for the standard 
PAL architectures to be used with the PALCE20V8. The programmer will program the PALCE20V8 
to the corresponding PAL device architecture. This allows the user to use existing standard PAL 
device JEDEC files without making any changes to them. Alternatively, the device can be 
programmed directly as a PALCE20V8. Here the user must use the PALCE20V8 device code. This 
option provides full utilization of the macrocells, allowing non-standard architectures to be built. 

,__ __ __.,..,_.o Q ,__ __ _, 

CLK a-------. 

To 
Adjacent 
Macrocell 

I/Ox 

1------ From 

*SG1 

•Jn macrocells MC0 and MC 7' SGJ is replaced by SGO on the feedback multiplexer. 

Figure 1. PALCE20V8 Macrocell 

PALCE20V8 Family 

Adjacent 
Pin 

16491 E 

305 



CONFIGURATION OPTIONS 
Each macrocell can be configured as one of the following: registered output, combinatorial 
output, combinatorial I/0 or dedicated input. In the registered output configuration, the output 
buffer is enabled by the OE pin. In the combinatorial configuration, the buffer is either controlled 
by a product term or always enabled. In the dedicated input configuration, the buffer is always 
disabled. A macrocell configured as a dedicated input derives the input signal from an adjacent 
I/0. 

The macrocell configurations are controlled by the configuration control word. It contains 2 
global bits (SGO and SG 1) and 16 local bits (SL00 through SL07 and SL10 through SLl 7). SGO 
determines whether registers will be allowed. SG 1 determines whether the PALCE20V8 will 
emulate a PAL20R8 family or a combinatorial device. Within each macrocell, SLOx, in conjunction 
with SGl, selects the configuration of the macrocell and SLlx sets the output as either active low 
or active high. 

The configuration bits work by acting as control inputs for the multiplexers in the macrocell. 
There are four multiplexers: a product term input, an enable select, an output select, and a 
feedback select multiplexer. SG 1 and SLOx are the control signals for all four multiplexers. In MC0 

and MC7, SGO replaces SG 1 on the feedback multiplexer. 

These configurations are summarized in Table 1 and illustrated in Figure 2. 

If the PALCE20V8 is configured as a combinatorial device, the CLK and OE pins may be available 
as inputs to the array. If the device is configured with registers, the CLK and OE pins cannot be 
used as data inputs. 

Registered Output Configuration 

The control bit settings are SGO = 0, SGl = 1 and SLOx = 0. There is only one registered 
configuration. All eight product terms are available as inputs to the OR gate. Data polarity is 
determined by SLlx- SLlx is an input to the exclusive-OR gate which is the D input to the flip­
flop. SLlx is programmed as 1 for inverted output or 0 for non-inverted output. The flip-flop is 
loaded on the LOW-to-HIGH transition of CLK. The feedback path is from Q on the register. The 
output buffer is enabled by OE. . 

Combinatorial Configurations 

The PALCE20V8 has three combinatorial output configurations: dedicated output in a non­
registered device, I/0 in a non-registered device and I/0 in a registered device. 

Dedicated Output in a Non-Registered Device 

The control settings are SGO = 1, SGl = 0, and SLOx = 0. All eight product terms are available to 
the OR gate. Although the macrocell is a dedicated output, the feedback is used, with the 
exception of pins 18(21) and 19(23). Pins 18(21) and 19(23) do not use feedback in this mode. 
Note: 
1. Tbe pin number without parentheses refers to the SKINNY DIP package. Tbe pin number in parentheses refers to the PLCC 

package. 
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Dedicated Input in a Non-Registered Device 

The control bit settings are SGO = 1, SG 1 = 0 and SLOx = 1. The output buffer is disabled. The 
feedback signal is an adjacent I/0 pin. 

Combinatorial 1/0 in a Non-Registered Device 

The control settings are SGO = 1, SGl = 1, and SLOx = 1. Only seven product terms are available 
to the OR gate. The eighth product term is used to enable the output buffer. The signal at the 
I/0 pin is fed back to the AND array via the feedback multiplexer. This allows the pin to be used 
as an input. 

Combinatorial 1/0 in a Registered Device 

The control bit settings are SGO=O,SGl=l and SLOx =l. Only seven product terms are available 
to the OR gate. The eighth product term is used as the output enable. The feedback signal is the 
corresponding I/0 signal. 

Ta bl e 1. Macroce II f Con ig_uration 

Cell Devices Cell Devices 
SGO SG1 SL Ox Configuration Emulated SGO SG1 SL Ox Configuration Emulated 

Device Uses Registers Device Uses No Registers 

0 I 0 Registered Output 
PAL20R8, 20R6, 

I 0 0 
Combinatorial PAL20L2, 18L4, 

20R4 Output !6L6, 14L8 

0 I I 
Combinatorial 

PAL20R6, 20R4 I 0 I Input PAL20L2, 18L4, !6L6 
J/O 

I I I 
Combinatorial 

PAL20L8 
VO 
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OE -------------.. 

---o Q 

CLK Q CLK Q 

a. Registered active Low b. Registered active high 

c. Combinatorial 1/0 active low d. Combinatorial 1/0 active high 

Vee 

Note 1 

e. Combinatorial output active low f. Combinatorial output active high 

~Nme2 
Notes: 
1. Feedback is not available on pins 18 (21) and 19 (23) in 

the combinatorial output mode. 
~ <=J Adjacent 1/0 Pin 

2. This macrocell configuration is not available on pins 
18 (21) and 19 (23). g. Dedicated input 

Figure 2. Maci:ocell Configurations 
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Power-Up Reset 

All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE20V8 depend on whether they are selected as registered or combinatorial. If registered is 
selected, the output will be HIGH. If combinatorial is selected, the output will be a function of 
the logic. 

Register Preload 

The register on the PALCE20V8 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 

Security Bit 

A security bit is provided on the PALCE20V8 as a deterrent to unauthorized copying of the array 
configuration patterns. Once programmed, this bit defeats readback and verification of the 
programmed pattern by a device programmer, securing proprietary designs from competitors. 
The bit can only be erased in conjunction with the array during an erase cycle. 

Electronic Signature Word 

An electronic signature word is provided in the PALCE20V8. It consists of 64 bits of 
programmable memory that can contain any user-defined data. The signature data is always 
available to the user independent of the security bit. 

Programming and Erasing 

The PALCE20V8 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 

Quality and Testability 

The PALCE20V8 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
and post-programming functional yields in the industry. 

Technology 

The high-speed PALCE20V8H is fabricated with Yantis' advanced electrically erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are 
designed to be compatible with TTL devices. This technology provides strong input clamp 
diodes, output slew-rate control, and a grounded substrate for clean switching. 

PCI Compliance 

PALCE20V8H devices in the -5/-7/-10 speed grades are fully compliant with the PC! Local Bus 
Specification published by the PCI Special Interest Group. The PALCE20V8H's predictable timing 
ensures compliance with the PCI AC specifications independent of the design. On the other 
hand, in CPLD and FPGA architectures without predictable timing, PCI compliance is dependent 
upon routing and product term distribution. 
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LOGIC DIAGRAM 
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LOGIC DIAGRAM (CONTINUED) 

0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 

'~'fol 

0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 

PALCE20V8 Family 

CLKOE 

16491 E-4 
(concluded) 

311 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to +150°C 

Ambient Temperature 

OPERATING RANGES 
Commercial (C) Devices 
Ambient Temperature (T~ Operating 

with Power Applied .............. -55°C to +125°C in Free Air. . . . . . . . . . . . . . . . . . . . . . . 0°C to + 75°C 
Supply Voltage Supply Voltage (V cu 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to Vee + 0.5 V 

DC Output or VO 
Operating ranges de.fine those limits between which the 
functionality of the device is guaranteed. 

Pin Voltage ................. -0.5 V to V cc + 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA = 0°C to 75°C) ......... 100 mA 

Stresses above those listed under Absolute Maxtmum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

Vou Output lllGH Voltage Ion= -3.2 mA, VIN= Vm orV11, Vee= Min 2.4 

Vo1 Output WW Voltage lot = 24 mA, VIN = Vm or V11, Vee = Min 

Vm Input lllGH Voltage 
Guaranteed Input Logical lllGH 

2.0 
Voltage for all Inputs (Note 1) 

V11 Input WW Voltage 
Guaranteed Input Logical WW 
Voltage for all Inputs (Note 1) 

Im Input HIGH Leakage Current VIN= 5.25 v, Vee =Max (Note 2) 

111 Input WW Leakage Current VIN= 0 V, Vee =:Max (Note 2) 

Iom Off-Stale Output Leakage Current lllGH 
V0ur = 5.25 v, Vee =Max 
VIN = Vrn or V11 (Note 2) 

loZI. Off-State Output Leakage Current WW Vour = O V, Vee =Max 
VIN = Vm or V11 (Note 2) 

Isc Output Short-Circuit Current Vour = 0.5 V, Vee= Max (Note 3) -30 

Ice Supply Current for -5 
Outputs Open (lour = o mA), VIN = o V 

(Static) Vee=Max 

Ice Supply Current for -7 and -1 O 
Outputs Open (lour = O mA), 

(Dynamic) Vee= Max, f = 25 MHz 

Notes: 

Max 

0.5 

0.8 

10 

-100 

10 

-100 

-150 

125 

115 

1. 1bese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. J/0 pin leakage is the worst case of hL and lozL (or I/Hand IozHJ· 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Volff = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0 V Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance v0ur = 2.ov f = 1 MHz 8 pF 

Note: 
1. 7bese parameters are nut 100% tested, but are evaluated at initial characterization and at any time tbe design is modified wbere 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

-5 -7 -10 
Parameter 

Symbol Parameter Description Min2 Max Min2 Max Min2 Max Unit 

tpo Input or Feedback to Combinatorial Output 1 5 3 7.5 3 10 ns 

Is Setup Time from Input or Feedback to Clock 3 5 7.5 OS 

tH Hold Time 0 0 0 OS 

!co Clock to Output 1 4 1 5 3 7.5 ns 

lsKEWR Skew Between Registered Outputs (Note 3) 1 1 1 ns 

tWL LOW 3 4 6 ns 
Clock Width 

IWH HIGH 3 4 6 ns 

External Feedback ll(ls+!col 142.8 100 66.7 MHz 

Maximum 
Internal Feedback 

fMAX Frequency 
(fool 

l/(ts+!cF) (Note 5) 166 125 71.4 MHz 
(Note 4) 

No Feedback l/(tWH+tWL) 166 125 83.3 MHz 

tPZX OE to Output Enable 1 6 1 6 2 10 ns 

IPXZ OE to Output Disable 1 5 1 6 2 10 ns 

liiA Input to Output Enable Using Product Term Control 2 6 3 9 3 10 OS 

!ER Input to Output Disable Using Product Term Control 2 5 3 9 3 10 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Output delay minimums for tpn, tc0 , t pzx, t pxz, tEA, and t ER are de.fined under best case conditions. Future process improvements 
may alter tbese values; therefore, minimum values are recommended for simulation purposes only. 

3. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading. 

4. Tbese parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

5. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 

tep = l;JMAX (internal feedback)- t5 . 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to + 150°C 

Ambient Temperature 

OPERAT.ING RANGES 

Commercial (C) Devices 
Ambient Temperature (T ~ 

with Power Applied .............. -55°C to +125°C Operating in Free Air ............... 0°C to +75°C 
Supply Voltage Supply Voltage (V co 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage . . . . . . . . . . . -0.5 V to V cc + 0.5 V 

DC Output or 1/0 
Operating ranges define those limits between which the 
functionality of the device is. guaranteed. 

Pin Voltage ................. -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to 75°C) ......... 100 mA 

Stresses above those listed under Absolute Maximum Ratings . 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

You Output HIGH Voltage Ion= -3.2 mA, VIN= Vm or VIL• Vee= Min 2.4 

VoL Output LOW Voltage loL = 24 mA, VIN= Vm or VIL, Vee= Min 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

Im Input HIGH Leakage Current VIN= 5.25 v, Vee =Max (Note 2) 

!IL Input LOW Leakage Current VIN = 0 V, V cc = Max (Note 2) 

Iom Off-State Output Leakage Current HIGH Your= 5.25 V, Vee =Max 
VIN = Vm or VIL (Note 2) 

Ion Off-State Output leakage Current LOW VoUT = ov, Vee =Max 
VIN = Vm or VIL (Note 2) 

Isc Output Short-Circuit Current Your = 0.5 V, Vee = Max (Note 3) -30 

Ice Supply Current for -10 Outputs Open (foUT = 0 mA), 
(Dynamic) Vee= Max, f = 15 MHz (Note 4) 

Notes: 

Max 

0.5 

0.8 

10 

-100 

10 

-100 

-150 

55 

1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. VO pin leakage is the worst case of In. and IoZL (or I/Hand IozHJ. 

Unit 

v 
v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
V 0ur = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 

4. This parameter is guaranteed worst case under test conditions. Refer to the Ice vs. frequency graph for typical measurements. 

314 PALCE20V8Q-10 (Com'I) 



CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 V, TA= 25°C, 5 pF 

Cour Output Capacitance Your= 2.ov f= lMHz 8 pF 

Note: 
1. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter 
-10 

Symbol Parameter Description Min2 Max Unit 

1Po Input or Feedback to Combinatorial Output 3 10 ns 

Is Setup Ilme from Input or Feedback to Clock 7.5 ns 

tu Hold Time 0 ns 

too Clock to Output 3 7.5 ns 

tWL 
Clock Width 

LOW 6 ns 

lwu IIlGH 6 ns 

External Feedback l/(ts+foo) 66.7 MHz 

(MAX 
Maximum Frequency 

Internal Feedback (foo) ll(ts+lcF) (Note 4) 71.4 MHz 
(Note 3) 

No Feedback l/(twu+lwi) 83.3 MHz 

lnx Oii to Output Enable 2 10 ns 

1Pxz OE to Output Disable 2 10 ns 

IEA Input to Output Enable Using Product Term Control 3 10 ns 

~ Input to Output Disable Using Product Term Control 3 10 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Output delay minimums for tpf> tcO> tpzx, tpxz, tEA, and tER are de.fined under best case conditions. Future process improvements 
may alter these values; therefore, minimum values are recommended for simulation purposes only. 

3. Tbese parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 
tcF ~ llfMAX (internal feedback)- t5. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature .............. -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature Ambient Temperature (TA) Operating 
with Power Applied .............. -55°C to +125°C in Free Air. ...................... 0°C to +75°C 
Supply Voltage Supply Voltage (V cc) 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground ......... +4.75 V to +5.25 V 
DC Input Voltage ........... -0.5 V to V cc + 0.5 V 

DC Output or I/0 
Operating ranges define tbose limits between wbich the 
functionality of the device is guaranteed. 

Pin Voltage ................. -0.5 V to V cc + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to 75°C) ......... 100 mA 

Stresses above tbose listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
tbese limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description Min 

You Output HIGH Voltage lou = -3.2 mA, VIN= Vrn or VIL> Vee= Min 2.4 

Vm Output LOW Voltage Im= 24 mA, VIN= Vrn or VIL> Vee= Min 

Vrn Input HIGH Voltage 
Guanmteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

Irn Input HIGH Leakage Current VIN= 5.25 v, Vee =Max (Note 2) 

l1L Input LOW Leakage Current VIN= 0 v, Yee =Max (Note 2) 

Iozu Off-State Output Leakage Current HIGH VoUT = 5.25 V, Yee = Max 
VIN= Vrn or VIL (Note 2) 

IozL Off-State Output Leakage Current LOW VoUT = O v, Yee =Max 
VIN = Vrn or VIL (Note 2) 

Isc Output Short-Circuit Current VoUT = 0.5 V, Yee= Max (Note 3) -30 

Outputs Open (IoUT = 0 mA), H 
Ice Supply Current 

Vee= Max, f = 15 MHz Q 

Notes: 

Max 

0.5 

0.8 

10 

-100 

10 

-100 

-150 

90 

55 

1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case of!IL and lozr (or Im and loz~· 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25°C, 5 pF 

com Output Capacitance v0m = 2.ov f = 1 MHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design l' modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter 
-15 -25 

Symbol Parameter Description Min Max Min Max Unit 

tpo Input or Feedback to Combinatorial Output 15 25 ns 

ls Setup Time from Input or Feedback to Clock 12 15 ns 

!ii Hold Time 0 0 ns 

'co Clock to Output 10 12 ns 

lwL 
Clock Width 

LOW 8 12 ns 

tWH HIGH 8 12 ns 

External Feedback ll(ts+lco) 
Maximum 

45.5 37 MHz 

fMAX Frequency Internal Feedback (foo) ll(ts+lcF) (Note 3) 50 40 MHz 
(Note 2) 

No Feedback 1/(tWH+twi) 62.5 41.6 MHz 

tPZX OE to Output Enable 15 20 ns 

tpxz OE to Output Disable 15 20 ns 

!EA Input to Output Enable Using Product Term Control 15 25 ns 

tER Input to Output Disable Using Product Term Control 15 25 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tCF is a calculated value and is not guaranteed. tCF can be found using the following equation: 

tCF = 1/f MAX (internal feedback) - t5. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to + 150°C 

Ambient Temperature 

OPERATING RANGES 

Industrial (I) Devices 

Ambient Temperature (T ~ Operating 
with Power Applied .............. -55°C to +125°C in Free Air ...................... -40°C to +85°C 
Supply Voltage Supply Voltage (V cc) 
with Respect to Ground .......... -0.5 V to +7.0 V with Respect to Ground ........... +4.5 V to +5.5 V 
DC Input Voltage ........... -0.5 V to V cc + 0.5 V 

DC Output or 1/0 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

Pin Voltage ................. -0.5 V to V cc + 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= -40°C to +85°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may dijfer. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 

Parameter 
Symbol Parameter Description Test Description 

You Output HIGH Voltage lou = -3.2 mA, VIN= Vrn or VIL• Vee= Min 

VOL Output LOW Voltage IoL = 24 mA, VIN= Vrn or V1v Vee= Min 

Vrn Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs (Note I) 

Vu Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs (Note 1) 

Irn Input HIGH Leakage Current VIN= 5.5 V, Yee =Max (Note 2) 

lu Input LOW Leakage Current VIN= 0 V, Vee =Max (Note 2) 

lozu Off-State Output Leakage Current HIGH VoUT = 5.5V, Vee =Max' VIN= VrnorV1L (Note 2) 

loZL Off-State Output Leakage Current LOW VoUT = 0 V, Vee =Max, VIN= Vrn or Yu (Note 2) 

Isc Output Short-Circuit Current VoUT = 0.5 V, Vee= Max (Note 3) 

Outputs Open (IoUT = 0 mA), H 
Ice Supply Current 

Yee= Max, f = 15 MHz Q 

Notes: 

Min Max 

2.4 

0.5 

2.0 

0.8 

10 

-100 

10 

-100 

-30 -150 

130 

65 

1. Tbese are.absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. J/0 pin leakage is the worst case of In and IozL (or !!Hand I0zH!. 

Unit 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

3. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
VoUT = 0.5 Vbas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0 v, TA= 25°C, 5 pF 

Cour Output Capacitance v0ur = 2.ov f=lMHz 8 pF 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may he affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1 

-15 -20 -25 
Parameter 

Symbol Parameter Description Min Max Min Max Min Max Unit 

!po Input or Feedback to Combinatorilll Output 15 20 25 OS 

Is Setup Time from Input or Feedback to Clock 12 13 15 OS 

Iii Hold Time 0 0 0 OS 

'co Clock to Output 10 11 12 OS 

twi. 
Clo4Width 

LOW 8 10 12 OS 

lwii HIGH 8 10 12 OS 

External Feedback 1/(tg+tco) 45.5 41.6 37 MHz 

Maximum 
Internal Feedback 

fMAX Frequency 
(foo) 

ll(lg+lcF) (Note 3) 50 45.4 40 MHz 
(Note 2) 

No Feedback ll(twii+lw1) 62.5 50.0 41.6 MHz 

tPZX OE to Output Enable 15 18 20 OS 

Im Oii to Output Disable 15 18 20 OS 

tEA Input to Output Enable Using Product Term Control 15 18 25 ns 

liiR Input to Output Disable Using Product Term Control 15 18 25 OS 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may he affected. 

3. tCF is a calculated value and is not guaranteed. tCF can he found using the following equation: 

tCF = JlfMAX (internal feedback)- t5. 
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SWITCHING WAVEFORMS 

Input or Fr 
Feedback _____ ,_ 12=xxm~ tpo _v_r __ _ 

Combinatorial 
Output 

16491E-5 

a. Combinatorial output 

Clock 

c. Clock width 16491E-7 

OE-----' 

Output 

Input or 
Feedback 

Vr 

Clock --------~~tco Vr 
Registered 

Output 
--------~ 

Input 

Output 

16491 E-6 

b. Registered output 

16491E-B 

d. Input to output disable/enable 

e. OE to output disable/enable 16491E-9 

Notes: 
1. Vy= 1.5 V 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2 ns to 5 ns typical. 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM 

\\\\\ 

17111 

XYXXXX 

SWITCHING TEST CIRCUIT 

Specification s, CL 

tpo. !co Closed 

Z~H:Open 50pF 
lpzx, IEA 

Z ~L: Closed 

H~Z:Open 
!pxz, IER 

L ~Z: Closed 
5 pF 

INPUTS 

Must be 
Steady 

May 
Change 
from H to L 

May 
Change 
from L to H 

Don't Care, 
Any Change 
Permitted 

Does Not 
Apply 

OUTPUTS 

Will be 
Steady 

Will be 
Changing 
from H to L 

Will be 
Changing 
from L to H 

Changing, 
State 
Unknown 

Center 
Line is High­
Impedance 
"Off" State 

KS000010-PAL 

Commercial 

R1 Rz 

39on 
zoon 

H'5: 2oon 

PALCE20V8 Family 

16491E-10 

Measured Output Value 

1.5 v 

1.5 v 

H~Z:Voe-0.5V 

L ~ Z: VOL+ 0.5 V 
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TYPICAL Ice CHARACTERISTICS 

v cc = s v, TA = 2s0 c 

100 

~ g 
75 

u 
.2 

50 

25 

0 10 20 

20V8H-5 

20V8H-7 

20V8H-10 
20V8H-15/25 

20V8Q-10 

20V8Q-15/25 

30 40 50 

Frequency (MHz) 16491E-11 

Ice vs. Frequency 

7be selected "typical" pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and the 
other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any vector, half 
of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice· From this midpoint, a designer may scale the Ice graphs up or down to 
estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 

The PALCE20V8 is manufactured using Yantis' advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the 
device can be erased and reprogrammed-a feature which allows 100% testing at the factory. 

Symbol Parameter Test Conditions Value Unit 

Max Storage Temperature 10 Years 
loR Min Pattern Data Retention Time 

Max Operating Temperature 20 Years 

N Max Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 
The PALCE20V8X-X/5 have some unique features that make them extremely robust, especially 
when operating in high-speed design environments. Pull-up resistors on inputs and I/0 pins 
cause unconnected pins to default to a known state. Input clamping circuitry limits negative 
overshoot, eliminating the possibility of false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely insensitive to any positive overshoot 
that has a pulse width of less than about 100 ns for the /5 versions. 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE20V8H-7 
AND PALCE20V8H-5 

ESD 
Protection 

and 
Clamping 

Device 

PALCE20V8H-7 

PALCE20V8H-5 

324 

Vee 

>50kQ 

Rev Letter 

A 

A 

I 
I 
I 
I 
I 
I 
I Programming 
I Pins only 

Vee 

... _________ _ Programming 
Voltage 

Detection 

Typical Input 

Vee Vee 

Positive 
Overshoot 

Filter 

>50k0 

Provides ESD 
Protection and 
Clamping 

= 

Typical Output 

PALCE20V8 Family 

Preload Feedback 
Circuitry Input 

Programming 
Circuitry 

16491 E-12 



INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /4 VERSIONS 

Device 

PALCE20V8H-10 

PALCE20V8H-15 

PALCE20V8H-15 

PALCE20V8H--25 

PALCE20V8H-25 

ESD 
Protection 

Rev Letter 

M 

L,M 

M 

M 

M 

100kn 

0.5kW Vee 

Input 

Vee 

100kQ 

16491E-13 

Preload Feedback 
Circuitry Input 

1/0 

Topside Marking: 

Vantis CMOS PIDs are marked on top of the 
package in the follawing manner: 

PALCFXXX 

Datecode (3 numbers) Lot ID (4 characters)-(Rev Letter) 

Tbe Lot ID and Rev Letter are separated by two spaces. 
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POWER-UP RESET 

The PALCE20V8 has been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will be HIGH 
independent of the logic polarity. This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A timing diagram and parameter 
table are shown below. Due to the synchronous operation of the power-up reset and the wide 
range of ways V cc can rise to its steady state, two conditions are required to ensure a valid 
power-up reset. These conditions are: 

+ The V cc rise must be monotonic. 

+ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

Parameter Symbol 

tpa 

ls 

tWL 

326 

Power 

Registered 
Output 

Clock 

Parameter Descriptions Min Max Unit 

Power-Up Reset Time 1000 ns 

Input or Feedback Setup Time 
See Switching Characteristics 

Clock Width LOW 

Figure 2. Power-Up Reset Waveform 
16491E-15 
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TYPICAL THERMAL CHARACTERISTICS 

Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Typ 

Symbol Parameter Description PDID PLCC Unit 

9jc Thenrud impedance, junction to case 19 19 OCJW 

9ja Thennal impedance, junction to ambient 73 55 OCJW 

200 lfpm air 61 45 OCJW 

400 lfpm air 53 41 OCJW 

9jma Thermal impedance, junction to ambient with air flow 
600 lfpm air 50 38 OCJW 

800 lfpm air 47 36 OCJW 

Plastic B;c Considerations 
1be data listed for plastic ll;c are for reference only and are not recommended for use in calculating junction temperatures. 1be 
beat-flow paths in plastic-encapsulated devices are complex, making the (Jjc measurement relative to a specific location on the pack­
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, (Jjc tests on packages are performed in a constant-temperature hath, keeping the package surface at a constant tem­
perature. Therefore, the measurements can only be used in a similar environment. 

PALCE20V8 Family 327 



------------

CV 
CONNECTIO.N DIAGRAMS 
Top View 

SKINNYDIP 0 PI.CC 
~ 

(.) 
() co .... 

CLK/10 Vee 
....I () ~ ~ ~ ..::: (.) z > 

11 113 

12 1107 
4 3 2 28 27 26 

13 • 25 I/Os 13 I/Os 

14 1/05 14 24 1/05 

15 1104 15 23 1104 

Is 1/03 NC 22 GND/NC * 

17 1102 Is 21 1/03 
le 1/01 

17 20 1102 
lg 1/00 

110 112 
le 19 1/01 

GND OE/111 12 13 14 15 16 17 18 
1S491E-17 

Note: 16491E-16 ~ .:£ Cl (.) ..::: "' 0 

Pin 1 is marked for orientation. z z ~..::: ~ (!) 

PIN DESIGNATIONS 
CLK = Clock NC No Connect 

GND Ground OE Output Enable 

= Input Vee = Supply Voltage 

1/0 Input/Output 
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ORDERING INFORMATION 

Commercial and Industrial Products 
Yantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL CE 20 V 8 H -5 J C /5 

FAMlLYTYPE 
PAL = Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V =Versatile 

T 

NUMBER OF FLIP-FLOPS -----------' 
OR OUTPUTS 

POWER 
H = Half Power (90--125 mA Ice) 
Q = Quarter Power (55 mA Ice) 

L PROGRAMMING DESIGNATOR 
Blank 

/4 
15 

Initial Algorithm 
First Revision 
Second Revision 
(Same Algorithm as /4) 

,__ __ OPERATING CONDITIONS 
c Commercial (0°C to +75°C) 

= Industrial (-40°C to +85°C) 

~--- PACKAGE TYPE 

SPEED 
-5 = 5 ns tpo 

p 24-Pin 300 mil Plastic SKINNY 
DIP (PD3024) 

-7 = 7.5 ns tpo 
-10 = 10 ns !po 
-12 = 12 ns tp0 

-15 = 15 ns !po 
-20 = 20 ns tp0 

-25 = 25 ns tp0 

PALCE20V8H-5 

PALCE20V8H-7 

PALCE20V8H-10 

PALCE20V8Q-10 

PALCE20V8H-15 

PALCE20V8Q-15 

PALCE20VBQ-20 

PALCE20V8H-25 

PALCE20V8Q-25 

Valid Combinations 

JC 

PC,JC 

PC 

PC, JC, Pl, JI 

PC,JC 

PI,JI 

PC, JC, PI, JI 

Valid Combinations 

J 

15 

/4 

15 

14 

28-Pin Plastic Leaded Chip 
Carrier (PL 028) 

Valid Combinations list configurations planned to be supported in volume for this device. Consult the local Yantis sales office to 
confirm availability of specific valid combinations and to check on newly released combinations. 
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II VANTIS 
I BEYONI) PERFORMANCE 

PALCE22V10 COM'L: H-5n/10/15/25,Q-10/15/25 IND: H-10/15/20/25 
PALCE22V10Z COM'L:-25 IND: -15/25 

PALCE22V10 and PALCE22V10Z 
Families 
24-Pin EE CMOS (Zero Power) Versatile PAL Device 

DISTINCTIVE CHARACTERISTICS 
• As fast as 5-ns propagation delay and 142.8 MHz fMAX {external) 
+ Low-power EE CMOS 
• 10 macrocells programmable as registered or combinatorial, and active high or active low to 

match application needs 
• Varied product term distribution allows up to 16 product terms per output for complex 

functions 
• Peripheral Component Interconnect {PCI) compliant (-5/-7/-10) 
• Global asynchronous reset and synchronous preset for initialization 
• Power-up reset for initialization and register preload for testability 
• Extensive third-party software and programmer support 
+ 24-pin SKINNY DIP, 24-pin SOIC, and 28-pin PLCC 
• 5-ns and 7.5-ns versions utilize split leadframes for improved performance 

GENERAL DESCRIPTION 

The PALCE22V10 provides user-programmable logic for replacing conventional SSI/MSI gates and 
flip-flops at a reduced chip count. 

The PALCE22V10Z is an advanced PAL® device built with zero-power, high-speed, electrically­
erasable CMOS technology. It provides user-programmable logic for replacing conventional zero­
power CMOS SSl/MSI gates and flip-flops at a reduced chip count. 

The PALCE22V10Z provides zero standby power and high speed. At 30 µA maximum standby 
current, the PALCE22V10Z allows battery-powered operation for an extended period. 

The PAL device implements the familiar Boolean logic transfer function, the sum of products. The 
PAL device is a programmable AND array driving a fixed OR array. The AND array is programmed 
to create custom product terms, while the OR array sums selected terms at the outputs. 

The product terms are connected to the fixed OR array with a varied distribution from 8 to16 across 
the outputs (see Block Diagram). The OR sum of the products feeds the output macrocell. Each 
macrocell can be programmed as registered or combinatorial, and active-high or active low. The 
output configuration is determined by two bits controlling two multiplexers in each macrocell. 

Publication# 16S64 Rev, E 
Amendment/O Issue Date: November 1998 



BLOCK DIAGRAM 

CLK/lo 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

FUNCTIONAL DESCRIPTION 

The PALCE22V10 allows the systems engineer to implement the design on-chip, by programming 
EE cells to configure AND and OR gates within the device, according to the desired logic function. 
Complex interconnections between gates, which previously required time-consuming layout, are 
lifted from the PC board and placed on silicon, where they can be easily modified during 
prototyping or production. 

The PALCE22V10Z is the zero-power version of the PALCE22V10. It has all the architectural features 
of the PALCE22V10. In addition, the PALCE22V10Z has zero standby power and unused product 
term disable. 

Product terms with all connections opened assume the logical HIGH state; product terms 
connected to both true and complement of any single input assume the logical LOW state. 

The PALCE22V10 has 12 inputs and 10 I/0 macrocells. The macrocell (Figure 1) allows one of four 
potential output configurations registered output or combinatorial I/0, active high or active low 
(see Figure 1). The configuration choice is made according to the user's design specification and 
corresponding programming of the configuration bits S0 - S1. Multiplexer controls are connected 
to ground (0) through a programmable bit, selecting the "O" path through the multiplexer. Erasing 
the bit disconnects the control line from GND and it is driven to a high level, selecting the "1" path. 

The device is produced with an EE cell link at each input to the AND gate array, and connections 
may be selectively removed by applying appropriate voltages to the circuit. Utilizing an easily­
implemented programming algorithm, these products can be rapidly programmed to any 
customized pattern. 
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Variable Input/Output Pin Ratio 

The PALCE22V10 has twelve dedicated input lines, and each macrocell output can be an I/0 pin. 
Buffers for device inputs have complementary outputs to provide user-programmable input signal 
polarity. Unused input pins should be tied to V cc or GND. 

• • • 
CLK 

AR 

So Output Configuration 
SP 

0 Registered/Active Low 

Registered/Active High 

0 Combinatorial/Active Low 

Combinatorial/ Active High 

O ; Programmed EE bit 
1 ; Erased (charged) EE bit 

16564E-004 

Figure 1. Output Logic Macrocell Diagram 

Registered Output Configuration 

Each macrocell of the PALCE22V10 includes a D-type flip-flop for data storage and 
synchronization. The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the 
registered configuration (S1 = O), the array feedback is from Q of the flip-flop. 

Combinatorial 1/0 Configuration 

Any macrocell can be configured as combinatorial by selecting the multiplexer path that bypasses 
the flip-flop (S1 = 1). In the combinatorial configuration, the feedback is from the pin. 
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a. Registered/active low 

c. Registered/active high 

• 
• 
• 

b. Combinatorial/active low 

d. Combinatorial/active high 

Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 

16564E-005 

Each output has a three-state output buffer with three-state control. A product term controls the 
buffer, allowing enable and disable to be a function of any product of device inputs or output 
feedback. The combinatorial output provides a bi-directional 1/0 pin, and may be configured as 
a dedicated input if the buffer is always disabled. 

Programmable Output Polarity 

The polarity of each macrocell output can be active high or active low, either to match output 
signal needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save "DeMorganizing" efforts. 

Selection is controlled by programmable bit S0 in the output macrocell, and affects both registered 
and combinatorial outputs. Selection is automatic, based on the design specification and pin 
definitions. If the pin definition and output equation have the same polarity, the output is 
programmed to be active high (S0 = 1). 

Preset/Reset 

For initialization, the PALCE22V10 has preset and reset product terms. These terms are connected 
to all registered outputs. When the synchronous preset (SP) product term is asserted high, the 
output registers will be loaded with a HIGH on the next LOW-to-HIGH clock transition. When the 
asynchronous reset (AR) product term is asserted high, the output registers will be immediately 
loaded with a LOW independent of the clock. 
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Note that preset and reset control the flip-flop, not the output pin. The output level is determined 
by the output polarity selected. 

Power-Up Reset 

All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALCE22V10 will depend on the programmed output polarity. The Vee rise must be monotonic, 
and the reset delay time is lOOOns maximum. 

Register Preload 

The register on the PALCE22Vl0 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 

Security Bit 

After programming and verification, a PALCE22V10 design can be secured by programming the 
security EE bit. Once programmed, this bit defeats readback of the internal programmed pattern 
by a device programmer, securing proprietary designs from competitors. When the security bit is 
programmed, the array will read as if every bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of the entire pattern. 

Programming and Erasing 

The PALCE22V10 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 

Quality and Testability 

The PALCE22V10 offers a very high level of built-in quality. The erasability of the device provides 
a direct means of verifying performance of all AC and DC parameters. In addition, this verifies 
complete programmability and functionality of the device to provide the highest programming 
yields and post-programming functional yields in the industry. 

Technology 

The high-speed PALCE22V10 is fabricated with Vantis' advanced electrically erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are designed 
to be compatible with TTL devices. This technology provides strong input clamp diodes, output 
slew-rate control, and a grounded substrate for clean switching. 

PCI Compliance 

The PALCE22V10H devices in the -5/-7/-10 speed grades are fully compliant with the PC! Local 
Bus Specification published by the PCI Special Interest Group. The PALCE22VlOH's predictable 
timing ensures compliance with the PCI AC specifications independent of the design. 

Zero-Standby Power Mode 

The PALCE22V10Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 50 ns), the PALCE22V10Z will go into standby mode, shutting down 
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most of its internal circuitry. The current will go to almost zero Clcc < 30 µA). The outputs will 
maintain the states held before the device went into the standby mode. 

When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. This saving is illustrated in the Ice vs. frequency graph. 

Product-Term Disable 

On a programmed PALCE22V10Z, any product terms that are not used are disabled. Power is cut 
off from these product terms so that they do not draw current. As shown in the Ice vs. frequency 
graph, product-term disabling results in considerable power savings. This saving is greater at the 
higher frequencies. 

Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. 
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LOGIC DIAGRAM 

I"' 0 3 l.L 7 8 -11 12 15 1i 19 20 u 24 27 28 31 32 35 36 39 40 43 

~ 
(28) Vee 

AR 

,, ~[ii(~-----l!R:l#:::j:::j:::1~j:j::j:i=:!::j:::j::j::::::j:j::j:j:::U 
83 

0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

16564E-006 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (T~ Power Applied .................. -55°C to +125°C 
Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 75°C 

Supply Voltage with 
Supply Voltage (V cc) with Respect to Ground ............... -0.5 V to +7.0 V 
Respect to Ground ............. +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to Vee+ 1.0 V 
Operating ranges define those limits between which the func-
tionality of the device is guaranteed. . DC Output or I/0 Pin Voltage ... -0.5 V to V cc + 1.0 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= 0°C to +75°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
~y cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 

·Programming conditions may vary. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

Von Output IDGH Voltage loH = -3.2 mA, VIN = Vrn or V11, v cc = Min 2.4 

VoL Output LOW Voltage loL = 16 mA, VIN= Vrn or VIL Vee= Min 

Vm Input IDGH Voltage 
Guaranteed Input Logical IDGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 

Voltage for all Inputs (Note 1) 

Im Input IDGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

!IL Input LOW Leakage Current VIN = 0 V, Vee = Max (Note 2) 

!om 
Off-State Output Leakage VoUT =Vee, Vee= Max, 
CurrentIDGH VIN = VIL or Vrn (Note 2) 

lozi. 
Off-State Output Leakage v0ur = o v, Vee =Max, 
Current LOW VIN = VIL or Vrn (Note 2) 

Isc 
Output Short-Circuit 

v0ur = 0.5 v, Vee = Max (Note 3) -30 
Current 

Ice (Static) Supply Current Outputs Open, <lour = o mA), Vee = Max 

Ice (Dynamic) Supply Current Outputs Open, OoUT = o mA), v cc = Max, f = 25 MHz 

Notes: 

Max Unit 

v 

0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

125 mA 

140 mA 

1. Tbese are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. l/0 pin leakage is the worst case ofIJL and Iozz (or Im and Ioz~· 

3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
VoUT= 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.ov 5 

Co UT Output Capacitance Your= 2.0 v 
TA= 25°C 

8 
pF 

f=lMHz 

Note: 
1. Ibese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter -5 

Symbol Parameter Description Min Max Unit 

tpo Input or Feedback to Combinatorial Output 5 ns 

ls1 Setup Tuue from Input or Feedback 3 ns 

ls2 Setup Time from SP to Clock 4 ns 

tu Hold Time 0 ns 

lco Clock to Output 4 ns 

lsKEWR Skew Between Registered Outputs (Note 2) 05 ns 

!AR Asynchronous Reset to Registered Output 7.5 ns 

tARW Asynchronous Reset Width 4.5 ns 

tARR Asynchronous Reset Recovery Time 4.5 ns 

lsPR Synchronous Preset Recovery Time 4.5 ns 

tWL LOW 2.5 ns 
Clock Width 

tWH HIGH 2.5 ns 

External Feedback ll(ts + tcol 142.8 MHz 

IMAX Maximum Frequency (Note 3) Internal Feedback CfcNT) !/(ts + tcF) (Note 4) 150 MHz 

No Feedback l/(tWH + twi) 200 MHz 

tEA Input to Output Enable Using Product Term Control 6 ns 

tER Input to Output Disable Using Product Term Control 5.5 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Skew is measured with all outputs switching in the same direction. 

3. Ibese parameters are not 100% tested, hut are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tcF is a calculated value and is not guaranteed tcF can be found using the following equation: 
tcF = 1(/MAX (internal feedback) - t5 . 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 

Commercial {C) Devices 
Ambient Temperature (TA) 

Power Applied .................. -55°C to +125°C 

Supply Voltage with Respect 
Operating in Free Air ............... 0°C to + 75°C 

Supply Voltage (V cc) with 
to Ground ..................... -0.5 V to + 7.0 V 

Respect to Ground ............. +4.75 V to +5.25 V 
DC Input Voltage ............ -0.5 V to Vee+ 1.0 V 

DC Output or I/0 Pin Voltage ... -0.5 V to V cc + 1.0 V 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= 0°C to +75°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. F.:xposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may vary. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
Symbol Parameter Description Test Conditions Min 

You Output HIGH Voltage loH = -3.2 mA, VIN= Vm or v11, Vee =Min 2.4 

VoL Output LOW Voltage IoL = 16 mA, VIN= Vm or v1L, Vee= Min 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 Voltage for all Inputs (Note I) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 

Voltage for all Inputs (Note I) 

Im Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

l1L Input LOW Leakage Current VIN= o v, Vee= Max (Note 2) 

loZH 
Off-State Output Leakage 

Vom =Vee. Vee= Max, VIN = V11 or Vm (Note 2) Current HIGH 

lozt 
Off-State Output Leakage 

v0m = ov, Vee= Max, v1N = v1L orVm (Note 2) Current LOW 

Isc 
Output Short-Circuit Vom = 0.5 v, vcc =Max 

-30 
Current TA= 25°C (Note 3) 

Ice; (Static) Supply Current Outputs Open, (lorn = O mA), V cc = Max 

Ice (Dynamic) Supply Current Outputs Open, Oom = O mA), Vee= Max, f = 25 MHz 

Notes: 

Max Unit 

v 
0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

115 mA 

140 mA 

1. Tbese are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage is the worst case of In and IozL (or I1H and IozHJ. 

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0V Vee= 5.ov 5 

Output Capacitance VoUT = 2.0 V 
TA= 25°C 

8 
pF 

Cour f = I MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may he affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

-7 

Parameter PDIP PLCC 

Symbol Parameter Description Min Max Min Max Unit 

(PD Input or Feedback to Combinatorial Output 3 7.5 3 7.5 OS 

!st Setup Time from Input or Feedback 5 4.5 ns 

ls2 Setup Time from SP to Clock 6 6 ns 

tH Hold Time 0 0 ns 

lt:o Clock to Output 2 5 2 4.5 ns 

lsKEWR Skew Between Registered Outputs (Note 2) l I OS 

tAR Asynchronous Reset to Registered Output 10 10 ns 

IARw Asynchronous Reset Width 7 7 ns 

!ARR Asynchronous Reset Recovery Time 7 7 ns 

lsPR Synchronous Preset Recovery Time 7 7 ns 

!wt LOW 3.5 3.0 OS 
Clock Width 

tWH HIGH 3.5 3.0 OS 

External Feedback I/(ts + tco) 100 111 MHz 

fMAX 
Maximum Frequency Internal Feedback 

!/(ts + tcF) (Note 4) 125 133 MHz 
(Note 3) CfcNT) 

No Feedback II ( tWH + tWL) 142.8 166 MHz 

!EA Input to Output Enable Using Product Term Control 7.5 7.5 ns 

(ER Input to Output Disable Using Product Term Control 7.5 7.5 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Skew is measured with all outputs switching in the same direction. 

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

4. tcF is a calculated value and is not guaranteed. tcF can be found using the following equation: 
tcF = 1/lMAX (internal feedback)- t8. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (T ~ 

Power Applied .................. -55°C to +125°C 
Operating in Free Air ............... 0°C to + 75°C 

Supply Voltage with Respect 
Supply Voltage (V cc) with 

to Ground ..................... -0.5 V to + 7.0 V 
Respect to Ground ............. +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to Vee+ 1.0 V 

DC Output or 1/0 Pin Voltage ... -0.5 V to V cc + 1.0 V 
Operating ranges define those limits between which the .func­
tionality of the device is guaranteed. 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA= 0°C to +75°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device.failure. Functionality at or above 
these limits is not implied. Exposure to absolute maximum rat­
ings for extended periods may affect device reliability. 
Programming conditions may vary. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

You Output HIGH Voltage Iott = -3.2 mA, VIN= Vrn or VIL, Vee =Min 2.4 

VOL Output LOW Voltage ioL = 16 mA, VIN = Vrn or V1L, Vee = Min 

Vrn Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs (Note l) 2.0 

V11 Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note l) 

Irn Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

l1L Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 2) 

lozu 
Off-State Output Leakage 

Your= Vee. Vee= Max, VIN= v1L orVrn (Note 2) Current HIGH 

lozi 
Off-State Output Leakage Your= o v, Vee= Max 
Current LOW VIN = VIL or Vrn (Note 2) 

Isc 
Output Short-Circuit v0ur = 0.5 v, vcc =Max 

-30 
Current TA= 25°C (Note 3) 

Ice (Dynamic) Supply Current Outputs Open, (!OUT= 0 mA), Vee= Max, f = 25 MHz 

Notes: 

Max Unit 

v 
0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

120 mA 

1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage is the worst case of !IL and lozL (or I1H and loz~. 

3. Not more than one output should he tested at a time. Duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= s.ov 5 

Cour Output Capacitance v0m = 2.0 v 
TA= 25°C 

8 
pF 

f=IMHz 

Note: 
1. 7bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter -10 

Symbol Parameter Description Min Max Unit 

!po Input or Feedback to Combinatorial Output 10 OS 

!st Setup Time from Input or Feedback 6 OS 

lsz Setup Time from SP to Clock 7 OS 

tu Hold Time 0 OS 

!co Clock to Output 6 OS 

tAR Asynchronous Reset to Registered Output 13 OS 

!ARW Asynchronous Reset Width 8 OS 

!ARR Asynchronous Reset Recovery Time 8 OS 

lsrR Synchronous Preset Recovery Time 8 OS 

!WL LOW 4 OS 
Clock Width 

!Wll HIGH 4 OS 

Maximum External Feedback ll(ts + tcol 83.3 MHz 

fMAX Frequency Internal Feedback (fem) !/(Is+ tcF) (Note 3) llO MHz 

(Note 2) No Feedback l/(tWH + twi) 125 MHz 

!EA Input to Output Enable Using Product Term Control 10 OS 

(ER Input to Output Disable Using Product Term Control 9 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. 7bese parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tcp is a calculated value and is not guaranteed. tcF can be found using the following equation.· 

tcF = llfMAX (internal feedback) - t5. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . . . . . . . . . . . . . . -65 °C to + 150°C 

Ambient Temperature with 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature CT~ 

Power Applied .................. -55°C to +125°C 
Operating in Free Air ............... 0°C to + 75°C 

Supply Voltage with Respect 
Supply Voltage (V cc) with 

to Ground ..................... -0.5 V to +7.0 V 
Respect to Ground ............. +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to Yee+ 1.0 V 

DC Output or 1/0 Pin 
Operating ranges de.fine those limits between which the func­
tionality of the device is guaranteed. 

Voltage ................... -0.5 V to Yee+ 1.0 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= 0°C to +75°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may vary. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

You Output HIGH Voltage 'oH = -3.2 mA, VIN = Vrn or Vu, v cc = Min 2.4 

VoL Output LOW Voltage 'oL = 16 mA, VIN = Vrn or v11, Vee =Min 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note I) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note I) 

Im Input HIGH Leakage Current VIN =Vee. Vee =Max (Note 2) 

]IL Input LOW Leakage Current VIN= 0 V, Vee= Max (Note 2) 

loZH 
Off-State Output Leakage v0m =Vee. Vee= Max 
Current HIGH VIN = Vu or Vrn (Note 2) 

loZL 
Off-State Output Leakage v0m = ov, Vee= Max 
Current LOW VIN = Vn or Vrn (Note 2) 

Isc 
Output Short-Circuit v0m = o.5 v, Vee= 5 v -30 
Current TA= 25°C (Note 3) 

Ice (Static) Supply Current 
VIN= 0 V, Outputs Open (10UT = OmA), 

V cc = Max (Note 4) 

Notes: 

Max Unit 

v 

0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

55 mA 

1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. J/O pin leakage is the worst case of In and IozL (or IIH and Ioz~· 

3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
V0 ur= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. Tbis parameter is guaranteed worst case under test condition. Refer to the Ice vs. frequency graph for typical Ice 
characteristics. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.ov 5 

Cour Output Capacitance Your= 2.ov 
TA= 25°C 

8 
pF 

f =I MHz 

Note: 
1. Tbese parameters are not 100% tested, hut are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter -10 

Symbol Parameter Description Min Max Unit 

tPD Input or Feedback to Combinatorial Output 10 ns 

Is Setup Time from Input, Feedback or SP to Clock 6 ns 

tH Hold Time 0 ns 

!co Clock to Output 6 ns 

tAR Asynchronous Reset to Registered Output 13 ns 

tARw Asynchronous Reset Width 8 ns 

tARR Asynchronous Reset Recovery Time 8 ns 

ls PR Synchronous Preset Recovery Time 8 ns 

twi LOW 4 ns 
Clock Width 

tWH HIGH 4 ns 

External Feedback ll(ts +'col 83 MHz 

[MAX Maximum Frequency (Note 2 l Internal Feedback (fcNTl ll(ts +'col (Note 3l JlO MHz 

No Feedback 1/( tWH + tWL) 125 MHz 

tEA Input to Output Enable Using Product Term Control 10 ns 

tER Input to Output Disable Using Product Term Control 9 ns 

Notes: 
1. See "Switching Test Circuit"for test conditions. 

2. Tbese parameters are not 100% tested, hut are calculated at initial characterization and at any time the design is modified where 
frequency may he affected. 

3. tcF is a calculated value and is not guaranteed. tcF can be found using the following equation: 
tcF = llfMAX (internal feedback) - t5. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature .............. -65°C to +150°C 

Ambient Temperature with 

OPERATING RANGES 

Commercial (C) Devices 
Ambient Temperature (TA> 

Power Applied .................. -55°C to +125°C 
Operating in Free Air. . . . . . . . . . . . . . . 0°C to + 75°C 

Supply Voltage with Respect 
Supply Voltage CV cc) with 

to Ground ..................... -0.5 V to +7.0 V 
Respect to Ground (WQ-15) ..... +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to V cc + 0.5 V 
Supply Voltage (V cc) with 

DC Output or I/0 Pin Respect to Ground (H/Q-25) ....... +4.5 V to +5.5 V 
Voltage ................... -0.5 V to V cc + 0.5 V 

Static Discharge Voltage ................. 2001 V 
Operating ranges define those limits between which the func­
tionality of the device Is guaranteed. 

Latchup Current (TA = 0°C to + 75°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits Is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. 
Programming conditions may vary. 

DC CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

VoH Output HIGH Voltage Jou = -3.2 mA, VIN = Vrn or Vn v cc = Min 2.4 

VoL Output LOW Voltage loL = 16 mA, VIN= Vrn or V1L Vee =Min 

Vm Input HIGH Voltage 
Guai"anteed Input Logical HIGH Voltage for all Inputs 

2.0 
(Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW Voltage for all Inputs 
(Note 1) 

Im Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

IIL Input LOW Leakage Current VIN = 0 v, Vee = Max (Note 2) 

lozH 
Off-State Output Leakage 

VoUT =Vee, Vee= Max, VIN= Vn orVrn (Note 2) 
Current HIGH 

lozi. 
Off-State Output Leakage 

VoUT = 0 v, Vee= Max, VIN= VIL or Vrn (Note 2) 
Current LOW 

Isc 
Output Short-Circuit VoUT = 0.5 V, Vee= 5 v -30 
Current TA= 25°C (Note 3) 

VIN = 0 V, Outputs Open l H 
Ice Supply Current (lour = o mA), Vee = Max l Q 

Notes: 

Max Unit 

v 

0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

90 
mA 

55 

1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. 1/0 pin leakage Is the worst case of I1L and lozL (or Im and lozHJ. 

3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.0V 5 

Cour Output Capacitance Your= 2.ov 
TA= 25°C 

8 
pF 

f= !MHz 

Note: 
1. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL OPERATING RANGES 1 

Parameter ·15 

Symbol Parameter Description Min Max Min 

!PD Input or Feedback to Combinatorial Output 15 

ls Setup lime from Input, Feedback or SP to Clock 10 15 

lit Hold lime 0 0 

tco Clock to Output 10 

!AR Asynchronous Reset to Registered Output 20 

tARW Asynchronous Reset Width 15 25 

!ARR Asynchronous Reset Recovery lime 10 25 

lsPR Synchronous Preset Recovery lime 10 25 

twi. WW 8 13 
Clock Width 

lwH HIGH 8 13 

Maximum Frequency External Feedback J 1/(tg + tco) 50 33.3 
fMAX (Note 2) Internal Feedback (fcNr) J 1/(tg + tcF) (Note 3) 58.8 35.7 

1EA Input to Output Enable Using Product Term Control I5 

lt:a Input to Output Disable Using Product Tenn Control 15 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. 1bese parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

3. tCF is a calculated value and is not guaranteed. tCF can be found using the following equation: 

tCF = llfMAX (internal feedback) - t5 . 
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·25 

Max Unit 

25 ns 

ns 

ns 

15 ns 

25 ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

25 ns 

25 ns 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to +150°C Industrial (I) Devices 
Ambient Temperature with 

Ambient Temperature (TA) 
Power Applied .................. -55°C to +125°C 

Operating in Free Air .............. -40°C to +85°C 
Supply Voltage with Respect 

Supply Voltage (V cc) with 
to Ground ..................... -0.5 V to + 7.0 V 

Respect to Ground ............... +4.5 V to +5.5 V 
DC Input Voltage ............ -0.5 V to Vee+ 0.5 V 

DC Output or 1/0 Pin 
Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

Voltage ................... -0.5 V to Vee+ 0.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA= -40°C to +85°C) ...... 100 mA 

Stresses above tbose listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. 
Programming conditions may vary. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

VoH Output illGH Voltage 'oH = -3.2 mA, VIN= Vrnorvu., Yee= Min 2.4 

YoL Output LOW Voltage 101 =16 mA, VIN= Yrn or Yrr., Vee= Min 

Ym Input illGH Voltage 
Guaranteed Input Logical HIGH 

2.0 
Voltage for all Inputs (Note 1) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note 1) 

Im Input HIGH Leakage Current VIN= Vee, Vee= Max (Note 2) 

l1L Input LOW Leakage Current VIN= o v, Vee= Max (Note 2) 

loZH Off-State Output Leakage Current HIGH VoUT =Yee. Vee= Max, VIN = V11 or Yrn (Note 2) 

IozL Off-State Output Leakage Current LOW VoUT = 0 v, Yee =Max, VIN= Vu. or Yrn (Note 2) 

Isc Output Short-Circuit Current v0UT = o.s v, Vee= s v -30 
TA= 25°C (Note 3) 

~ VIN = O V, Outputs Open Ice (Static) Supply Current 
5 OoUT = o mA), Yee= Max 

Ice (Dynamic) Supply Current VIN = 0 V, Outputs Open 
(lom = 0 mA), Yee= Max, f = 15 MHz 

Notes: 

Max Unit 

v 

0.4 v 

v 

0.8 v 

10 µA 

-100 µA 

10 µA 

-100 µA 

-130 mA 

100 
mA 

110 

130 mA 

1. These are absolute values with respect to the device ground, and all overshoots due to system and tester noise are included. 

2. I/0 pin leakage is the worst case of In and lozL (or I1H and lozfiJ. 

3. Not more than one output should be tested at a time, and the duration of the short-circuit test should not exceed one second. 
Vour = 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 5.ov 5 

Com Output Capacitance v0m = 2.0 v 
TA= 25°C 

8 
pF 

f=lMHz 

Note: 
1. 7bese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1 

Parameter -10 -15 -20 -25 

Symbol Parameter Description Min Max Min Max Min Max Min Max Unit 

(PD Input or Feedback to Combinatorial Output 10 15 20 25 OS 

ts Setup Time from Input, Feedback or SP to Clock 7 10 12 15 ns 

tu Hold Time 0 0 0 0 OS 

1<:o Clock to Output 6 10 12 15 ns 

!AR Asynchronous Reset to Registered Output 13 20 25 25 ns 

tARw Asynchronous Reset Width 8 15 20 25 ns 

!ARR Asynchronous Reset Recovery Time 8 10 20 25 OS 

lsPR Synchronous Preset Recovery Time 8 10 14 25 OS 

IWL LOW 4 
Clock Width 

8 10 13 ns 

twu HIGH 4 8 10 13 OS 

Maximum External Feedback ll(ts + tco) 83.3 50 41.6 33.3 MHz 

fMAX Frequency Internal Feedback (fcNT) ll(ts + tcF) (Note 3) 110 58.8 45.4 35.7 MHz 
(Note 2) No Feedback 1/(tWH + !wt) 125 83.3 50 38.5 MHz 

!EA Input to Output Enable Using Product Term Control 10 15 20 25 OS 

!ER Input to Output Disable Using Product Term Control 9 15 20 25 OS 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where 
frequency may be affected. 

3. tcF is a calculated value and is not guaranteed. tcF can be found using the following equation: 
tCF = 1(/MAX (internal feedback) - ts. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to +150°C Industrial (I) Devices 
Ambient Temperature with 
Power Applied .................. -55°C to +125°C 

Ambient Temperature (TN .......... -40°C to +856C 

Supply Voltage (V cc) with 
Supply Voltage with Respect 
to Ground ..................... -0.5 V to +7.0 V 

Respect to Ground ............... +4.5 V to +5.5 V 

DC Input Voltage ............ -0.5 V to Vee+ 0.5 V 
operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC Output or 1/0 Pin 
Voltage ................... -0.5 V to V cc + 0.5 V 

Static Discharge Voltage ................. 2001 V 

Latchup Current (TA = -40°C to +85°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device fatlure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. 
Programming conditions may differ. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions Min 

VIN = Vrn or VIL '<>H = -6mA 3.84 
VoH Output HIGH Voltage 

Vee= Mln JoH = -20µA Vee-0.l 

JoL = 16mA 

VoL Output LOW Voltage 
VIN = Vrn or VIL 

loL=6mA 
Vee= Min 

IoL= 20µA 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 
(Notes 1, 2) 

V11 Input LOW Voltage 
Guaranteed Input Logical LOW Voltage for all Inputs 
(Notes 1, 2) 

Im Input HIGH Leakage Current VIN = Vee. Vee = Max (Note 3) 

111 Input LOW Leakage Current VIN= 0 v, Vee= Max (Note 3) 

lozii OJI-State Output Leakage Current HIGH VoUT =Vee. Vee= Max VIN= Vrn or VIL (Note 3) 

~ OJI-State Output Leakage Current LOW VoUT = 0 V, Vee= Max VIN= Vrn or V1L (Note 3) 

Isc Output Short-Circuit Current VoUT = 0.5 v, Vee= Max (Note 4) -5 

Outputs Open (JoUT = 0 mA) f=OMHz 
Ice Supply Current 

Vee=Max f= 15Mllz 

Notes: 

Max 

0.5 

0.33 

0.1 

Q.9 

10 

-10 

10 

-10 

-150 

30 

100 

1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HC and HCT standards, allowing compatibility with either. 

3. 1/0 pin leakage is the worst case of !IL and loZL (or l1y and lo~· 

Unit 

v 

v 

v 
v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA 

4. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
V our= 0.5 V has been chosen to avoid test problems caused by tester ground degradation 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

C1N Input Capacitance VIN= 2.0V Vee= 5.0V 5 

CoUT Output Capacitance VoUT = 2.0V 
TA= 25°C 

8 
pF 

f= 1MHz 

Note: 
1. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1 

Parameter -15 

Symbol Parameter Description Min Max Unit 

1PD Input or Feedback to Combinatorial Output 15 ns 

ls Setup Time from Input, Feedback or SP to Clock 10 ns 

tu HoldTime 0 ns 

loo Clock to Output 10 ns 

(AR Asynchronous Reset to Registered Output 20 ns 

(ARW Asynchronous Reset Width 15 ns 

(ARR Asynchronous Reset Recovery nme 10 ns 

lsPR ~'ynchronous Preset Recovery Time 10 ns 

lwL LOW 8 ns 
Clock Width 

lwH HIGH 8 us 

External Feedback U(ts +loo) 50 MHz 

fMAX 
Maximum Frequency 

Internal Feedback (foo) 1/(ts + tcF) (Note 3) 58.8 MHz (Note 2) 
No Feedback l/(lwu + twL) 62.5 MHz 

liiA Input to Output Enable Using Product Term Control 15 ns 

liiR Input to Output Disable Using Product Term Control 15 ns 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified 
where frequency may be affected. 

3. tcF is a calculated value and is not guaranteed. tcF can be found using the following equation: 

tcF = llfMAX (internal feedback) - t8. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to +150°C Commercial (C) Devices 
Ambient Temperature with 
Power Applied .................. -55°C to +125°C 

Ambient Temperature (T ~ ........... 0°C to + 75°C 

Supply Voltage (V cc) with 
Supply Voltage with Respect 
to Ground ..................... -0.5 V to + 7.0 V 

Respect to Ground ............. +4.75 V to +5.25 V 

DC Input Voltage ............ -0.5 V to V cc + 0.5 V Industrial (I) Devices 
DC Output or I/0 Pin 
Voltage ................... -0.5 V to V cc + 0.5 V 

Ambient Temperature (TA) . . . . . . . . . -40°C to +85°C 

Supply Voltage (V cc) with 
Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V · Respect to Ground ............... +4.5 V to +5.5 V 

Latchup Current (TA= -40°C to +85°C) ...... 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits ts not implied. Exposure to Absolute Maximum 
Ratings for extended periods may affect device reliability. 
Programming conditions may differ. 

operating ranges define those limits between which the ftmc­
tionality of the device ts guaranteed. 

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

VIN = Vrn or V1t loH=-6mA 3.84 
You Output HIGH Voltage 

Vee=Min loH = -20 µA Vee-0.1 

lot= I6mA 0.5 

VoL Output LOW Voltage 
VIN = Vrn or Vn 

lot= 6mA 0.33 
Vcc=Min 

lot= 2oµA 0.1 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH Voltage for all Inputs 

2.0 
(Notes 1, 2) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW Voltage for all Inputs 

Q.9 (Notes 1, 2) 

Irn Input HIGH Leakage Current VIN= Vee. Vee= Max (Note 3) 10 

!IL Input LOW Leakage Current VIN = 0 v, Vee= Max (Note 3) -10 

Iozu Off-State Output Leakage Current HIGH VoUT =Vee, Vee= Max, VIN= Vrn or Vn (Note 3) 10 

~ Off-State Output Leakage Current LOW v0m = o v, Vee= Max, VIN= Vrn or Vn (Note 3) -10 

Isc Output Short-Circuit Current v0m = 0.5 v, Vee= Max (Note 4) -5 -150 

Outputs Open (lom = O mA) f=OMHz 30 
Ice Supply Current 

Vee= Max f = 15 MHz 120 

Notes: 
1. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. Represents the worst case of HC and HCI' standards, allowing compatibility with either. 

3. J/0 pin leakage ts the worst case oflJL and lozL (or I1HandlozHJ· 

Unit 

v 

v 

v 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

mA 

mA 

4. Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
V OUT= 0.5 V bas been chosen to avoid test problems caused by tester ground degradation. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Conditions Typ Unit 

<1N Input Capacitance VIN= 2.0V Vee= 5.0V 5 

CoUT Output Capacitance VoUT = 2.0V 
TA= 25°C 

8 
pF 

f= lMHz 

Note: 
1. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES 1 

Parameters ·25 

Symbol Parameter Description Min Max 

tl'IJ Input or Feedback to Combinatorial Output (Note 2) 25 

ts Setup Time from Input, Feedback or SP to Clock 15 

Iii Hold Time 0 

lco Clock to Output 15 

!AR Asynchronous Reset to Registered Output 25 

tARW Asynchronous Reset Width 25 

!ARR Asynchronous Reset Recovery Time 25 

lsPR Synchronous Preset Recovery Time 25 

lwL WW 10 
Clock Width 

lwH IIlGH 10 

External Feedback ll(lg +too) 33.3 

(MAX 
Maximum Frequency 

Interoal Feedback (foo) ll(lg + tcF) (Note 4) 35.7 (Notes 3) 
No Feedback l/(tWH + twI.) 50 

liiA Input to Output Enable Using Product Term Control 25 

tER Input to Output Disable Using Product Term Control 25 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

2. Tbis parameter is tested in Standby Mode. Wben the device is not in Standby Mode, the tpn will typically be 5 ns faster. 

3. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

4. tep is a calculated value and is not guaranteed. tep can be found using the following equation: 

tep = llfMAX (internal feedback)· t5. 
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SWITCHING WAVEFORMS 

Input, 1/0, or 
Feedback 

Combinatorial 
Output 

Clock 

\im-Vr -

16564-007 
a. Combinatorial output 

-twH-

Input, 1/0, t f v or Feedback T 

- tsl~tH 
Clock _ Vr · 
-- ~tco Vr. 

Registered 
Output 

---------~ 

b. Registered output 
16564-008 

16564-009 16564-010 
c. Clock width d. Input to output disable/enable 

Input 
Asserting 

Asynchronous 
Preset 

Registered 
Output 

Clock ----------~-tA_R_R Vr 
16564-011 

e. Asynchronous reset 

Notes: 
1. Vr=1.5V 

2. Input pulse amplitude 0 Vto 3.0 V 

3. Input rise and fall times 2 ns to 5 ns typical. 

Input 

Asserting~ Synchronou~ ~VT 
Preset ----- -,-----

ts tH tsPR 

Clock 

Registered 
Output 

Vr 

YxmV..__r __ 
16564-012 

f. Synchronous preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

///// May Will be 
Change Changing 
from L to H from L to H 

X'/JXXX Don't Care, Changing, 
Any Change State 
Permitted Unknown 

ID-fil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

16564E-013 

SWITCHING TEST CIRCUIT 
sv 

1,, 
R1 

Output Test Point 

R2 I CL 

16564-014 

Commercial Measured Output 
Specification 51 CL R1 R2 Value 

tPD, lco Closed 1.5 v 
Z~H:Open 50pF 

All except H-517: 

tEA 390Q 1.5 v 
Z~ L: Closed 300Q 

H~ Z:Open 
5pF 

H-517: H ~ Z: VoH - 0.5 V 
tER 

L ~ Z: Closed 300Q L~Z:VoL+0.5V 
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TYPICAL Ice CHARACTERISTICS 

Vee= 5.0 v. TA= 2s0 c 

150 

125 

100 

lccCmA) 75 

25 

0 10 20 30 40 

Frequency (MHz) 

•cc vs. Frequency 

50 

22V10H-5 
22V10H-7 
22V10H-10 

22V10H-15 
22V10H-25 
22V10Q-10 

22V10Q-25 

16564E·015 

The selected "typical" pattern utilized 50% of the device resources. Half of the macrocel/s were programmed as registered, 
and the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On 
any vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice-. From this midpoint, a designer may scale the Ice graphs up or 
down to estimate the Ice requirements for a particular design. 

356 PALCE22V10 and PALCE22V10Z Families 



TYPICAL Ice CHARACTERISTICS FOR THE PALCE22V10Z-15 
Vee= 5.0 V, TA= 25°C 
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60 
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*Percent of product terms used. 
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45 

Ice vs. Frequency Graph for the PALCE22V1 OZ-15 

TYPICAL Ice CHARACTERISTICS FOR THE PALCE22V10Z-25 
Vee= 5.0 V, TA= 25°C 
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Ice vs. Frequency Graph for the PALCE22V10Z-25 
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ENDURANCE CHARACTERISTICS 

The PALCE22V10 is manufactured using Vantis' advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the device 
can be erased and reprogrammed-a feature which allows 100% testing at the factory. 

Symbol Parameter Test Conditions Value 

Ina Min Pattern Data Retention Tune Max Storage Temperature 10 

N Max Reprogramming Cycles Normal Programming Conditions 100 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES* 

Iv cc 

* Device Rev Letter 

PALCE22V1 OH-15 

PALCE22V1 OH-20H H 

PALCE22V1 OH-25 

PALCE22V1 OQ-251 I 

358 

ESD 
Protection 

Vee 

Preload Feedback 
Circuitry Input 

Output 
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Unit 

Years 

Cycles 
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ROBUSTNESS FEATURES 

The PALCE22V10X-X/5 devices have some unique features that make them extremely robust, 
especially when operating in high-speed design environments. Pull-up resistors on inputs and I/0 
pins cause unconnected pins to default to a known state. Input clamping circuitry limits negative 
overshoot, eliminating the possibility of false clocking caused by subsequent ringing. A special 
noise filter makes the programming circuitry completely insensitive to any positive overshoot that 
has a pulse width of less than about 100 ns for the /5 version. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION DEVICES 

ESD 
Protection 

and 
Clamping 

1 Programming -= 
I Pins only 

Vee 

L.--------
Programming 

Voltage 1--1 
Detection 

Typical Input 

Vee 

Provides ESD 
Protection and 
Clamping 

Typical Output 

Preload 
Circuitry 
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Positive 
Overshoot 1--1 

Filter 

Feedback 
Input 

Programming 
Circuitry 

16564-16 
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR PALCE22V10Z 

ESD Input 
Protection Transition 

and Detection 
Clamping 

1 

360 

I 
I 
I 
I 
I 
I 
I Programming _ 
I Pinsonly -L.--------- Programming 

Voltage 
Detection 

Positive 
Overshoot 

Filter 

Typical Input 

Vee 

Preload Feedback Input 
Circuitry Input Transition 

Detection 

Programming 
Circuitry 

Typical Output 16564E-020 
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POWER-UP RESET 

The power-up reset feature ensures thatall flip-flops will be reset to LOW after the device has been 
powered up. The output state will depend on the programmed pattern. This feature is valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways V cc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 

• The V cc rise must be monotonic. 

• Following reset, the dock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

lpa 

Is 
tWL 

Parameter 
Symbol 

Power 

Registered 
Active-Low 

Output 

Clock 

Parameter Description Max Unit 

Power-up Reset Tune 1000 ns 

Input or Feedback Setup Time See Switching 

Clock Width LOW Characteristics 

4V ,.----------------------------------------------------~Vee 
Vee Off 

16564E-021 

Figure 3. Power-Up Reset Waveform 
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TYPICAL THERMAL CHARACTERISTICS 

PALCE22V10 

Measured at 25°C ambient. These parameters are not tested. 

Parameter 
Symbol Parameter Description 

lie Thermal impedance, junction to case 

~ Thermal impedance, junction to ambient 

200 Jfpm air 

400 Jfpm air 
0jma Thermal impedance, junction to ambient with air flow 

600 Jfpm air 

800 Jfpm air 

Plastic 0/c Considerations 

Typ 

SKINNY DIP PLCC Unit 

20 18 OCJW 

73 55 OCJW 

66 48 OC/W 

61 43 OCJW 

55 40 OCJW 

52 37 OCJW 

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The 
heat-flow paths in plastic-encapsulated devices are complex, making the 8jc measurement relative to a specific location on the pack­
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, 8jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem­
perature. Therefore, the measurements can only be used in a similar environment. 
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CONNECTION DIAGRAMS 

Top View 

SKINNYDIP/SOIC PLCC 
0 

CLK/lo Vee ~ 
() u "' CXl 

...J u ~ ~ ...£-' -= () z > 
11 l/Og 

12 l/Oa 4 3 2 28 27 26 

13 1107 13 5 • 25 1/07 

14 1105 14 6 24 I/Os 

15 1105 15 7 23 1/05 

15 1104 NC 8 22 GND/NC * 

17 1103 Is 9 21 1/04 

la 1102 17 10 20 1/03 

lg 1101 la 11 19 1102 

110 l/Oo 12 13 14 15 16 17 18 

GND 111 .S!' :1- 0 () 0 

~ z z - ~ (!) 
16564E-002 16564E-003 

'For -5, this pin must be grounded for guaranteed data sheet performance. If not grounded, AC timing may degrade 
by about 10%. 

Note: 
Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK Clock 

GND Ground 

I Input 

1/0 lnpuVOutput 

NC No Connect 

Vee Supply Voltage 

PALCE22V10 and PALCE22V10Z Families 363 



ORDERING INFORMATION 

Commercial and Industrial Products 

Yantis programmable logic products for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of: 

PAL CE 22 V 10 H -5 

FAMILY TYPE T 
PAL = Programmable Array Logic 

TECHNOLOGY 
CE = CMOS Electrically Erasable 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V - Versatile 

NUMBER OF OUTPUTS 

POWER 
Q = Quarter Power (90-140 mA Ice;) 
H = Half Power (90-140 mA Ice;) 
Z = Zero Power (15 µA lee standby) 

Valid Combinations 

PALCE22V1 OH-5 JC 

PALCE22V1OH-7 PC,JC 

PALCE22V1OH-10 PC, JC, SC, PI, JI 

PALCE22V1OQ-10 PC.JC 

PALCE22V1 OH-15 PC,JC, PI,JI, SC 

PALCE22V10Q-15 PC,JC 

PALCE22V1 OH-20 PI,JI 

PALCE22V1 OH-25 PC, JC, SC, PI, JI 

PALCE22V1 OQ-25 PC,JC 

PALCE22V1 OZ-15 PI,JI 

PALCE22V10Z-25 PC, JC, SC, PI, JI, SI 

15 

/4 

15 

/4 

/4 

J c 15 

L PROGRAMMING DESIGNATOR 
Blank = Initial Algorithm 
/4 = First Revision 
15 = Second Revision 

(Same Algorithm as /4) 

._____ OPERATING CONDITIONS 
C = Commercial (0°C to + 75°C) 
I = Industrial (-40°C to +85°C) 

PACKAGE TYPE 
p 

J 

s 

= 24-Pin 300 mil Plastic 
SKINNYDIP (PD3024) 

= 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 

= 24-Pin Plastic Gull-Wing 
Small Outline Package 
(SO 024) 

SPEED 
-5 = 5 ns tpo 
-7 = 7.5 ns tpn 
-10 = 10 ns tpn 
-15 = 15 ns tpn 
-20 = 20 ns tpo 
-25 = 25 ns tpn 

Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
Yantis sales office to confirm availability of specific valid 
combinations and to check on newly released 
combinations. 
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PALLV22V10 COM'L: -7/10/15 
PALLV22V10Z 

IND: -15 
IND: -25 II YANTIS 

I BEYOND PERFORMANCE 

PALLV22V10 and PALLV22V10Z Families 
Low-Voltage (Zero Power) 24-Pin EE CMOS 
Versatile PAL Device 

DISTINCTIVE CHARACTERISTICS 
+ Low-voltage operation, 3.3 V JEDEC compatible 

- Vee=+ 3.0 V to 3.6 V 
+ Commercial and industrial operating temperature range 
+ 7.5-ns tpo 
+ Electrically-erasable technology provides reconfigurable logic and full testability 
+ 10 macrocells programmable as registered or combinatorial, and active high or active low to 

match application needs 
+ Varied product term distribution allows up to 16 product terms per output for complex 

functions 
+ Global asynchronous reset and synchronous preset for initialization 
+ Power-up reset for initialization and register preload for testability 
+ Extensive third-party software and programmer support 
+ 24-pin SKINNY DIP and 28-.pin PLCC packages save space 

GENERAL DESCRIPTION 

The PALLV22V10 is an advanced PAL® device built with low-voltage, high-speed, electrically­
erasable CMOS technology. 

The PALLV22V10Z provides low voltage and zero standby power. At 30 µA maximum standby 
current, the PALLV22V10Z allows battery powered operation for an extended period. 

The PALLV22V10 device implements the familiar Boolean logic transfer function, the sum of 
products. The PAL device is a programmable AND array driving a fixed OR array. The AND array 
is programmed to create custom product terms, while the OR array sums selected terms at the 
outputs. 

The product terms are connected to the fixed OR array with a varied distribution from 8 to 16 
across the outputs (see Block Diagram). The OR sum of the products feeds the output macrocell. 
Each macrocell can be programmed as registered or combinatorial, and active high or active low. 
The output configuration is determined by two bits controlling two multiplexers in each macrocell. 

Publication# 18956 Rev: D 
Amendrnent/0 Issue Date: October 1998 



BLOCK DIAGRAM 
CLKllQ 

FUNCTIONAL DESCRIPTION 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

11 

189560-001 

The PALLV22V10 is the low-voltage version of the PALCE22V10. It has all the architectural features 
of the PALCE22V10. 

The PALLV2210Z is the low-voltage, zero-power version of the PALCE22V10. It has all the 
architectural features of the PALCE22V10. In addition, the PALLV22V10Z has zero standby power 
and an unused product term disable feature. 

The PALLV22V10 allows the systems engineer to implement a design on-chip by programming EE 
cells to configure AND and OR gates within the device, according to the desired logic function. 
Complex interconnections between gates, which previously required time-consuming layout, are 
lifted from the PC board and placed on silicon, where they can be easily modified during 
prototyping or production. 

Product terms with all connections opened assume the logical HIGH state; product terms 
connected to both true and complement of any single input assume the logical LOW state. 

The PALLV22V10 has 12 inputs and 10 I/0 macrocells. The macrocell (Figure 1) allows one of four 
potential output configurations; registered output or combinatorial 1/0, active high or active low 
(see Figure 2). The configuration choice is made according to the user's design specification and 
corresponding programming of the configuration bits S0 - S1. Multiplexer controls are connected 
to ground (O) through a programmable bit, selecting the "O" path through the multiplexer. Erasing 
the bit disconnects the control line from GND and it floats to Vee (1), selecting the "l" path. 

The device is produced with a EE cell link at each input to the AND gate array, and connections 
may be selectively removed by applying appropriate voltages to the circuit. Utilizing an easily­
implemented programming algorithm, these products can be rapidly programmed to any 
customized pattern. 
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Variable Input/Output Pin Ratio 

The PALLV22V10 has twelve dedicated input lines, and each macrocell output can be an 1/0 pin. 
Buffers for device inputs have complementary outputs to provide user-programmable input signal 
polarity. Unused input pins should be tied to V cc or GND. 

Registered Output Configuration 

Each macrocell of the PALLV22V10 includes a D-type flip-flop for data storage and synchronization. 
The flip-flop is loaded on the LOW-to-HIGH transition of the clock input. In the registered 
configuration (S1 = 0), the array feedback is from Q of the flip-flop. 

Combinatorial 1/0 Configuration 

Any macrocell can be configured as combinatorial by selecting the multiplexer path that bypasses 
the flip-flop (S1 = 1). In the combinatorial configuration, the feedback is from the pin. 

AR 

CLK s, Output Configuration 

SP 0 0 Registered! Active Low 

0 Registered! Active High 

0 Combinatorial/ Active Low 

Combinatorial/ Active High 

O = Programmed EE bit 
1 = Erased (charged) EE bit 

18956(-004 

Figure 1. Output Logic Macrocell Diagram 
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a. Registered/active low 

c. Registered/active high 

• 
• .. 

b. Combinatorial/active low 

d. Combinatorial/active high 

Figure 2. Macrocell Configuration Options 

Programmable Three-State Outputs 

189560-005 

Each output has a three-state output buffer with three-state control. A product term controls the 
buffer, allowing enable and disable to be a function of any product of device inputs or output 
feedback. The combinatorial output provides a bi-directional I/0 pin, and may be configured as 
a dedicated input if the buffer is always disabled. 

Programmable Output Polarity 

The polarity of each macrocell output can be active high or active low, either to match output 
signal needs or to reduce product terms. Programmable polarity allows Boolean expressions to be 
written in their most compact form (true or inverted), and the output can still be of the desired 
polarity. It can also save "DeMorganizing" efforts. 

Selection is controlled by programmable bit S0 in the output macrocell, and affects both registered 
and combinatorial outputs. Selection is automatic, based on the design specification and pin 
definitions. If the pin definition and output equation have the same polarity, the output is 
programmed to be active high (S0 = 1). 

Preset/Reset 

For initialization, the PALLV22V10 has additional preset and reset product terms. These terms are 
connected to all registered outputs. When the synchronous preset (SP) product term is asserted 
high, the output registers will be loaded with a HIGH on the next LOW-to-HIGH dock transition. 
When the asynchronous reset (AR) product term is asserted high, the output registers will be 
immediately loaded with a LOW independent of the clock. 
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Note that preset and reset control the flip-flop, not the output pin. The output level is determined 
by the output polarity selected. 

Benefits of Lower Operating Voltage 

The PALLV22V10 has an operating voltage range of 3.0 V to 3.6 V. Low voltage allows for lower 
operating power consumption, longer battery life, and/or smaller batteries for notebook 
applications. 

Because power is proportional to the square of the voltage, reduction of the supply voltage from 
5.0 V to 3.3 V significantly reduces power consumption. This directly translates to longer battery 
life for portable applications. Lower power consumption can also be used to reduce the size and 
weight of the battery. Thus, 3.3 V designs facilitate a reduction in the form factor. 

A lower operating voltage results in a reduction of I/0 voltage swings. This reduces noise 
generation and provides a less hostile environment for board design. A lower operating voltage 
also reduces electromagnetic radiation noise and makes obtaining FCC approval easier. 

3.3-V (CMOS) and 5-V (CMOS and TTL) Compatible Inputs and 1/0 

Input voltages can be at TTL levels. Additionally, the PALLV22V10 can be driven with true 5-V 
CMOS levels due to special input and I/0 buffer circuitry. 

Power-Up Reset 

All flip-flops power up to a logic LOW for predictable system initialization. Outputs of the 
PALLV22V10 will depend on the programmed output polarity. The Vee rise must be monotonic, 
and the reset delay time is lOOOns maximum. 

Register Preload 

The registers on the PALLV22V10 can be preloaded from the output pins to facilitate functional 
testing of complex state machine designs. This feature allows direct loading of arbitrary states, 
making it unnecessary to cycle through long test vector sequences to reach a desired state. In 
addition, transitions from illegal states can be verified by loading illegal states and observing 
proper recovery. 

Security Bit 

After programming and verification, a PALLV22Vl0 design can be secured by programming the 
security EE bit. Once programmed, this bit defeats readback of the internal programmed pattern 
by a device programmer, securing proprietary designs from competitors. When the security bit is 
programmed, the array will read as if every bit is erased, and preload will be disabled. 

The bit can only be erased in conjunction with erasure of the entire pattern. 

Programming and Erasing 

The PALLV22V10 can be programmed on standard logic programmers. It also may be erased to 
reset a previously configured device back to its unprogrammed state. Erasure is automatically 
performed by the programming hardware. No special erase operation is required. 
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Quality and Testability 

The PALLV22V10 offers a very high level of built-in quality. The erasability of the CMOS 
PALLV22V10 allows direct testing of the device array to guarantee 100% programming and 
functional yields. 

· T~chnology 

The high-speed PALLV22V10 is fabricated with Vantis' advanced electrically-erasable (EE) CMOS 
process. The array connections are formed with proven EE cells. Inputs and outputs are designed 
to be 3.3-V and 5-V device compatible. This technology provides strong input-damp diodes, 
output slew-rate control, and a grounded substrate for clean switching. 

Zero-Standby Power Mode 

The PALLV22V10Z features a zero-standby power mode. When none of the inputs switch for an 
extended period (typically 30 ns), the PALLV22V10Z will go into standby mode, shutting down 
most of its internal circuitry. The current will go to almost zero Occ <30 µA). The outputs will 
maintain the states held before the device went into the standby mode. 

If a macrocell is used in registered mode, switching pin CLK/I0 will not affect standby mode status 
for that macrocell. If a macrocell is used in combinatorial mode, switching pin CLK/I0 will affect 
standby mode status for that macrocell. 

This feature reduces dynamic Ice proportionally to the number of registered macrocells used. If all 
macrocells are used as registers and only CLK/I0 is switching, the device will not be in standby 
mode, but dynamic Ice will typically be <2 mA. This is because only the CLK/I0 buffer will draw 
current. The use of combinatorial macrocells will add on average 5 mA per macrocell (at 25 MHz) 
under these same conditions. 

When any input switches, the internal circuitry is fully enabled, and power consumption returns 
to normal. This feature results in considerable power savings for operation at low to medium 
frequencies. 

Product-Term Disable 

On a programmed PALLV22V10Z, any product terms that are not used are disabled. Power is cut 
off from these product terms so that they do not draw current. Product-term disabling results in 
considerable power savings. This saving is greater at the higher frequencies. 

Further hints on minimizing power consumption can be found in a separate document entitled, 
Minimizing Power Consumption with Zero-Power PLDs. 
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LOGIC DIAGRAM 

CLKllo ll~l>)-..--o----,-,--,-.--1-1-12--15-16--19-20--~-~--,,-~--,,-~--,.-,.--,,-~--4-3---A-R-~ 
~ 
(28) Vee 

'1 

'• 

'• 

131-++++-+++l-++++--+-H-Hf+-H--H-+-Hf+-H--H-+-H-Hf+-++-H--+-H-I---<>--""-' 

'10 [11il---i!f=i~l+=l:1:tl:::1~~+1:tl=l+lt::t:l:tl=l+lt::t:l:tl=!::t:l:t=tt+t=t.~ tt:::~--------------{1~3 111 
~ ~ 

3 4 7 8 11 12 15 16 19 20 23 24 Z1 28 31 32 35 36 39 40 43 
GND IW---i 

(14) = 
189560-006. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to +150°C Commercial {C) Devices 
Ambient Temperature with 
Power Applied .................. -55°C to +125°C 

Supply Voltage with 

Ambient Temperature (T Al. . . . . . . . . . . 0°C to + 75°C 

Supply Voltage (V cc) with 

Respect to Ground ............... -0.5 V to+ 7.0 V 
Respect to Ground ............... +3.0 V to +3.6 V 

DC Input Voltage ............... -0.5 V to +5.25 V Industrial {I) Devices 
DC Output or I/O Pin Voltage ...... -0.5 V to +5.25 V Ambient Temperature (TAl .......... -40°C to +85°C 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V Supply Voltage (V cc) with 

Latchup Current (TA= 0°C to +75°C) ........ 100 mA Respect to Ground ............... +3.0 V to +3.6 V 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

Operating ranges define those limits between which the func­
tionality of the device is guaranteed. 

DC CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL OPERATING 
RANGES 

Parameter 
Symbol Parameter Description Test Conditions Min Max 

Yott Iott= -2 mA 2.4 

Output HIGH Voltage 
VIN = Vm or v1L 

Vee= Min Iott= -100 µA Vee -0.2 

IoL = 16 mA 0.5 
VOL Output LOW Voltage VIN = Vm or VIL 

loL = 100 µA 0.2 

Vm Input HIGH Voltage 
Guaranteed Input Logical HIGH 

2.0 5.25 
Voltage for all Inputs (Notes 1, 2) 

VIL Input LOW Voltage 
Guaranteed Iuput Logical LOW 

0.8 
Voltage for all Inputs (Notes 1, 2) 

Im Input HIGH Leakage Current VIN= Vee. Vee= Max (Note 2) 10 

I1L Input LOW Leakage Current VIN = 0 v, Vee= Max (Note 2) -100 

IoZH 
Off-State Output Leakage Vom =Vee, Vee= Max 

10 
Current HIGH VIN = Vm or v1L (Note 2) 

1oZL 
Off-State Output Leakage v0m = ov, Yee= Max 

-100 
Current LOW VIN = Vm or v1L (Note 2) 

1sc Output Short-Circuit Current VoUT = 0.5 v, Vee= Max (Note 3) -5 -75 

-10/15 Commercial 60 

'cc (Static) Supply Current 
Outputs f = 0 MHz, Open 

-7 75 
(IoUT = 0 mA) 

-15 Industrial 75 

Notes: 
1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case of lrL and IozL (or I1H and IozJ-!Y. 
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
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v 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

CJN Input Capacitance VIN= 2.0V Vee= 3.3 V 5 

Com Output Capacitance v0m = 2.ov 
TA= 25°C 

8 
pF 

f=IMHz 

Note: 
1. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER COMMERCIAL AND INDUSTRIAL 
OPERATING RANGES 1 

Parameter -7 -10 -15 

Symbol Parameter Description Min Max Min 

!PD Input or Feedback to Combinatorial Output 7.5 

Isl Setup Time from Input, Feedback or SP to Clock 4.5 5.5 

ts2 Setup Tnne from SP to Clock 5.5 7 

ltt Hold Time 0 0 

too Clock t~ Output 5.5 

tAR Asynchronous Reset to Registered Output II 

tARW Asynchronous Reset Width 6 8 

!ARR Asynchronous Reset Recovery Time 6 8 

lsPR Synchronous Preset Recovery Time 6 8 

tWL WW 3.5 4 
Clock Width 

tWH !IlGH 3.5 4 

External Feedback ll(ts +too) 100 83.3 

fMAX 
Maximum Frequency 

Internal Feedback (fem) ll(ts + lcf) (Note 3) 133 110 
(Note 2) 

No Feedback 1/(tWH+twi) 143 125 

!EA Input to Output Enable Using Product Term Control 9 

!ER Input to Output Disable Using Product Term Control 10 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. Tbese parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

3. tcF is a calculated value and is not guaranteed. tcF can be found using the following equation: 

tcF = llfMAX (internal feedback) - ts. 

PALLV22V10 - 7/10/15 (Com'I), -15 (lnd'I) 

Max Min Max 

10 15 

10 

10 

0 

6.5 10 

13 20 

10 

10 

10 

6 

6 

50 

58.8 

83.3 

II 15 

11 15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature .............. -65°C to + 150°C Industrial (I) Devices 
Ambient Temperature with 
Power Applied .................. -55°C to +125°C 

Ambient Temperature (T~ .......... -40°C to +85°C 

Supply Voltage (V cc) with 
Supply Voltage with 
Respect to Ground ............... -0.5 V to +7.0 V 

Respect to Ground ............... +3.0 V to +3.6 V 

DC Input Voltage ................ -0.5 V to +5.5 V 
Operating ranges de.fine those limits between which the func­
tionality of the device is guaranteed. 

DC Output or I/0 Pin Voltage ....... -0.5 V to +5.5 V 

Static Discharge Voltage . . . . . . . . . . . . . . . . . 2001 V 

Latchup Current (TA = -40°C to 85°C) ........ 100 mA 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent device failure. Functionality at or above 
these limits is not implied. Exposure to Absolute Maximum Rat­
ings for extended periods may affect device reliability. Pro­
gramming conditions may differ. 

DC CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 
Parameter 

Symbol Parameter Description Test Conditions 

VIN = Yrn or v1L Iott= -2 mA 
Yott Output HIGH Voltage 

Yee= Min Iott= -100 µA 

VIN = Vrn or VIL IOL=2mA 
VOL Output LOW Voltage 

Yee= Min IOL = 100 µA 

Vrn Input HIGH Voltage 
Guaranteed Input Logical HIGH 

Voltage for all Inputs (Note I) 

VIL Input LOW Voltage 
Guaranteed Input Logical LOW 
Voltage for all Inputs (Note I) 

Im Input HIGH Leakage Current VIN= Ym Yee= Max 

IJL Input LOW Leakage Current VIN= ov, Yee= Max 

'om 
Off-State Output Leakage Your= Ym Yee= Max 
Current HIGH VIN = Yrn or VIL (Note 2) 

IoZL 
Off-State Output Leakage Your= o v, Vee= Max 
Current LOW VIN= Yrn or VIL (Note 2) 

Isc Output Short-Circuit Current Your= 0.5 v, Yee= Max (Note 3) 

Outputs Open ('our = 0 mA) f=OMHz 
Ice Supply Current 

Yee= Max (Note 4) f = 15 MHz 

Notes: 

Min Max 

2.4 

Ycc ·0.3 

0.4 

0.2 

2.0 5.5 

0.8 

10 

-10 

10 

-10 

-5 -75 

30 

55 

1. Tbese are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 

2. 1/0 pin leakage is the worst case of IJL and IozL (or IIHand Ioz~· 

Unit 

v 

v 

v 

v 

v 

v 

µA 

µA 

µA 

µA 

mA 

µA 

mA 

3. Not more than one output should be.shorted at a time, and the duration of the short-circuit should not exceed one second. 
V OUT= 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

4. Tbis parameter is guaranteed under worst case test conditions. Refer to the Ice vs. Frequency graph in this datasbeet for typical 

Ice characteristics. 
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CAPACITANCE 1 

Parameter 
Symbol Parameter Description Test Condition Typ Unit 

CIN Input Capacitance VIN= 2.0V Vee= 3.3 v 5 

Com Output Capacitance v0m = 2.ov 
TA= 25°C 

8 
pF 

f = I MHz 

Note: 
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time tbe design is modified where 

capacitance may be affected. 

SWITCHING CHARACTERISTICS OVER INDUSTRIAL OPERATING RANGES 1 

Parameter -25 

Symbol Parameter Description Min Max 

tpn Input or Feedback to Combinatorial Output (Note 2) 25 

ts Setup Time from Input, Feedback or SP to Clock 15 

'H Hold Time 0 

'co Clock to Output 15 

!AR Asynchronous Reset to Registered Output 25 

1ARW Asynchronous Reset Width 25 

'ARR Asynchronous Reset Recovery Time 25 

'sPR Synchronous Preset Recovery Time 25 

tWL LOW 10 
Clock Width 

twu HIGH IO 

External Feedback ll(ts +'col 33.3 

fMAX Maximum Frequency (Note 3) Internal Feedback (fCNTl !/(ts+ tcF) (Note 4) 35.7 

No Feedback 11(twu + twil 50 

IEA Input to Output Enable Using Product Term Control 25 

1ER Input to Output Disable Using Product Term Control 25 

Notes: 
1. See "Switching Test Circuit" for test conditions. 

2. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the t PD may be slightly faster. 

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time 
the design is modified where frequency may be affected. 

4. tcp is a calculated value and is not guaranteed. tcF can be found using tbe following equation: 

tcF = llfMAX (internal feedback) - t8. 

PALLV22V10Z-25 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ns 

ns 

375 



SWITCHING WAVEFORMS 

Input or Fr 
Feedback -----'~ ~xxmv,-lpu _v_T __ _ 

Combinatorial 
Output 

Clock 

Input 
Asserting 

Asynchronous 
Reset 

Registered 
Output 

Clock 

Notes: 

189560-007 

a. Combinatorial output 

c. Clock width 189560-009 

189560-011 

e. Asynchronous reset 

1. Vy~ 1.5 Vfor inputs signals and Vcd2foroutputs signals. 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2 ns to 5 ns typical. 

Input or 
Feedback 

Clock 

Input 

Output 

Input 
Asserting 

Synchronous 
Preset 

Clock 

Registered 
Output 

189560-008 

b. Registered output 

189560-010 

d. Input to output disable/enable 

T 

189560-012 

f. Synchronous preset 
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KEY TO SWITCHING WAVEFORMS 

WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 

\\\\\ May Will be 
Change Changing 
from H to L from H to L 

//Ill May Will be 
Change Changing 
from L to H from L to H 

X'/XXXX Don't Care, Changing, 
Any Change State 
Permitted Unknown 

ID-fil Does Not Center 
Apply Line is High-

Impedance 
"Off" State 

189560-013 

SWITCHING TEST CIRCUIT 
vcc 

189560-014 

Measured 
Specification s, S2 CL R1 R2 Output Value 

tpo. tco Closed Closed Vccf2 

Z--7 H: Open Z --7 H: Closed 30pF 
IEA Z --7 L: Closed Z --71: Open l.6KQ l.6KQ 

Yccf2 

H --7 Z: Closed H --7 Z: Closed H--7 Z: You -0.5 v 
!ER L --7 Z: Closed L --7Z: Open 

5 pf 
L --7Z: Yot + 0.5 V 
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TYPICAL Ice CHARACTERISTICS 

Vee= 3.3 V, TA= 25°C 
150 

140 

130 

120 

110 

100 

90 

80 
Ice (mA) 

70 

60 

50 

40 

30 

20 

10 

0 
0 5 10 15 20 25 30 

Frequency (MHz) 

Ice vs. Frequency 

35 

PALLV22V10-7 

40 45 50 

189560-015 

The selected "typical" pattern utilized 50% of the device resources. Half of the macroce//s were programmed as registered, and 
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any 
vector, half of the outputs were switching. 

By utilizing 50% of the device, a midpoint is defined for Ice· From this midpoint, a designer may scale the Ice graphs up or down 
to estimate the Ice requirements for a particular design. 
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ENDURANCE CHARACTERISTICS 

The PALLV22Vl0 is manufactured using Yantis' advanced electrically-erasable (EE) CMOS process. 
This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, the device 
can be erased and reprogrammed-a feature which allows 100% testing at the factory. 

Symbol Parameter Test Conditions Value Unit 

Max Storage Temperature 10 Years 
tDR Min Pattern Data Retention Time 

Max Operating Temperature 20 Years 

N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles 

ROBUSTNESS FEATURES 

The PALLV22Vl0 has some unique features that make it extremely robust, especially when 
operating in high speed design environments. Input clamping circuitry limits negative overshoot, 
eliminating the possibility of false clocking caused by subsequent ringing. A special noise filter 
makes the programming circuitry completely insensitive to any positive overshoot that has a pulse 
width of less than about 100 ns. 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 
~--~-Vee 

>50KQ 

I 
I 
I 
I 
I 
I 
I Programming 
I Pins only 

Vee 

ESD 
Protection 

and 
Clamping 

!. _________ _ Programming 
Voltage 

Detection 

1 

Typical Input 

5-V 
Protection 

Preload 
Circuitry 

Typical Output 

Positive 
Overshoot 

Filter 

Feedback 
Input 

PALLV22V10 and PALLV22V10Z Families 

Programming 
Circuitry 

189560-017 
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POWER-UP RESET 

The power-up reset feature ensures that all flip-flops will be reset to LOW after the device has been 
powered up. The output state will depend on the programmed pattern. This feature is valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways V cc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 

+ The V cc rise must be monotonic. 

+ Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

tpR 

ts 
tWL 

380 

Parameter 
Symbol Parameter Description 

Power-Up Reset Time 

Input or Feedback Setup Time 

Clock Width LOW 

Power 

Registered 
Active-Low 

Output 

Clock 

2.7V 

Figure 3. Power-Up Reset Waveform 
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Max Unit 

1000 ns 

See SWitching 

Characteristics 
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TYPICAL THERMAL CHARACTERISTICS 

PALLV22V10-10 

Measured at 25°C ambient. These parameters are not tested. 

Parameter Typ 

Symbol Parameter Description SKINNY DIP PLCC Unit 

0jc Thermal impedance, junction to case 26 20 oC/W 

0ja Thermal impedance, junction to ambient 86 69 oC/W 

200 lfpm air 72 57 oC/W 

400 lfpm air 65 52 oC/W 
0jma Thermal impedance, junction to ambient with air flow 

600 lfpm air 60 47 oC/W 

800 lfpm air 55 45 oC/W 

Plastic fJjc Considerations 

1he data listed.for plastic ltjc are for reference only and are not recommended for use in calculating junction temperatures. 1he 
heat-jlow paths in plastic-encapsulated devices are complex, making the fJjc measurement relative to a specific location on the pack­
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, fJjc tests on packages are performed in a constant-temperature bath, keeping the package su1:face at a constant tem­
perature. Therefore, the measurements can only be used in a similar environment. 
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CONNECTION DIAGRAMS 

Top View 

SKINNY DIP PLCC 

0 

CLK/lo 1 • 24 Vee 
S2 

(.) 0 "' ~ ..J 0 ~ ...!" ..:; (.) z > 
11 2 23 1109 

12 3 22 1105 

13 4 21 1107 

4 3 2 1 28 27 26 

13 5 • 25 1/07 

14 5 20 1105 
14 6 24 I/Os 

15 6 19 1/05 
15 7 23 1105 

15 7 18 1104 
NC 8 22 GND/NC 

17 8 17 1103 
la 9 21 1104 

la 9 16 1102 
17 10 20 1/03 

lg 10 15 1101 
le 11 19 1/02 

110 11 14 l/Oo 
12 13 14 15 16 17 18 

GND 12 13 111 ..2' ~ c (.) 0 g-z z - ~ C!l 

189560-002 189560-003 

Note: 
Pin 1 is marked for orientation. 

PIN DESIGNATIONS 
CLK = Clock 
GND = Ground 

= Input 
1/0 = Input/Output 
NC = No Connect 

·Vee = Supply Voltage 
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ORDERING INFORMATION 

Commercial and Industrial Products 
Yantis prograrrunable logic product~ for commercial and industrial applications are available with several ordering options. The 
order number (Valid Combination) is formed by a combination of these element" 

FAMILY TYPE 
PAL = Programmable Array Logic 

TECHNOLOGY 
LV =Low-Voltage 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
V =Versatile 

NUMBER OF OUTPUTS 

Z = Zero Power 
(30 µA Ice Standby) 

Valid Combinations 

PALLV22V10-7 JC 

PALLV22V10-10 PC,JC 

PALLV22V10-15 PC,JC,Jl 

PALLV22V1 OZ-25 PI,JI 

PAL LV 22 V 10 

J 
.7 J c 

l OPERATING CONDITIONS 
c = Corrunercial (0°C to + 75°C) 

= Industrial (-40°C to +85°C) 

PACKAGE TYPE 
p 

J 

SPEED 
-7 
-10 
-15 
-25 

= 24-Pin 300 mil Plastic 
SKINNYDIP (PD3024) 

= 28-Pin Plastic Leaded 
Chip 

= 7.5 ns tpo 

= 10 ns tpo 

= 15 ns tpo 

= 25 ns tp0 

Valid Combinations 
The Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local 
Yantis sales office to confirm availability of specific valid 
combinations and to check on newly released 
combinations. 
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II VANTIS 
I BEYOND PERFORMANCE 

General Information 

385 
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II YANTIS f MAX Theory and Calculations 
I BEYOND PERFORMANCE 

INTRODUCTION 

The [MAX parameter is the maximum clock rate at which a device is guaranteed to operate. fMAX 
is commonly referred to as the maximum operating frequency and can be thought of as the 
longest register-to-register time in a design. Due to the inherent flexibility of programmable logic 
devices, the maximum operating frequency calculation can vary. There are four different ways 
to calculate fMAX in a design. In the discussion that follows, each one of the basic fMAX 
calculations is examined, including a general description of the fMAX design type and a detailed 
discussion of the fMAX calculation. 

FMAX DESIGN lYPES 

Type 1: External Feedback Timing Path 

The first type of [MAX design involves a signal path between two registers that is sent through 
the I/0 cell and fed back into a register inside the part (or fed into a register on another chip). 
Figure la represents the MACH® device specification for fMAX using an external data path. The 
period of the external feedback timing path is the sum of the setup time and the global clock to 
external output time. The reciprocal of this time is fMAX and is calculated as: 

I 
f MAX(External) = t + t + t 

COi BUF S 

where t5 is the setup time, tcOi is the clock-to-feedback time for the flip flop, and tBuF is the time 
from feedback through the 1/0 cell. 

Publication# AN004-1 Rev: A 
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data_in 

data_in 

!.-- !co internal + lsuF _,.___ ts --1 
First 

Register 

D 

l/OCell Logic 
Next 

Register 

elk--~------------~ 

a. MACH Device fMAX using an external feedback timing path 

1-- !co internal + lsuF _,.._ __ !po; x n ---·-ts--4 

First 
Register 1/0 Cell 

D Q 

Intermediate Combinatorial 
Logic Blocks 

X1 ... Xn 

Next 
Logic Register 

D 

elk--~----------------------~ 

b. fMAX for a MACH design using an external feedback timing path 
and n number of intermediate combinatorial logic blocks 

Figure 1. External FeedbackTiming Path 

Data_ Out 

AN004-001 

Data_ Out 

AN004-002 

Figure lb represents a typical design scenario involving an external feedback timing path and 
demonstrates how fMAX is calculated in a design using intermediate combinatorial logic blocks. 
In Figure lb, some intermediate combinatorial logic has been internally added between the 
registers. The addition of the intermediate logic causes the signal path to slow down by a factor 
of (tprn x n), where n represents the number of combinatorial logic blocks between two 
registers. In this case, a combinatorial logic block is made up of all the product terms going 
through the logic array and macrocell only once. In the Figure lb case, the longest timing path 
is the sum of the dock-to-output time of the register, delay through the 1/0 buffer, combinatorial 
propagation time, and the setup time. fMAX is calculated by inverting the longest timing and 
becomes: 

1 
IMAX = ( ) 

fco; + fsuF +ts+ fpn; X n 
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Type 2: Internal Feedback Path 

In the second design, fMAX is calculated for timing paths that use internal feedback. These paths 
do not go through the output buffer, but rather, they leave the macrocell and are sent back 
directly into the input or central switch matrix. In the case of internal feedback signals, fMAX is 
calculated by using the tcOi timing parameter without tBUF· In the circuit shown in Figure Za, 
fMAX is equal to fcNT· The fcNT parameter of Figure Za is: 

data_ in 

data_ in 

1 
f MAX(lnternal) = -t + t 

COi S 

r---- tco internal 

First 
Register 

fcNT 

Logic 

D 01------+---I 

Next 
Register 

D 

elk __ _____,~-----------~ 

a. MACH device fMAX using an internal feedback timing path 

r-- lco internal 

First 
Register 

------ts--j 

Next Intermediate Combinatorial 
Logic Blocks Logic Register 

D Q ,__ ___ _____, _ _____. X1 ... Xn 

elk ------'------------------------' 

b- fMAX for a MACH design using an internal feedback timing path 
and n number of intermediate combinatorial logic blocks 

Figure 2. Internal FeedbackTiming Path 

Data_ Out 

AN004-003 

Data_ Out 

AN004-004 

The design in Figure Zb is similar to Figure lb in that intermediate, combinatorial logic blocks 
have been added between registers and consequently, fMAX does not equal fem· The difference 
is that the feedback for the timing path is internal and does not include tBUF· In Figure Zb, fMAX 
is calculated as: 
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Type 3: Registered Data Path with No Feedback 

The third way fMAX is calculated involves circuits using no feedback data paths. Figure 3 is an 
example of a design involving one register and no feedback data path. In this case, the input 
data is presented to the flip-flop and clocked through. Under these conditions, the period is 
limited by the sum of the data setup time and the data hold time Cts + tH). This means that the 
clock period must be greater than or equal to the sum of the data setup and data hold times 
(clock period~ ts+ tH). In this instance, the maximum clock frequency, fMAX, is determined by 
the duty cycle requirements for the clock (tWL and tWH). Therefore, the slowest time that the 
data path of Figure 3 can take is the clock period, and as a result, fMAX is calculated as: 

data_ in 

elk 

1 
f MAX(NoFeedback) = t + t 

WL WH 

twL +twH 

Combinatorial Logic Register 

D a 

L',, 

~ 

Figure 3. Registered Data Path with No Feedback 

Type 4: Input Registered Data Path with No Feedback 

I 

I 

I 

AN004-005 

The final fMAX is calculated from a design using an input register. This is very similar to the 
previous type of fMAX calculation. The minimum period will again be limited by the sum of the 
clock widths, which is twiRL + twiRH· In this situation, fMAX is calculated as: 

1 
f MAX(IR) = t + t 

WIRL WIRH 

tw1RL + tw1RH ' 

! Register Combinatorial Logic I 
I 

data_in D a I 

I 1". 

J elk 

AN004-006 

Figure 4. ·input Registered Data Path with No Feedback 
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II VANT IS 

I llEYONIJ PERFORMANCE 

Switching Test Circuit 

SWITCHING TEST CIRCUIT 

Test Point 

Commercial 

Specification s, CL R1 R2 Measured Output Value 

!po, lco Closed 

Z~H:Open 
35pF 

l.5V 
I~ (30 pF) 3000 390'1 

Z~L: Closed 
(1.6 ID) (1.6 ID) 

~ 
H~Z:Open 

5pF 
H~Z:V08 -0.5 V 

L~Z:Closed L~Z: VoL + 0.5 V 

Notes: 
1. Values in parentheses are for 3.3-V devices. 

2. Measurements are taken at minimum Vee with no more than 4 blocks loading and no more than 4 !/Os switching with a 
maximum Commercial junction temperature of 100 °C, or Industrial junction temperature of 115 °C. 

Publication# 99DBSWITCH 
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II VANTIS Endurance Characteristics 
I HEYONll PERFORMANCE 

The MACH® families are manufactured using Vantis' advanced electrically-erasable (EE) CMOS 
process. This technology uses an EE cell to replace the fuse link used in bipolar parts. As a result, 
the device can be erased and reprogrammed, a feature which allows 100% testing at the factory. 

Parameter Symbol Parameter Description 

Iva Min Pattern Data Retention Time 

N Max Reprogramming Cycles 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

Vee 

Preload 
Circuitry 

Input 

100kn 

Feedback 
Input 

1/0 

Value 

20 

10 

100 

Figure 1. Bus-Friendly™ Latch 

Publication# DBEND-1 
Amendment/0 Issue Date: November 1998 

Unit Test Conditions 

Years Max Operating Temperature 

Years Max Storage Temperature 

Cycles Normal Programming Conditions 

196718-001 
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ESD 
Protection 

and 
Clamping 

I Programming 
'Pins only 

Input 

Provides ESD 
Protection and 
Clamping 

110 

Programming 
Voltage 1--+1 

Detection 

Pre load 
Circuitry 

Figure 2. Pull-up Resistor 

Endurance Characteristics 

Positive 
Overshoot 1--

Filter 

Feedback 
Input 

Programming 
Circuitry 

196718-3 

196718-4 



II VANTIS 
I BEYOND PERFORMANCE 

Power-Up Reset 

MACH® devices have been designed with the capability to reset during system power-up. 
Following power-up, all flip-flops will be reset to LOW. The output state will depend on the logic 
polarity. This feature provides extra flexibility to the designer and is especially valuable in 
simplifying state machine initialization. A timing diagram and parameter table are shown below. 
Due to the synchronous operation of the power-up reset and the wide range of ways V cc can rise 
to its steady state, two conditions are required to ensure a valid power-up reset. These conditions 
are: 

1. The V cc rise must be monotonic from ground. 

2. Following reset, the clock input must not be driven from LOW to HIGH until all applicable input 
and feedback setup times are met. 

Parameter Symbol Parameter Description Max l Unit 

tpa Power-Up Reset Time 10 l µs 

Is Input or Feedback Setup Time 
See Switching Characteristics 

tWL Clock Width LOW 

Power-up Voltage for 3.3V Devices 2.7 

f 
v 

VPWR 
Power-Up Voltage for 5V Devices 4 v 

V c---------------- Vee Power _____ Pw~R tpR ~ 

Registered j /;[ output __ __,___,___, (.::: tJ 
Clock -----~\~\t -----

~twL 

x~--

Figure 1. Power-Up Reset Waveform 
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II YANTIS Latch-Up 
I BEYOND PERFORMANCE 

LATCH-UP CIRCUIT 

Latch-up is caused by an SCR (Silicon Controlled Rectifier) circuit. Fabrication of CMOS 
integrated circuits with bulk silicon processing creates a parasitic SCR structure. The behavior of 
this SCR is similar in principle to a true SCR. These structures result from the multiple diffusions 
needed for the formation of complementary MOS transistors in CMOS processing. The SCR 
structure consists of a four-layer device formed by diffused PNPN regions. These four layers 
create parasitic bipolar transistors illustrated in Figure 1. 

RNWELL 

M1 

M2 

Rpsue 

GND 

Figure 1. Parasitic Bipolar Transistors 14105C·001 

Figure 2 shows a typical CMOS inverter layout with the schematic of the parasitic bipolar SCR 
structure. Figure 3 is a cross-sectional representation of the CMOS inverter, again with the 
schematic of the bipolar SCR structure. 

Any CMOS diffusion can become part of the parasitic SCR structure, since all of these parts are 
interconnected through the bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude to which the resistors resist 
current flow depends upon geometric size and doping level. 

As illustrated in Figure 1, the complementary PNP and NPN transistors are cross-coupled, having 
common base-collector regions. The vertical PNP device, Ml, has its base composed of the N­
well diffusion, while the emitter and collector are formed from P-type source-drain and substrate 
regions, respectively. The lateral bipolar transistor, M2, base is the P substrate with emitter and 
collector junctions formed from N-type source-drain and N-well diffusions, respectively. 

Publication# 14105 Rev: C 
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Figure 2. Typical CMOS Inverter Layout 
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Figure 3. Cross Section of CMOS Inverter 
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Latch-Up Conditions 

Under normal bias conditions, the SCR conducts only leakage current, and the SCR structure is 
in the blocking state. However, as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter junction. The forward bias 
condition of this junction allows collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complementary bipolar transistor, creating a 
voltage sufficient to turn on the transistor. 

A regenerative loop is now created between the complementary bipolar transistors such that 
current conduction becomes self-sustaining. Even after removal of the stimulus that triggered this 
action, the current conduction can continue. This region of operation is a high-current, low­
resistance condition characteristic of a four-layer PNPN structure. This is referred to as latch-up. 
Once initiated, the excessive latch-up current can permanently damage an integrated circuit by 
fusing metal lines or destroying junctions. 

CAUSES OF LATCH-UP 

Latch-up may be initiated in numerous ways. Only the critical causes frequently encountered in 
a system environment will be discussed. These include power-up, supply overvoltage, and 
overshoot/undershoot at device pins. 

Power-Up 

Caution must be exercised when powering up most CMOS ICs to avoid driving device pins 
before the supply voltage has been applied to the circuit. Placing a device or board in a "hot 
socket" will create this situation. When subjected to hot-socket insertion, voltage conditions at 
the device pins are uncertain such that the input diodes may be forward biased. Forward biasing 
the input diodes with a delayed or uncontrolled application of Y cc could cause the device to 
latch up. Some of Yantis' CMOS circuits have substantial immunity to hot socket power-up, but 
since this condition is uncertain and difficult to characterize, test, and guarantee, it should be 
avoided. Yantis' MACH®4 and MACH 5 devices have been designed to be hot socketable and 
will not latch up. 

Supply Overvoltage 

Supply levels exceeding the absolute maximum rating can cause a CMOS circuit to latch up. 
Elevated supply voltage may cause internal junctions to break down, producing substrate current 
capable of triggering latch-up. Latch-up is one of the reasons overvoltage should be avoided; 
other undesirable effects may result from this. 

Overshoot/Undershoot 

Generally, the I/0 pins experience the noisiest electrical environment. Fast switching signals 
with a large capacitive load may overshoot, creating a transient forward bias condition at the 
I/0 junction. These junction diodes are illustrated in Figures 4 and 5. Typically, this is where 
latch-up is most likely to be induced. Proper design of the input and output buffers is essential 
to minimize the risk of latch-up due to overshoot. 
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Figure 4_ Junction Diode 

N+ PSUB 

PSUB 

Figure 5. Junction Diode 

TESTING FOR LATCH-UP 

TO INPUT 
GATE 

N+ PSUB DIODE 

14105C-004 

14105C-005 

Yantis characterizes the latch-up sensitivity of its devices before they are released to the market. 
Testing is done in such a way as to completely cover every possible latch-up condition, including 
V cc overvoltage, pin overcurrent, and pin overvoltage. 

V cc Overvoltage Test 

The V cc overvoltage test is applied to all power CV cc) pins. The test is performed at the highest 
guaranteed operating temperature of the device. All inputs and I/Os acting as inputs are tied to 
ground or V cc depending on the device logic, and outputs and I/Os acting as outputs are 
floating (open). 

V cc max is applied to the V cc pin. A positive high voltage pulse is then applied to the V cc pin 
and returned to V cc max. The occurrence of latch-up is detected if the voltage across the device 
is less than V cc max, and the current through the device is greater than the normal DC operating 
current. 
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Pin Overcurrent Test 

The pin overcurrent test is performed on every output, 1/0 pin, and non-current-limited input 
pin. Non-current-limited inputs are inputs which present a diode-like (or otherwise "infinite") 
current characteristic for input voltages in the range ( G ND - V cc(TYP)) < VIN < (2 x V CC(TYP)). 

The pin overcurrent test is performed at the highest guaranteed operating temperature of the 
device. Input pins and 1/0 pins acting as inputs (which are not under test) are tied to ground 
or V cc depending on the device logic, and outputs and I/Os acting as outputs should be floating 
(open). Vee max is applied to the Vee pin. 

One pin is tested at a time. A three-state output under test should be disabled. A non-three-state 
output type under test should be a logic High when applying a positive current and a logic Low 
when applying a negative current. An 1/0 pin should be placed into the input mode. 

A high current pulse is then applied to the pin under test. The magnitude of the pulse is stepped 
until latch-up is induced. Both positive and negative currents are tested. Latch-up is observed as 
described previously. The sensitivity of the device is the worst case sensitivity found on any pin 
of the device. 

Pin Overvoltage Test 

The pin overvoltage test is performed on current-limited inputs. Current-limited inputs are inputs 
which present a resistor-like (or otherwise "limited") current characteristic for input voltages in 
the range (GND - Vcc(TYP)) <VIN< (2 x Vcc(TYP)). 

The pin overvoltage test is performed at the highest guaranteed operating temperature of the 
device. Input pins and 1/0 pins acting as inputs (which are not under test) are tied to ground 
or V cc depending on the device iogic, and outputs and I/Os acting as outputs are floating 
(open). V cc max is applied to the V cc pin. 

One pin is tested at a time. Both positive and negative voltage pulses are applied to the pin 
under test. Latch-up is observed as described previously. The sensitivity of the device is the 
worst-case sensitivity found on any pin of the device. 
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II YANTIS Ground Bounce 
I llEYONIJ PERFORMANCE 

INTRODUCTION 

The development of fast PLDs has increased the importance of analog considerations the digital 
designer has been able to overlook in the past. One of these is ground bounce. Ground bounce 
refers to the ringing on an output signal when one or more outputs on the same device are being 
switched from HIGH to LOW. This ringing can be in excess of 3 V. The system cannot consider 
the data valid until the ringing settles to below the V1L of the receiving devices. The ringing in 
a fast device can last so long that a slower device with less ground bounce could actually be a 
faster solution. 

The phenomenon of ground bounce is associated with the inductance and resistance of the 
ground connection in the integrated circuit. As there is always some inductance and resistance, 
ground bounce cannot be totally eliminated; however, it can be reduced to a level tolerable to 
the system. 

This article will discuss the mechanism of ground bounce in CMOS circuitry and the utilization 
of slew-rate control used by Yantis to minimize ground bounce to reasonable limits. 

MECHANISM 

Figure 1 shows a schematic of an output driver and load including parasitic elements. The load 
capacitor is charged to the HIGH-level voltage. When the transistor turns on, the capacitor 
discharges into the transistor and lead impedance. The resultant RLC circuit will have a damped 
ringing (Figure 2). The peak amplitude depends on the edge rate of the switch and the RLC 
values, while the frequency of the ringing and the rate of decay depend only on the RLC values. 
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The ringing caused by a single output switching is normally below the LOW-threshold voltage. 
However, the voltage at the ground pad of the device is proportional to the number of outputs 
switching simultaneously. In addition, the voltage at the ground pad is coupled to any LOW 
output through its output transistor. Therefore, if enough outputs switch, ringing on the ground 
pad will be coupled to LOW outputs, causing the detection of false HIGHs. 

Most PLDs used today have relatively low output drive current: 16 mA or 24 mA. It is tempting 
to think that the low current level will somehow limit the switching energy and therefore ground 
bounce. Actually, even a low-power transistor can pass a relatively large current. The transistor 
I-V curve in Figure 3a shows that a MOS transistor designed for 16 mA at 0.5 V will pass 90 mA 
at 3.0 V. Figure 3b shows the V/I path when the output transistor switches between HIGH and 
LOW. Notice that the transistor switches from 3.5 Vat 0 mA to 3.0 Vat 90 mA. If eight outputs 
were to switch simultaneously, 90 mA x 8, or 720 mA, would flow through the ground lead. 
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This sudden current surge is actually self-limiting. As the ground-pad voltage rises due to the 
high current change, the internal Vos and the available gate bias voltage are reduced, lowering 
the drive current. However, the ringing can still exceed 3 V. 

CONTROLLED EDGE RATE 

The parameters that influence ground bounce are the inductances and resistances of the device, 
the capacitance of the load, and the edge rate. Of these, the only one that the chip manufacturer 
can directly control is the edge rate. 

Turning on the output-driver transistor is equivalent to switching the charged load capacitor to 
ground. This can be represented by a step-voltage source in series with the capacitor 
(Figure 4a). Slowing down the rate that the output transistor can turn on changes the voltage 
source from a step to a ramp (Figure 4b). With a shallower slope, less energy is available for 
ringing, and the ground bounce amplitude is reduced. 
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a. Equivalent circuit of an output driver 
transistor with a capacitive load 
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b. Output driver circuit with slew-rate limiting 

Figure 4. Schematic Circuitry 

A SPICE simulation (Figure 5) illustrates the effect. The device without risetime control will have 
a very high charging current with a large di/dt: 2.1 x 107 A/s. Risetime control reduces the di/dt 
about 25%. This will result in a corresponding reduction in the voltage that can develop across 
the ground inductance. 

Yantis has a proprietary technique that slows the edge rate of the output transistor, thereby 
reducing the amplitude of the ringing. Slowing down the fall time will add approximately one 
nanosecond to the output delay, but the system speed will still be greatly increased. On a 
high-capacitance load, a non-edge-rate-controlled device could ring for more than 25 ns. ·The 
additional delay required to allow for the ringing would be intolerable. 
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SYSTEM GROUND BOUNCE SOLUTIONS 

There are some things that the system designer can do to reduce the ground bounce to a 
tolerable level. 

1. Use Yantis MACH® devices that incorporate edge rate control. This is the first line of defense 
against ground bounce-related problems, and the most effective. 

2. Use shorter lead packages. The bonding wires in a PLCC are 1/ 4 the length of the ground bond­
ing wire in a DIP. The inductance is reduced proportionally. Any reduction in inductance will 
reduce the amplitude of the ringing. 

3. Reduce capacitive loading. Capacitive loading in any system should be reduced as much as pos­
sible. This may involve consideration of the transmission line characteristics of the layout. 

4. Limit the number of outputs switching simultaneously. If the load naturally has 
high-capacitance, such as a bus or memory board would, ground bounce can be reduced by 
limiting the number of outputs that can switch simultaneously in a single device. Many system 
designers consider 4 to be an acceptable upper limit. 
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II VANTIS Metastability 
I BEYONll PERFORMANCE 

INTRODUCTION 

A significant number of digital systems must deal with inputs not synchronized to their own 
internal clocks. These asynchronous signals can arise from any of the various asynchronous 
protocols which are often used in bus designs; they can be the result of trying to share signals 
from systems with different clocks; or they may be the response of a system user, who is of 
course not synchronized with the system. The result can be metastability, a problem which can 
plague unwary designers. It is not a newly discovered phenomenon, but is normally dealt with 
somewhat qualitatively, and, unfortunately, is usually ignored as much as possible. 

CAUSES OF METASTABILITY 

The flip-flop setup time is the parameter that is most often at the root of metastability. The setup 
time is a requirement that data be made available at the input to the flip-flop before the clock 
signal arrives. The data must not only be there, but must also be stable. 

In a PLD, the use of an array for the data adds to the setup time. The data passes through the 
array on its way to the flip-flop (Figure 1). The clock signal, on the other hand, goes directly 
from the clock pin to the flip-flop. Its path is much shorter than the data path. The setup time 
is a requirement that the data signal must be given more time to get to the flip-flop before the 
clock signal. 

If the published setup time is satisfied, the data arrives at the flip-flop well before the clock, and 
the output to the flip-flop will change as desired (Figure 2). If the setup time is violated, then 
no guarantee can be made about what the output will do. The output could be normal, since 
the published setup time is a worst-case number. However, if the timing between the clock and 
data is just right, the output will be unstable for some time before it settles into some state. 
Neither the time the output remains unstable nor the final state is predictable (Figure 3). This 
condition is metastability. 

Q 
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Figure 1. The Clock and Data Paths in a PLO 
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Figure 3. Possible Output Response When the Setup Time Is Violated 

SOLUTIONS FOR METASTABILITY 

The most common way of dealing with this problem is to synchronize the inputs with an extra 
flip-flop (Figure 4). If the first flip-flop goes metastable, hopefully the delay between clock 
pulses will allow the ringing to die down before clocking into the next flip-flop. This improves 
the chances of having good data in the second flip-flop. 
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Figure 4. Dual Synchronizer 

This method is not without its costs. Each extra stage of flip-flop means an extra clock delay of 
the data which must be absorbed by the system. Moreover, it is not foolproof. The possibility of 
metastability is reduced, but not eliminated. A flip-flop can go metastable if the preceding stage 
does not.recover quickly enough. 

The best way to avoid metastability is to avoid synchronization when possible. Many 
applications, such as bus arbitration schemes, use synchronization not because synchronization 
itself is necessary, but because it provides the only convenient way to store data. This 
unfortunately takes a system that is inherently asynchronous and adds some synchronizing 
elements in the middle. 

SUMMARY 

Metastability can occur in a number of different kinds of asynchronous systems, usually due to 
the inability to guarantee that the setup time of the flip-flops will be satisfied. In standard 
synchronous systems where the setup time (along with all other timing requirements) is 
specifically designed in, metastability will never be a problem. 

In some situations, metastability is caused by the need to interface systems with different clocks. 
In this case, it will never be possible to completely eliminate the possibility of metastability. 
Instead, the designer must take steps to reduce the probability of a system failure due to 
metastability. 

Metastability 411 



412 Metastability 



II VANTIS Inside Vantis' EE CMOS PLO Technology 
I BEYOND PERFORMANCE 

TECHNOLOGY DESCRIPTION 

The EE CMOS technology used by Yantis in programmable logic is a single-poly, double- or 
triple-metal process. It has been optimized for high-speed programmable logic devices, which 
do not have the same density constraints of memory devices. The basic characteristics of the EE 
process are: 

+CMOS 

+ Grounded substrate 

+ Single-poly, dual metal or single-poly, triple metal 

+ Five generations in production: EE4, EE5, EE6.5, EE7, EES 

+ 1.3 µm, 0.9 µm, 0.7 µm, 0.45 µm, or 0.35 µm minimum feature 

+ 0.85 µm, 0.65 µm, 0.5 µm, 0.35 µm, or 0.25 µm gatelength 0-eff) 

+ 150 A or 80 A gate oxide thickness 

+ 90 A tunnel oxide thickness 

CMOS PLDs use standard CMOS logic internally, with the addition of a programmable array. The 
output buffers of most devices are designed to be compatible with TTL circuits, and therefore 
have n-channel enhancement pull-up transistors. 

Yantis' EE CMOS process for programmable logic is simplified by the absence of standard 
depletion-mode transistors in the more advanced processes. Depletion mode transistors are a 
vestige of NMOS design, and are not really needed. This results in the elimination of a mask and 
implant step, reducing the process cost and simplifying the structure. 
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Transistor Cross-Section 

Figure 1 shows a cross-section of a basic inverter. This is a very straightforward structure. The 
gates consist of poly-silicon; the other connections are made with metal. 
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Figure 1. CMOS Inverter Cross-Section 

Erasable Technology 

Any erasable CMOS technology is based upon the concept of stored charge. The charge is stored 
on a transistor with a floating gate-that is, a gate that has no connection. The transistor actually 
has two gates: one that floats, and one that acts as a control gate. The control gate is used to 
establish the field across the floating gate (see Figure 2) . 

. ~I 
Control Gate// 

Floating Gate / 

16507C-002 

Figure 2. Floating-Gate MOS Transistor 

In the programmed state, there is a net deficit of electrons in the floating gate. The resulting 
positive charge turns the transistor ON. In the erased state, there are enough electrons on the 
control gate so that the negative charge turns the transistor OFF. 

There are two basic ways of transferr~ng the charge onto the floating gate: a) hot electron 
injection, and b) tunneling. Electrically erasable devices rely on tunneling. 
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Electrically-Erasable Technology 

Electrically-erasable devices use Fowler-Nordheim tunneling as the mechanism for getting 
charge onto the floating gate. This is defined roughly as tunneling that occurs as a result of a 
field placed across the barrier that the electrons tunnel through. 

Some amount of direct tunneling, or tunneling that occurs without an applied field, is always 
possible through any energy barrier. It may be extremely small or significant, depending on the 
width of the barrier. Since tunneling electrons are going through the barrier instead of over it, 
the height of the barrier does not affect the amount of tunneling. 

For an electrically-erasable cell, the tunnel oxide is about one third the thickness of the oxide 
of a lN-erasable part; therefore, tunneling occurs at relatively low fields. Even so, the field used 
to cause tunneling is about five times the field used to cause hot-electron injection for lN parts. 
Note that tunneling is theoretically possible on a lN part using a very high field, and the normal 
electron injection would swamp out any tunneling that would occur. 

Fowler-Nordheim tunneling involves placing a potential across the barrier which distorts the 
band diagram as shown in Figure 3. The "angle" caused by the applied potential effectively thins 
part of the already-thin barrier, making tunneling easier. It is this tunneling under bias that is 
used to program electrically-erasable devices. Note that by reversing the bias, the tunneling can 
occur just as well in the opposite direction. This is what makes electrical erasure possible. 

Electrical erasure has advantages over lN erasure both in cost and quality. Because the erasure 
is electrical, no expensive window is required in the package. This makes erasability 
cost-effective even in high-volume production quantities. In addition, the fast erasure allows 
Yantis to reprogram the device many times, allowing many more paths to be tested than can be 
tested in a lN part. This provides much higher quality, especially in higher-density devices. 
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The programming cell is shown in Figure 4. To improve device speed, the programming cell has 
been divided into the programming portion and the data path portion. In addition to speed, 
there are a number of other benefits to this approach. At the most basic level, this eliminates a 
poly-silicon layer, simplifying the process. This reduces costs and improves reliability 
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The programming half requires long-channel transistors capable of sustaining high electrical 
fields; the data path requires short-channel transistors that are fast. Note that this does take more 
space, but in PLDs, the size of the cell is not a limiting factor as it is in memories. In a PLD, the 
programming array can take up as little as 10% of the die area, while a memory typically uses 
more than 90% of the die area for the programming array. 

Programming and erasure are complementary procedures in EE technology. However, the sense 
of programming and the sense of erasing are perhaps opposite to what one might assume. A 
cell is considered to be programmed if there is a charge deficit on the floating gate, providing a 
positive voltage; it is erased if there is excess charge on the floating gate, generating a negative 
voltage. This means that programming a device only requires turning ON those cells that are 
needed, rather than turning OFF all of the cells that are not needed. 

A cell fresh from wafer fabrication has no net positive or negative charge on the gate. To balance 
the threshold of the transistor for reliable turn-on and turn-off, a cell implant is used to center 
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the threshold voltage near 0 V. Programming and erasing involve either removing electrons from 
the conduction bands of the poly-silicon gate or adding excess electrons, providing a net charge 
that will move the gate voltage solidly to one side or the other of the threshold voltage. 

When programming or erasing the device, a voltage is applied between the program and control 
gate nodes. The direction of the voltage determines whether the cell is erased or programmed. 

When erasing, the control gate is given a positive voltage, and the program node is grounded. 
This attracts electrons from the program transistor across the tunnel oxide to the floating gate, 
turning the read transistor OFF (see Figure 5a). 

When programming the cell, the program node voltage is elevated, and the control gate is 
grounded, reversing the electron flow, as indicated in Figure 5b. Enough electrons flow off the 
floating gate to leave a net positive charge; this turns the transistor ON. 

418 

+ 

+ 
Cf: 

T ®0 y-0 
a. Charging 

+ 

+ 

b. Discharging 

Figure 5. Cell Biasing 

Inside Vantis' EE CMOS PLO Technology 

16507C-008 

16507C-009 



Yantis has modified the programming cell to increase programming efficiency and has a number 
of patents on the resulting circuit. On traditional devices, the source node is grounded during 
programming. On Yantis' devices, the source node is raised to the same potential as the control 
gate, as shown in Figure 6. This increases the coupling ratio of the cell. The coupling ratio is 
the percentage of the applied field that appears across the tunnel oxide. When the source is 
grounded, the field across the tunnel oxide is reduced (since there is another capacitor in parallel 
with the tunnel oxide). By raising the source voltage, more of the field is available for 
programming. The coupling ratio can therefore be thought of as a measure of the programming 
efficiency; since the efficiency is higher, lower voltages are required for programming. 

16507C-010 

Figure 6. Source is at Same Potential as Control Gate to Improve Coupling Ratio 

The split-cell configuration also allows a simpler programming algorithm, since the programmer 
can take advantage of the self-limiting nature of programming and erasure. The split cell places 
the read cell gate and the floating cell gate in "parallel" with each other. Therefore, the floating 
cell can be either completely charged (with a net excess of electrons) or completely discharged 
(with a net deficit of electrons, or an excess of holes), as shown in the energy diagrams in 
Figure 7. This is simple to do, since the electrons that have crossed the barrier set up a field that 
opposes further tunneling. As more electrons cross the barrier, the opposing field grows strong 
enough to block more electrons from tunneling (Figure 8). Regardless of the state of the floating 
cell, the select line will turn on or off the read transistor; the cell will only be read, however, if 
both the read transistor and the floating transistor are ON. 
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Figure 8. Self-Limiting Programming and Erasure 

In standard one-transistor cells, the two gates are actually in "series". If the floating gate is 
charged, then the transistor is OFF, regardless of the state of the select line. In order to read the 
cell, the floating gate has to be neutralized so that the select line controls the transistor (Figure 
9). If the floating gate were completely discharged, then the transistor would be ON regardless 
of the state of the select line. The programming algorithm is therefore more complicated, since 
the amount of charge removed must be monitored to ensure that just enough charge is removed 
to neutralize the floating gate. 
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The discussion above focused on individual cells. These cells must be joined together to form a 
complete array that is driven by input lines and drives product terms. 

There are two configurations used in Yantis' EE CMOS devices (see Figure 10). The configuration 
in Figure lOb provides some benefit to device speed because the parasitic capacitor does not 
couple the input line and the product term, but both approaches are actively used in designs. 
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Figure 10. Two Array Configurations 

PROGRAM INTEGRITY 

Reliable programming of PLDs requires the use of well-calibrated, quality programming 
equipment. To ensure that the device is correctly programmed, the correct voltages and times 
must be applied. 

As discussed above, it is impossible to over-charge or over-discharge the programming cell since 
the mechanism is self-limiting. This provides more leeway and makes the programming 
algorithms less sensitive to programmer variations. This ultimately provides higher, more 
consistent programming yields under real-life production programming conditions. 

However, if the cell is under-programmed or under-erased, an insufficient amount of charge 
might transfer onto or off of the floating gate. When programming, this might not turn the read 
cell ON sufficiently, potentially slowing down the device. In the case of erasure, the read cell 
might be partially ON if it is not completely erased. This may cause "disconnected" inputs to 
appear partially connected. Thus, it is important to ensure that the programming pulsewidths are 
long enough to provide adequate programming. 

If the programming voltages are slightly inaccurate, CMOS devices often can still be programmed 
correctly. However, excessive voltage might cause device damage if breakdown voltages are 
exceeded. Extremely low voltages might fail to engage the programming circuitry completely. 

Because of the need for accurate programming, and for ensuring that the programming 
algorithms are up-to-date, we certify programmers that meet strict criteria for all products. 
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Data Retention 

In an electrically-erasable device, the floating cell is programmed by forcing electrons to tunnel 
through the tunnel oxide into the floating gate. Ideally, these trapped electrons mean that the 
device remains programmed indefinitely. Actually, the charge cannot remain indefinitely, but its 
lifetime is normally extremely long. The stability of the program charge is called data retention, 
the ability of the device to retain its charge as programmed. 

There are two basic leakage mechanisms: direct tunneling and thermal leakage. These 
mechanisms occur independent of whether the cell was programmed by electron injection or 
tunneling. The amount of direct tunneling is a function of the potential across the tunnel oxide, 
and is generally very low. Leakage is normally dominated by thermal charge decay. 

On one side of the energy barrier, there are electrons with a distribution of energies (see 
Figure 11). Some have enough energy to escape over the top of the barrier. As the temperature 
is raised, more electrons achieve the energy required to overcome the barrier. 
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The tendency of the gate to leak can be modeled as an Arrhenius function, which means the 
formula for the programming "decay time" td has the form: 

where 

Ea is the intrinsic activation energy 
T is the temperature in Kelvin 
k is Boltzmann's constant 
K is a scaling constant. 

If we can measure the rate at two known temperatures, then: 

Ke EalkT1 

KeEalkT2 

Note that the constant K drops out, so we need not be concerned with its specific value. From 
this we find that: 

This lets us measure Ea, which should be constant for a given process. The higher the value of 
Ea, the longer the decay time will be. This is because Ea roughly represents an energy "barrier" 
that must be overcome for an electron to leak away. The higher the barrier, the fewer electrons 
have the energy to overcome Ea. 

Charge leakage can be aggravated by poor quality tunnel oxide. Defects in the oxide provide a 
lower energy path for discharging, effectively lowering Ea. Baking a device accelerates this 
leakage and identifies devices with weak oxide. Yantis uses a bake for all EE products to ensure 
that the production devices have a high Ea and therefore good data retention. The average Ea 
for all devices, including those with weak oxide, is about 0.8 eV. After eliminating the weak 
devices by a 250°C 24-hr bake, the average Ea is about 1.8 eV. 

Data retention time depends on the temperature to which the devices are exposed. The higher 
the temperature, the shorter the decay time because the electrons have more energy, and more 
can leak off the gate. 

There are two temperatures that may be of concern for different reasons: the maximum device 
storage temperature (150°C) and the maximum operating temperature (125°C for military). In 
the first case, the idea is to know that if a programmed part sits on a shelf for some period of 
time before being used, the program will remain intact for that time. The second case is intended 
to give an idea of how long a device will remain operational in-system. 
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Using the equation above to solve for the decay time at these temperatures, the result is several 
decades for the storage temperature, and even longer for the operating temperature. For room 
temperature, the exponential nature of the function makes the decay time increase to centuries. 

Yantis specifies 10 years at the maximum storage temperature (an industry standard for EPROMs 
and EEPROMs), and 20 years in-system under worst-case military conditions. That the calculated 
numbers are so much higher builds confidence in the numbers specified. In general, the typical 
end-of-life failure mechanisms that affect all devices (and which are unrelated to the EE cells) 
will cause device wear-out before the program data is lost. 

The integrity of the charge in the electrically-erasable cell also stands up to any electrical fields 
that exist in surrounding equipment. For charge to be transferred off of, or onto, the floating 
gate, a field must be placed across the oxide. Such a field cannot be generated outside the 
programming mode; an external field, no matter how strong, cannot set up the programming 
mode. 

The charge might also be pulled through some other oxide if the field were large enough. 
However, to remove the charge through anything but the tunnel oxide requires an external field 
so high that the rest of the device would break down before any cell charge were ever lost. This 
would occur on any device, programmable or not. Therefore, any external field strong enough 
to remove charge from a floating cell will destroy the rest of the device first. 

CELL ENDURANCE 

Another factor that affects long-term data retention is the cell endurance. The endurance is the 
number of times the device can been erased and reprogrammed. Over time, the oxide can wear 
out, resulting in a gradual reduction in Ea. This occurs as defects are created in the oxide. These 
defects trap electrons, which then oppose the field that is required for programming. Given 
enough trapped charges, the established potentials will be insufficient for programming. This 
typically happens after hundreds of thousands of reprogramming cycles. 

The ability to charge up a cell with good data retention can be measured by the margin voltage. 
This is the voltage that must be applied to the control gate to counteract the charge on the 
floating gate. If the gate is highly charged, a larger margin voltage is needed to overcome the 
charge. Thus, put simplistically, a higher margin voltage indicates better cell charging. 

Figure 12 illustrates measurements of the margin voltage as the number of program/erase cycles 
is increased. By 100,000 cycles, the margin voltage still is greater than 4 V; for the cell to fail, the 
margin voltage must fall to below about 1 V. 
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Figure 12. Cell Endurance: Margin Voltage Solid After 100,000 Program/Erase Cycles 

For EEPROMs, which often are reprogrammed in-system, it is important to know how many 
thousands of times the device can be reprogrammed. However, most EE PLDs are not intended 
to be programmed in-system, and probably are programmed very few times. Most production 
units are programmed only once by the user. Prototypes might be programmed tens of times at 
most. Therefore we specify a maximum number of 100 erase/reprogram cycles. 

This does not imply that the devices are weaker than EEPROMs; it is just that more extensive 
testing would have to be done to justify specifying a larger number. Since this larger number is 
not needed, a cost savings is realized because of the test simplification. Note that the devices 
are actually programmed hundreds of times in testing before they are shipped out, giving 
outstanding programming and functional yields; however, the number of erase/reprogram cycles 
specified refers only to programming done by the user. 

DEVICE CHARACTERISTICS 

Power Dissipation 

CMOS technology is associated with low power consumption, and indeed, all CMOS PLDs use 
lower power than their bipolar counterparts. However, most PLDs do not provide the 
zero-standby power that standard CMOS logic parts do. 

The basic CMOS inverter lowers operating power because at any given time, only one of the 
two transistors can be fully ON. The other is OFF and blocks the flow of DC current. Thus, when 
the device is in a stable state, no current can flow. While the device is switching, both transistors 
are partially ON, allowing for a transient current spike. This means that power is consumed only 
when the device switches. Because a spike occurs for each transition, the average power 
consumption is affected by the frequency of operation (see Figure 13). 
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Figure 13. CMOS Inverter Power Dissipation 

This type of circuitry is found throughout most of a PLD circuit. However, one portion of the 
PLD circuit does not use a standard CMOS inverter: the programmable array. One of the 
necessary elements of zero-power operation is that the output of the inverter have a voltage 
swing from ground to V cc, so-called rail-to-rail operation. In the array, such a wide swing 
makes the propagation delays too long. To speed up the device, the sense amps that determine 
the state of a product term are designed to have a much more limited swing. This means the 
sense amps are constantly drawing power, even when not switching. These are the half- and 
quarter-power CMOS PLDs; their power consumption is still less than that of a bipolar PLD. Since 
most CMOS PLDs are used in TTL sockets, the CMOS PLDs work well. 

Ice vs VL and Loading 

The greatest external contributors to Ice are the input HIGH level (Vm) and the output load. 

As the VIH drops from its ideal level of V cc, the inverter starts to draw current. The worst case 
scenario would be a Vm at the minimum of 2.0 V, which could contribute some 5 mA per input 
buffer to the power consumption. 

The output load can also have a dramatic effect on power dissipation, especially on devices that 
have many I/0 pins. For an output driving a purely capacitive load, the power dissipation 
contributed by the load for one output is determined by the load capacitance, the frequency at 
which the output is switching, and the output voltage swing (V5). The output stage will go 
through a process of repeatedly charging and discharging the capacitor. Although the direction 
of charge flow reverses itself every other transition, the relative voltage change does too, so that 
the power contribution is the same for a charge and a discharge. 
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If we consider the case of charging the capacitor, we will be placing a charge, QL, on the 
capacitor that is determined by: 

where CL is the load capacitance and V 0 is the output voltage. The current contribution from 
this is: 

dt 

In one half the output transition period tp, the change in output voltage will be equal to the 
output swing Vs. This means that: 

i 

where f0 is the frequency at which the output is switching. 

The power dissipation is the product of the current and the voltage. Since the voltage is changing 
during the time that the power is being dissipated, we can approximate by dividing the voltage 
swing by 2. This gives: 

P =iv 

Vs 
= 2CLVsfo2 

= 2CLV~f0 

This means that for a 100-output device (PLD or any other device) with each output driving 35 
pF loads, where the output swing is 3 V and the output frequency is 50 MHz, the power 
dissipation contributed only by the load will be about 1.6 W regardless of the power dissipation 
of the chip itself. 

Ice vs Frequency 

The operating current increases with frequency for standard CMOS devices. The difference is the 
current at low frequencies. A standard device typically can draw 35 mA at 0 MHz. Figure 14 
shows a typical curve for standard devices. 
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Figure 14- Ice vs Frequency, Standard Device 

Ice vs Number of Product-Terms 

The number of product terms switching can sometimes affect Ice· On standard devices, however, 
the design of the particular sense amp determines whether the Ice will increase or decrease with 
more product terms. Therefore, it cannot generally be predicted. From a practical standpoint, 
the change in Ice due to different numbers of product terms is negligible. 

Ice vs Temperature 

The amount of current drawn by a device depends on how much current can pass through the 
transistors. Simplistically speaking, the channel of a transistor can be modeled as a resistor. The 
resistance is affected by temperature since this affects the mobility of electrons. Electrons are 
less mobile in a hot device. The hotter the device, the more the molecules will vibrate and the 
harder it is for electrons to pass through without a collision with a molecule. This means that 
the resistance of the channel is higher, which in turn means that the device conducts less current. 
Therefore, Ice is greatest when the device is cold, and is minimized when the device is hot. A 
typical curve is shown in Figure 15. This curve has been generalized by normalizing the current 
to the room temperature current. 
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Figure 15. Ice vs Temperature, Normalized to Room Temperature 
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lee vs Vee 
The variation of Ice with changes in V cc should come as no surprise; as V cc increases, so does 
Ice· This means that the power consumption actually increases roughly as the square of V cc, 
since power consumption can be expressed as: 

where Reff is defined as V eel I cc· This is a simplification, of course, since Reff is non-linear, and 
varies with V cc· A typical Ice vs V cc curve is shown in Figure 16. 
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Figure 16. Ice vs Vee 

Inside Vantis' EE CMOS PLO Technology 431 



Input/Output Structures 

The basic input and input/output structures are shown in Figure 17. The ESD circuits and the 
programming voltage detection circuits will be discussed in more detail later. 

Newer devices have pull-up resistors as shown below. In these devices, there is also a transistor 
in series with the resistor, which reduces die size and improves testability of the 1/0 circuit. 
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Figure 17_ Equivalent Input/Output Schematics 
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1-V Curves 

Figure 18 shows a typical I-V curve for an input buffer. Within the range of normal input signals, 
the input buffer has extremely high impedance, with diodes and MOS transistors that turn on 
when the input is below ground. On higher speed devices, this has the effect of a high-speed 
diode capable of clamping negative overshoot on noisy signals. 

Since the input is effectively a capacitor, the impedance has no real component; the imaginary 
portion falls with increasing frequency. A typical device has an input capacitance of 8 pF at 
1 MHz. Assuming a capacitance around 8 pF at higher frequencies, this yields a capacitive 
reactance of 2.5 KQ at 50 MHz. 
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Figure 18. 1-V Curve for an Input with No Pull-Up Resistor 
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Figure 19 shows typical I-V curves for high and low TTL-style outputs. The impedance of a low 
output is about 10 O; a high output has an impedance of about 30 n. The fact that the 
impedances are somewhat more symmetric than those found on a bipolar device makes it easier 
to terminate long traces accurately. 
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Figure 19. 1-V Curves for a TTL-Style Output with No Pull-Up Resistor 
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Figure 20 shows the curves for rail-to-rail switching outputs. The p-channel impedance, when 
the output is HIGH, ranges from 200 Q when extremely heavily loaded to about 50 Q when 
lightly loaded. The n-channel impedance is lower, at about 10 n. 
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Figure 20. Curves for a CMOS-Style Output 
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Output Drive vs Temperature and Vee 
The output drive varies with temperature just as Ice does. As the temperature increases, electron 
mobility decreases, cutting the drive. Likewise, the drive increases as temperature decreases. For 
example, at 75° C, I01 decreases by about 18% from its room temperature value; Iott decreases 
by about 7%. 

The drive also varies directly with V cc, although the effect is most pronounced on Iotti it 
increases by about 18% when taken from 5.0 V to 5.25 V. Because a low output transistor is 
already ON hard, the little extra bit of drive that its gate gets as V cc goes to 5.25 V only increases 
I01 by about 3%. 

There is no explicit current-limiting resistor on the pull-up. The resistance of the pull-up channel 
limits the current. The fact that this resistance is smaller than what one might find in a bipolar 
device contributes to the more symmetric impedances, but also gives a higher short-circuit 
current ISC. The slew-rate-limiting circuit also limits the drive; slew-rate-limiting is discussed 
below. 

AC Parameters 

AC parameters vary with a number of conditions. The data sheet specifications designate one 
set of conditions that act as a benchmark for confirming the guaranteed performance, but as the 
application changes the conditions, the actual system performance may change. 

tpo vs Temperature 

Propagation delays decrease (that is, they speed up) at colder temperatures for the same reasons 
that Ice increases. In general, devices at 0°C operate about 15% faster than those at 75°C. 

tpo vs Vee 
As V cc is increased, more power is available, and the device can operate faster. However, the 
effect is less pronounced than with temperature. A device operating with a 5.25 V supply runs 
about 4% faster than one running with a 4.75 V supply. 

tpo vs Loading 

The tp0 increases as the device load increases, although much of this results from the increase 
in rise and fall times of the outputs. For every 50 pF change in load, roughly a 2- to 5-ns change 
in the rise and fall time can be expected. In addition, as the load increases, more transient 
current is switched, creating more internal noise. This can slow the speed path inside the chip. 

Power-Up Reset 

Power-up reset is a feature that forces a device to power up into a known state. Without this 
feature, the power-up state is not known. Power-up reset helps make system initialization and 
testing simpler. 

The ramp rate of V cc is not critical to the power-up reset function. However, there are two other 
requirements: the supply ramp must be monotonic, and the clock must be suppressed until 
power-up is complete. 

The monotonicity requirement basically says that there should be no low-going glitches in the 
power-up ramp (Figure 21). The danger in such glitches is that if the timing and voltage are just 
right, the regi~ters themselves may think that the device powered down temporarily, causing 
them to lose their state. If the glitch is fast enough, however, the power-up reset circuit may not 
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notice the glitch and may think that everything is proceeding just fine. At the end, the registers 
may be in a random state. Even if the power glitches low enough for long enough time to shut 
down all circuits, the power-up timing must be restarted from the end of the glitch. 

Internal Reset 

~Threshold 

------------ --------------- ------- -----------------------------------------------

Time 

Power OFF ------------ i :------------ Power Back ON 
Registers May Lose State T Reset Circuit May Not Restart 

If Duration Short, 
Reset Circuit May Not Notice 

Figure 21. Non-Monotonic Power-Up Can Cause Power-Up Reset To Fail 

16507C-034 

There is also a requirement that the clock not be running during power-up (Figure 22a). If the 
clock is running while the device is powered up, then as different parts of the device-and, 
indeed, the whole circuit board-turn on, parts of a single device, or different devices, may be 
out of synchronization with each other (Figure 22b). At some point, a part of a device will be 
ON enough to start recognizing the clock. It will then start to sequence as per the inputs it sees. 
If the inputs are not stable, the sequence may not be correct. In addition, if not all parts of the 
circuit or board recognize the clock at exactly the same time, some parts will start cycling before 
others, and the whole system will be out of synchronization. 

The other potential (although remote) problem with clocking during power-up is metastability. 
If a register powers ON in time to see the clock edge, its setup time might have been violated, 
making the results at the output unpredictable. 
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Figure 22. Clocking During Power-Up Reset 
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Powered-Down Characteristics 

Some applications place the CMOS PLDs in a situation where it is itself powered down, but it is 
driving or is driven by other devices that are still powered up. This is especially typical of devices 
which talk directly to a bus (Figure 23). 

The characteristics of the device in such a condition depend on how the power was removed. 
There are two ways of removing power: 

+ Opening up the Vee line (e.g., if Vee is fused, and the fuse blows; Figure 24) 

+ Grounding V cc (Figure 25) 
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Board - Powered Down 

Figure 23. Powered-Down Device with Active Inputs and Outputs 
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Figure 24. Power Down with Vee Open 
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Figure 25. Power Down with Vee Grounded 
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It is important to know whether, for a given device, there is some kind of path from the pin to 
V cc when V cc is lower than the pin voltage. If any current can flow, it is not necessarily 
catastrophic, but there can be some effect. If V cc is grounded, then there is a direct path to 
ground for any current flowing from the pin to V cc (Figure 26a). If V cc is open, then the only 
path from V cc to ground is through the device itself, and through the V cc lines of any other 
devices on the same V cc line (Figure 26b). In the latter case, the pin is essentially powering up 
the device(s) itself; realistically, it cannot provide enough power to drive the chip, and this could 
result in the pin being loaded down. 
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figure 26. Powered-Down Current Paths with P-Channel Pull-Up 
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Most of Yantis' CMOS PLDs have no such path when powered down. Figures 27 and 28 show 
the 1-V curves of inputs and 1/0 pins while Vee is open and Vee is grounded. Figure 27 is for 
TTL-compatible devices which haven-channel pull-ups on the outputs. Figure 28 is for the 
HC/HCT-compatible zero-power devices and others which have p-channel pull-ups. 
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Figure 27. Power-Down Characteristics of TIL-style CMOS Inputs and Outputs 
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Figure 28. Power-Down Characteristics of CMOS-Style Output 

Note that for most of the TTL-compatible devices, there is no leakage on the pins. This means 
that signals on a pin are not affected by the powered-down device. Therefore, it can be safely 
connected to an active bus. It also allows for safe hot insertion or "hot socketing," where the 
device (or the board that contains the device) is plugged into a socket that has V cc applied. 

As a result of one of the ESD structures (which are discussed below), some devices do conduct 
some current when V cc is powered down (Figure 28b). Newer devices do not have this 
characteristic. This is described in the following ESD section. 

With the HC/HCT-compatible devices, the input structures are the same as for TTL devices, but 
the outputs conduct because of the p-channel pull-up. There is a parasitic diode between the 
output and V cc (Figure 29). This can cause latch-up if the output voltage is higher than V cc· 
Thus, it is not recommended that devices with p-channel outputs be directly connected to a bus 
if the device will be powered down while the bus is active. Hot insertion of these devices 
should also be avoided. 
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Figure 29. Parasitic Diode in CMOS-Style Outputs 

DEVICE INTEGRITY AND ROBUSTNESS 

The reliability of Yantis' CMOS processes is documented in product and process qualifications. 
For EE process products, generally the extended life FIT rate is under 100. The rate for the 
devices with 2000 hours burn-in is around 30; similar devices with only 1000 hours burn-in have 
a FIT rate closer to 100. With more burn-in experience, the FIT rate will decline even further 
due to the statistics used to calculate FIT rates. The FIT rate calculation is such that with fewer 
burn-in hours, a lower confidence factor is applied, giving higher FIT rates on newer products 
even when there are no failures. 

ESD 

Every pin on the devices is protected against electro-static discharge (ESD), a formal name for 
static electricity shocks. Output pins rely on the large output drivers as protection. Inputs 
normally do not have large drivers, so a circuit must be added for input protection. These input 
protection circuits also provide clamping against negative overshoot. 

All new devices make use of the structures in Figures 30a and 30c for ESD protection. Most input 
pins use the circuit in Figure 30a. On pins requiring high voltages, the circuit has been modified 
as shown in Figure 30c. Some older devices have the configuration shown in Figure 30b. 
Because the active pull-down transistor is not ON when V cc is disconnected, it cannot 
necessarily hold off the ESD transistors; this causes the current seen in Figure 27b. This circuit 
is no longer being used in new devices. 
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Figure 30. ESD Protection 
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NOISE GENERATION AND SENSITIVITY 

Yantis' CMOS PLDs are designed with noise concerns in mind. This affects both the amount of 
noise generated by the devices and the way in which the devices react to externally-generated 
noise. As more is understood about the nature of system-level noise, new design techniques are 
being used to make the devices quieter and more robust. 

Ground Bounce 

Ground bounce occurs when many outputs simultaneously switch from HIGH to LOW. This 
occurs because of the fact that CMOS devices generally have outputs that switch very quickly. 
If left uncontrolled, ground bounce can make a device with many outputs unusable. 

Ground bounce is generated by the natural parasitic inductance in the ground lead (see Figure 
31). When a large current surge goes through the inductor, the high di/dt induces a voltage that 
puts the ground level on the chip at a higher voltage than the ground level seen on the board. 

Voo 

--Causes Ground Bounce 

16507C-050 

Figure 31. Origins of Ground Bounce 

Any output that is at a static LOW level maintains a VOL with respect to the chip ground. If the 
chip ground is bouncing with respect to the board ground, the LOW output will track the moving 
chip ground and will also appear to bounce (see Figure 32). This is sometimes seen as a glitch 
by the next device. Even if there is no output glitch, instances of high ground bounce can slow 
the performance of the internal circuits by temporarily starving them of power. In extreme cases, 
this can interrupt the internal circuits. 
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Figure 32. Symptoms of Ground Bounce 

Excess ground bounce can be handled in two ways: by limiting the amount of ground 
inductance and by reducing the di/dt. Inductance can be reduced by improving the 
configuration of the ground pin. 

16507C-051 

Ground bounce is also controlled by limiting the slew rate of all the output drivers (see 
Figure 33). This slows down the fall time and reduces the rate of current change by as much as 
25%. 

Vee 

Output 
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Figure 33. Output Drivers with Slew-Rate Control 

Overshoot Sensitivity 

Overshoot is a form of noise usually generated when signal traces act as transmission lines but 
have not been adequately terminated. The resulting reflections can cause significant overshoot, 
with as much as double the intended swing applied to the input in the negative or positive 
direction. 

Negative Overshoot 

Negative overshoot (Figure 34) poses no problems for a device that has been carefully designed. 
There is no detrimental effect as long as no unexpected parasitic behavior occurs due to the fact 
that ground is no longer the most negative voltage. However, the ringing that usually follows 
overshoot can slow down system performance, since the system has to wait for the ringing to 
subside. 
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Figure 34. Definition of Negative Overshoot and Undershoot 

Clamp diodes are useful for stealing the energy present in the ringing and cutting the ringing 
short. A fast clamp reacts to the overshoot as it occurs, cuts the amplitude of the overshoot, and 
reduces or eliminates ringing. Figure 35 shows the ESD protection circuit used on most input 
pins. Parasitic p-n junction diodes exist between the substrate and the n-type source and drain, 
although these diodes are relatively slow. Faster reaction is provided by then-channel devices 
themselves. When the input is too negative, the gate-to-drain voltage is positive. If the drain is 
more negative than the threshold voltage, the transistors turn on in the reverse direction, with 
the drains acting as a sources. This happens very quickly and acts as a clamp. This will also 
happen on an 1/0 pin, with the low output driver acting as the clamp. 
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Figure 35. Negative Overshoot Clamping 

While it might appear that parts with negative substrate bias can "tolerate" more negative 
overshoot, it is really more accurate to say that these parts allow more negative overshoot, since 
there is no clamping. If there are effective input clamps, which are possible with a grounded 
substrate, then it will look like the part never gets as much negative overshoot. This does not 
mean it cannot handle the overshoot; it means that it is clamping the overshoot. If you take the 
part out of the socket, you will see that when undamped, the overshoot will increase 
dramatically, as illustrated in Figure 36. Since Yantis' devices have a grounded substrate, they 
are inherently better equipped to handle negative overshoot. 
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b. Signal driving same socket with CMOS PLDs in it 
16507C-057 

Figure 36. The Effect of Clamping 

Positive Overshoot 

Large amounts of positive overshoot (Figure 37) can be a problem on most PLDs, regardless of 
technology or vendor. This is because most PLDs are programmed using supervoltages, and 
the pins therefore have supervoltage detectors that turn on the programming or test circuits, and 
potentially disable parts of the normal operating circuitry. 
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Overshoot 

Undershoot 

16507C-058 

Figure 37. Definition of Positive Overshoot and Undershoot 

If there is too much positive overshoot, the signal can travel into the programming voltage range, 
briefly activating the programming circuitry. This can result in functional interruptions, such as 
outputs momentarily starting to disable or going from HIGH to LOW. 

For earlier devices, the problem can only be avoided by revising the design to reduce the 
overshoot. A particular design in a particular device may work, but this may be because that 
device has no supervoltage function on that particular pin. However, if an alternate source with 
different supervoltage pins is used, the design may not work. 

New Vantis CMOS devices incorporate a filter, or delay circuit, that delays the reaction of the 
programming circuit for about 100 ns. This is enough to reject overshoot signals, which usually 
last for less than 30 ns. Positive overshoot will not cause any functional interruptions on devices 
with this protection (see Figure 38). 
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Figure 38. Positive Overshoot Filter 
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LATCH-UP 
Latch-up occurs as a result of parasitic bipolar transistors between the n-channel and p-channel 
devices (see Figure 39a). These transistors form a parasitic SCR (see Figure 39b), which turns 
ON when triggered, conducting large amounts of current. It is usually impossible to shut OFF 
without removing all power from the device. The amount of current drawn is so high that it can 
either overload a power supply or, if the power supply can supply huge amounts of current, 
destroy the device. 

Latch-up is normally triggered by an input or output at a voltage significantly above V cc or 
below ground, with enough current drawn to cause the SCR to turn on. This condition usually 
occurs when hot socketing a vulnerable part; i.e., plugging a part into a powered-up board or 
inserting a board into a powered-up system. When this happens, the inputs and V cc power up 
uncontrolled, and there is a risk of latch-up. 

R p-substrate p-substrate 

a. Cross-section 

16507C-060 

Vee 

Rn-well 

Rp-substrate 

b. Equivalent schematic 

16507C-061 

Figure 39. Latch-up Mechanism 
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ITL-compatible outputs are intrinsically less susceptible te latch-up, since they have no 
p-channel pull-up. This accounts for nearly all of Yantis' CMOS PLDs; these devices can be used 
for hot-insertion. 

For true CMOS outputs, the SCR is an intrinsic part of the CMOS structure and cannot be 
eliminated. The SCR must be made as difficult as possible to turn ON by using guard rings and 
very carefully laying out input and output circuits. All of Yantis' CMOS devices are guaranteed 
to endure a current pulse of 100 mA into or out of the pin without inducing latch-up; most 
devices can actually withstand over 500 mA. 

GROUND BOUNCE 

Because CMOS devices generally have higher output slew rates, designs having many outputs 
switching at the same time (particularly if the outputs are heavily loaded) can cause more ground 
bounce than that generated by a comparable ITL device. It is important to use devices with 
output slew rate control. 

The slew-rate-limiting circuits help minimize the occurrence of conversion problems, but even 
when the output slew rate is limited, the signal still can switch more quickly than that from a 
ITL output. If a design cannot be modified to accommodate the faster edge rates, this ground 
bounce may make a conversion unfeasible. If design changes are possible, any of the following 
can be tried: 

+ Limit the number of outputs that can switch at once. 

+ Reduce the loading on the outputs. 

+ Go to a lower-lead-inductance package (like a PLCC). 

+ Ensure that the ground path on the circuit board has low inductance. 

OVERSHOOT 

The other possible problem when converting from bipolar to CMOS is reaction to signal 
overshoot in a noisy system. This is only an issue if the CMOS device has no overshoot 
protection. Overshoot sensitivity is not specifically related to CMOS, but results from 
programming algorithms being different between the technologies. This also can occur when 
changing between bipolar vendors, or when changing between CMOS vendors. If the noise on 
a signal can disturb supervoltage circuitry, this can be troublesome .. 

Different devices have different sensitivities; this accounts for some of the apparent 
incompatibility. However, the culprit usually is the fact that supervoltages appear on different 
pins for different devices, and the supervoltage functions vary. Thus, overshoot on one pin of a 
particular bipolar device might have had no effect. Once that device is changed (whether to 
CMOS or any other device that has no overshoot filter), the new device might react to the 
overshoot and cause problems. 

The solution is to ensure that all signals are clean and have minimal overshoot, making them 
compatible with any device. Signal noise reduction can be accomplished most effectively by 
controlling the impedance of the signal traces and terminating correctly. As an alternative, if the 
driving device has extremely fast edge rates, it can be replaced with a device that has better 
controlled output slew rates. 
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SUMMARY 
By concentrating on the needs of CMOS PLD users, Yantis has developed industry-leading CMOS 
technology that can provide cost-effective PLDs of unequalled quality, reliability, and 
performance. Yantis provides value through: 

+ State-of-the-art fabs, for better control of quality, reliability, volume, and costs 

+ Electrical erasure, for higher quality and lower cost 

+ The highest performance available 

+ Robust technology that is quiet and yet tolerant of noise 

+ An extremely broad offering of products; low and high density, low and zero power 

This information has detailed many of the aspects of the technology that make it superior to any 
alternatives. 
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II YANTIS 
I llEYONl) PERFORMANCE 

INTRODUCTION 

Product Reliability Monitoring 
Program 

Vantis is committed to providing products with unequaled product reliability. Throughout the life 
of our products, from technology development and product design to volume manufacturing, the 
reliability is constantly monitored to ensure our products meet exacting standards. The core of the 
production monitoring process is the Qualification Maintenance Program. 

Vantis Qualification Maintenance Program (QMP) 

Vantis' Qualification Maintenance Program is used to measure the reliability of all process 
technologies used on a regular basis. This program monitors the EEPROM wafer fabrication 
technologies used to manufacture Programmable Logic Devices. The program also provides 
extensive coverage of packaging technologies through environmental stress tests. Typically about 
2500 devices per month are subjected to a battery of reliability stress tests with interval electrical 
testing. 

The Qualification Maintenance Program has two purposes: 

1. Improved Reliability Performance 

Vantis maintains a Zero Tolerance mentality regarding defective units identified during reliability 
testing. Every reject is analyzed to determine the root cause of failure in order to drive continuous 
improvement through the implementation of corrective actions. Improvements in processing and 
device design are developed from the analysis of failed devices. 

2. Generation of Reliability Data 

QMP test results are used to assess the benefits of production burn-in, estimates of typical lifetimes, 
model field applications, and determine suitability of plastic packaging in various temperature and 
humidity environments. 

Qualification maintenance testing is conducted on representative samples of devices from each 
wafer fabrication process technology. Samples are pulled from each process technology on a 
monthly basis. The sampling plan includes all technologies from all wafer foundry locations to 
ensure complete coverage. Devices are selected on the basis of complexity, production volume, 
and strategic importance. Process, package and product reliability qualification are used to 
determine device selection. 

Devices that represent a design and technology family per EIA/JEDEC specifications are used on 
high volume technologies. This process and design grouping results in larger sample sizes so 
reliability assessment is statistically significant. 
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QMP TESTS AND TEST CONDITIONS 

A variety of stress testing is used to measure device reliability. The stress test employed and the 
test conditions used are shown in the table below. 

Table 1. Reliability Monitor Stress Conditions 

Sample Size Ambient Conditions 

Stress Read points (Typical) Hermetic Plastic 

Early Life 48,168 hours 600 150°C 150°C (Note 1), 125°C 

HAST 96hours 50 NIA 85% RH, 18 PSI, 130°c 

Inherent Life lOOOhours 120 150°C 150°C (Note 1), 125°C 

Temperature Cycle 100, 1000 cycles 50 -65 °C to 150°C 
-65°C to 150°c, -40°c to 150°c 

(SMT) 

Temperature Humidity Bias 1000 hours 50 NIA 85°C & 85% RH, 5V 

Steam Pressure Pot 168hours 50 NIA 121°C, 15 psig, no bias 

Note: 
1. Devices dissipating low power are life tested at 150°C 

Plastic surface mount devices are pre-conditioned prior to undergoing temperature cycling and 
biased temperature and humidity stressing. Pre-conditioning is required in order to simulate the 
stresses that the packaged parts are subjected to during shipping, storage, board assembly and 
cleaning operations. A convection reflow profile and the pre-conditioning flow are shown below. 
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Figure 1. Reflow Soldering Profile for IR & Convection Oven 
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1 
[ Electrical test (Room & Hot Temp.) 

. Electrical test (Room & Hot Temp.) 

40X Visual Inspection (all units) 

Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 

( 1 o serialized units/lot) 

Temperature Cycle 
(5 cycles; -40°C to 150°C) 

High Temperature Storage 
(24 hours; 125°C) 

Unbiased Moisture Soak 
(168 hours; 85°C/85% R.H.) 

.- - - - - - - - - - - - - 1 Yes 
1 < 168 or > 172 hrs soak? 1-----.. High Temperature Storage 

(24 hours; 125°C) _______ 1. ______ J 

- - - - - _t:!_o_,_ - - - - - , 
• > 4 hrs at room conditions 1 Yes 
1 after soak? ,.-'-""'--------~ _______ ,I_ ______ 

No 

Convection Reflow 
100-150 sec. above 183°C 

Tmax = 220 ±5°C, 3 passes 

l 
40X Visual Inspection (all units) 

l 
Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 

(1 O serialized units/lot) _______ 1 _______ 
I 

1 Flux Application? _______________ JYes No 

J l 

Allow 15 minutes 
cooling time 

between passes 

Flux Application 

I 
] 

[ Electrical test (Room & Hot Temp.) J 
----------- ---------- -----------------------~-----------t 

Temperature 
Cycle 

Biased 
85°C/85% R.H. 

Figure 2. Standard Preconditioning Flow for Non-Dry-Packaged Packages 
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[ 

Table 1 
JEDEC Moisture Soak 

Requirements 

Soak Times 
Level 3: 192 hours 
Level 4: 96 hours 
Level 5: 48 hours 
Level 6: 6 hours 

At 30°C/60% R.H. 

Electrical test (Room & Hot Temp.) 

Electrical test (Room & Hot Temp.) 

40X Visual Inspection (all units) 

Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 

(1 O serialized units/lot) 

Temperature Cycle 
(5 cycles; -40°C to 150°C) 

High Temperature Storage 
(24 hours; 125°C) 

Unbiased Moisture Soak 
(168 hours; 85°C/85% R.H.) 

,- - - - - - - - - - - - - 1 Yes 
1 Refer to Table 2 ~---_______ 1. ______ J 

------~o_,_ -----• 

Table2 
JEDEC Moisture Soak 
Requirements (Restart) 

Soak Times 
Level 3: <192 or >196 hrs 
Level 4: <96 or >100 hrs 
Level 5: <48 or >52 hrs 
Level 6: <6 or >8 hrs 

At 30°C/60% R.H. 

High Temperature Storage 
(24 hours; 125°C) 

• > 4 hrs at room conditions •,..Y"'"'e"'s,__ ______ __, 
1 after soak? 1 _______ if ______ 

No 

Convection Reflow 
100-150 sec. above 183°C 

Tmax = 220 ±5°C, 3 passes 

I 
40X Visual Inspection (all units) 

.i 
Acoustic Microscope Inspection 
Die Top, Bottom, and Thru Scan 

(1 O serialized units/lot) _______ J _______ 
I 

Allow 15 minutes 
cooling time 

between passes 

No 
1 Flux Application? 
~ ______________ J Yes 

L 
j_ 

J J Flux Application 

[ Electrical test (Room & Hot Temp.) J 
----------, ---------- I 
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Biased 
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Figure 3. Standard Preconditioning Flow for Dry-Packaged Packages 
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FAILURE ANALYSIS 

Every reject that is encountered during the course of QMP stress testing provides an opportunity 
for continuous improvement through identification and elimination of root cause. Additionally, 
there is a significant opportunity to understand the cause of variance in products, even while they 
meet specifications. 

Failure analysis in the semiconductor industry has evolved towards a more thorough 
understanding of the device physics of the underlying process technologies. Different skills, 
knowledge and tools are also required to analyze defects that exhibit no morphology using 
conventional failure analysis techniques. 

Electrical failure analysis of Yantis finished products is done by five Device Analysis Laboratories 
located around the world. A cooperative arrangement with suppliers of device analysis services 
allows Yantis to provide this capability world-wide. Two analysis sites are located in the United 
States: Austin and Sunnyvale; two are located in Asia Pacific: Penang, Malaysia and Bangkok, 
Thailand; and one in Frimley, England. These laboratories serve our local sites and customer base 
by providing analytical services on packaged devices. This includes analysis of our sub-micron 
products from qualification stresses, qualification monitor stresses, quality test failures, customer 
returns, and engineering evaluations. 

All five of the laboratories have Scanning Electron Microscopes (SEMs) with X-ray analysis systems 
(EDX) attached. Sunnyvale and Austin have Field Emission SEMs with significantly enhanced 
resolution capability and windowless EDX detectors for extended analytical capability. Most sites 
have Scanning Acoustic Microscopes (SAMs) and X-ray capability for package evaluation. Austin, 
Sunnyvale, and Penang have e-beam microprober capability, which provides access to signals 
deep within a device. The same laboratories also have Focused Ion Beam (FIB) capability, which 
is used during new device debug (cutting and deposition of metal lines allowing for circuit 
modification) and for failure analysis where probe points can be created and where micro 
precision cuts aid in cross sectioning. 

Other tools common to all labs include automatic decapsulation capability for plastic devices, both 
wet chemical and dry delayering (plasma and Reactive Ion Etch), optical microscopes with 
cameras, mechanical probe stations to electrically examine inside a device being evaluated, laser 
systems for circuit isolation, and polishing wheels for die and package cross sectioning. Each lab 
has a Layout Tool to provide engineers access to the physical layout drawings of the device that 
they are evaluating. 

RELIABILITY DATA/ ANALYSIS 

The reliability data generated from the Qualification Maintenance Program (QMP) is used to 
predict field reliability. A detailed description of the modeling procedure used for estimating 
reliability under field conditions follows. 

Average failure rates are calculated for time periods related to both early life and inherent life. The 
early life period corresponds to approximately the first 4,000 hours at field use conditions. The 
inherent life corresponds to the useful life beyond the first 4,000 hours of field operation. For these 
calculations, device operation temperature is assumed to be 55°C ambient. Voltage acceleration 
factors are used in the analysis wherever applicable. 
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The Exponential Distribution 

The exponential distribution is simple to use, well understood and as valid as any for life tests with 
large sample sizes and few failures. No actual distribution can be implied as there is seldom 
enough data to determine one. The exponential distribution, characterized by a constant failure 
rate, is a special case of the Weibull. The average failure rate is the same as the instantaneous 
failure rate for the exponential distribution because the failure rate is constant. 

The exponential distribution is the only one for which a MTTF (mean time to failure) value may 
easily be estimated, and it is simply the reciprocal of the failure rate (A). In addition, it is the only 
one for which a confidence level may be readily assigned to the failure rate calculation. 

The best way to understand the concept of confidence levels is to consider this example. Assume 
that a life test on a 100-piece sample from a certain product population had one failure and a 60% 
confidence level was desired. The chi square value corresponding to one failure at 60% confidence 
is 2.02. This means that one has a 60% confidence that the "true" value of the population's defect 
rate is between zero (or some very small value) and 2.02%. 

The conventional expression for the failure rate, A, is: 

2 9 ').., = X (2n+2,1-a)x10 
2X ssX t XAF 

where A, is the failure rate in FITs (failures per billion unit-hours), x2(2n+2,1-a)/2 is the upper 
confidence value for "n" failures and upper confidence limit, a (expressed as a decimal value), SS 
is the sample size, t is the test duration in hours, and AF is the acceleration factor relating the life 
test junction temperature to a assumed field junction temperature 

The x2 (chi square) value for 2n+2 degrees of freedom and the probability, 1-a, can be obtained 
from a table or calculated using Microsoft Excel chi squared inverse function [=CHIINV(l-a,2n+2)]. 

Failure Distributions 

The lognormal and Weibull CDF's are the distributions most often used to represent reliability 
failure mechanisms. The exponential distribution, characterized by a constant failure rate, is a 
special case of the Weibull. The lognormal distribution is specified by two parameters: TSO, the 
median time to failure, and sigma, the shape parameter. The Weibull distribution, which can be 
written in dosed form as: 

F(t) 1-exp[-(t/c}m], 

is characterized by a characteristic life, c, and a shape parameter, m. The value of the shape 
parameter determines whether the failure rate is increasing (m>l), decreasing (m<l), or constant 
(m=l). The exponential distribution: 

F(t) 1-exp [-(t/c)], 
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is specified completely by the one parameter, c, called the mean time to failure (MTIF). Figures 4 
and 5 show failure rates for several values of the scale parameters of the lognormal and Weibull 
distributions, respectively. 
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To estimate field failure rates from reliability studies, many factors must be considered. One 
primary requirement is the identification of individual failure mechanisms in order to ascribe the 
failures to the proper categories used in the Yantis reliability model. 

Considerations and Assumptions 

1. Defective subpopulations and Early Life failures: 

In any production lot, a defective subpopulation may exist. These are devices that fail by a 
mechanism not common to the general population which is usually the result of some process­
ing error or defect. These failures usually occur early and consequently are called Early Life fail­
ures. Early Life (EL) is defined as 4,000 field equivalent hours (FEH) -- actual life test hours 
multiplied by the acceleration factor for the mechanism. 

The early life failure rate will be reported in FITs (failures per billion unit-hours). 

Early Life failures will also be reported as DPM (defects per million) for 4,000 hours. The DPM 
value is obtained by multiplying the EL failure rate in FITS by 4,000 and dividing the result by 
1,000 to obtain the EL failure rate as defects per million. 

2. Inherent Life failures: 

Failures that occur in excess of 4,000 equivalent field hours are usually by mechanisms related 
to defects that could occur in any product of this type. These are known here as Inherent Life 
(IL) failures. If the first read-time in a life test is equivalent to greater than 5,000 hours for a 
given mechanism, the data will be considered IL data, and unless there is no failure at this time, 
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it will be considered that no data exists for this mechanism for Early Life. If this first read-time 
has zero fails, Early Life will be calculated at 4,000 hours assuming no fails. 

3. Estimation of thermal acceleration factors: 

The best known activation energies for each mechanism are used in calculating the thermal 
acceleration using the standard Arrhenius equation for thermal acceleration. For each process 
group/package combination, representative acceleration factors were estimated based on the 
weighted average of acceleration factors of individual devices in that group. 

4. Voltage acceleration: 

Certain failure mechanisms are accelerated by voltage stresses above normal operating voltage. 
The formula for voltage acceleration is shown below: 

VAF is the voltage acceleration factor, V5 is the test voltage, V n is the nominal operating voltage, 
T0 x is the oxide thickness in A, and gamma (y) is a constant of value "3" for oxide defect related 
mechanisms or "1" for intrinsic oxide related ones. 

For charge gain (floating gate devices), VAF varies just as the exponential of the voltage 
difference. 

5. It is common in the reliability literature to see failure rates stated at a specified level of 
confidence: 

For example, a 60% upper confidence limit on the failure rate indicates that unless a 4 in 10 
chance ( 40%) has occurred, the true population failure rate is less than the stated limit. The sum­
mation of individual failure rate components, each at 60% confidence, will however result in an 
overall failure rate at an unknown confidence level that may dramatically exceed 60%. 
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II YANTIS 
I HEYOND PERFORMANCE 

Packages 

INTRODUCTION 

Yantis provides its programmable logic devices (PLDs) in a wide range of packages. These 
packages provide benefits such as high power dissipation capability, small footprint, and high 
I/0. This section provides details about the packages that Yantis supplies. 

EXTERNAL LEAD DESIGNS 

The shape of the leads on leaded surface-mount packages, which includes all but the BGA 
package, are formed in either a gull-wing or J-bend shape. Both lead shapes offer the advantage 
of being flexible, which allows them to absorb thermal expansion mismatches between the IC 
package and the board. 

Plastic Package Design Leadcounts Lead Design/Direction 

Leaded Chip Carrier (PLCC) 20-84leads J-Bend/4 sides 

Quad Flat Pack (PQFP) 100-240 leads Gull-wing/4 sides 

Thin Quad Flat Pack(TQFP) 44-176 leads Gull-wing/4 sides 

Ball Grid Array (BGA) 256-352 balls Solder Balls/ Array 

Plastic Dual-In-Line (PDIP) 20--28 leads Through-hole 

Small Outline Plastic (SOIC) 20--24 leads Gull-wings/2 sides 

+ Gull-Wing Lead Design 

Gull-wing leads are similar to dual-in-line, through-hole leads except that the leads are bent at 
the tips to rest flat on the board surface. This provides a built-in standoff between the package 
and the board, enabling thorough board cleaning and easy-to-inspect solder joints. 

+ ]-Bend Lead Design 

Like the gull-wing design, ]-bend leaded packages can be mounted directly to the board, thus 
offering a built-in standoff and all the advantages inherent in this. A strong, inspectable bond is 
easily attainable provided the solder lands include extensions out from under the package. The 
]-bend design also allows easy socketing, which facilitates device testing and programming. 

Publication# 21552 Rev: B 
Arnendment/O Is.sue Date: November 1998 



Printed Circuit Board 

Figure 1. J-Bend (On the Left) and Gull-Wing Lead Formations (On the Right) 
Allow Components to be Mounted onto the Surface of the Circuit Board 

PACKAGE MATERIALS 

215528-001 

The materials used in Yantis' plastic packages and flammability data are provided in this section. 

" 

464 Packages 



Table 1. Flammability Ratings per Package Type and Size 

UI Rating & Resin Weight Compound Weight Per 
Package Leadcount Oxygen Index 1 Per Unit (grams) Unit (grams) 

20 (PL) 0.1 0.6 

28 (PL) 0.2 1.0 
Plastic Leaded 44 (PL) 0.5 2.0 
Chip Carriers 

68 (PL) 
94V-0&2:28% 

(PL, PLH) 1.1 4.4 

84 (PL) 1.8 7.3 

84 (PLH) 1.4 5.8 

100 (PQR) 0.3 1.4 

Metric Plastic Quad 144 (PQR) 1.2 4.8 

Flat Pack (PQR) 160 (PQR) 1.1 4.8 

208 (PQR) 1.2 4.8 

160 (PQE) 
94 V-0 &2:28% 

Thermally Enhanced 0.9 3.8 
Metric Plastic Quad 208 (PRH) 1.1 4.6 
Flat Pack 
(heat spreader (PRH), 208 (PQE) 0.9 3.8 

heat sink (PQE)) 240 (PQE) 0.9 3.97 

44 (PQT) <0.1 0.1 

Thin Plastic Quad Flat Pack 48 (PQL) <0.1 0.1 
(1.0 mm thick (PQT); 

100 (PQL) 94 V-0&2: 28% <0.1 0.3 1.4 mm thick (PQL) 

TQFP 144 (PQL) <0.1 0.7 

176 (PQL) <0.1 0.7 

256 (BGD) substrate: 0,07 (Note 2) 0.26 (Note 3) 

Plastic Ball Grid Array UL94V-O 
352 (BGD) glob top: UL 94HB 

0.12 (Note 2) 0.45 (Note 3) 

20 0.3 1.2 

Plastic Dual-In-Line 24 (PD3) (Note 3) 0.3 1.5 

28 (PD3) (Note 3) 94 V-0&2: 28% 0.4 1.6 

20 <0.1 0.2 
Small Outline Plastic 

24 <0.1 0.2 

Notes: 
1. The mold compound is tested according to the ASTM Standard D2863-77,:Standard Method for Measuring Oxygen 

Concentration to Support Candlel-Like Combustion of Plastics (Oxygen Index)." The flammability rating is determined by the 
Underuriters Laboratories (UL) Standard 94, "Test for Flammability of Plastic Materials for Parts in Devices and Applications. 

2. Refers to the weight of the glob-top encapsulation. 

3. PD3 (300-mil) designates a PDIP design for which the package mil size is not what is standard for that lead count. 
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Table 2. Package Materials 1 

Package Type & 
Lead count Package Part Material Percentage of Composition2 

All Plastic Surface Mount Packages (excluding Ball Grid Array Packages) 

epoxy novolac 13.0%-30.5% 

silica filler 69.5%--87.0% 

chlorine 7--80ppm 

Package body bromine 0.0%-0.9% weight 

antimony trioxide 0%-1.8% 

sodium 5-40ppm 

potassium 0-lOppm 

epoxy 20%-30% 

silver filler 80%-70% 

Die attach adhesive . sodium 5-50ppm 

chlorine 5-50ppm 
All Package Types potassium 5-20ppm 
and Lead Counts 

Die-to-package 
interconnections 

bond wire gold 99.99% 

copper 96.2%-99.9% 

nickel 3.0% 

iron 0.005%-2.35% 

silicon 0.65% 
Leadfrrune copper magnesium 0.15% 

zinc 0.12% 

zirconium 0.0%-0.15% 

phosphorous, aluminum, traces, depending on the leadframe 
manganese supplier 

Lead plating tin/lead 85%, +5%, -0%/15%, -5% 

Notes: 
1. Excluding the die 

2. Ranges are provided in some cases, to cover the dif.ferences in materials per supplier. Contact your local Vantis sales representa­
tive for more product specific information. 
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Table 3. Package Materials 1 

Package Type 
& Leadcount Package Part Material Percentage of Composition 2 

Ball Grid Array Packages 

organic resin 40%-60% 
substrate 

glass fibers 40~0% 

Package body 
circuitry copper (Note 3) 99%-100% 

resin 40~0% 

solder mask inorganic fillers 35%-55% 

additives 1%-10% 

Die attach adhesive 
epoxy 20%-30% 

All Plastic silver filler 70%-80% 
Package Versions 

Die-to-package 
interconnections 

bondwire gold 99.99% 

Package-to-board 
solder balls tin, lead 63%, 37% (eutectic) 

outerconnections 

epoxy resin 20%-40% 
Glob top encapsulation 

silica filler 60%~0% 

Heat spreader 
copper 96%-99% 

iron 0%-2.4% 

Notes: 
1. Excluding the die 

2. Ranges are provided in some cases to cover the differences in materials per supplier. Contact your local Vantis sales representative 
for more product specific information. 

3. The internal leads are electroplated with nickel, copper, and gold. These percentages vary depending on the specific package. 
Contact your local Vantis sales represenative should you need product specific information. 

Table 4. Materials Not Detectable in Yantis' Plastic Components 

4-Aminodiphenyl and its salts Hydrazine Polyhalogenated Dibenzofurans/Dioxins 

Ammonium Salts 2-Naphthylamine and its salts Polychlorinated Naphthalenes 

Arsenic Nickel Tetracarbonyl Polycyclic Compounds 

Asbestos N, N-Dimethylformamide Selenium 

Benzene N, N-Dimethylacetamide Tetrabromobenzylimidazole 

Brominated Diphenyl Oxides N-Nitrosoamines Tetrabromobisphenol A 

Cadmium and Cadmium Compounds Mercury and Mercury Compounds Tetrabromoethylene 

Decabromodiphenyl Ether Ozone Depleting Compounds Toluene 

4, 4-Diaminophenyl Methane Octabromodiphenyl Ether Triethylamine 

Epichlorhydrine Oils and Greases Tris (2, 3-Dibromopropyl) Phosphate 

Ethylene Glycol ethers Palladium Tris (aziridinyl) Phosphin Oxide 

Fluorine Phthalate Vinyl Chloride Monomer 

Formaldehyde Halogenated Aliphatic Hydrocarbons Xylene 

Halogenated Aliphatic Hydrocarbons Polyhalogenated Bill'riphenyl Ethers 
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Thermally Enhanced Plastic Package Designs 

In addition to the standard package designs, Yantis' PLCC and PQFP package families include high­
performance variations for devices having greater power and faster speed. We are also evaluating 
high-performance designs in our TQFP and BGA package families. 

The high-performance package designs include two variations: one in which a heat spreader is 
embedded in the package, and the other entails assembling into the package a heat sink which is 
visible on the topside of the package. 

Heat Spreader Design 

This design includes a heat sink that is attached to a padless leadframe using a B-stage adhesive. 
The heat sink, referred to in this design as a heat spreader because it serves as the die attach pad, 
fills the narrow gap between where the die-attach pad would normally end and the leads begin. 
This provides a more efficient means of heat transferal since heat from the device no longer has 
to pass over a gap to escape to the leadframe. Also thermally advantageous, a thin strip of 
insulating tape in the B-stage epoxy allows the heat sink to be quite close to the leadframe without 
actually touching it (since to do so would cause an electrical short. 

The heat sink also serves as a fixed potential plane in that its voltage level will not vary much from 
the voltage on the back of the die. Because the heat sink is underneath the die, separated from it 
by only the epoxy and the 0.003-inch thick insulating tape, it is closer to all the input/output, 
power, and ground leads than in a standard PLCC package (in which the closest ground is on the 
circuit board, "'0.090 inch below the leads). This significantly lowers lead inductance which keeps 
the noise level down. 

Comparative analysis of package performance using the same device in a standard versus a high­
performance PLCC package have shown the latter to outperform the standard package in the areas 
of lead inductance, thermal impedance ce~. speed, and yields. 

BONDING WIRE\ 
MOLDING 

COMPOUND 

Standard PLCC Package Design 

21552B-003 

High Performance PLCC Package Design 

21552B-004 

Figure 2. A High-Performance PLCC Package Includes a Heat Spreader Within 
the Package-a Feature not Present in a Standard PLCC Package Design 

Exposed Heat Sink Design 

For very high-power devices, it is necessary that the heat sink conduct the heat all the way to the 
surface of the IC package. For such devices, a much thicker heat sink is used to span the entire 
encapsulated portion of the leadframe. This design can be achieved in either a cavity-down version 
(see Figure 3), in which the heat sink is visible on the top of the package, or a cavity-up version, 
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in which the heat sink is exposed on the package bottom (Figure 3). This style of heat sink is 
sometimes referred to as a heat slug, since the metal comes in contact with the chip itself (as 
opposed to a heat sink that is attached to the exterior of the package body). 

Thermal Performance Improvement 

The improvement in thermal performance for, say, a 28-mm body PQFP, is approximately 30 
percent for the heat spreader design and 60 percent for the exposed heat sink version. 

Contact your Yantis sales representative should you need additional information about Yantis' high­
performance plastic package designs. 

Die Attach 

Mold 
Compound 

Nickel Plated Black Oxide 

Figure 3. A Heat Sink Assembled in a Thermally Enhanced PQFP 
{Known as PQE Package) is Visible on the Bottom Side of the Package 
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Plastic Leaded Chip Carrier (PLCC) Packages 

The PLCC package design is an attractive alternative to higher leadcount plastic DIPs because it 
can accommodate larger die sizes and offer the advantages of SMT. Above 84 leads, the PLCC 
configuration and lead-pitch are impractical given the availability of lower profile, high leadcount 
packages, such as finer pitch PQFPs. 

The PLCC package construction consists of a device attached to the die pad of a leadframe, the 
circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection-molded 
to encapsulate the device/leadframe configuration. The quad-directional leads are trimmed and 
formed to a J-bend formation. 

The 50-mil lead-pitch of a PLCC package is half the conventional lead spacing of a DIP. This, 
coupled with the PLCC leads being located on all four sides of the package, greatly reduce the 
footprint. A comparison of package dimensions is shown in Table 5. 

Table 5. PLCC (PL) 1 Package Size Overview 

Package Body Area (l X W) lead Pitch 
leadcount Inches SQ. Inches Package Weight (Grams) 

20 0.125 0.65 

28 0.205 1.07 

44 0.426 0.05 2.22 

68 0.908 4.62 

84 1.33 7.45 

Note: 
1. PL is Vantis' internal abbreviation for a PLCC package. 

SIDE VIEN 215528-006 

Figure 4. Square Packages (PL) 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) 

PL 020 PL 028 PL 044 PL068 PL 084, PLH084 

(MS-018(A)AA) (MS-018(A)AB) (MS-018(A)AC) (M0-047(B)AE) (M0-047(B)AF) 

Dimension Codes Min Max Min Max Min Max Min Max Min Max 

A 0.165 0.180 0.165 0.180 0.165 0.180 0.165 0.180 0.165 0.180 

Al 0.090 0.120 0.090 0.120 0.090 0.120 0.090 0.130 0.090 0.130 

A2 0.062 0.083 0.062 0.083 0.062 0.083 0.062 0.083 0.062 0.083 

D,E 0.385 0.395 0.485 0.495 0.685 0.695 0.985 0.995 1.185 1.195 

DI, El 0.350 0.356 0.450 0.456 0.650 0.656 0.950 0.956 I.ISO 1.156 

D2,E2 0.290 0.330 0.390 0.430 0.590 0.630 0.890 0:930 1.090 1.130 

03, E3 0.200 REF 0.300 REF 0.500 REF 0.800 REF 1.000 REF 

c 0.009 O.o!S 0.009 O.o!S 0.009 O.o!S 0.007 0.013 0.007 0.013 

Notes: 
1. All dimensions are in inches. 

2. Dimensions "D" and "E" are measured from the outermost point. 

3. Dimensions "DJ" and "El" do not include corner mold flash. Allowable corner mold flash is 0.010 inch. 

4. Dimensions ''A, Al, D2, and E2" are measured from the points of contact to the base plane. 

5. Lead spacing as measured from the center-line to the center-line shall he within ±0.005 inch. 

6. ]-bend lead tips should he located inside the ''Pockets. " 

7. Lead coplanarity shall he within 0.004 inch as measured from the seating plane. 

8. Lead tweeze shall he within 0.0045 inch on each side as measured from a vertical flat plane. 

9. The lead pocket may he rectangular (as shown) or oval. if the corner lead pockets are connected, then 0.005-inch minimum lead 
spacing is required. 

10. PL is Vantis' internal abbreviation for a PLCC. Pill refers to one that has been thermally enhanced with an embedded beat 
spreader. 
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Plastic Quad Flat Pack (PQFP) Packages 

PQFP packages were developed primarily for high-leadcount applications. The finer 
lead-pitch of a PQFP enables this design to accommodate higher leadcount devices than desirable 
in PDIP, PLCC, and SOIC packages. As the benefits of the PQFP package configuration were 
realized within the industry, the design was extended to lower leadcounts. 

The PQFP package construction consists of a device attached to the die pad of a leadframe, the 
circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection-molded 
to encapsulate the device/leadframe configuration. The quad-directional leads are trimmed and 
formed to a gull-wing formation. 

Yantis' PQFP package family includes a wide range of leadcount variations (from 100 to 240). For 
the most part, the package designs comply withJEDEC and/or EIAJ package versions. Some of the 
packages are thermally enhanced with either a heat spreader, embedded in the package body; or 
an exposed heat sink. 

Table 6. PQFP (PQR) 1 Package Size Overview 

Package Body Area (L X W) Lead Pitch 
Leadcount Inches SQ. (mm SQ.) Inches (mm) Package Weight (Grams) 

100 (PQR) 0.434 (280.0) 0.030 (0.80) 1.66 
144 (PQR) 1.215 (784.0) 5.21, 5.34 

160 (PQR) 1.215 (784.0) 0,025 (0.65) 5.30 

160 (PQE) 1.215 (784.0) 5.37 

208 (PQR, PRH) 
1.215 (784.0) 

9.53, 9.68 

208 (PQE) 0.020 (0.50) 10.87 

240 (PQE) 1.588 (1024.0) 15.07 

Note: 
1. PQR (cavity up) is Vantis' internal abbreviations for metric PQFPs. 1bermally ehanced versions are denoted as PRH (cavity up 

with heat spreaders) and PQE (cavity up with exposed heat sink). 
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Dimension Codes 

A 

Al 

A2 

b (Note4) 

c 

D (Note 5) 

DI (Note 3) 

D3 

e (Note 7) 

E (Note 5) 

El (Note 3) 

E3 

aaa 
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L 

LeadP 

LeadQ 

LeadR 

Leads 

Figure 5. Rectangular Metric, Cavity-Up Packages (PQR) 

Yantis Package Type & Leadcount Notes: 
1. All dimensions are in millimeters, and the dimensions and 

tolerances conform to ANSI Y14.5M-1982. 

Min 

-

0.25 

2.70 

0.22 

0.15 

17.00 

13.90 

23.00 

19.90 

0.73 

PQR, PRH100 

(M0-108(B)CC-1) 

Max 

3.35 

-
2.90 

0.38 

0.23 

17.40 

14.10 

12.35 REF 

0.65 BASIC 

23.40 

20.10 

18.85 REF 

0.13NOM 

O.lONOM 

1.03 

30 

50 

80 

100 

2. Datum plane-A-- is located at the mold parting line and is 
coincident with the bottom of the lead where the lead exits the 
plastic body. 

3. Dimensions "DJ and El" do not include mold protrusion. 
Allowable mold protrusion is 0.25 mm per side. (Also see 
Note 5.) 

4. Dimension "b" does not include dambar protrusion. 

5. Dimensions "DJ and El" do include mold mismatch and are 
determined at datum plane-A-. 

6. Dimensions ''D and E" are measured from both the innermost 
and outermost points. 

7. Deviation from the lead-tip true position shall be within 
±0.076 mm for packages having lead pitch >0.5 mm, and 

within ±0.04 mm when the pitch is <;,0.5 mm. 

8. Lead coplanarity shall be within 0.10 mm for devices having 
lead pitch of 0.65-0.80 mm, and 0.076 mm when the lead 
pitch is 0.50 mm. 

9. 7be half span (center of the package to the lead tip) shall be 
within ±0.0085. 

10. PQR is Vantis' internal abbreviation for a metric PQFP. 
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Figure 6. 160-Lead Square Metric, Cavity-Up Package with a Heat Sink (PQE) 

Notes: Yantis Package Type & Leadcount 
(JEDEC Drawing Number) 

PQE160 

1. All dimensions are in millimeters, and the dimensions and tolerances 
conform to ANSI Y14.5M-1982. 

Dimension (MS-022(A)/DD-2) 2. Datum plane -A- is located at the mold parting line and is coincident 
with the bottom of the lead where the lead exits the plastic body. 

Codes Min 

A -
Al 0.25 

A2 3.25 

b 0.22 

c 0.11 

D,E 30.80 

DI, El 27.90 

D3,E3 25.35 REF 

e 0.65 BASIC 

L 0.73 

LI 1.60 NOM 

aaa 0.08NOM 

CCC 0.08NOM 
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Max 

4.00 

0.45 

3.45 

0.38 

0.17 

31.60 

28.10 

1.03 

3. Dimensions "El and D 1" do not include mold protrusion. Allowable 
mold protrusion is 0.25 mm per side. (See also Note 5) 

4. Dimension "b" does not include dambar protrusion. 

5. Dimensions "El and DJ" do include mold mismatch and are 
determined at datum plane -A-. 

6. Dimensions "D and E" are measured from both the outermost points. 

7. The pin-one JD may be inside the top ejector mark or separate. 

8. The beatsink center line is aligned to the package body's center line at 
a tolerance of 
±0.30 mm. 

9. The half span (center of the package to the lead tip) shall be within 
15.30 ± 0.165 mm. 

10. No lead distortion (bent leads, etc.) shall cause deviation from the 
lead's true position by greater than ±0.04 mm at the maximum of the 
"b" dimension. 

11. Lead coplanarity with respect to the seating plan shall not exceed 
O.lOmm. 

12. PQE is Vantis' internal abbreviation for a cavity-up, metric PQFP 
which bas been thermally enhanced with an exposed beat sink. 
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Dimension 
Codes 

A 

Al 

A2 

b (Note 4) 

c 

D, E (Note 5) 

Dl,El 
(Note 3) 

D3,E3 

e (Note 7) 

aaa 

CCC 

L 

LeadP 

LeadQ 

LeadR 
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Figure 7. Plastic Quad Flat Pack (PQFP) Packages 

Vantis Package Type & Leadcount Notes: 
1. All dimensions are in millimeters, and the dimensions 

and tolerances conform to ANSI Y14.5M-1982. 
(JEDEC Drawing Number) 

PQR 144 

(M0-108(B)DC-1) 

Min Max 

- 3.95 

0.25 -

3.20 3.60 

0.22 0.38 

0.13 0.23 

31.00 31.40 

27.90 28.10 

22.75 REF 

0.65 BASIC 

0.13 NOM 

0.10 

0.73 1.03 

36 

72 

108 

144 

PQR160 

(M0-108(B)DD-1) 

Min Max 

- 3.95 

0.25 -

3.20 3.60 

0.22 0.38 

0.13 0.23 

31.00 31.40 

27.90 28.10 

25.35 REF 

0.65 BASIC 

0.13 NOM 

0.10 

0.73 1.03 

40 

80 

120 

160 

PQR, PRH 208 

(M0-143(B)FA-1) 

Min Max 

- 3.95 

0.25 -

3.20 3.60 

0.18 0.30 

0.13 0.20 

30.40 30.80 

27.90 28.10 

25.50 REF 

0.50 BASIC 

0.08NOM 

0.08 

0.50 0.75 

52 

104 

156 

208 

2. Datum plane -A- is located at the mold parting line 
and is coincident with the bottom of the lead where the 
lead exits the plastic body. 

3. Dimensions "D 1 and El" do not include mold 
protrusion. Allowable mold protrusion is 0.25 mm per 
side. (Also see Note 5.J 

4. Dimension "b" does not include dambar protrusion. 

5. Dimensions "DJ and El" do include mold mismatch 
and are determined at datum plane -A-. 

6. Dimensions "D and E" are measured from both the 
innermost and outermost points. 

7. Deviation from the lead-tip true position shall be 
within ±0. 08 mm for packages having lead pitch 
>0.5 mm, and within ±0.04 mm when the pitch is .,:,05 
mm. 

8. Lead coplanarity shall be within 0.10 mm for devices 
having lead pitch of 0.6~0.80 mm, and 0.08 mm 
when the lead pitch is 0.50 mm. 

9. 7be half span (center of the package to the lead tip shall 
be within ±0.0085. 

10. PQR (cavity up) is Vantis' internal abbreviation for 
metric PQFPs. Thermally-enhanced PQFPs are de­
noted by those with heat spreaders embedded in them 
(PRHfor cavity up). 
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Figure 8. 208-Lead Metric Cavity-Up Package with a Heat Sink (PQE) 

Yantis Package Type & Leadcount 
(JEDEC Drawing Number) 

PQE208 

Notes: 
1. All dimensions are In millimeters, and the dimensions and 

tolerances conform to ANSI Y14.5M-1982. 

Dimension (M0·143(B)FA·1) 2. Datum plane-A- is located at the mold parting line and is coincident 
with the bottom of the lead where the lead exits the plastic body. 

Codes Min 

A -
Al 0.25 

A2 3,29 

b 0.17 

c 0.10 

D,E 30.40 

Dl,El 27.90 

D3,E3 

e 

L 0.50 

Ll 

aaa 

CCC 

476 

25.50RBF 

0.50BASIC 

l.30NOM 

O.OSNOM 

O.OSNOM 

Max 

3.70 

0.42 

3.45 

0.27 

0.20 

30.80 

28.10 

0.75 

3. Dimensions "El and DJ" do not include mold protrusion. Allowable 
mold protrusion is 0.25 mm per side. (See also Note 5.) 

4. Dimension "b" does not include dambar protrusion. 

5. Dimensions "El and DJ" do include mold mismatch and are 
determined at datum plane -A-. 

6. Dimensions "D and E" are measured from both the outermost points. 

7. The pin-one ID may be inside the top ejector mark or separate. 

8. The heatsink center line is aligned to the package body's center line 
at a tolerance of ±0.30 mm. 

9. The half span (center of the package to the lead tip) shall be within 
15.30 ± 0.165 mm. 

10. No lead distortion (bent leads, etc.) shall cause deviation from the 
lead's true position try greater than ±0.04 mm at the maximum of the 
"b" dimension. 

11. Lead coplanarity with respect to the seating plan shall not exceed 
0.08mm. 

12. PQE is Vantis' internal abbreviation for a cavity-up, metric PQFP 
that has been thermally enhanced with an exposed beat sink. 
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Al 

b 

c 

D,E 
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D3,E3 

e 

L 

Ll 
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Figure 9. 240-Lead Metric Cavity-Up Package with a Heat Sink (PQE} 

Yantis Package Type & Leadcount 
(JEDEC Drawing Number) 

PQE240 (M0-143(8)/GA) 

Min Max 

0.25 0.45 

0.17 0.27 

0.10 0.20 

34.35 34.85 

31.90 32.10 

29.50REF 

0.50 BASIC 

0.45 0.75 

1.30NOM 

O.OSNOM 

O.OSNOM 

Notes: 
1. All dimensions are in millimeters, and the dimensions and 

tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane -A- is located at the mold parting line and is 
coincident with the bottom of the lead where the lead exits the 
plastic body. 

3. Dimensions "El and DJ" do not include mold protrusion. 
Allowable mold protrusion is 0.25 mm per side. (See also Note 5.J 

4. Dimension "b" does not include dambar protrusion. 

5. Dimensions "El and DJ" do include mold mismatch and are 
determined at datum plane -A-. 

6. Dimensions "D and E" are measured from both the outermost 
points. 

7. Tbe pin-one ID may be inside the top ejector mark or separate. 

8. Tbe beatsink center line is aligned to the package body's center 
line at a tolerance of ±030 mm. 

9. Tbe half span (center of the package to the lead tip) shall be 
within 1530 ± 0.165 mm. 

10. No lead distortion (bent leads, etc.) shall cause deviation from the 
/ead's true position by greater than ±0.04 mm at the maximum of 
the "b" dimension. 

11. Lead coplanarity with respect to the seating plan shall not exceed 
0.08mm. 

12. PQE is Vantis' internal abbreviation for a cavity-up, metric PQFP 
that bas been thermally enhanced with an exposed beat sink. 
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Thin Quad Flat Pack (TQFP) Packages 

The TQFP package is the same basic package design as a PQFP except the package is thinner, and 
the dimensions governing the solder land pattern are different. The thickness of the package body 
is 1.0 mm to 1.4 mm, versus the 3.5-mm thickness of a standard PQFP. This is possible because 
the die is back ground down to a 0.34-mm thickness. 

The major applications for TQFP packages are in handheld products, small disk drives, double­
sided boards, and PCMCIA cards. 

Vantis' family ofTQFP packages includes cavity-up versions (denoted internally as PQT and PQL) 
from 44 to 176 leads. 

Table 7. TQFP1 Package Size Overview 

Package Body Package Body 
Area (L XW) Lead Pitch Thickness Package Weight 

Leadcount Inches Sq. (mm sq.) Inches (mm) Inches (mm) (Grams) 

44 (PQT) 0.155 (100) 0.03 (0.80) 0.04 (1.00) 0.232 

48 (PQL) 0.076 (49) 0.02 (0.5) 0.055 (1.4) 0.17 

100 (PQL) 0.304 (196) 0,02 (0.50) 0.055 (1.40) 0.63 

144 (PQL) 0.62 (400) 0.02 (0.50) 0.055 (1.40) 1.32 

176 (PQL) 0.893 (576) 0.02 (0.50) 0.055 (l.40) 1.82 

Note: 
1. PQT is Vantis' internal abbreviation for TQFPs having a package body thickness of 1.0 mm. PQL denotes TQFPs with package 

body thickness of 1.4 mm. 
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Figure 10. Thin Plastic Quad Flat Pack (TQFP) Packages 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) 

Dimension PQT044 PQL048 PQL100 PQL144 PQL 176 (note 12} 
Codes (MS-026(A)ACB) (M0-136(B}AE) (MS-026(A)BED) (MS-026(A)BFB) (MS-026(A)BGA) 

Min Max Min Max Min Max Min Max Min Max 

A - 1.20 - 1.60 - 1.60 - 1.60 - 1.60 

Al 0.05 0.15 0.05 0.15 0.05 0.15 0.05 0.15 0.05 0.15 

A2 0.95 1.05 1.35 1.45 1.35 1.45 1.35 1.45 1.35 1.45 

D,E 11.80 12.20 9.00BASIC 15.80 16.20 21.80 22.20 25.80 26.20 

DI, El 9.80 10.20 7.00BASIC 13.80 14.20 19.80 20.20 23.80 24.20 

L 0.45 0.75 0.45 0.75 0.45 0.75 0.45 0.75 0.45 0.75 

N 44 48 100 144 176 

e 0.80 BASIC 0.50 BASIC 0.50 BASIC 0.50BASIC 0.50BASIC 

b 0.30 0.45 0.17 0.27 0.17 0.27 0.17 0.27 0.17 0.27 

bl 0.30 0.40 0.17 0.23 0.16 0.23 0.17 0.23 0.17 0.23 

CCC - 0.10 - 0.08 - 0.08 - 0.08 - 0.08 

ddd - 0.20 - 0.08 - 0.08 - 0.08 - 0.08 

aaa - 0.20 - 0.20 - 0.20 - 0.20 - 0.20 

Notes: 
1. All dimensions are in miilimeters, and the dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane -H- is located at the mold parting line and is coincident with the bottom of the lead where the lead exits the plastic 
body. 

3. Dimensions "El and DJ" do not include mold protrusion. Allowable mold protrusion is 0.254 mm per side. (See also Note 5.) 

4. Dimension "b" does not include dambar protrusion. Allowable dambar protrusion shall be 0.08 mm total in excess of the "b" 
dimension at maximum material condition. 1be dambar cannot be located on the lower radius or the foot. 

5. Dimensions "El and D 1" do include mold mismatch and are determined at datum plane -H-. 

6. Dimensions "D and E" are measured from both the innermost and outermost points. 

7. Deviation from the lead-tip true position shall be within ±0.076 mm for packages having lead pitch >0.5 mm, and within ±0.04 
mm when the pitch is 5.0.5 mm. 

8. Lead coplanarityshall be within 0.10 mm for devices having lead pitch of0.65-0.80 mm, and 0.08 mm when the lead pitch is 
0.50mm. 

9. 1be half span (center of the package to the lead tip) shall be within ±0.16 mm. 

10. "N" is the total number of terminals. 

11. 1be top of the package is smaller than the bottom of the package by 0.15 mm. 

12. PQT is Vantis' internal abbreviation for a 1.0-mm thick TQFP. PQL designates a 1.4-mm thick TQFP. 

Thin Quad Flat Pack (TQFP) Packages 479 



Ball Grid Array (BGA) Packages 

The BGA package is a relatively new package design which is gaining popularity as an attractive 
package solution for Programmable Logic and FPGA devices. It offers a high-density package with 
a smaller form/fit factor than a comparable leadcount quad flat pack package. More importantly, 
it is designed with solder balls instead of leads, which are more durable and loosely pitched than 
the fragile package leads of a comparable surface-mount component. This results in higher board 
yields. 

Package Design 

The package consists of a thin Printed Circuit Board (PCB) made of a BT epoxy laminate, double­
sided, and overlaid with copper over which metallized wire bond pads and a die pad are 
fabricated. The wirebond pads extend outward to plated through-hole vias located around the 
board's periphery. These vias provide the electrical continuity from the top of the board to the 
other side where copper traces run from the holes to a matrix of solder bumps. The bumps are 
soldered onto a land pattern on a circuit board in the end-use application. A solder mask is photo 
defined on the backside of the package to contain the flow of solder during board assembly. 

The die is attached to the die pad using a standard epoxy die attach method. Gold ball bonding 
is used to connect the die pads to the wire bond pads, and the die is encapsulated with epoxy 
encapsulation material to protect it. 

Table 8. BGA Package Size Overview 

Package Body Area (L X W) Ball Pitch 
Ball Count Inches Sq. (mm sq.) Inches (mm) Package Weight (Grams) 

256 (BGD) (Note I) 1.13 (729.o) 4.23 

352 (BGD) (Note I) 1.90 (1225.0) 
0.05 (1.27) 

6.99 

Note: 
1. BGD is Vantis' internal abbreviation for a wirebonded, cavity-down, ball grid array, thermally enhanced with a heat slug 
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Figure 11. BGD Cross-section 215528-029 
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Figure 12. 256-Ball (27 x 27) Cavity-Down Package (BGD) 

Vantis Package Type & 
Leadcount 

(JEDEC Drawing Number) 

BGD256 
(M0-151(8)/BAL-2) 1 

Dimension Codes Min Max Note 

A 1.10 1.65 overall thickness 

Al 0.50 0.70 ball height 

A2 0.60 0.95 body thickness 

A3 (Note 7) 0.15 0.45 seating plane clearance 

D,E 27.00 BASIC body size 

DI, El 24.13 BASIC ball footprint 

M 20x20 ball matrix size 

N 256 total ball count 

MR (Note 6) 4 number of rows deep 

e 1.27 BASIC ball pitch 

b 0.60 0.90 ball diameter 

p 14.8 15.2 encapsulation area 

s 0.635 BASIC solder ball placement 

Note: 

El 

215528-013 

1. BGD is Van tis' internal abbreviation for a wirebonded, plastic, cavity-down ball grid array that has been thermally enhanced 
with a heat sink. 
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Geometric Tolerances 

aaa I 0.15 co planarity 

bbb l 0.15 parallelism 

Notes: 
1. All dimensions are in millimeters. 

2. Dimensioning and tolerancing coriform to ASME Y14.5M-1994. 

3. Dimension "b" is measured at the maximum solder ball diameter on a plane parallel to datum C. 

4. Datum C and the seating plane are defined by the spherical crowns of the solder balls. 

5. Al corner ID. is marked with ink. 

6. Refers to the number of peripheral rows or columns. 

7. Refers to the height from the encapsulation to the seating plane. 

8. "S" is measured with respect to datums A and Band defines the position of the solder balls nearest the package centerlines. When 
there is an odd number of solder balls in the outer row "S" = 0.000; when there is an even number of solder balls in the outer 
row the value "S" =e/2. 
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Figure 13. 352-Ball (35 x 35) Cavity-Down Package (BGD) 

Vantis Package Type & Leadcount 
(JEDEC Drawing Number) 

BGD352 

Dimension (M0-151 (B)/BAR-2) 

Codes Min Max Note 

A 1.10 1.65 overall thickness 

Al 0.50 0.70 ball height 

A2 o.6o 0.95 body thickness 

A3 (Note 7) 0.15 0.45 seating plane clearance 

D,E 35.00BASIC body size 

DI, El 31.75 BASIC ball footprint 

M 26x26 ball matrix size 

N 352 total ball count 

MR (Note6) 4 number of rows deep 

e 1.27 BASIC ball pitch 

b o.6o 0.90 ball diameter 

p 20.4 21.2 encapsulation area 

s 0.635 BASIC solder ball placement 
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Geometric Tolerances 

aaa I 0.15 co planarity 

bbb l 0.15 parallelism 

Notes: 
1. All dimensions are in millimeters. 

2. Dimensioning and tolerancing conform to ASME Y14.5~1994. 

3. Dimension "b'' is measured at the maximum solder ball diameter on a plane parallel to datum C. 

4. Datum C and the seating plane are defined by the spherical crowns of the solder balls. 

5. Al corner I.D. marked by ink. 

6. Refers to the number of peripheral rows or columns. 

7. Refers to the height from the encapsulation to the seating plane. 

8. "S" is measured with respect to datums A and Band defines the position of the solder balls nearest the package centerlines. When 
there is an odd number of solder balls in the outer row "S" = 0.000; when there is an even number of solder balls in the outer 
row the value "S" =e/2. 

9. BGD l' Vantis' internal package abbreviation for a wirebonded, plastic, cavity-up package. 
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Plastic Dual-In-Line Packages (PDIP) 

The Plastic Dual-In-Line package (PDIP) construction consists of a device attached to the die pad 
of a leadframe, the circuitry of which is wire bonded to the lead fingers. A plastic epoxy material 
is injection-molded to encapsulate the device/leadframe configuration. The leads are trimmed and 
formed to a through-hole lead design, with lead extensions along the two long ends of the 
rectangular package. 

Table 9. PDIP (PD) Package Size Overview 

Package Body Package 
Area (LXW) Lead Pitch Weight 

Leadcount Inches Inches (Grams) 

20 0.267 1.39 

24 0.69 3.55 
0.10 

24 (PD3 (Note I)) 0.32 1.60 

28 0.81 4.20 

Note: 
1. PD] (300 mil) designate PDIP designs for which the package mil size is not what 15 standard for that lead count. 

TOP VIEW END VIEW 

~!-=+ 
SIDE VIEW DETAIL 'A' eB-J 215528-015 

Figure 14. Plastic Dual-In-Line (PDIP) Packages 
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Vantis Package Type & Leadcount (JEDEC Drawing Number) 

PD3028 
PD020 PD 024 PD3024 PD028 (288 body) 

Dimension (MS-001(D)AD) (MS-011 (B)AA) (MS-011 (B)AA) (MS-011 (B)AB) (M0-095(A)AH) 

Codes Min Max Min Max Min Max Min Max Min Max 

A 0.140 0.200 0.140 0.225 0.140 0.200 0.140 0.225 0.140 0.180 

b 0.014 0.022 0.014 0.022 0.014 0.022 0.014 0.022 0.014 0.022 

bl 0.045 0.065 0.045 o.065 0.045 0.065 0.45 o.65 0.45 0.60 

c 0.008 O.ot5 0.008 O.ot5 0.008 O.ot5 0.008 O.ot5 0.008 0.015 

D 1.010 1.040 1.240 1.280 1.150 1.270 1.440 l.480 1.345 1.385 

El 0.240 0.280 0.520 0.580 0.240 0.280 0.530 0.580 0.275 0.295 

E 0.300 0.325 0.600 0.625 0.300 0.325 o.6oo 0.625 0.300 0.325 

e 0.090 0.110 0.120 0.16o 0.120 0.160 0.090 0.110 0.090 0.110 

L 0.120 0.160 0.090 0.110 0.090 0.110 0.120 0.160 0.120 0.150 

Q O.ot5 0.060 O.ot5 0.060 O.ot5 0.060 O.ot5 0.060 O.ot5 0.060 

SI 0.005 - 0.005 - 0.005 - 0.005 - 0.005 -
e, 0.330 0.430 0.630 0.700 0.330 0.430 o.63o 0.700 0.330 0.430 

(0.1 - <Xz) ()" 10' o• 10° ()" 10" o· JO• o• 10° 

(0.1. 0.2) o• 15° o• 15° ()" 15° o• 15° o• 15' 

N 20 24 24 28 28 

Notes: 
1. All dimensions are in inches. 

2. A notch, tab, or pin one identification mark shall be located adjacent to the device pin one. 

3. Lead thickness increases by a maximum of 0.003 inch when a the solder lead finish is applied. 

4. Tbese dimensions do not include mold flash or protrusion. 

5. Tbis dimension is measured from the outside of the leads and 0.015 inch below the plane of the package exit, as defined by the 
top of the lead. 

6. Tbis dimension is measured from the seating plane to the base plane. 

7. Tbis dimension is measured from the seating plane (or from the lowest point of the lead shoulder width that measures 0.040 inch) 
to the lead tip. 

8. Tbe difference between these two dimensions should not exceed 7°. 

9. When standoff has radii, the seating plane location is defined where the lead width equals 0.040 inch. 

10. PD is Vantis' internal designator for a plastic dual-in-line package. 
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Small Outline (SOIC) Plastic Packages 

The SOIC package is an surface-mount alternative for low leadcount devices. Its design is similar 
to the conventional Dual-In-Line (DIP) package-an attractive feature for circuit designers already 
familiar with DIPs and memory boards. 

Like plastic DIPs, the SOIC package consists of a device attached to the die pad of a leadframe, 
the circuitry of which is wire bonded to the lead fingers. A plastic epoxy material is injection­
molded to encapsulate the device/leadframe configuration. The leads extending from the two long 
sides of the rectangular package body are trimmed and formed to a gull-wing formation. 

The 50-mil lead pitch of SOIC packages allows for considerable reduction in package size over 
comparable DIPs, as shown in the table to the right. Not only are SOIC packages smaller, they are 
lighter, too. This makes them ideal for foil/film mounting and virtually all automated board 
assembly operations. 

Table 10. SOIC (S0)1 Package Size Overview 

Package Body 
Area (L XW} 
Inches Sq. Lead Pitch 

Leadcount (mm sq.) Inches (mm) Package Weight (Grams) 

20 0.149 (96.13) 0.51 

24 0.180 (115.51) 
0.05 (l.27) 

0.62 

Note: 
1. SO is Vantis' internal abbreviation for an SOJC package. 

TOP VIE\./ 
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- !;;JAIL ~A 

Figure 15. JEDEC English Packages 
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Yantis Package Type & Leadcount 

Dimension so 20 so 24 

Codes Min Max Min Max 

A 0.0926 0.1043 0.0926 0.1043 

Al 0.0040 0.0118 0.0040 0.0118 

B 0.0138 0.0192 0.0138 0.0192 

c 0.0091 0.0125 0.0091 0.0125 

D 0.4961 0.5118 0.5985 0.6141 

e 0.050BASIC 0.050 BASIC 

E 0.2914 0.2992 0.2914 0.2992 

H 0.3940 0.4190 0.3940 0.4190 

N 20 24 

Notes: 
1. All dimensions are in inches. 

2. An identijication mark shall be located adjacent to the device pin one. 

3. Dimension "e" is measured at the center line of the leads. 

4. Dimensions "B" and "C" increase by 0.003 inch maximum for all leads when solder dip lead .finish is applied. 

5. Dimension "B" does not include dambar protrusion. Allowable protrusion is 0.004 inch. 

6. Dimensions ''Al" is measured from the base plane of contact, which is made when the packaged is allowed to rest freely on a 
flat, horizontal surface. 

7. Lead coplanarityshall be within 0.004 inch as measured/ram the seating plane. 

8. SO is Vantis' internal abbreviation for an SOIC package. 
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PACKAGE DESIGN ADVANTAGES 

The BGA package design offers many advantages over other high leadcount packages. 

Board Real Estate Savings 

Because of the small package size, the BGA offers significant savings in board real estate, 
occupying about 51 percent of the space a comparable QFP requires. It has a lower profile, too, 
about one third as thick as a plastic quad flat pack (PQFP) package. 

Electrical Performance 

The BGA offers superior electrical performance because the shorter wirebond lengths in it help 
reduce inductance. Comparing a 169-ball BGA to a 160-Pin PQFP, the BGA shows a 31 percent 
reduction in signal capacitance and a 46 percent reduction in signal time delay. 

Thermal Performance 

Studies have been conducted that show that the BGA thermally outshines a comparable PQFP 
when it is fabricated with "thermal vias" (i.e., through-hole vias) underneath the die pad. These 
vias allow heat generated by the device to flow to the board, which would improve thermal 
performance provided the board has a conducting plane built into it. To more accurately ascertain 
the thermal performance of a BGA, the specific end-use application environment needs to be 
considered. 

Board Assembly Advantages 

The pitch of the solder balls on a BGA is far more manageable during board assembly, at 1.0 to 
1.5 mm, than the typical 0.5-mm pitch of high leadcount Quad Flat Packs (QFPs). 

BGAs can be handled with the same pick-and-place equipment that is used for conventional 
surface-mount devices, including solder reflow methods. During reflow assembly, the wetting 
action of the solder balls tends to pull them into alignment so that placement of the component 
on the solder land does not need to be nearly as precise as with a QFP. The alignment can be off 
by as much as 6 mils-more forgiving than the 3 mils (0.076 mm) required for fine lead-pitch QFPs. 

Post Assembly Inspections 

Once the BGA is mounted on the board, there is the challenge of how to inspect the ball joints. 
Thus far, x-ray techniques appear the most viable solution, although these systems can be quite 
expensive. Once the component is mounted, it can be removed and a new component remounted; 
however, there is currently no process for reworking the removed component for reuse. 

Vantis' Development Plans 

Yantis is currently shipping BGA packages with body sizes of 27 mm x 27 mm and 35 mm x 
35 mm at 1.27 mm ball pitch. Yantis will continue to develop other enhanced BGA packages with 
smaller ball pitches, better thermal performance and higher ball counts with smaller body sizes for 
our future products. 
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THERMAL CHARACTERIZATION OF PACKAGES 

With the increased density and complexity of CMOS VLSI semiconductor devices, the need to 
accurately evaluate the thermal properties of packaged Integrated Circuits (ICs) is fundamental to 
the understanding and prediction of device reliability and performance. Failure rates are 
inseparably tied to the operating temperature of the device, and they increase exponentially as the 
temperature of the device junction rises. Therefore, it is important that the junction temperature of 
every IC in the system be controlled to attain high reliability and a long operating life. Likewise, 
understanding the thermal properties of each component in the system is important for addressing 
overall thermal concerns at the system level given the end-use application environment. 

Thermal performance data is usually measured in the form of thermal resistance or thermal 
impedance characteristics (R0JA, 0JA), and it is used to estimate the junction temperature of a 
device operating in a given environment. A certain amount of caution should be exercised, 
however, when using thermal data to design or evaluate systems because many factors influence 
the thermal performance of the chip-package combination. These factors include such 
phenomenon as the ambient temperature, the power dissipation of the chip, the thermal 
conductivity of the Printed Circuit Board (PCB), the proximity and power dissipation of 
neighboring devices, and the airflow through the system. Therefore, it is important to carefully 
evaluate and analyze the entire system and its environment before utilizing any standard thermal 
data. Yantis reports data using the JEDEC JESD51 specification format so that the end user can 
approximate the effect of the application environment. 

The following sections detail the methodology and techniques used by Yantis to evaluate the 
thermal performance of our devices, with an emphasis on fundamental heat flow properties. Our 
methods comply with established standards, both government and commercial, and we meet or 
exceed all military specifications for testing and reporting data. Our thermal data is collected for 
still air, moving air, and isothermal case temperature, using measurement techniques that are in 
conformance with MIL-SPEC 883D, Method 1012.1 specifications. We also adhere to the recently 
published improved standards for the thermal test method, environmental considerations, and 
mounting surface specification. These were published by the Engineering Industries Association 
(EIA) and Joint Electronic Devices Engineering Council (JEDEC), and they are documented in the 
JESD51 series. 

At Yantis, we are committed to providing current and relevant thermal information for every 
product we manufacture. In our state-of-the art thermal characterization facility, we can evaluate 
the thermal performance of any Yantis product. Customers interested in product-specific thermal 
data should contact a Yantis sales representative. 

TERMINOLOGY 

The most common terminology used in the industry for specifying thermal performance is the 0JA 

term and related forms. These are used to describe the thermal characteristics of semiconductor 
devices in various environments such as natural or forced convection. They are also used when 
simulating an infinite heat sink as in junction-to-case measurements. In addition, a new term has 
been recently defined to meet the needs of end users of plastic surface-mount packages. Denoted 
as 'l'JT this measurement will allow a case temperature measurement during thermal test, which 
can then relate the case temperature in a free convection boundary condition to the junction 
temperature. The '¥Jr parameter also helps to validate junction temperature measurements and 
calculations during thermal characterization. 

490 Package Design 



The terminology commonly used to specify thermal performance, and mathematical constructs for 
calculating thermal resistance parameters, are provided in the following pages. 

MEASUREMENT METHODS 

Yantis uses two primary test methods to evaluate the thermal resistance of packaged ICs: the live 
device method and the thermal test die method. In both methods, we utilize a heat source that is 
mounted within the package. For the live device method, it is a thermal test chip. 
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Thermal Resistance Terminology 

Thermal resistance from junction to ambient: resistance from the 
operating portion of a semiconductor device to a natural convec­
tion (still air) environment; °C/W. 

Thermal resistance from junction to moving air: resistance from 
the operating portion of a semiconductor device to a forced con­
vection (moving gas) environment surrounding the device; the gas 
is assumed to be air unless stated otherwise; °C/W. 

Thermal resistance from junction to case: resistance from the 
operating portion of a semiconductor device to the outside surface 
of the package (case) closest to the chip mounting area when that 
same surface is properly heat sunk so as to minimize temperature 
variation across the surface; °C/W. 

Thermal resistance from junction to reference point: resistance 
from the operating portion of a semiconductor device to a defined 
reference point within the specified environment surrounding the 
device; °C/W. 

Thermal resistance from junction to environment: resistance from 
the operating portion of a semiconductor device to a defined non­
standard environment surrounding the device; °C/W. 

Thermal resistance from the operating portion of a semiconductor 
device to a liquid environment surrounding the device; °C/W. 

Thermal resistance from specified reference location on the case 
of a semiconductor device to an ambient environment surrounding 
the device; °C/W. 

'¥ JT =Thermal characterization parameter from device junction to the top center of 
the package surface; °C/W. 

TJ =Junction temperature; °C. 

TA =Ambient temperature; °C. 

Tc =Case temperature; °C. 

TR =Reference temperature; °C, to standard environment. 

T x =Reference temperature; °C, to non-standard environment. 

PH =Device power dissipation, steady state; Watts. 

Ice =Device current supply; Amperes. 

V cc =Device voltage supply; Volts. 

Po =Device power dissipation in watts (Vccx Ice>· 

KF =Kfactor; calibration constant for determining the /H//!.V relationship of the 
Thermally Sensitive Device (TSO); °C/mV. 

TSO= Thermally sensitive device: usually a semiconductor junction which exhibits a 
linear relationship to temperature over a given temperature range with a 
constant current applied; °C/mV. 

Note: (}JR is an alternative symbol for R(}JR. 

continued 
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Sample Calculations: Thermal Resistance 

1) For calibration of a 
Thermally Sensitive Device (TSO): 

where: 
(1) 

THI High calibration temperature 

TLO Low calibration temperature 

VHI High TSO voltage 

VLo Low TSD voltage 

Note: This measurement is made at three or more temperatures to 
validate linearity of the TSD. 

2) For calculating thermal resistance: 

where: 
6JR is the thermal resistance from junction to some specified 
reference point for: 

(2) 

6JA: 2.54 mm below and 150 mm to the side of the device under test 
(see Figure 8.1) 

6JMA: directly upstream from the device under test (see Figure 8.3). 

6Jc: side of the package directly adjacent to the backside of the die. 

3) For calculating the relationship 

between 0JA, 0Jc , and 0cA: (3) 

4) For calculating junction temperature: 

5) 

6) 

where: 
(4) 

TR is the temperature at some specified reference point. 

6JR is the thermal resistance to some specified reference point, R, 0ctw. 

Thermal characterization parameter, 
'¥ JT• calculation: 

(5) 

where: 

'l'JT Thermal characterization parameter from top surface of 
package to air. 

Device junction temperature at steady-state power. 

The package top surface, at steady-state power, measured 

by a thermocouple, infrared sensor, or fluoroptic sensor. 

Thermal characterization 
parameter, 'l'TA• calculation: .,, Trss-TAss 

TTA= (6) 
where: 

'l'rA 
PH 

Thermal characterization parameter from top surface of 
package to air. 
Package (top surface) temperature at steady-state power. 

The ambient temperature at steady-state power. 

7) For calculating the relationship 
between 0JA and '¥ JT' (7) 
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Table 11. Typical Thermal Resistance Data (TA=25°C. These Parameters are not Tested.) 

9Jc1 octw 'l'Jl oc/W 9J} °C/W 
0Jma oc/W 0Jma oc/W 9Jma oc/W 9Jma octw 
200 lfpm 400lfpm 600 lfpm 800 lfpm 

Package Style (Typ) (Typ) (Typ) (Typ) (Typ) (Typ) (Typ) 

PL44 10.9 31.4 26.5 25 24.2 23.6 

PL68 10 33 29.4 26.8 25.0 22.3 

PL84 7.8 28.3 22.5 21.4 20.4 19.5 

PLH84 3.2 15.9 13.2 11.5 9.7 8.8 

PQE160 0.9 1.7 12.9 7.8 6.5 5.6 5 

PQE208 0.9 1.9 11.6 6.4 5.2 4.6 4 

PQE240 0.8 1.3 11.5 6.3 5.4 4.4 4.1 

PQL48 4.7 32.5 26.4 24.8 22.8 21.8 

PQL100 4.6 28.7 25.1 23.2 21.8 20.7 

PQL144 6.4 29.5 26.1 24.9 23.3 22.2 

PQR100 18.9 34.5 30.3 27.6 26 24.8 

PQR144 13 32.1 22.I 18.5 18.2 17 

PQR160 13.5 29.5 25.I 23.3 22 21.1 

PQR208 17 51.4 46.6 44.4 42.8 41.7 

PQT44 11.3 41 35 33.7 32.6 32 

PRH144 5.1 19.5 16.4 14.1 12.5 11.7 

PRH208 4.5 16.I 12.4 11.6 10.3 9.5 

8GD256 1.2 2.9 14.5 11.7 10.7 9.8 9.1 

BGD352 I 2.8 12.6 IO.I 9.2 8.4 7.8 

Notes: 
1. (}jc is only valid for packages with direct thermal pathways to the surface of the package and should only be used to calculate 

junction temperature if a beat sink is applied. 

2. l{lp is a thermal parameter allowing the calculation of junction temperature from a measured temperature at the top center of 
the package in natural convection. See ]BSD 51-2 for details ( wwwjedec.orglfree standards) 

3. All thermal data was generated according to EIA/!EDEC specijications]ESD51 series. All measured packages were surface 
mounted on to 2S2P (2 signal, 2 internal Cu plane) boards. 

Plastic 9/c Considerations 
The data listed for plastic (}jc are for reference only and are not recommended for use in calculating junction temperatures. The 
beat1/ow paths in plastic-encapsulated devices are complex, making the 6.Jc measurement relative to a specific location on the pack­
age surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the package. 
Furthermore, (}jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a constant tem­
perature. Therefore, the measurements can only be used in a similar environment. 

The live device method provides weighted average values for thermal resistance, and it can account for any hot spots or uneven tem­
perature distributions on the die. The thermal test die method is preferred, however, because it enables the power dissipation and die 
size to be easily controlled. The following sections provide details on these two methods and the calibration process that is required. 

494 Package Design 



CALIBRATION OF THE THERMALLY SENSITIVE DEVICE 

When utilizing either the live device method or the thermal test die method, the Thermally 
Sensitive Device (TSD) must first be calibrated to determine the AT/AV characteristics (i.e., the 
change in temperature over the change in voltage). (The TSD appropriate for each test method is 
defined in the sections that follow.) 

The calibration factor (KF) for the TSD is used to relate the forward voltage of the TSD to a 
temperature, thereby allowing thermal resistance to be computed using the algorithm (1) provided 
under "Sample Calculations." The devices under test are calibrated over the temperature range of 
interest in either a convection type oven or a temperature controlled fluid bath. 

Live Device Method 

When measuring the thermal characteristics of a live semiconductor device, the device must first 
be biased to provide the typical power dissipation for that device type. Also, a TSD must be located 
on the die to enable the junction temperature to be measured and monitored. The most commonly 
used TSD is either the substrate isolation diodes or an ESD input protection diode. Substrate diodes 
are preferred because using an input diode for temperature sensing only gives the temperature 
information for a small region of the die. Substrate isolation diodes, on the other hand, provide an 
array of the intrinsic parasitic diodes inherent in many semiconductor processes. 

To implement the electrical test method for a live device, the device must first be forward biased 
as it is in normal operation and allowed to dissipate power. Then it must be reverse biased and, 
at specified intervals (usually within 10 to 40 µs from the time power was removed), the TSD must 
be measured to determine the junction temperature. This is also referred to as the voltage-drop 
method or the pulse method. The parameter actually measured is the forward voltage drop of a 
semiconductor junction. The substrate isolation diodes are also electrically in parallel, so the 
junction temperature recorded is the weighted average of the hottest junction on the die, providing 
typical worst case values. Unfortunately, due to the increasing complexity of the silicon, the live 
device method is less popular and not widely used for high pin-count products. Biasing the die 
with the correct vectors and signals while switching from the forward- to reverse-bias modes is 
becoming more difficult, and in some cases impossible. 

Thermal Test Die Method 

When using the thermal test die method, a specially designed thermal test die is assembled into 
the IC package. This test die contains a resistive element for power dissipation. Semiconductor 
junctions (i.e., diodes) are used as TSD to enable the temperatures at various locations on the die 
to be measured. This method is used primarily to evaluate the thermal resistances of packages, 
generically, given the range of die sizes appropriate for the module size of the thermal test die 
(usually 75 to 100 mils2). These modules can be arrayed to produce larger die sizes in increments 
of the unit module (i.e., 100 mils2, 200 mils2, etc.). 

The thermal test die method is limited, however, in that it assumes evenly distributed power 
dissipation across the surface of the die. This typically produces a near-ideal heat source and lower 
thermal resistance results. Therefore, the die size and temperature distribution of the actual 
(production) device should be taken in to account when making these types of measurements. 
The temperature distribution of the production device can be determined by the use of non­
contact thermometry methods such as liquid crystal thermography or infrared thermometry. The 
temperature distribution, assuming typical operating conditions, can then be computed based on 
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evidence of hot spots and the resulting temperature distribution across the die. Based on this 
analysis, the thermal properties of the production device can be correlated with those obtained 
with the thermal test die. 

MEASUREMENT ENVIRONMENTS 

When using thermal performance data for semiconductor devices, it is extremely important to 
consider the effects of the environment on the measured or modeled values. To simulate the 
environments devices will encounter in end-use applications, thermal measurements are taken in 
still and moving air environments and at the case (or package body) environment, as explained in 
the following sections. 

Natural Convection (Still-Air) Environment 

Natural convection measurements (0JA) are performed in a chamber which encloses one cubic-foot 
volume of still air. A diagram of a still-air chamber is shown in Figures 16 and 17. The test board 
near the device under test is mounted horizontally (or vertically, if requested) in the chamber, and 
the reference temperatures both inside and outside the chamber are monitored. The device is 
allowed to come to a steady state thermal condition both before and after heating power is applied. 

Forced Convection (Moving-Air) Environment. 

Forced convection (0JMJmeasurements are performed in a laboratory wind tunnel, a diagram of 
which is shown in Figure 18. The test boards can be mounted vertically or horizontally, depending 
on the requirement. 

Air speeds of 100 to 1200 linear feet per minute (lfpm) are attainable in the tunnel. Air speed is 
monitored using a hot-wire anemometer, which is mounted on an XYZ stage near the device. 

Case Environment 

When taking case (0Jc) measurements, a separate apparatus is required for hermetic versus plastic 
packages. 

i,--box 

edge connect~1 I-0.5 
_ 6.0 (15.24) I ·x· r-·v--

COMP.OOOOt" ~ 
12n 

ontesi:boo.rd j 
{30.48) 

rlce.54) l 
T~ •. 1s 

5,5 therMocouple 17,145> 

(13.97) 

test leo.ds 

!:;;;;; F;;; 
(<e.g. ribbon 

~ 
co.ble) 

non-conductive to.ble top un1ts1 
Inches (centlMeters) 215528-019 

Figure 16. Side View of the Natural Convection Fixture, Which is Used for Still-Air Tests 

496 Package Design 



UNITS: INCHES (CENTIMETERS) 

215520-020 

Figure 17. Isometric View of the Natural Convection Fixture 

For hermetic packages, a thermoelectric device or cold plate is used to keep the case temperature 
constant during the measurement process. The package is placed against the cold plate and held 
in position with an adjustable clamp. A thin layer of thermal grease is used to thermally contact 
the package to the test fixture. A thermocouple is mounted into the test fixture that comes in 
contact with the package body to allow case temperature measurements. Fixtures for junction-to­
case measurements are customized for each package style. 

For plastic packages, a temperature-controlled fluid bath containing deionized water is used. Fluid 
is forced onto the package body from both sides from nozzles as shown in Figure 19. Due to the 
high heat transfer capabilities of this method, we assume the reference temperature is that of the 
liquid. This measurement is a relatively new technique that essentially provides the same boundary 
conditions as the cold plate method does for hermetic packages. But, caution should be used when 
attempting to calculate junction temperature from e1c values for plastic packages in end-use 
environments (see the following section on 'l'JT). 
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215528-021 

Figure 18. Forced Convection Chamber, Which is Used To Conduct Moving-Air Tests 
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Figure 19. Jet Nozzle Impingement, Which is Used For Taking Case Measurements of a Plastic Package 

THERMAL CHARACTERIZATION PARAMETER ('l'JT) 

A new parameter has gained popularity due to the misconceptions arising from using the value of 
0Jc to calculate junction temperatures for plastic packaged devices in end-use environments. This 
parameter is proportional to the temperature difference between the top center of the package and 
the junction temperature, relative to the power dissipation. It is a useful parameter for verifying 
device temperatures in an end-use environment. The sample calculations on page 492 and 493 
provide examples of calculations using this new parameter. 
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THERMAL TEST BOARDS 

Before measuring the thermal characteristics of a semiconductor device, the component is 
assembled onto a test board using industry-standard techniques. The test boards Yantis uses for 
this are standardized to conform with the JEDEDC specificationJESD51_3. Two types of test boards 
are commonly used: low-effective or high-effective thermal conductivity test boards. 

Low-Effective Thermal Conductivity Test Boards 

Low-effective thermal conductivity test boards are designed to simulate worst-case board 
mounting. These boards have no internal planes and minimum trace routing. 

High-Effective Thermal Conductivity Test Boards 

High-effective thermal conductivity test boards are fabricated to have two evenly spaced internal 
planes. These boards more closely reflect applications in which ground or power planes are used 
in the PCB. 

For both board types, FR4 is used as the board material, and small gauge wire is used to connect 
the device to the test interface. The board dimensions are 76.2 mm wide by 114.3 mm long for 
packages having body sizes <28 mm. For package bodies <::28 mm, the board size is 101.6 mm 
wide by 114.3 mm long. 

0 = 114.3 mm 

C=74.17 mm 

215528-023 

Figure 20. Thermal Test Board Design for IC 
Packages Having Body Sizes Less Than 28 mm 

0 = 114.3 mm 

f = 1.981 mm C = 9.525 mm 

215528-023 

Figure 21. Thermal Test Board Design for IC 
Packages Having Body Sizes of 28 mm 

(See Figures 20 and 21). By standardizing the board, the environment for testing is normalized to 
the board size, allowing comparisons between package families or package variations within a 
family. These PCB designs conform to JESD specifications. 
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PRODUCT CARRIERS PER PACKAGE lYPE 

Packing methods for devices have become increasingly important to facilitate automated board 
assembly and optimize packing density. This goal, along with protecting product reliability, drives 
the design concepts behind some of the new packing systems. 

Yantis offers several packing systems for its through-hole and surface-mount products. The table 
lists those systems that are used as a standard. 

Yantis' packing system designs have kept pace with the sophistication of user needs and product 
sensitivity. This section provides in-depth descriptions of these designs. 

Table 12. Product Carriers for IC Packages 
Package Type Lead count Device Carrier Packing Container 

Plastic 
All leadcounlli 

Dual-In-Line 
Tube Mini-Q or 1 Q box 

Tube Dry pack & 2k/4k box 
~32 lead 

Tape & Reel, (Note 1) Plastic Leaded Chip Dry pack & reel box 

Carrier Tube 2k/4kbox 
All others 

Tape & Ree (Note 1) Reel box 

Plastic Small Outline & Tube Mini-Q or IQ box 
Shrink Plastic Small All leadcounlli 
Outlines Tape & Reel (Notes 1 & 2) Reel box 

Plastic Quad Flat Pack 
& Thin Plastic Quad Flat All leadcounlli Tray (Note 3) Dry pack & tray box 
Pack 

Plastic Ball Grid Array All configurations Tray (Note 3) Dry pack & tray box 

Notes: 
1. optional; upon request only 

2. F.xcept for the SO 028-lead package, which is not available in tape and reel. 

3. These trays can Withstand temperatures of-125 °C to 150 °C. 
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Tubes 

Tubes are used as unit carriers for most of our lower leadcount packages. The product carrier guide 
on the next page shows which package families are shipped in tubes as a standard. 

All of our tubes are made of an antistatically coated PVC to protect product from electrical and 
mechanical damage. The tubes are designed to accommodate packages that are loaded with or 
without unit carriers depending on the package style. Tube sizes are standardized by package type 
to facilitate automated board assembly. 

DEVICE LOADING 

Devices are loaded into tubes, with each device pin one uniformly oriented (only one product date 
code per tube). A variety of end-plug designs, all of antistatic material, secure products in the tube 
and ensure that there is no excessive movement of product in the tube during shipping and 
handling. This protects the mechanical integrity of the package and leads; it also ensures an 
unimpaired dispensing of product for manufacturing operations. 

When the end-plug design is a plastic stopper pin, all devices are loaded so pin one is oriented 
toward the green stopper pin to aid in manufacturing. 

This section includes details about the quantity of devices per tube for each package style and 
leadcount. Yantis encourages but does not require ordering and shipping in full tube quantities. 
Following the quantity tables, dimension drawings for all of our tube sizes (by package type) are 
shown, along with the specific end-plug design used. 

Consult your Yantis sales representative for additional information about our tubes. 

Table 13. Q-Pack Tube and Box Quantity Information 

Devices Per Tubes Per Devices Per 
Package Lead count Tube Box Box 

PL 20 lead, square 46 10 460 
Plastic PL, Pili 28 lead, square 37 15 555 
Leaded 

44 lead, square 26 10 (note I) 1040 (note I) 
Chip 

PL 

Carriers PL 68 tead, square 18 15 (note 2) 810 (note 2) 

PL, Pili 84 lead, square 15 16 (note 2) 720 (note 2) 

Plastic so 20lead 38 15 570 
Small 
Outline so 24 lead 30 16 480 

Notes: 
1. 1be tubes per box actually reflect the quantity of tubes in a dry pack bag, not the Q-Pack box. 1be device count per box, however, 

is accurate because four bags of parts are put in the box. 

2. 1be tubes per box actually reflect the quantity of tubes in a dry pack bag, not the Q-Pack box. 1be device count per box, however, 
is accurate because three bags of parts are put in the box. 
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Trays 

Trays are used instead of tubes to protect higher leadcount packages from electrical and 
mechanical damage during handling and shipment. Trays are also suitable for product presentation 
to board assembly equipment. 

All trays are uniformly sized, in compliance with standard JEDEC outlines. As much as possible, 
Yantis procures trays that are made of 25 percent recycled material. The PVC tray material is either 
carbon-filled or antistatically coated to provide ESD protection. 

Trays for plastic packages can withstand continuous operation at temperatures up to 150°C. 

Packages are placed in the trays so that the device pin one is oriented to the notched corner of 
the tray, enabling pick-and-place equipment setiips to be compatible for all packages and 
leadcount. 

For shipment, a stack of six trays are secured with straps; five containing parts and the sixth serving 
as a cover. The diagrams and tables that follow show tray dimensions per package and the 
quantities of parts per tray. 

............ NOTCHED CORNER 
215528-026 

Figure 22. Five trays of Product are Stacked for Shipment, With a Sixth Tray Serving as a Cover, and All 
Devices are Uniformly Oriented so Pin One is Aligned With the Notched Corner of the Tray 
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Table 14. Tray Device Carriers: Full Tray Quantity Information All Applicable 
Packages - Tray and Box Quantities 

Device Trays 
Package Leadcount Per Tray Per Box 1 

PQR 100 lead 66 

Plastic Quad Flat Pack PQR, PRH, PQH 144 & 16o lead 24 

PQR, PRH, PQH 208 & 240 lead 24 

PQT 44lead 160 

PQL 48lead 250 

Thin Plastic Quad Flat Pack lOOlead 
6 (Note I) 

PQL 90 

PQL 144 lead 6o 

PQL 176lead 40 

BGD 256 ball 40 
Plastic Ball Grid Array 

BGD 352 ball 24 

Note: 
1. In all cases, the top tray Is empty, serving as a cover. 

Trays 

Devices 
Per Box 

330 

120 

120 

800 

1250 

450 

300 

200 

200 

120 
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Dry Pack Protection 

Package cracking can occur when moisture-sensitive product is mounted directly onto a board, 
versus socket mounted, using a high temperature solder reflow process. As moisture in the 
encapsulation material heats and vaporizes, the pressure it creates can result in package cracking 
or delamination. Dry packing product keeps the moisture level in the encapsulation material below 
a critical level, providing you with "solder-safe" packages. 

Product that is dry packed is first baked for 5 to 11 hours, depending on the product, at 125 °C 
and then sealed under a partial vacuum in a moisture barrier bag containing desiccant and a 
humidity indicator card. The bag interior is maintained at a safe relative humidity (RH) level of 
S200A Once product is removed from the bag, or the bag seal is broken, the product should be 
board mounted within the recommended out-of-bag time (assuming the assumptions about the 
end-use factory environment are reasonably accurate). The out-of-bag time and the factory 
environment assumptions are listed on the dry pack caution label that is applied to the outside of 
every dry pack bag. If the out-of-bag time is exceeded, or the humidity indicator card upon 
opening the bag registers ~30% RH, then product should be baked for 24 hours at 125 °C before 
board mounting. The tray in which Yantis ships product can withstand up to 150 °C; however, 
product in tubes or reels must be either put in metal tubes or baked for 192 hours at 40 °C at 5% 
RH. 

Yantis determines the moisture sensitivity of our product by testing them per the JEDEC industry­
standard A112-A/ Al13 process. Depending on the results, product classified under one of six 
sensitivity levels, with Level 1 being not moisture sensitive, The sensitivity rating for product is 
indicated on the dry pack caution label on the outside of every dry pack bag. The table lists the 
current sensitivity levels for all Yantis products that are dry packed. 

Table 15. Vantis Moisture Sensitive Products 
JED EC 

Package Lead count Level Out-Of-Bag Time 1 

S28Lead 2 1 year 
Plastic Leaded Chip Carriers (PLCCs) 

;?44Jead 3 168 hours 

144 & 208 lead 3 168hours 
Metric (Note 2) Plastic Quad Flat Packs (PQFPs) 

All others 3 168hours 

Thin Plastic Quad Flat Packs (TQFPs) All leadcounts 3 168hours 

Small Outline (SO) S241ead 3 168hours 

Plastic Ball Grid Arrays (BGAs) All ball counts 3 168hours 

Nor..: 
1. Assumes an end-use factory environment of :S,30 "C and 60% RH. 

2. Includes PQFP packages denoted Internally by Vantts as PQR, PRH, and PQE. 
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Tape & Reel: Full Reel Quantity Information 

Tape-and reel device carriers are available for selected IC packages, as shown in the table below. 
This carrier is designed to protect product from mechanical and electrical damage, and it is suitable 
for device presentation to automatic pick-and-place equipment. 

The tape-and-reel design consists of a pocketed carrier tape which is loaded with one device per 
pocket. Each device is oriented in the pocket so that its pin-one location complies with the 
Engineering Industries Association Standard 481. A protective cover tape is heated-sealed over the 
carrier tape to keep devices in the pockets. The carrier tape is made of conductive polystyrene, 
and the cover tape is antistatic polyester-both of which protect product from ESD damage. 

Once loaded, the tape is wound onto an antistatic plastic reel for packing and shipment. Each reel 
is labeled with a standard inventory label identifying the contents. The number of device per full 
reel are provided in the table shown. 

Package Lead count Qty/Reel 

20lead 1000 

28lead 750 
Plastic Leaded Chip Carrier (PL. PLH) 

44lead 500 

68 and 84 lead 250 

Plastic Small Outline (SO) 20 and 24 lead 1000 

44 lead (PQT) 1500 

48 lead (PQL) 2000 
Thin Plastic Quad Flat Pack (PQL, PQn 

100 lead (PQL) 1000 

144 lead (PQL) 500 

Plastic Ball Grid Array (BGD) 
256 ball count 

TBD 
352 ball count 

Notes: 
1. 300 mm of empty trailer pockets are provided at the beginning of the reel to facilitate feeding the tape into automatic board 

assembly equipment. 

2. 500 mm of empty leader pockets are provided at the end of the reel. 
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CONTROLLING MOISTURE 

In designing packing materials and packing methods, Yantis is sensitive to the susceptibility of 
some IC packages to moisture-induced damage. The risk of this is highest when plastic 
encapsulation materials are used, as plastic is naturally permeable to moisture. The moisture in the 
package will increase or decrease to reach the Relative Humidity (RH) of the surrounding 
environment. 

Therefore, controlling the moisture level in the package body is critical to reducing the risk of 
moisture-induced damage. Such damage may include delamination between the die and the plastic 
encapsulation material, which may result in open connections due to broken wirebonds. Package 
cracking may also occur when the components are exposed to the high temperatures and steep 
temperature gradients used in reflow board assembly techniques. Moisture in the package rapidly 
heats and vaporizes and, if there is sufficient steam due to the moisture in the package having 
reached a critical level, it will fracture the package to escape. This phenomenon is known as the 
"popcorn effect." 

lESTING PRODUCTS FOR MOISTURE SENSITIVITY 

To better understand and classify the moisture sensitivity of our products, Yantis has adopted the 
JED EC test methods A112-A/ A113A. These have been adopted by the industry as the standard 
process by which to determine the moisture sensitivity of IC components. 
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Exposure 
Time 

Faetory 
Environment 

unlimited ~o0c 
90% RH 

2 one year 

3 168 hrs 

4 72hrs 
~o0c 
60% RH 

5 24 hrs 

215528-028 
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JEDEC Test Standard A112-A/A113A 

This test standard (shown on page 507) defines six different moisture sensitivity levels, referred to 
as level 1, level 2, through to level 6. Each higher level denotes a higher level of sensitivity. Product 
that fails the level 1 flow is then tested at a higher level until it passes. Specific process steps in 
each flow subject the product to conditions designed to simulate the environment of an end-use 
application. Subsequent electrical testing and inspection steps determine if the device was 
damaged during the environmental stress steps. 

The only difference between each Al 12-N Al 13A flow is the parameters of the moisture soak step 
(also known as preconditioning). These parameters are designed to allow the component to 
absorb as much moisture as it can given its package size. The purpose of the testing is to determine 
the safe environmental conditions for product exposure. 

Once it is determined that product is moisture sensitive (i.e., it fails the level 1 flow), Yantis dry 
packs the product for storage and shipment. This is done regardless of the type of product carrier 
used (e.g., tubes, trays, reels, etc.). Dry packing protects product from environmental moisture by 
maintaining the interior of the dry pack bag at ::;20 percent RH. 

DRY PACKING PROCESS AND MATERIALS 

The first step in the dry pack process is to remove any moisture buildup in the package by baking 
the finished product for 5 to 15.5 hours, depending on the package type, at 125 °C ± 5 °C. While 
baking, the product is contained in device trays (made of material that can withstand the high 
temperature) or aluminum trays or tubes. Within 50 hours after baking, the product is sealed in a 
dry pack bag under a partial vacuum. The bag is sealed using an impulse heat sealer at a seal time 
of 1.0 to 1.5 seconds; a seal pressure of 40 to 50 psi; and a temperature range of 191 °C to 232 °C. 

Included in the dry pack bag are a prescribed number of humidity indicator cards and desiccant 
pouches, depending on the quantity of devices in the bag. 
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II VANTIS 
I BEYONLJ PERFORMANCE 

Programming Support & Tools 

VANTIS APPROVED PROGRAMMERS1 

For more information on the products listed below, please consult a local Yantis sales office. 

Manufacturer Model Revision Pin Count 

Adv in 
1050-L E. Duane Ave. Pilot-U84 10.89 84 

Sunnyvale, CA 94086 Pilot-U40 10.89 40 
(408) 243-7000 MVP 10.89 40 
www.advin.com 

CP1128 3.35 28 
BP Microsystems BP1!48 3.35 48 
1000 N. Post Oak Rd., Suite 225 BP1200 3.35 240 
Houston, TX 77055-7237 

BP1400 3.35 240 (800) 225-2102 
www.bpmicro.com BP2100 3.35 240 

BP2200 3.35 240 

Data 1/0 UniSite 5.8 84 
10525 Willows Road N.E. M2900 5.8 40 
Redmond, WA 98073-9746 
(800) 426-1045 M3900 5.8 84 

www.data-io.com AutoSite 5.8 84 

HI-LO/Tribal Systems 
44388 S. Grimmer Blvd. All-07 (Note 2) 68 
Fremont, CA 94538 

FLEX-700 (Note 2) 68 (510) 623-8859 
www.hilosystems.com.tw 

SMS 
Im Grund 15 Sprint Expert A5/98 68 

D-7988 Wangen, Germany Optima A5/98 68 
011-4975-2297280 Gang Multisyte A5/98 84 
www.sms-sprint.com 

Stag 
Silver Court Watchmead 
Welwyn Garden City Quasar 10.89 84 
Herts AL7 1 LT, UK Eclipse 7.11.97 84 
011-44-1-707-332148 
www.stag.co.uk 

System General 
1603-A S. Main Street 
Milpitas, CA 95035 Turpro- l!FX/l'X 2.70x 40 
(408) 263-6667 
www.sg.com.tw 

Notes: 
1. Vantis does not support or accept rejects programmed on non-approved programmers. 

2. Revision number is based on device type and module type. 

Publication# 99DBPROG 
Amendment/O Issue Date: November 1998 



MACH DEVICE PROGRAMMING UPDATE 

For the most up-to-date information, please visit our Web site www.vantis.com 

Data 1/0 Data 1/0 Data 1/0 Data 1/0 BP Micro BP Micro 
Device Autosite Uni site 2900 3900 1128 1200/1400 

MACH 110 1.5 3.3 1.4 1.3 1.86 2.05 

MACH 111 2.6 4.7 3,6 2.6 3.062 3.042 

MACH 111SP 5.6 5.6 5.6 5.6 NS 3.19 

MACH 120 1.5 3.3 1.4 1.3 1.86 2.05 

MACH 130 1.5 3.4 1.9 1.3 1.86 2.05 

MACH 131 2.6 4.7 3.6 2.6 3.062 3.042 

MACH 131/1 5.8 5.8 NA 5.8 NS 3.24 

MACH 131SP 5.6 5.6 5.6 5.6 NS 3.24 

MACH 210A/Q 1.5 3.3 1.4 1.3 1.86 2.05 

MACHLV210 2.1 4.3 3.1 2.1 2.25C 2.25C 

MACH 211 2.7 4.9 3.7 2.7 NA 3.075 

MACH 21 lSP 2.9 5.2 4 3.1 NS 3.122 

MACH 215 1.5 3.3 1.4 1.3 1.86 2.05 

MACH 220 1.5 3.3 3.5 1.3 1.86 2.05 

MACH 221 2.8 5.0 NS 2.8 3.122 3.122 

MACH 221SP 5.6 5.6 5.6 5.6 NA 3.24 

MACH 230 1.5 3.3 3.5 1.3 1.86 2.05 

MACH 231 2.7 4.9 NS 2.7 NS 3.07 

MACH 23111 5.1 5.1 NA 5.1 NS 3.122 

MACH 231SP 5.1 5.1 5.8 5.1 NS 3.122 

MACH 355 or M4-96/96 2.6 4.8 3.7 2.6 NS 3.053 

MACH 435 1.6 4.1 2.0 1.6 NS 2.21C 

MACH 436 or M4-128N/64 5.5 5.5 NA 5.5 NS 3.26 

MACH 445 2.6 4.8 3.7 2.6 NS 3.053 

MACH 446 or M4-128/64 5.5 5.5 5.5 5.5 NS 3.26 

MACH 466 or M4-256/128 5.5 5.5 5.5 5.5 NS 3.26 

M4-32/32 44 pin PLCC NA 5.7x NA 5.7x 3.35 3.35 

M4-32/32 44 pin PQFP NA 5.7x NA 5.7x 3.35 3.35 

M4-32/32 48 pin TQFP NA 5.7x NA 5.7x 3.35 3.35 

M4-64/32 44 pin PLCC 5.8 5.8 5.8 5.8 3.35 3.35 

M4-64/32 44 pin PQFP 5.8 5.8 5.8 ,, 5.8 3.35 3.35 

M4-64/32 48 pin TQFP 5.8 5.8 5.8 5.8 3.35 3.35 

M4-96/48 100 pin TQFP NA 5.7x 5.7x 5.7x NA 3.35 

M4-192/96 144 pin TQFP NA 5.7x 5.7x 5.7x NA NA 

M5LV-128/68 100 pin PQFP NA NA NA NA NA 3.35 

MSLV-128/68 100 pin TQFP NA NA NA NA NA 3.35 

MSLV-128/74100 pinTQFP NA NA NA NA NA 3.35 

MSLV-128/104144 pin PQFP NA NA NA NA NA 3.35 

M5LV-128/104 144 pin TQFP NA NA NA NA NA 3.35 
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MACH DEVICE PROGRAMMING UPDATE (CONTINUED) 

For the most up-to-date information, please visit our Web site www.vantis.com 

Data 1/0 Data 1/0 Data 1/0 Data 1/0 BP Micro BP Micro 
Device Autosite Uni site 2900 3900 1128 1200/1400 

M5LV-128/120 160 pin PQFP NA NA NA NA NA 3.35 

M5LV-256/68 100 pin PQFP NA 5.6x NA NA 3.31 3.31 

M5LV-256/68 100 pin TQFP NA 5.6x NA NA 3.31 3.31 

M5LV-256/74100 pin TQFP NA NA NA NA NA 3.36 

M5LV-256/104 144 pin PQFP NA 5.6x NA NA NA 3.36 

M5LV-256/104 144 pin TQFP NA NA NA NA NA 3.36 

M5LV-256/120 160 pin PQFP NA 5.8 NA NA 3.31 3.31 

M5LV-256/160 208 pin PQFP 5.8 5.8 5.8 5.8 3.31 3.31 

M5-128/68 100 pin PQ/TQ 5.6 5.6 5.6 5.6 NS 3.24 

M5-128/104 144 pin PQFP 5.6 5.6 5.6 5.6 NS 3.23 

M5-128/120 160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.21 

M5-192/68 100 pin PQ/TQ 5.6 5.6 5.6 5.6 NS 3.16 

M5-192/104 144 pin PQFP 5.6 5.6 5.6 5.6 NS 3.23 

M5-192/120 160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.16 

M5-192/160 208 pin PQFP 5.6 5.6 5.6 5.6 NS 3.16 

M5-256/68 100 pin PQ/TQ 5.6 5.6 5.6 5.6 NS 3.17 

M5-256/104 144 pin PQFP 5.6 5.6 5.6 5.6 NS 3.23 

M5-256/120 160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.17 

M5-256/160 208 pin PQFP 5.6 5.6 5.6 5.6 NS 3.17 

M5-320/120 160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-320/160 208 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-320/184 240 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-320/192 256 ball BGA 5.6 5.6 5.6 5.6 NS 3.26 

M5-384/120 160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-384/160 208 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-384/184 240 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-384/192 256 ball BGA 5.6 5.6 5.6 5.6 NS 3.26 

M5-512/120160 pin PQFP 5.6 5.6 5.6 5.6 NS 3.24 

M5-512/160 208 pin PQFP 5.6 5.6 5.6 5.6 NS 3.21 

M5-512/184 240 pin PQFP 5.6 5.6 5.6 5.6 NS 3.26 

M5-512/192 256 ball BGA 5.6 5.6 5.6 5.6 NS 3.26 

M5-512/256 352 ball BGA 5.6 5.6 5.6 5.6 NS 3.26 

Notes: 
1. Entries in this table are minimum required programming algorithm revisions. These revisions or current approved revisions are 

acceptable. 

2. EV~Engineering version, under evaluation 

3. NS~Not supported due to hardware limitations or marketing considerations; NA~contact Vantis or programmer vendors for 
support information. 

4. x~Programming support on the programmer manufacturer~ bulletin hoard is to be used with indicated revision 

5. MACH is a regl,tered trademark of Vantis Corp. 
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MACH DEVICE PROGRAMMING UPDATE (CONTINUED) 
Stag HI-LO/Tribal ADVIN SMS/Sprint Sys General 

Device Eclipse ALL07/Flex700 U40 I U84 Expert Turpro-1/FX/TX 

MACH 110 6.6.5 3.06 10.21 1193 1.5 

MACH 111 6.6.5 3.06 10.78C N95 2.21 

MACH 111SP 7.1.30 3.33 10.85C A7197 2.32B 

MACH 120 6.6.5 3.04 10.21 1/93 1.5 

MACH 130 6.6.5 3.17 10.21 3191 l.5cf 

MACH 131 6.6.5 3.17 I0.78C A6!95 2.21 

MACH 131/1 7.8.1 3.18D 10.85F2 B0/97 2.32B 

MACH 131SP 7.6.13 3.18C I0.85Fl B0/97 2.32B 

MACH 210A/Q 6.6.5 3.06 10.21 1/93 1.5 

MACHLV210 6.6.5 3.06 10.75A B5!96 2.12F 

MACH211 6.6.5 3.06 10.81 C/95 2.24A 

MACH 211SP 7.1.30 3.32 10.83B B5196 2.25c 

MACH 215 6.6.5 3.06 10.21 1193 1.5 

MACH 220 6.6.5 3.o4 10.21 1193 1.5 

MACH 221 6.6.5 3.04 10.38B VN96 2.26 

MACH 221SP 7.6.13 3.19B I0.86H A0/97 2.32B 

MACH 230 6.6.5 3.17 10.21 B/94 l.5cf 

MACH 231 6.6.5 3.17 I0.78C N95 2.21 

MACH 231/1 6.6.5 3.17 I0.83B C0/96 2.25c 

MACH 231SP 7.7.21 3.17 10.83B B5196 2.25c 

MACH 355 or M4-96/96 7.8.l 3.17 10.SOF A6!95 2.21 

MACH 435 6.6.5 3.17 10.65 1193 I.68G 

MACH 436 or M4-128N/64 7.9.4 3.19C 10.86] B0/97 2.32D 

MACH445 7.1.30 3.17 10.SOF A6!95 2.21 

MACH 446 or M4-128/64 7.9.4 3.19C 10.86] A7197 2.32B 

MACH 466 or M4-256/128 7.9.4 3.19D I0.85E A0/97 2.30K 

M4-32/32 44 pin PLCC NA 3.34D NA A5/98 NA 

M4-32/32 44 pin PQFP NA 3.34D NA A5/98 NA 

M4-32/32 48 pin TQFP NA 3.34D NA A5/98 NA 

M4-64/32 44 pin PLCC NA 3.34B NA A0/98 2.70E 

M4-64/32 44 pin PQFP NA 3.34B NA A0/98 NA 

M4-64/32 48 pin TQFP NA 3.34B NA A0/98 NA 

M4-96/48 100 pin TQFP NA 3.20] NA NA NA 

M4-192/96 144 pin TQFP NA 3.20P NA NA NA 

M5LV-128/68 100 pin PQFP 8.10.16 3.03A NA B0/98 NA 

M5LV-128/68 100 pin TQFP 8.10.16 3.03A NA B0/98 NA 

M5LV-128/74100 pin TQFP NA 3.03C NA B0/98 NA 

M5LV-128/104 144 pin PQFP NA 3.03A NA B0/98 NA 

M5LV-128/104 144 pin TQFP NA 3.03A NA B0/98 NA 

M5LV-128/120 160 pin PQFP NA 3.03A NA B0/98 NA 
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MACH DEVICE PROGRAMMING UPDATE (CONTINUED) 
Stag HI-LO/Tribal ADVIN SMS/Sprint Sys General 

Device Eclipse ALL07/Flex700 U40/U84 Expert Turpro-1/FX/TX 

M5LV-256/68 100 pin PQFP 8.10.16 3.03A NA B0/98 NA 

M5LV-256/68 100 pin TQFP 8.10.16 3.03A NA 80/98 NA 

M5LV-256/74100 pin TQFP NA 3.03D NA 80198 NA 

M5LV-256/104 144 pin PQFP 8.10.16 3.03D NA 80/98 NA 

MSLV-256/120 160 pin PQFP NA 3.02C NA B0/98 NA 

M5LV-256/160 208 pin PQFP NA 3.02C NA 80198 NA 

M5-128/68 100 pin PQ/TQ 8.10.16 3.0C 10.85C A0/97 2.328 

M5-128/104 144 pin PQFP 8.10.16 3.0C 10.85C A0/97 2.328 

M5-128/120160 pin PQFP 8.10.16 3.08 10.85C A0/97 2.328 

M5-192/68 100 pin PQ/TQ 8.10.16 3.0C 10.848 A5/97 2.30K 

MS-192/104144 pin PQFP 8.10.16 3.0C 10.848 A5197 2.30K 

M5-192/120 160 pin PQFP 8.10.16 3.08 10.848 CS/96 2.30K 

MS-192/160 208 pin PQFP 8.10.16 3.0C 10.848 C5/06 2.30K 

M5-256/68 100 pin PQ/TQ 7.6.13 3.0C 10.848 A0/97 2.30J 

M5-256/104 144 pin PQFP 7.8.1 3.0C 10.84B A5197 2.30J 

M5-256/120 160 pin PQFP 7.7.21 3.08 I0.84B A5/97 2.30J 

M5-256/160 208 pin PQFP 7.6.13 3 10.84B CS/96 2.30J 

MS-320/120 160 pin PQFP 7.8.1 3.02 10.86} A5/97 2.35C 

M5-320/160 208 pin PQFP 7.8.I 3.02 I0.86H A5197 2.35C 

M5-320/184 240 pin PQFP 7.8.1 3.02 10.87C B0/97 2.35C 

M5-320/192 256 ball BGA 7.8.I 3.02C I0.86H B0/97 2.35C 

M5-384/120 160 pin PQFP 7.8.1 3.02 I0.86H A5/97 2.35C 

MS-384/160 208 pin PQFP 7.8.1 3.02 I0.86H A5/97 2.35C 

MS-384/184 240 pin PQFP 7.8.I 3.02C I0.87C B0/97 2.35C 

M5-384/192 256 ball BGA 7.8.1 3.02C 10.86H B0/97 2.35C 

M5-512/120160 pin PQFP 7.8.1 3.02 10.85E A5/97 NA 

M5-512/160 208 pin PQFP 7.8.1 3.02 10.85E A0/97 NA 

M5-512/184 240 pin PQFP 7.8.I 3.02 I0.85E B0/97 NA 

MS-512/192 256 ball BGA 7.8.1 3.02C I0.86H B0/97 NA 

M5-512/256 352 ball BGA 7.8.1 3.02D 10.86H 80197 NA 

Notes: 
1. Entries fn this table are minimum required programming algorithm revisions. Tbese revisions or current approved revisions are 

acceptable. 

2. EV=Engineering version, under evaluation 

3. NS=Not supported due to hardware limitations or marketing considerations; NA =Contact Vantis or programmer vendors for 
support information. 

4. x=Programming support on the programmer manufacturer's bulletin board is to be used with indicated revision 

5. '=Require use of adapter 
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MACH SOCKET ADAPTERS 

The following sockets are available for adapting MACH products for programming through 28-pin 
DIP sockets on Approved Programmers. 

California Integration 
Device Package Coordinators, Inc. Emulation Technology, Inc. 

MACH 110 44-pinPLCC AS-44-28-0IP-300-YAM 

44-pinPLCC AS-44-28-0IP-300-YAM 

MACH111 CIC-44TQ-28D-B6-ENP AS-44-28-0 I TQ-6ENP-SP 
44-pin TQFP 

CIC-44TQ-28D-A6-BNP AS-44-28-0 I TQ-600-ENP 

44-pinPLCC AS-44-28-0 IP-300-YAM 
MACH 111SP 

44-pin TQFP CIC-44TQ-28D-B6-ENP AS-44-28-0ITQ-6ENP-SP 

MACH 120 68-pin PLCC CIC-68PL-28D-A6-YAM AS-68-28-0SP-300-YAM 

MACH 130 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 131 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 131/1 84-pin PLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 131SP 
100-pin PQFP CIC-100QF-28D-A6-YAM AS-I 00-28-03Q-600 

I 00-pin TQFP CIC- I OOTQ-28D-B6-YAM 

44-pinPLCC AS-44-28-0IP-300-YAM 

MACH 210 CIC-44TQ-28D-B6-ENP AS-44-28-0 I TQ-6ENP-SP 
44-pin TQFP 

CIC-44TQ-28D-A6-BNP AS-44-28-0 I TQ-600-ENP 

44-pinPLCC AS-44-28-0 IP-300-YAM 

MACH 211 CIC-44TQ-28D-B6-ENP AS-44-28-0 I TQ-6ENP-SP 
44-pin TQFP 

CIC-44TQ-28D-A6-BNP AS-44-28-0 I TQ-600-ENP 

44-pinPLCC AS-44-28-0IP-300-YAM 
MACH 211SP 

44-pin TQFP CIC-44TQ-28D-B6-ENP AS-44-28-0 I TQ-6ENP-SP 

MACH 215 44-pinPLCC AS-44-28-0IP-300-YAM 

MACH 220 68-pin PLCC CIC-68PL-28D-A6-YAM AS-68-28-0SP-300-YAM 

MACH 221 68-pinPLCC CIC-68PL-28D-A6-YAM AS-68-28-0SP-300-YAM 

MACH 221SP 100-pin PQFP CIC-IOOQF-28D-A6-YAM AS- I 00-28-03Q-600 

MACH 230 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 231 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 231/1 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 231SP 
100-pin PQFP CIC-IOOQF-28D-A6-YAM AS-I00-28-03Q-600 

100-pin TQFP CIC-IOOTQ-28D-B6-YAM 

MACH 355 or M4-96/96 144-pin PQFP AS-144-28-0IQ-600 

MACH 435 84-pin PLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 436 or M4-128N/64 84-pinPLCC CIC-84PL-28D-A6-YAM AS-84-28-04P-600-YAM 

MACH 445 100-pin PQFP CIC-IOOQF-28D-A6-YAM AS-I 00-28-03Q-600 

MACH 446 or M4-128/64 100-pin PQFP CIC-100QF-28D-A6-YAM AS-I00-28-03Q-600 

MACH 446 or M4-128/64 I 00-pin TQFP CIC-IOOTQ-28D-E6-YAM 

MACH 466 or M4-256/128 208-pin PQFP CIC-208PQ-28D-B6-YAM AS-208-28-02Q-6 

M4-256/128 256-ball BGA CIC-256BGA-28D-B6-PLA 
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Device Package 

44-pin TQFP 

M4-32/32 or M4-64/32 48-pin TQFP 

44-pin PLCC 

M4-96/48 100-pin TQFP 

M4-192/96 144-pin TQFP 

160-pin PQFP 

MACH5-128 
144-pin PQFP 

100-pin PQFP 

100-pin TQFP 

208-pin PQFP 

240-pin PQFP 

MACH5-192 
160-pin PQFP 

144-pin PQFP 

I 00-pin PQFP 

100-pin TQFP 

208-pin PQFP 

240-pin PQFP 

MACH5-256 
160-pin PQFP 

144-pin PQFP 

100-pin PQFP 

100-pin TQFP 

208-pin PQFP 

MACH5-320 
240-pin PQFP 

160-pin PQFP 

256-pin BGA 

208-pin PQFP 

MACH5-384 
240-pin PQFP 

160-pin PQFP 

256-pin BGA 

208-pin PQFP 

240-pin PQFP 

MACH5-512 160-pin PQFP 

256-pin BGA 

352-pin BGA 

Contacts: 

California Integration Coordinators, Inc. 
656 Main Street 

Placerville, CA 95667 

(916) 626-6168 Tel. 

(916) 626-7740 Fax. 

California Integration 
Coordinators, Inc. 

CIC-44TQ-280-C6-ENP 

CIC-48TQ-280-A6-YAM 

CIC- I OOTQ-280-E6-YAM 

CIC-144TQ-280-B6-YAM 

CIC- I 60QF-280-A6-YAM 

CIC- I 44QF-280-A6-YAM 

CIC-100QF-280-C6-YAM 

CIC- I OOTQ-280-06-YAM Rev. 2 

CIC-208QF-280-A6-YAM 

CIC-240QF-280-A6-YAM 

CIC-160QF-280-A6-YAM 

CIC- I 44QF-280-A6-YAM 

CIC-100QF-280-C6-YAM 

CIC- lOOTQ-280-06-YAM Rev. 2 

CIC-208QF-280-A6-YAM 

CIC-240QF-280-A6-YAM 

CIC-160QF-280-A6-YAM 

CIC- I 44QF-280-A6-YAM 

CIC-100QF-280-C6-YAM 

CIC- I OOTQ-280-06-YAM Rev. 2 

CIC-208QF-280-A6-YAM 

CIC-240QF-280-A6-YAM 

CIC-160QF-280-A6-YAM 

CIC-2 56SBGA-280-A6-PLA 

CIC-208QF-280-A6-YAM 

CIC-240QF-280-A6-YAM 

CIC-160QF-280-A6-YAM 

CIC-2 56SBGA-280-A6-PLA 

CIC-208QF-280-A6-YAM 

CIC-240QF-280-A6-YAM 

CIC-160QF-280-A6-YAM 

CIC-256SBGA-280-A6-PLA 

CIC-352SBGA-280-A6-PLA 

Emulation Technology, Inc. 
World Headquarters 

2344 Walsh Avenue, Building F 

Santa Clara, CA 95051-130 I U.S.A. 

( 408) 982-0660 Tel. 

( 408) 982-0664 Fax 

Programming Support Tools 

Emulation Technology, Inc. 

AS-44-28-0IP-3-YAM 

AS-160-28-02Q-600 

AS-208-28-04Q-6YAM 

AS- I 60-28-02Q-600 

AS-208-28-04Q-6YAM 

AS-160-28-0ZQ-600 

AS-208-28-04Q-6YAM 

AS-160-28-02Q-600 

AS-208-28-04Q-6YAM 

AS-160-28-02Q-600 

AS-208-28-04Q-6YAM 

AS- I 60-28-02Q-600 
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PAL DEVICE PROGRAMMING UPDATE 
Data 110 Data 1/0 Data 1/0 Data 1/0 BP Micro BP Micro 

Device Autosite Unisite 2900 3900 1128 1200/1400 

PALCE16Y8Z-XX 1.5 3.6 1.9 1.3 1.86 2.05 

PALCE16Y8H/Q-XX/4/5 1.5 3.4 1.6 1.3 1.55 2.15 

PALLY16Y8-XX 2.1 4.4 3.2 2.2 2.25C 2.25C 

PALLY! 6Y8Z-XX 2.1 4.4 3.2 2.2 2.25C 2.25C 

PALCE20Y8H/Q-XX/4/5 2.5 4.7 3.5 2.5 2.19 2.05 

PALCE22Y1 OH/Q-XX/4/5 2.5 4.7 3.5 2.5 3.0 3.0 

PALCE22Y1 OZ 2.5 4.7 3.5 2.5 3.0 3.0 

PALLY22Y1 OZ-XX/5 2.5 4.7 3.5 2.5 2.25C 2.25C 

PALLY22Y10 2.5 4.7 3.5 2.5 2.33 2.33 

PALCE20RA 1 OH-XX 2.3 4.9 3.3 2.7 1.55 3.01 

PALCE24Y10 2.1 3.4 1.5 1.3 1.55 2.05 

PALCE26Y12-XX/4 2.7 4.9 1.9 2.7 1.79 l.68B 

PALCE29M16/4 2.1 3.4 1.5 1.3 1.61 2.15 

PALCE29MA 16/4 2.1 3.4 1.5 1.3 1.61 2.15 

PALCE610H-XX 2.3 4.5 3.3 2.3 2.19 2.21C 

PAL DEVICE PROGRAMMING UPDATE (CONTINUED} 
Sys General 

Logical Devices HI-LO I Tribal ADVIN SMS I Sprint Turpro-1 I FX I 
Device Stag Quasar AllPro 88 ALL07 I Flex700 U40 I U84 Expert TX 

PALCE16Y8Z-XX 10.75A 2.2 3.54a 10.36 3192 l.68B 

PALCE16Y8H/Q-XX/4/5 10.75A 2.1 3.54a 10.1 3.4 1.5 

PALLY! 6Y8-XX 10.75A 2.6 3.54a 10.75A B/94 2.2 

PALLY! 6Y8Z-XX 10.75A 2.4 3.54a 10.75A B/94 2.2 

PALCE20Y8H/Q-XX/4/5 10.75A 2.1 3.54a 10.1 1/93 1.5 

PALCE22Y1 OH/Q-XX/4/5 10.75A 2.2 3.54a 10.1 3192 l.6SB 

PALCE22Y1 OZ 10.75A 2.2 3.54a 10.l 3192 1.5 

PALLY22Y10Z-XX/5 10.75A 2.4 3.54a 10.75A B/92 2.2 

PALLY22Y10 10.77 2.4 3.54a 10.77 A/92 2.2 

PALCE20RA 1 OH-XX 10.75A 2.1 3.54a 10.21 3.5 1.5 

PALCE24Y10 10.75A 2.2 3.35 10.21 3.4 l.68B 

PALCE26Y12-XX/4 10.75A 2.2 3.35 10.39 3.5 l.68B 

PALCE29M16/4 10.75A 2.2 3.54a 10.61 3.5 1.5 

PALCE29MA 16/4 10.75A 2.2 3.54a 10.61 A/95 1.5 

PALCE61 OH-XX 10.75A 2.1 3.54a 10.75A 3.4 1.686 

Notes: 
1. Entries in this table are minimum required programming algorithm revisions. Tbese revisions or current approved revisions are 

acceptable. 

2. PAL is a registered trademark ofVantis Corp. 
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SELF QUAL VENDORS 

Advantech Equipment Corp. (Taiwan) B & C Microsystems, Inc. Elan Digital Systems, Ltd. 

7FI, No 98, Ming Chuan Road 846 Del Rey Avenue 
Elan House, Little Park Farm Road 

Shin-Tien City, Taipei Sunnyvale, CA 94086 
Sagensworth West, Farenham, Hants, 

Taiwan USA 
P015 5SJ 

Tel 011 886-2-2218-2325 Tel ( 408) 730-5511 
UK 

Electronic Engineering Tools ICE Technology Ltd. Leap Electronic Co. Ltd. 
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II VANTIS Technical Support 
I BEYONU PERFORMANCE 

Yantis provides extensive technical support for its programmable logic devices and associated 
software and responds quickly to customers' technical questions via e-mail, fax or telephone. 
Yantis also provides a worldwide network of applications engineers to provide local support where 
required. 

Yantis provides the following customer support services: 

+ Customer Design Support 

+ Technical Support Hotline 

+ Electronic Mail 

+ World Wide Web Site 

CUSTOMER DESIGN SUPPORT 

Yantis Field and Factory Applications Engineers (FAE) will assist customers with designs to find the 
best solution for customers' requirements. Please contact a local Yantis sales office for support. 
Yantis FAEs will then work with customers at their company site as needed to reach a satisfactory 
solution. 

TECHNICAL SUPPORT HOTLINE 

US & Canada Phone: 

Fax: 

Email: 

UK & Europe Phone: 

Fax: 

Email: 

(888) YANTIS-1 or (888) 826-8471 

(408) 616-7894 

techsupport@vantis.com 

+44-(0) 1276-803285 

+44-(0) 1276-803298 

euro. tech@vantis.com 

Customers in the United States and Canada can receive direct technical support for Yantis devices 
and software by calling Yantis Applications at (888) YANTIS-1 between the hours of 8:00 a.m. and 
5:00 p.m. Pacific Time from Monday to Friday. Customers in the United Kingdom and the rest of 
Europe can receive technical assistance by calling +44-(0) 1276-803285, or by contacting their local 
Yantis distributor or sales office. Customers can also fax technical support questions to (408) 616-
7894. 



ELECTRONIC MAIL 

Customers can use electronic mail (e-mail) to send technical questions about devices and software 
to Yantis Applications· at techsupport@vantis.com. Yantis e-mail is checked regularly throughout 
the day and is given the same priority as telephone inquiries. However, because e-mail delivery 
through the Internet can be delayed, either the technical support hotline or fax should be used for 
urgent issues. 

WORLD WIDE WEB SITE 

Yantis provides a Web site for instant on-line access to the latest Yantis product information. The 
site allows customers to browse through Yantis product information and literature and search for 
solutions on technical questions or problems through the Yantis Technical Support's Frequently 
Asked Questions (FAQs). The Web site also provides the ability for customers to download on-line 
versions of application notes, application briefs, data sheets, and selected software products and 
patches. Access the Yantis Web site at http://www.vantis.com or contact the Yantis Applications 
group at (888) YANTIS-1 for more information. 
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ABSTRACT 

Hot Socketing and Mixed Supply 
Design with MACH 4 and MACH 5 
Devices 

Yantis provides robust and feature-rich 1/0 structures on its MACH® 4 and MACH 5 families of 
devices. To take advantage of these features, it is helpful to understand the characteristics on 
both a family basis and a technology basis. This technical note will describe two Yantis I/0 
characteristics: hot socketing and mixed supply design as they pertain to the MACH 4 and MACH 
5 families manufactured in Yantis' 0.50-µm (EE6.5) and 0.35-µm (EE7) process technologies. 

BACKGROUND 
The Yantis MACH 4 and MACH 5 CPLD families have superior routability, performance, and 
I/0 characteristics that make them ideal for today's complex system designs. The routability 
features include multiple switch matrices, complex macrocell architectures, wide product-term 
allocators, and large numbers of inputs into the arrays. The performance features include fast, 
predictable speeds, power management capabilities, and slew rate control. Detailed information 
about MACH routability and performance can be obtained from the MACH data sheets. 

The 1/0 characteristics are what really set the MACH 4 and MACH 5 devices apart from all other 
architectures. Some of the advanced features they offer to enhance a system design include Bus­
Friendly™ latches, hot socketing, mixed supply capability, and PCI compliance. Due to their 
dependence on process technology, hot socketing and mixed supply design capability need 
additional description over that found in the data sheets. 

Yantis has access to world class process technologies. The two process technologies used in the 
manufacture of the MACH 4 and MACH 5 devices are the 0.50-µm Leff process and the 0.35-µm 
Leff process. As device feature sizes are reduced, so must the voltage supply because of the 
internal electric fields that are generated across the gate oxides. The 0.50-µm process is a 5-volt 
technology, while the 0.35-µm process is a 3.3-volt technology. As a result, the designs used in 
the I/0 and input buffers will be different and will have somewhat different characteristics. Table 
1 shows which of these process technologies is used to manufacture the MACH 4 and MACH 5 
devices, and what Y cc supplies each can be used with. 

Table 1. Device Process and Supply Reference 

Vee Supply 0.50-µm 0.35-µm 

3.3 Volts All M4LV-M5LV 

M5-128 AllM4 

5 Volts M5-192 M5-320,M5-384 

M5-256 M5-512 

Publication# 22159 Rev: B 
Amendment/0 Issue Date: November 1998 



HOT SOCKETING 

Hot socketing is a feature that means different things to different designers. There are two 
common scenarios found in hot socketing environments. The first is when a board or device is 
plugged into a system that is already powered-up. The second is a board in a system where the 
board is powered-down while the system is still powered-up and active, and the powered-down 
board or devices continue to be connected to the active nets in the system. Due to design 
differences between the two manufacturing processes, various MACH devices will behave 
differently for each hot socketing scenario. 

In the scenario where a device or board is plugged into an already powered-up system, the 
principal cause for concern is latch-up. When inserting a part or board, it can be several 
milliseconds before all of the required connections have been made, and there is no particular 
order in which those connections are made. As a result, signal pins can be connected and driven 
before either V cc or ground, and this can lead to latch-up in CMOS devices if they are not 
designed to handle this condition. When a device latches-up, a low-impedance path to ground 
is formed within the device, and the device begins to sink large amounts of current. If the 
situation is not rectified quickly (i.e., by cycling the system power), the device could be 
thermally destroyed, necessitating its replacement. 

In the scenario where a powered-down device is in a powered-up system, the possibility of 
signal disturbance can arise. Signal disturbance takes place when an inactive device affects the 
functionality of active signals. This can happen when the inactive device has a leakage path to 
either V cc or ground, or when the device is driving the signal line during power-up or power­
down. All MACH 4 and MACH 5 devices tri-state their I/Os during power-up and power-down, 
and as a result, this is not a concern for bus disturbance. 

Hot Socketing Specification 

The most dangerous of the two hot socketing scenarios takes place when a voltage is placed on 
an input, and the device goes into latch-up as a result. Most devices are designed to prevent 
latch-up from happening when V cc is at a nominal level such as 5.0 volts or 3.3 volts. When V cc 
is at 0.0 volts however, the situation is much different in that signals driven into inputs or I/Os 
could potentially force the device into latch-up. The hot socket latch-up current specification in 
Table 2 indicates the amount of latch-up current that MACH devices can tolerate without being 
damaged. This information also appears in the Absolute Maximum Ratings section of the device 
data sheets. 

Table 2. lwHs Specification 

Parameter 
Symbol Parameter Description Test Description Max Unit 

ILUHS 
Hot Socket 

Vee= 0.0 Volts, VIN= 5.5 Volts 200 mA 
Latch-up Current 

The second of the two scenarios is much less dangerous from both the device standpoint and 
the system design standpoint. When a device no longer has power applied to it yet is still 
connected to active signals and busses, that device should have no effect on the active signals. 
If it does, precautions must be taken to ensure the system will not be adversely affected and can 
tolerate the strong leakage paths. If the system cannot tolerate the influence of the powered­
down devices, there are design techniques that can be employed to work around the problems. 
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5-Volt, 0.50-µm 1/0 Buffer Hot Socketing Characteristics 

The 5-volt, 0.50-µm MACH 5 devices are perhaps the most robust of the devices from the hot 
socketing standpoint. Not only do they meet the requirements for latch-up current, but they also 
have a minimal amount of leakage current when the devices have no power applied. During 
power-up, all of the MACH 4 and MACH 5 devices have their output drivers disabled such that 
the I/Os are in a high impedance state. Because of the design and the process, the 0.50-µm 
MACH 5 devices have a leakage current of less than 10 µA when V cc = 0.0 volts and 0 V < V pin 

< 5.5 V. 

5-Volt, 0.35-µm 1/0 Buffer Hot Socketing Characteristics 

As with the 5-volt, 0.50-µm devices, the 5-volt, 0.35-µm MACH 4 and MACH 5 devices also meet 
the requirements for latch-up. These devices are not as robust as the 0.50-µm devices when it 
comes to leakage current and source a significant amount of current that must be considered 
when using these devices in a hot socketing environment. During power-up and power-down, 
the output drivers are disabled. However, because of the nature of the 3.3-volt process and its 
design requirements, there is a parasitic diode that becomes forward biased and will source 
current when Vee is less than 0.7 volts. The I-V curves in Figure 1 show the leakage current that 
can be expected on an input or 1/0 pin for a typical device when 0 V < V cc< 0.6 V. Note that 
the differences in ILK for 0.4 V < V cc < 0.6 V are minimal and are represented in Figure 1 by V cc 
= 0.6 volts. 

The curves are shown with VPIN at a maximum value of 3.0 volts. This was done because 
minimum Vm levels for most devices are 2.0 volts or greater, and 3.0 volts will provide sufficient 
margin. When designing a system which could be affected by devices exhibiting leakage current 
when V cc = 0 volts, the primary consideration that must be taken into account is the integrity 
of the signal levels and the ability to maintain minimum Vm levels. Because the leakage currents 
are relatively small for this group of devices, the effects can be overcome with the use of pull­
up resistors on the signals connected to the MACH device. To have the desired effect, the pull­
up resistors must be placed at the system level that will remain powered-up rather than on the 
board where the MACH device is located that will be powered-down. The example below shows 
how to select the correct value for a pull-up resistor that will overcome the leakage current on 
a signal which needs to be held high during power-up: 

Example: Vee =5.0 volts, Vm (min)= 2.0 volts 

at Vm (min) = 2.0 volts and a device V cc of 0.0 volts (worst case), ILK = 0.85 
mA then RPU = (V cc - Vm) I ILK = (5 V - 2 V) / 0.85mA = 3.53 KO 

The pull-up resistor needed to maintain signal integrity would have a value of 
3.3 KQ. 
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Figure 1. 5-Volt, 0.35-µm Typical Leakage Current Characteristics 

3.3-Volt, 0.35-µm 1/0 Buffer Hot Socketing Characteristics 

The 3.3-volt MACH 4 and MACH 5 devices meet the requirements for latch-up current but are 
significantly worse when it comes to leakage current as shown below in Figure 2. The maximum 
leakage current is nearly 9 mA when V cc is 0 volts and VprN is 3.0 volts. Using the assumptions 
from the example above, the resistor value needed to maintain minimum Vrn levels is on the 
order of 462 Q. This smaller resistor will have an adverse effect on both speed and power 
consumption and should be avoided. The reason for the increased leakage current is a result of 
the need for PMOS transistors in the design of the output buffers to pull the output up to the 
V cc rail when the pin is driving high. The PMOS transistor creates a parasitic diode that is the 
source of the leakage when V cc < 0. 7 volts. 
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Figure 2. 3.3-Volt, 0.35-µm Typical Leakage Current Characteristics 
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As a result, the design techniques needed to use the 3.3-volt, 0.35-µm devices in a hot socketing 
environment are somewhat more difficult and costly to implement. One technique is to use 
buffers or FET equivalent switches on the signals connected between the MACH device and the 
system. The drawback to this approach is that additional board space is required and there is an 
additional delay in the speed paths. If board space is not at a premium and speed is not an issue, 
this may be an acceptable option. A second technique that can be implemented is the use of 
hot-socket connectors which keep power and ground supplied to the board until after the signal 
lines have been disconnected. They have longer power and ground pins that guarantee the I/ 
Os are disconnected prior to (for hot removal) or connected after (for hot insertion) the supply 
connections. By doing so, there is no need to first power down a board before inserting or 
removing it from a system. When using this option, it is important for a designer to understand 
exactly how the system will respond in this situation. These techniques, while not optimal, will 
allow the use of these devices in a design requiring hot socketing capability. 

MIXED SUPPLY DESIGN 

As the semiconductor industry migrates from a 5-volt process technology to a 3.3-volt process 
technology, the need to be able to design in a mixed supply environment becomes increasingly 
important. There are four situations to be aware of when designing in such an environment to 
ensure the reliability of all devices. The first is when a 3.3-volt device drives the input of a 5-
volt MACH device. The second is when a 5-volt MACH device drives the input of a 3.3-volt 
device. The third is when a 3.3-volt MACH device drives the input of a 5-volt device, and the 
final is when a 5-volt device drives the input of a 3.3-volt MACH device. All of the conditions 
are described by the minimum and maximum specifications for Yott and Vm. 

5-Volt Tolerant and 3.3-Volt Safe Specifications 

The specification for 5-volt tolerance deals with the device input levels while 3.3-volt safety deals 
with device output levels. For a 3.3-volt device to be 5-volt tolerant, it must be able to handle 
an input as great as V cc (max) for the 5-volt device when V cc of the 3-volt MACH device is at 
a minimum. For a 5-volt device to be 3.3-volt safe, its outputs must drive no higher than Vm 
(max) of the 3.3-volt device when V cc for the 3.3-volt device is at a minimum and V cc for the 
5-volt MACH device is at its maximum value. Furthermore, the source current of the pin being 
driven by the 5-volt MACH device should be 0 mA. Additionally, the same 5-volt MACH device 
must meet the minimum requirements needed to reliably interface with devices that conform to 
the TTL level specification. The TTL specification requires that the outputs drive no less than 
the Vm (min) of the 5-volt TTL device when V cc (5-volt TTL device) is at a minimum and with 
a load current of 3.2 mA. The ideal specifications are given in Table 3, and are derived from the 
requirements needed for both 5-volt TTL and 3.3-volt CMOS devices. The 3.3-volt CMOS 
requirements can be found in the JEDEC LVCMOS specification, JED-SA. The value for VoH 
(max) is given for a 5-volt device driving into a 3.3-volt CMOS device that is operating at its 
minimum V cc of 3.0 volts. In this condition, the determining factor is set by the CMOS device's 
Vm (max) limit of V cc + 0.3 when V cc is at 3.0 volts and with no source current. If a nominal 
V cc of 3.3 volts is assumed rather than the minimum V cc of 3.0 volts, V 0H (max) will be 3.6 
volts. The conditions necessary to meet the hot socketing requirements without going into latch­
up also guarantee the Vm specifications in Table 3. This includes all of the MACH 4 and MACH 
5 devices. All of these MACH devices will also meet the minimum TTL specification for V OH 
when V cc = Min and IoH = -3.2 mA. The following discussions will cover the VoH maximum 
specification. 
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Table 3. 5-VoltTolerant/3.3-Volt Safe Ideal Specifications 

Parameter 
Symbol Parameter Description Test Description Min Max Unit 

VoH Output High Voltage v cc = Min, IoH = -3.2 mA 2.4 v 

VoH Output High Voltage Vee= Max, IoH = 0 mA 3.3 v 

V1H Input High Voltage Vee= Min 5.5 v 

0.50-JJm, 5-Volt Device Mixed Supply Design Characteristics 

The 0.50-µm devices were not originally designed to meet the specifications given above, and 
as a result do not meet them. This does not, however, mean these devices cannot be used in a 
mixed supply environment. When V cc is at 5.25 volts, an output will typically need to source 
less than 25 µA to provide an output voltage of 3.6 volts. Additionally, many systems will not be 
designed to operate at the maximum V cc of 5.25 volts, but rather will operate at the more typical 
5.0 volts. The design of the output buffer is such that when V cc drops 0.1 volts, so does the 
output voltage. As a result, a more typical VoH when V cc is at 5.0 volts will be around 3.4 volts. 
This ensures that a 5-volt device can drive a 3.3-volt device running at 3.1 volts or greater. 

The 0.50-µm devices were designed such that V OH will be no greater than 3.3 volts with a source 
current of -3.2 mA when Vee (min)= 4.75 volts. All of the 0.50-µm devices will meet this 
specification, but are not considered 3.3-volt safe since they do not meet an Iott specification 
which is compatible with CMOS device inputs. These devices are tested to meet a specification 
ofVoH = 3.5 volts when Vee= 5.25 volts and Iott= -l.5mA. 

An additional measure of safety can be added at the system level by using series current limiting 
resistors on those outputs that are required to be 3.3-volt safe. The series resistor should be no 
less than 150 n, which will limit the maximum amount of current driven into the 3.3-volt device's 
input. This also ensures that the current flow into the ESD structure on that input will be less 
than 10 mA, which is considered safe in terms of latch-up current (typically specified at 200 mA). 

0.35-JJm, 3.3-Volt and 5-Volt Device Mixed Supply Design Characteristics 

The 0.35-µm, 3.3-volt devices will not have any difficulty meeting the VoH (max) specifications 
because their output buffers can only drive up to the level of V cc· As a result, for the 3.3-volt 
MACH 4 and MACH 5 devices, VoH (max) = V cc· The design of the 0.35-µm, 5-volt device output 
buffers limits the maximum output voltage to 3.3 volts when V cc = Max and Iott = 0 mA. All of 
the 0.35-µm MACH 4 and MACH 5 devices are safe for mixed supply design and can accept 
inputs from or drive outputs to any 3.3-volt or 5-volt device. 

CONCLUSION 
The MACH 4 and MACH 5 devices offer several advanced features that can be invaluable in a 
system design. To take full advantage of these features, the designer must be aware of the effects 
that each feature may have on the system. Because of process and design differences, not all of 
the devices will act in quite the same manner. The classifications for each of the devices are: 

+ 5-volt, 0.50-µm MACH 5 devices - M5-128, M5-192, and M5-256 

+ 5-volt, 0.35-µm MACH 4 and MACH 5 devices - All MACH 4 devices, M5-320, M5-384, and M5-512 

+ 3.3-volt, 0.35-µm MACH 4 and MACH 5 devices - All MACH 4LV and MACH 5LV devices 
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Where hot socketing is concerned, there are differences between all three of the categories that 
the designer needs to be aware of. With mixed supply design, the differences are found between 
the 0.50-µm devices and the 0.35-µm devices and are primarily concerned with VoH levels. By 
knowing and understanding the differences between the devices, a designer will be able to best 
use the advanced features offered in each. 
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II VANTIS MACH 4 Timing and High Speed Design 
I BEYOND PERFORMANCE 

INTRODUCTION 

When implementing a design into a MACH® 4 device, it is often critical to understand how the 
placement of the design will affect the timing. The MACH 4 device has numerous paths a signal 
can take, each of which affects the timing in one fashion or another. To more accurately describe 
the different paths, the MACH 4 timing model has been enhanced1. This application note explains 
the new MACH 4 timing model and high-speed design techniques utilizing this timing model. 

MACH 4 ARCHITECTURE BASICS 

The fundamental architecture of the MACH 4 device consists of multiple optimized PAL® blocks 
(PAL33/34V16) interconnected by a programmable central switch matrix. The central switch matrix 
allows communication between PAL blocks and routes inputs to the PAL blocks. Routability is 
further enhanced by an input switch matrix and an output switch matrix. The input switch matrix 
provides input signals with multiple paths into the central switch matrix; the output switch matrix 
provides flexibility in assigning macrocells to 1/0 pins. This concept is illustrated in Figure 1. In a 
MACH 4 device, all signals incur the same delays, regardless of routing. Performance is design­
independent and is guaranteed by Yantis' SpeedLocking™ feature. 

(Note2) 

Dedicated 
Input Pins 

Clock 
Generator 

Logic 
Allocator 

Internal Feedback 

External Feedback 

• • • 
PAL Block 

PAL Block 

Figure 1. MACH 4 Block Diagram and PAL Block Structure 
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As indicated in Figure 1, any given macrocell output signal has two different feedback paths into 
the switch matrix. These two paths are referred to as internal feedback and external feedback. 

1. The new timing model is implemented in MACHXL® software v.6.1 and later. 
2. M4-192/96 and M4-256/128 do not have dock/input pins connected to central switch matrix. 
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A signal uses internal feedback when it is fed back into the central switch matrix without going 
through the output switch matrix and the 1/0 cell. When a signal is fed back into the central switch 
matrix after having gone through the output switch matrix and the 1/0 cell, it is using external 
feedback. For simplicity, the output switch matrix and the 1/0 cell together are modeled as an 
output buffer. Both feedback types are shown below in Figure 2. 

Switch 
Matrix 

Macrocell 
~ 

Internal Feedback 

External Feedback 

Output Buffer 
~ 

Figure 2. MACH 4 Signal Feedback Types 

ENHANCED MACH 4 TIMING MODEL 

1/0 Pad 
~ 
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The primary focus of the MACH 4 timing model is to accurately represent the timing in a MACH 4 
device while, at the same time, be easy to understand. To accomplish the accuracy, the distinction 
between internal and external feedback is made. To make the timing model easier to understand 
and use, the timing is modularized so that each logic element in the signal path will have its own 
parameters. In particular, the new parameters associated with the input register/latch are a result 
of this. A diagram representing the MACH 4 timing model is shown in Figure 3. 
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Figure 3. Enhanced MACH 4Tlming Model 
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Table 1 lists the MACH 4 timing parameters and their descriptions. To understand the new 
timing model and parameters, an understanding of the naming convention is necessary. An "i" 
has been added to all parameters that have delays that are "internal" to the device. Several 
parameters in both the macrocell register and the input register are affected by the change from 
external parameters to internal parameters. Delays for parameters that have an "i" appended to 
them are measured to an internal node rather than to an 1/0. Table 2 describes the parameters 
using this convention. 

Table 1. MACH 4 Family Timing Parameters 

Combinatorial Delay: tpoi Internal combinatorial propagation delay 

Register Delays: tss Synchronous clock setup time, D-type register 

tssT Synchronous clock setup time, T-type register 

ts A Asynchronous clock setup time, D-type register 

tsAT Asynchronous clock setup time, T-type register 

tHS Synchronous clock hold time 

tHA Asynchronous clock hold time 

tcosi Synchronous clock to internal output 

tcOAi Asynchronous clock to internal output 

Latch Delays: tssL Synchronous Latch setup time 

ts AL Asynchronous Latch setup time 

tHSL Synchronous Latch hold time 

tHAL Asynchronous Latch hold time 

tpou Transparent latch to internal output 

tGOSi Synchronous Gate to internal output 

tGOAi Asynchronous Gate to internal output 

Input Register Delays: ts ms Input register setup time 

tHIRS Input register hold time 

t1COSi Input register clock to internal feedback 

Input Latch Delays: ts IL Input latch setup time 

tmL Input latch hold time 

tIGOSi Input latch gate to internal feedback 

tPDILi Transparent input latch to internal feedback 

Input Register Delays with ZHT tsrnz Input register setup time - ZHT 
Option: 

tHIRZ Input register hold time - ZHT 

Input Latch Delays with ZHT Option: ts11z Input latch setup time - ZHT 

tmLZ Input latch hold time -ZHT 

tPDILZi Transparent input latch to internal feedback - ZHT 
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Table 1. MACH 4 Family Timing Parameters (Continued) 

Output Delays: tBUF Output buffer delay 

ts1w Slow slew rate delay adder 

tEA Output enable time 

tER Output disable time 

Power Delay: tp1 Power-down mode delay adder 

Reset and Preset Delays: tSRi Asynchronous reset or preset to internal register output 

ts RR Asynchronous reset and preset register recovery time 

Table 2. MACH 4 Internal/External Parameters Description 

External Parameter Internal Parameter Description 

tpo tprn Input, l/0, or feedback to feedback 

tcos tcos; Global clock to feedback 

tcoA tcoAi Product term clock to feedback 

tsR tsRi Asynchronous Reset or Preset to registered or latched feedback 

tGO(S/A) tGO(S/A)i Latch gate to feedback 

tro1 troLi Input, I/0 or feedback to feedback through transparent latch 

tsuF Feedback to Output 

Many of the parameters from the original timing model can be derived from the new, modularized 
timing parameters. In the enhanced timing model, these original parameters have been eliminated. 
A list of the eliminated parameters and their derivations is shown in Table 3. 

Table 3. Derivation of Eliminated Parameters 

Eliminated Parameter and its Description Derivation 

t1GOL Input latch gate to output through transparent output latch t1GOSi + tpoLi + tBUF 

l1GO Input latch gate to combinatorial output tIGOSi + tPDi + tBUF 

l1GSA Input latch gate to output latch setup using PT output latch gate tIGOSi + tsAL 

l1GSS Input latch gate to output latch setup using global output latch gate t1GOSi + tssL 

t1eo Input register clock to combinatorial output trcos; + tprn + tBuF 

lies Input register clock to output register setup, D-type t1cos; + tss 

lies Input register clock to output register setup, T-type t1cos; + tssT 

tsLLA Setup time from input through transparent input latch to PT output gate trmu + tsAL 

tSLLs setup time from input through transparent input latch to output gate trm1; + tss1 

lpoLL Input to output through transparent input and output latches tpo!Li + trou + tBuF 

lpou Input, l/O, or feedback to output through input register trmLZi + tprn + tBUF 
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Table 3. Derivation of Eliminated Parameters (Continued) 

Eliminated Parameter and its Description Derivation 

tsLLAI Setup time from input through transparent input latch to PT output gate tpDJLZi + tsAL 

tSLLSI Setup time from input through transparent input latch to output gate trmLZi + tssL 

tPDLLI Input to output through transparent input and output latches tPDILZi + tPDLi + tsuF 

To maintain consistency with the timing models of other MACH families, some of the parameters 
have been renamed. In particular, the set/reset parameters, tRI,, tPRW• and tPRR' have been re­
named to t5R, tsRW• and tsRR· Information about all of the timing parameters can be found in the 
MACH 4 (A) Family Data Sheet and in Table 1. 

Feedback Timing 

In the original MACH 4 timing model, the only feedback path reported in a MACHXL timing report 
was the externat feedback path. Signals using internal feedback were reported as if they had gone 
through the external feedback path. As a result, the reported delays for those signals would be 
greater than what would actually be seen in the real device. The new MACH 4 timing model now 
makes a distinction between those signals using internal feedback and those using external 
feedback. 

To make the distinction between internal and external feedback, several timing parameters have 
been changed, and the parameter tBUF has been introduced. All of the changed parameters deal 
with a signal going to the 1/0 pad. As an example, the parameter tpn was originally defined as an 
input, I/0 or feedback going to a combinatorial output. This parameter is now the sum of two 
parameters: tprn and tBUF· The parameter tprn is defined as the time it takes an input, I/0 or 
feedback to go through a combinatorial path to the internal feedback, while tBuF is the time it takes 
to go from internal feedback through the output buffer and to the I/0 pad. 

Input Register/Latch Timing 

Another area in which the MACH 4 timing model has been improved is in the reporting of input 
register/latch timing. Because there was no mechanism for reporting the internal timing of a MACH 
4 device, the timing used for input registers/latches could become complicated. The specifications 
found in the original MACH 4 data sheets relied on timing that went through both an input register/ 
latch and an output register/latch. As an example, the parameter trcoA represented the clock-to­
output time for a signal to go through an input register to a combinatorial macrocell, plus the time 
it took to go through the combinatorial macrocell and to an 1/0 pad. This method of determining 
timing was very difficult for the software implementation of the timing model and for designers 
attempting to determine their timing requirements. 

The MACH 4 timing model has greatly simplified the input register timing by reporting all 
parameters as internal feedback. The same parameter, t1c0 , will no longer exist but rather will be 
calculated as trcoi> the clock-to-internal feedback of the input register, plus a tprn and a tBuF· 
Because of this modularized timing model, several of the original input register/latch specifications 
have been eliminated. 
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USING THE MACH 4 TIMING MODEL 

The use of the MACH 4 timing model will be demonstrated using two examples. The first example 
is a combinatorial logic design and demonstrates the use of internal feedback. The second example 
is a synchronous sequential logic design and demonstrates how to calculate fMAX. 

Example 1 

This combinatorial logic design is fit into an M4-64/32. A group of input signals are routed to Block 
A, which is in high power mode. Logic is generated in array "A" and allocated to macrocell A5, 
which is configured as a combinatorial path. This logic is sent to pad 1/06, which is configured to 
have a slow slew rate. The signal delay Tl of this path would be: 

T1 = tpoi + teuF + tsLw 

This logic is also fed back to the central switch matrix via the internal feedback path and then 
routed to Block D, which is in low power mode. A second logic is generated in array "D" using 
the first logic along with another group of input signals. This second logic is allocated to macrocell 
08, which is configured as a combinatorial path. This second logic is sent to pad I/031, which is 
in fast slew rate. The longest delay path of this design would be from Block A to I/031 and the 
delay T CRTI1CAL is: 

T CRITICAL = tpo1 + tpl + tpoj + teuF 

The original MACH 4 timing model required an additional tBUF be added to the delay path because 
internal feedback was not defined. 

Example2 

This synchronous sequential logic design has a 16-bit up-counter with load enable and reset. It is 
fit into an M4-96/48 using 16 macrocells configured with T-type registers. Register inputs are 
defined by the device inputs and flip-flop output, which is internally fed back to the switch matrix. 
Under these conditions, the period tcNT is limited by the internal delay from the flip-flop outputs 
through the internal feedback and logic to the flip-flop inputs. 

tcNT = tcosi + tssT 

The fMAX is designated "fMAXINT·" 

fMAXINT = 1ftcNT 

Again, the original MACH 4 timing model required an additional tBuF be added to the delay 
path when calculating tcNT because internal feedback was not defined. Consequently, fMAX 
was slower. 

The modular approach to the MACH 4 timing model is straightforward, and its use merely requires 
. the addition of internal parameters to arrive at the device timing. 

HIGH SPEED DESIGN WITH MACH 4 DEVICES 

While the possibility has always existed to control the implementation of high speed designs into 
a MACH 4 device, the reporting of the timing never made it easy because no distinction was made 
between internal and external feedback. The improved MACH 4 timing model makes that critical 
distinction, making it easier to understand how a design is fit into a device. 
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During the fitting process, the software may use external feedback on timing critical nodes where 
internal feedback may be required to meet a particular speed. It is also possible that the software 
feeds a signal into either the block or global switch matrices, which will affect timing. Constraints 
can be placed on a design to ensure that the critical paths are fit to meet timing. The more a design 
is constrained, the more difficult it becomes to fit the design. Some methods that can be used to 
constrain a design are briefly covered here and are more fully covered in the MACHXL® User's 
Manual and the Application Note entitled, PI File Reference Guide. MACHXI.. software uses the PI 
File to control the fitting process and constrain the design. It contains pinout and placement 
information along with directives that determine the fitting algorithms used. 

Controlling Feedback 

To control the signal feedback path, the PI File directives, FORCE_INTERNAL_FEEDBACK, can be 
utilized. This PI property forces a signal to use an internal feedback path rather than giving it a 
choice of using an external or internal feedback path. By forcing a signal to use internal feedback, 
the delay caused by the output buffer is saved. 

CONCLUSION 

The MACH 4 timing model provides for a more accurate, easier to understand timing calculation. 
It defines both internal and external feedback paths and simplifies the timing used for internal 
registers/latches. By using and understanding the timing model in the proper way, it becomes 
easier to control the critical path timing in a high speed design using the properties in the PI File. 
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a YANTIS 
MACH 5 Timing and High Speed Design 

I BEYOND PERFORMANCE 

INTRODUCTION 

When implementing a design into a MACH® 5 device, it is often critical to understand how the 
placement of the design will affect the timing. The MACH 5 device has numerous paths a signal 
can take, each of which affects the timing in one fashion or another. To more accurately describe 
the different paths, the MACH 5 timing model has been changed. This technical note explains 
the new MACH 5 timing model. 

MACH 5 ARCHITECTURE BASICS 

The architecture used in the MACH 5 family of devices is the next step in the evolution of 
complex programmable logic devices (CPLDs). A CPLD can be viewed as a group of PLDs 
connected together by a programmable switch matrix. The MACH 5 devices take the concept of 
hierarchy one step further by connecting multiple CPLDs together with a programmable switch 
matrix, This concept is illustrated in Figure 1. 

SPLD SPLD 

Central Switch Matrix 

SPLD SPLD 

Complex PLO 

' 
' ' ' 

--------------------------~ 

SPLD SPLD SPLD SPLD 
' 

~--:><;-~·: 

Block Switch Matrix Block Switch Matrix 

Global Switch Matrix 

MACH 5 Device 

TN003-2-1 

Figure 1. CPLD and MACH 5 Architecture Diagrams 

There are several benefits inherent in the MACH 5 architecture including the ability to attain 
higher densities while maintaining fast speeds. These fast speeds, however, are only available 
on those paths that use local feedback from a block back into itself. If a signal has to go through 
a Block Switch Matrix or the Global Switch Matrix, there is an additional adder to speed. In the 
MACH 1, MACH 2, and MACH 4 devices, where all signals go through the Central Switch Matrix, 
there are no such adders, so the speed for any given path will be SpeedLocked™. 

Publication# TN003-2 
Amendment/O Issue Date: November 1998 



Feedback Types 

Any given macrocell output signal will traditionally have two different feedback paths into the 
switch matrix. These two paths are referred to as internal feedback and external feedback. 
A signal uses internal feedback when it is fed back into the switch matrix or block without 
having to go through the output buffer. When a signal is fed back into the switch matrix after 
having gone through the output buffer, it is using external feedback. Both feedback types are 
shown in Figure 2. 

In the previous timing model used for the MACH 5 family of devices, the only feedback path 
reported in a timing report was the external feedback path. Signals using internal feedback were 
reported as if they had used an external feedback path. As a result, the reported delays for those 
signals would be greater than what would actually be seen in the real device. The MACH 5 
timing model now makes a distinction between those signals using internal feedback and those 
using external feedback. 

Switch 
Matrix 

Input Register Timing 

Macrocell 
~ 

Internal Feedback 

External Feedback 

Output Buffer 
~ 

Figure 2. Feedback Types 
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Another area in which the MACH 5 timing model has been improved is in the reporting of input 
register timing. Because there was previously no mechanism for reporting the internal timing of 
a MACH 5 device, the timing used for input registers could become complicated. The 
specifications found in the original MACH 5 data sheets relied on timing that went through both 
an input register and an output register. As an example, the parameter trcoA represented the 
dock-to-output time for a signal to go through an input register to a combinatorial macrocell, 
plus the time it took to go through the combinatorial macrocell and to an I/0 pad. This method 
of determining timing was very difficult for the software implementation of the timing model 
and for designers attempting to determine their timing requirements. 

The MACH 5 timing model has greatly simplified the input register timing by reporting all as 
internal feedback. The same parameter, trcoA, will no longer exist but rather will be 
calculated as the clock-to-internal feedback of the input register plus a tPDi and a tBUF· The 
parameter tprn is the time it takes a signal to go through a combinatorial macrocell to internal 
feedback, and tBUF is the time it takes a signal to go through the output buffer. Because of 
this timing methodology, several input register specifications have been removed from the 
MACH 5 data sheet. 
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MACH 5 TIMING MODEL 

The primary focus of the MACH 5 timing model is to accurately represent the timing in a MACH 
5 device while, at the same time, be easy to understand. To accomplish the accuracy, the 
distinction between internal and external feedback is made. To make the timing easier to 
understand, the input register specifications are simplified. A diagram representing the MACH 5 
timing model is shown in Figure 3. 

To make the distinction between internal and external feedback, several timing parameters have 
been changed, and the parameter tBuF has been added. All of the changed parameters deal with 
a signal going to the 1/0 pad. As an example, the parameter tpD was originally defined .as an 
input, 1/0 or feedback going to a combinatorial output. This parameter is now the sum of two 
parameters: tprn and tBUF· The parameter tprn is defined as the time it takes an input, 1/0 or 
feedback to go to a combinatorial feedback, while tBuF is the time it takes to go from feedback, 
through the output buffer and to the 1/0 pad. The naming convention used for the changed 
parameters is to add an "i" after the original name if the signal is going to the internal feedback 
rather than to the 1/0 pad. A list of the changed parameters along with their definitions is given 
in Table 1. 

IN 

OUT 

INPUT REG/ 
INPUT LATCH 

ts1RS 
tHIRS 
ts1L 
tHIL 
tSIRZ 
tHIRZ 
ISILZ 
tHILZ 

tPDILi Q 
t1COSi 
t1GOSi 
tPDILZi 

External Feedback 

Internal Feedback 

COMB/DFF/TFF/ 
LATCH 

tss (T) 
tSA(T) 
tH (S/A) 
ts (S/A)L 
tH (S/A)L 
ts RR 

tpDi Q 

tpou 
tcO (S/A)i 
IGO (S/A)i 
tSRi 

SIR 

Figure 3. MACH 5 Timing Model 
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Table 1. MACH 5 Parameter Description 

External Parameter Internal Parameter Description 

tpn tprn Input, l/0, or feedback to feedback 

teas tcosi Global clock to feedback 

tcoA tcOAi Product term clock to feedback 

!RP tsRi Asynchronous Reset or Preset to registered or latched feedback 

tco tGOAi Latch gate to feedback 

lpnL tPDLi Input, l/0 or feedback to feedback through transparent latch 

tBUF Feedback to Output 

The input register in the MACH 5 device is a macrocell register that takes its input from an 
I/0 pad rather than from the product term array. As a result, the output timing for an input 
register is the same as that for a macrocell register. Several input register parameters have 
been eliminated from the original MACH 5 timing model and data sheet because they can 
now be derived in the new timing model. Table 2 shows the derivations of the eliminated 
data specifications. 

To maintain consistency with the timing models of other MACH families, some of the parameters 
have been renamed. In particular the set/reset parameters tRI,, tPRW, and tPRR have been renamed 
to t5R, tsRw, and tsRR· Additionally, the latch parameters have been renamed to denote their 
asynchronous nature. The parameters t51, tH1, and tco have been renamed to tsAL, tHAL, and 
tcoA, respectively. Information about all of the timing parameters can be found in the MACH 
5(A) Family Data Sheet and is shown below in Table 3. 

Table 2. Derivations of Eliminated Parameters 

Eliminated Parameter Derivation 

tPDIL lpDJLi + lprn + tBUF 

t1coG tcosi + tprn + tsuF 

t1cOA tcoAi + tprn + tsuF 

tPDLL tprnu + tPDLi + tBUF 

tRCSS tcosi + tss 

tRCSA tcosi + tsA 

tRCAS tcoAi + tss 

tRCAA tcoAi + tsA 

ts LL lpDLi + tsL 
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Table 3. MACH 5 Internal Timing Parameter Definitions 

Combinatorial Delay: tp!)i Input, I/0, or Feedback to Combinatorial Feedback 

Register Delays: tss Setup Time from Input, I/0 or Feedback to Global Clock 

ts A Setup Time from Input, I/0 or Feedback to Product Term Clock 

tHs Register Data Hold Time Using a Global Clock 

tHA Register Data Hold Time Using a Product Term Clock 

lcosi Global Clock to Feedback 

tcoAi Asynchronous Clock to Feedback 

Latch Delays: ts AL Setup Time from Input, I/0 or Feedback to Product Term Gate 

tHAL Latch Data Hold Time 

tpou Input, I/0, or Feedback to Feedback through Transparent Latch 

tGOAi Latch Gate to Feedback 

Input Register Delays: tsrns Input Register Setup Time Using a Global Clock 

tsrnA Input Register Setup Time Using a Product Term Clock 

tHIRS Input Register Hold Time Using a Global Clock 

tHIRA Input Register Hold Time Using a Product Term Clock 

Input Latc.h Delays: ts IL Input Latch Setup Time Using a Product Term Clock 

tmL Input Latch Hold Time 

tpOJLj I/0 to Feedback Through Transparent Input Latch 

Output Delays: tBUF Feedback to I/0 Through Output Buffer 

lsLW Slow Slew Rate Delay 

!EA Output Enable Time 

!ER Output Disable Time 

Power Delays: tpu Power Level 1 Delay 

lpL2 Power Level 2 Delay 

tPL3 Power Level 3 Delay 

Cluster Delay: tpy Product Term Cluster Delay 

Interconnect Delays: tBLK Block Interconnect Delay 

tsEG Segment Interconnect Delay 

Reset/Preset Delays: tsRi Asynchronous Reset or Preset to Internal Register Output 

ls RR Reset and Set Register Recovery Time 

Clock Enable Delays: tcES Clock Enable Setup Time 

lcEH Clock Enable Hold Time 
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USING THE MACH 5 TIMING MODEL 

The use of the MACH 5 timing model will be demonstrated with an example. The example 
includes multiple tPD paths and demonstrates the use of internal feedback. 

Example 

Signal "A" enters the MACH 5-256 through Block A, Segment 0. It then goes to Node "B" in Block 
C, Segment 0 and to Output "C" in Block B, Segment 1. Node Bis internally fed back to create 
Output "D" in Block A, Segment 2. Block B, Segment 1 is in high power and Block C, Segment 
0 is in low power. All Outputs are configured to have a fast slew rate. 

The timing from Signal "A" to Output "C" is given by: 

toELAY = tpDj + tsEG + tsuF 

The tprn is the time it takes for the signal to go from the input in Block A, Segment 0 to feedback. 
Because the output is in a different segment, tsEG is added. Finally, tBuF is added as the time it 
takes to go from feedback to the output. 

The timing from Signal "A" to Output "D" through Node "B" is given by: 

toELAY = toELAYAB + toELAYBD 

toELAYAB = tpDj + tsLK + tPL3 

toELAYBD = tpDi + tsEG + tsuF 

The delay path from Signal "A" to Output "D" is broken up into two elements. The delay from 
Signal "A" to Node "B", tDELAYAB' includes tPDi for the combinatorial delay to feedback, tBLK 
because Signal "A" and Node "B" are in different blocks inside the same segment, and tpL3 
because Block C, Segment 0 is in low power. The original MACH 5 timing model required an 
additional tBuF be added to the delay path because internal feedback was not defined. 

The delay path from Node "B" to Output "D", toELAYBD' includes tprn to account for the delay 
from feedback to output, tsEG because Node "B" and Output "D" are in different segments, and 
tBuF to account for the signal going to the output. 

The use of the MACH 5 timing model is straightforward and merely requires the addition of 
internal parameters to arrive at the external parameters or device timing. 

HIGH-SPEED DESIGN WITH MACH 5 DEVICES 

While the possibility has always existed to control the implementation of high speed designs 
into a MACH 5 device, the reporting of the timing never made it easy because no distinction was 
made between internal and external feedback. The improved MACH 5 timing model makes that 
critical distinction, making it easier to understand how a design is fit into a device. 

During the fitting process, the software may use external feedback on timing critical nodes 
where internal feedback may be required to meet a particular speed. It is also possible that the 
software feeds a signal into either the block or global switch matrices, which will affect timing. 
Constraints can be placed on a design to ensure that the critical paths are fit to meet timing. The 
more a design is constrained, the more difficult it becomes to fit the design. Some methods that 
can be used to constrain a design are briefly covered here and are more fully covered in the 
MACHXL® User's Manual and the Application Note entitled, PI File Reference Guide. MACHXL 
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software uses the PI File to control the fitting process and constrain the design. It contains pinout 
and placement information along with directives that determine the fitting algorithms used. 

Controlling Feedback 

Within the PI File, there are two directives available that provide for the control of signal 
feedback. The first of these directives, FORCE_INTERNAL_FEEDBACK, forces a signal to use an 
internal feedback path rather than giving it a choice of using an external or internal feedback 
path. By forcing a signal to use internal feedback, the delay caused by the output buffer is saved. 
The second directive, FORCE_LOCAL_FEEDBACK, forces signals to use a local feedback path 
back into the PAL® block rather than sending the signal into either the block or global level 
switch matrix. By doing this, the block or segment delay adders are saved. 

Grouping Signals 

In the PI file, MACHXL software provides for the grouping of signals into either the same block 
or the same segment. When signals are grouped into a single block, the chances that those 
signals will be fed back into that block using the local feedback paths increases significantly, 
thereby increasing the chances that the fastest timing possible is attained. Grouping signals does 
not guarantee, however, that local feedback will be used. The use of the 
FORCE_LOCAL_FEEDBACK directive along with grouping signals may be needed to get the 
required timing. 

Pin and Node Locking 

The third way to constrain a design is to force both pin locations and node locations. By doing 
so, the signals can be grouped within a block or segment, and it becomes easier to enforce local 
feedback on the critical path signals. Information on pin and node locking can be found in the 
MACHXL User's Manual. 

CONCLUSION 

The MACH 5 timing model provides for a more accurate, easier to understand timing calculation. 
It defines both internal and external feedback paths and simplifies the timing used for internal 
registers. By using and understanding the timing model in the proper way, it becomes easier to 
control the critical path timing in a high speed design using the properties in the PI file. 
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II YANTIS MACH 5 Power 
I BEYOND PERFORMANCE 

MACH® 5 devices are designed to optimize speed and power for high-performance, low-power 
designs. In a design file, signals are assigned one of the four power/speed levels. The default 
level is high-speed/high-power. The device can be powered down on a PAL® block by PAL block 
basis, and signals with the same speed/power setting are partitioned into PAL blocks set to that 
power level. 

While most MACH 5 designs will safely operate within any available package, there are some 
designs and system conditions that may generate more heat than a package can reliably 
dissipate. The heat generated is a function of ambient temperature, device current, supply 
voltage, device loading, and output frequencies. 

Power estimation should be done early in the design process. This can then be used to calculate 
heat generation and a package can be chosen accordingly. A design can also be modified to 
reduce power and thus reduce heat generation. There are also other ways to increase heat 
dissipation. 

The formula below is for estimating MACH 5 current consumption: 

Ice = lcc(Device) + lcc(DC LOAD) + lcc(AC LOAD) 

There are both internal and external (loading) current requirements. 

DEVICE CURRENT COMPONENT 

Device current in milliamps can be calculated with the following formula: 

lcc(Device) = (KO*BLKpLQ) + (K1*BLKpL1) + (K2*BLKpL2) + (K3*BLKPL3) + (KAC*MC)*FAVE 

BLKpw = Number of PAL blocks in Power Level 0 

BLKpu = Number of PAL blocks in Power Level 1 

BLKp12 = Number of PAL blocks in Power Level 2 

BLKp13 = Number of PAL blocks in Power Level 3 

F AVE = Average Output Frequency of Switching macrocells in MHz 

MC = Total Macrocells used in the design 

KO-K3 = Static Power Device Constants listed in Table 1 

KAC = Dynamic Power Device Constant listed in Table 1 
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Table 1. Device Constants 

Device BLKmr KO K1 K2 K3 KAC Ti (MAX) 

M5-128 8 21.6 12.83 8.75 4.38 0.13 150 °C 

M5LV-128 8 12.5 6.7 4.35 2.5 0.08 130 °C 

M5-192 12 19.3 11.0 7.33 3.75 0.13 150 °C 

M5-256 16 20.5 11.8 7.46 3.73 0.13 150 °C 

M5LV-256 16 12.0 6.5 4.3 2.5 0.08 130 °C 

M5-320 
10.5 6.75 4.35 2.85 0.08 130 °C 20 

M5LV-320 

M5-384 
10.5 6.75 4.35 2.85 0.08 130 °C 24 

M5LV-384 

M5-512 
10.5 6.47 4.35 2.56 0.08 130 °C 32 

M5LV-512 

The BLKPL0, BLKPL1, BLKPL2, BLKp13, and MC variables can be found in the report (.rpt) file. 
Below is an excerpt from a report file which shows these variables for a particular design. The 
average macrocell output frequency must be calculated by the designer. 

POWER SUMMARY: 

Number of blocks with power set to LOW is 0 

Number of blocks with power set to MED_LOW is 0 
Number of blocks with power set to MED_HIGH is 0 

Number of blocks with power set to HIGH is 16 

DEVICE RESOURCE UTILIZATION: 

Resource Available Used Remaining % 

Clock Pins: 4 0 4 0 

I/0 Pins: 160 160 0 100 

Input Regs: 32 0 32 0 

Macrocells: 256 256 0 100 

Pterms 1168 1048 120 89 

1-pt Clusters: 256 256 0 100 

3-pt Clusters: 256 256 0 100 

Feedbacks 512 216 296 42 

Fanouts: 512 368 144 71 

Intersegment Lines: 128 0 128 0 
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Device Ice Is Affected by Temperature and Supply Voltage 

Ice is linearly affected by temperature. The given formula for typical conditions (16-bit counters 
in each PAL block, 25°C and 5-V Vee). Temperature, Vee, and the Ice increase or decrease are 
shown in Tables 2 and 3. These values are characterized but not tested. 

Table 2. Effect of Supply Voltage on Ice 

Supply Voltage MS·320 M5·384 M5·512 
(V) M5·128 M5·192 M5·256 M5LV·320 M5LV·384 M5LV-512 

4.5 or 3.0 (LV) -11% -11% -11% -6% -6% -6% 

4.75 -6% -6% -6% -3% -3% -3% 

5.25 +7% +7% +7% +1% +1% +1% 

5.5 or 3.6 (LV) +13% +13% +13% +3% +3% +3% 

Table 3. Effect of Ambient Temperature on Ice 

Ambient M5-320 M5-384 M5-512 
Temperature M5-128 M5-192 M5-256 M5LV-320 M5LV·384 M5LV-512 

T = -40°C +14% +14% +14% -4% -4% -4% 

T = 0°C +1% +1% +1% -1% -1% -1% 

T = 70°C -1% -1% -1% +2% +2% +2% 

T = 85°C -1% -1% -1% +5% +5% +5% 

LOAD COMPONENT 

The AC load current required by capacitive loading is dependent on voltage, capacitance, and 
average output frequency. 

AC Load Component 

No. of I/Os used 

Ice (AC Load) = L F.*C.*(V 0H- V 0L) 

Fn =Output.frequency ~}output 
Cn = Capacitive loading of output 

V 0 8 = Output Voltage High of the output 

V 0r = Output Voltage Low of the output 

DC Load Component 

No. of I/Os used 

Ice (DC Load) = L V 0urn!Rn 
n=I 

Vourn = Output frequency of output 

Rn = Resistive loading of output 
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CALCULATING PACKAGE POWER REQUIREMENTS 

A package must be able to dissipate enough power to keep the internal silicon junction 
temperature below the maximum allowable junction temperature (TJ(MAX)). The following 
formula is used to calculate the maximum power allowable for a particular package. 

Vcc*lcc s(TJ(MAx)-TA)/eJA 

Vee= Supply Voltage 

Ice = Calculated Current 

TA =Ambient Temperature 

B;A =junction-Ambient Tbermal Impedance 

The maximum allowable power for a package is dependent on the thermal resistance of that 
package. Packages with a low thermal resistance are able to dissipate more heat than packages 
with a high thermal resistances. Air flow can also reduce the thermal impedance. eJMA is the 
junction to ambient thermal impedance with air flow. 

THERMAL MANAGEMENT OPTIONS 

If an application generates more heat than a package can dissipate, then steps can be taken to 
reduce heat generation such as: 

1. Power down additional PAL blocks-Few designs require all signals to run at maximum 
frequencies. The four power/speed options per PAL block allow optimization for the lowest 
power at the highest speeds. 

2. Use an external heat sink-The external heat sink will decrease the thermal impedance of a 
package and raise the maximum allowable temperature. 

3. Reduce the load on the outputs-In many applications, heavily loaded outputs significantly 
increase power requirements. The Bus-Friendly™ inputs and I/Os do not require external 
resistive loading to float to a known state. Capacitive loading should also be monitored at high 
frequencies. 

4. Reduce device utilization-Device current requirements depend on device utilization. 
Lowering utilization will lower the current required. Multi-device partition facilitates this 
process. 

5. Choose a package with lower thermal resistances--Packages with a low thermal resistance 
are able to dissipate more heat than packages with a high thermal resistances. 

6. Reduce the average output frequency-The average output frequency affects both the 
device and load components of power. Reducing the output frequency will reduce the required 
power. 

7. Reduce the number of outputs-Reducing outputs reduces the load current required. Multi­
device partitioning facilitates this process. 

8. Lower Vee-Use a 3.3-V device instead of a 5-V device. While Ice is nearly identical, the lower 
V cc results in lower power. 
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EXAMPLE POWER ESTIMATION 

Counters 

The average output frequency of a counter is one-eighth the output frequency of the least 
significant bit (LSB) of the counter. The most power efficient method for implementing several 
high speed counters would place the LSBs in a high speed PAL block and the most significant 
bits (MSBs) in a lower-power PAL block. If all PAL blocks are set to the same power level and 
the Ice vs. frequency is measured, the following formula is used: 

lcc(Device) = BLKTOT*K(x) + KAC*FAvE*MCTOT 

An example of this is for the M5LV-256 device in high-power mode with a 16-bit counter pattern 
per PAL block at a clock frequency of 125 MHz. If positive or negative edge clocking is used, 
then the LSB, will switch at 62.5 MHz, and the average output frequency will be 8 MHz. The 
equation would be as follows: 

lcc(Device) = (16)*(12.0) + (0.08)*(8)*(256) = 356 mA 

If under the same conditions, biphase clocking is used, then a 125 MHz clock produces a 125 
MHz LSB, and the average output frequency doubles to 16 MHz: 

lcc(Device) = (16)*(12.0) + (0.08)*(16)*(256) = 520 mA 

To determine if this design will run safely in the 208 PQFP package, the following calculation is 
done: 

Vcc*lcc*EIJA +TA :S' 130"C 

(3.3)(0.356)(33) + 70 = 108 "C :S' 130 'C 

This design will safely operate in this package. 
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II VANTIS 
I BEYONLl PERFORMANCE 

INTRODUCTION 

The Evolution of Bus-Friendly 
Inputs and I/Os 

Yantis' PLDs have evolved over time. Like Darwin's theory of evolution and adaptation, Yantis' 
PLDs have evolved and adapted to the dynamic world of digital logic. When Yantis' PLDs were 
first introduced to the market in the mid-1980s, they had different characteristics than the PLDs 
presently in existence. The older devices were larger in size, slower in speed, and hungrier for 
power than their contemporary counterparts. As the computer industry evolved to accommodate 
applications requiring faster, smaller, and lower power devices, PLDs were modified in order to 
accommodate these changes and stay competitive in the PLD market arena. 

DEVICES WITH UNBIASED INPUTS AND 1/0 

Originally, Yantis introduced PLDs with unbiased inputs and I/Os which is basically a carry over 
of the bipolar configuration. The circuit configuration is shown in Figure 1 and consists of a 
buffer that is directly connected to the pin pad. 

If the pin is left unconnected, this configuration is termed "floating" because an unused input 
pin is allowed to float to any state, since there is no circuitry that would bias the pin to a known 
state. The consequence in leaving the pin floating is that excessive noise or having a voltage 
near the threshold voltage of the PLD could influence the PLD to produce an unwanted 
oscillatory outputthat could disturb the system. In addition, the noise on Y cc will also increase 
due to this oscillation. Figure 2 shows the event of device oscillation due to a noisy input signal 
through an unused input pin. 

Even though it is recommended to tie unused input pins to ground or Y cc, traces must be cut 
on a printed circuit board in order to free the tied pins when changes are made. Unfortunately, 
this poses an inconvenience to the customer. As a result, Yantis decided it was best to modify 
the input and 1/0 circuitry of all PLD devices. 
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Figure 2. Output Oscillation Due to Noisy Input of an Unbiased "Floating" Input Pin 
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PULL-UP RESISTOR ENHANCEMENT 

The improvement was to add a pull-up resistor to the input and I/Os so that if the pins were left 
floating, the device could pull its pin voltage to a known voltage state. Figure 3 shows the circuit 
configuration of the pull-up resistor scheme. 
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Detection 
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Figure 3. Equivalent Schematic of Pull-up Resistor Scheme 

Programmin 
Circuitry 

19671C-003 

This scheme consists of a 50 kQ resistor that is connected to a constant current source which is 
used to hold down any excessive current in the event that the 50 kQ resistor is disabled. The 
pull-up resistor scheme pulls the voltage of the pin to about 3.5 V-4.0 V. The 50 kQ resistor value 
is used because this value provides a voltage that is easy enough for another driver to overcome 
when necessary because of the current-limiting effect of the large resistance. 

Even though the pin is pulled to a known state, the pull-up scheme can potentially introduce 
oscillation to a system if the voltage of a tri-state bus is left below the threshold voltage of the 
PLD. The reason for the potential problem is due to the nature of the pull-up resistor within the 
PLD. The internal pull-up resistor is only capable of pulling from a low to a high voltage state. 
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In addition, the slew rate is slow due to the 50 kQ current-limiting resistor. Thus, when a pin 
voltage is left below the threshold voltage of the PLD, the pull-up resistor has no other choice 
but to pull the pin voltage slowly through the threshold voltage region of the PLD. On the 
contrary, if the voltage of the tri-state bus is at a voltage state higher than the threshold voltage 
of the PLD, then the PLD will not exhibit oscillation. Note that if some other device overpowers 
the weak pull-up resistor of the PLD causing the tri-state bus voltage to reside around the 
threshold voltage of the PLD, then device oscillation is also possible. Both the high and low 
tri-state bus scenarios are shown in slew rate curves in Figure 4. 

VoH 
~ 
Q) 
Cl VT .fl 
0 
> 

Vol - - - ... 
Time (ns) 

Bus Scenario 

1 = Tri-State Bus left low with Pull-up scheme 
2 = Tri-State Bus left high with Pull-up scheme 

Figure 4. Slew Rate Comparison of Pull-up Scheme Showing Bus Scenarios 

DEVICE OSCILLATION 

19671C-004 

The reason a device oscillates is because of the nature of the threshold voltage of the transistors 
within the input and I/0 buffers of the PLD. Typically, the threshold voltage of an input buffer 
is 1.5 V. When a pin voltage is around the threshold voltage, the complementary transistor pair 
does not know whether to switch high or low, thus oscillation is possible at the output. Usually, 
this fickle nature lasts no more than a few nanoseconds; however, for faster systems this can be 
significant. 

When a large pull-up resistor is used such as those used in the PLD industry, the slow slew rate 
allows the voltage to reside in the threshold region longer than if a smaller pull-up resistor is 
used. For comparison, Figure 5 shows the difference in the time of oscillation between a 50 kQ 
resistor and a 1 kQ resistor through slew rate curves. 

Because the possibility of device oscillation could occur with the pull-up resistor scheme, 
another scheme had to be implemented. 
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BUS-FRIENDLY INPUT AND 1/0 

19671C-005 

Bus-Friendly™ inputs and I/Os have the ability to hold the input buffer at either a high or a low 
depending on the last state of the pin connected to the bus. The scheme is termed "Bus-Friendly" 
because it allows the bus connected to the PLD to be left at any state (other than the 1.5 V 
threshold voltage of the input and 1/0 buffers). For PAL devices, the Bus-Friendly scheme is 
accomplished by reconfiguring already existing resources of the pull-up scheme as shown in 
Figure 6. 

In MACH® devices, the scheme is configured slightly differently by having a separate circuit 
perform the "latch" characteristic as shown in Figure 7. 

The Bus-Friendly circuitry pulls the voltage at the input buffer to a TTL voltage high or low. This 
input and 1/0 scheme is accomplished by a double inverter input buffer which loops back to 
the input of the PLD through a 100 k.Q resistor. This configuration acts as a "latch" because it 
holds the pin voltage of the PLD at either a TTL level high or low until the pin voltage of the 
PLD changes state. Bus-Friendly circuitry weakly holds the voltage so that another driver on the 
bus can overcome the voltage when necessary. Please note that the default state of the pin is no 
longer a voltage high but is rather dependent on the last driven state of the pin. Designers who 
need to have the pull-up feature will need to provide an external pull-up resistor rather than 
depend on the pull-up resistor of the PLD. 

The Bus-Friendly scheme provides a solution to the instance where the pull-up scheme could 
potentially cause input buffer oscillation. As illustrated earlier in Figure 4, the pull-up scheme 
cannot resolve the case when the tri-state bus connected to the PLD is left at a voltage below 
the threshold voltage of the PLD. This type of bus scenario promotes undesirable device 
oscillation. The Bus-Friendly idea is an improvement over the pull-up resistor scheme because 
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the Bus-Friendly circuitry does not allow the voltage to cross the threshold region of the PLD, 
thus avoiding the possibility of device oscillation. Figure 8 shows how Bus-Friendly PLDs deal 
with the same bus scenarios that the pull-up resistor scheme did in Figure 4. 
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Figure 6. Equivalent Schematic of the Bus-Friendly Input and 1/0 for PAL Devices 
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Note that if another driver on the bus is forcing the tri-state bus to reside in the threshold voltage 
region of the PLD, then no matter what type of input and I/0 scheme is used, the PLD can 
oscillate for a few nanoseconds. 

The Bus-Friendly enhancement does not affect the existing DC and AC specifications for both 
the MACH and PAL products which previously had the pull-up resistor enhancement. 
Bus-Friendly was intended to remedy device oscillation without changing any of the device 
specifications. 
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SUMMARY 

Just as the computer industry has evolved, so have Yantis' PLDs. The input and 1/0 circuitry of 
Yantis PLDs have changed to accommodate the different applications that have emerged due to 
the evolution of the computer industry. The circuitry has evolved from unbiased to pull-up to 
Bus-Friendly inputs and I/Os. The unbiased inputs and I/Os have disadvantages due to the 
nature of the floating input. When left unconnected, unbiased inputs and I/Os "float" and are 
susceptible to the influence of noise, which can cause the PLD to oscillate. Because of this 
oscillation, the pull-up resistor became the next link in the PLD input and 1/0 evolution chain. 

The pull-up resistor can bias an unconnected pin to a high voltage state. However, the 
one-dimensional nature of the large pull-up resistor could not avoid device oscillation in 
particular situations. AB board designs required the tri-state bus to be left low, the 
current-limiting, internal pull-up resistor would slowly pull the voltage of the pin through the 
threshold region of the PLD, thus causing device oscillation. Because this situation can 
potentially occur in different instances other than the low voltage, tri-state bus scenario, it was 
clear that a new pin bias scheme should be implemented. 

Bus-Friendly inputs and I/Os have the ability to hold the last voltage state of the tri-state bus at 
a discrete TTL voltage level. The advantage of this scheme is that a tri-state bus can be at either 
a high or a low voltage state without having the PLD oscillate. It is because of this feature the 
name "Bus-Friendly" was used to describe this pin bias scheme. 
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II VANTIS 
I HEYONO PERFORMANCE 

ABSTRACT 

Mixed Supply Design with 
MACH 1 & 2 SP Devices 

Yantis provides robust and feature-rich 1/0 structures on members of its MACH® 1 & 2 SP 
families. To make the most use of these features, it is helpful to understand their characteristics. 
This technical note will describe mixed supply design as it pertains to the MACH 1 & 2 SP1 

families. 

MIXED SUPPLY DESIGN 

As more and more devices move from a 5-volt to a 3.3-volt process technology, the need to be 
able to design in a mixed supply environment becomes increasingly important. Interfacing a 5-
volt device with a 3.3-volt device requires special 1/0 buffer designs that prevent the 5-volt 
device from damaging the 3.3-volt device either by putting it into latch-up or by putting too high 
a voltage across the gate oxides. When a device latches-up, a low-impedance path to ground is 
formed within the device, and the device begins to sink large currents. If the situation is not 
rectified quickly (i.e., by cycling the system power), the device could be thermally destroyed, 
necessitating its replacement. When excessive voltages are driven across a gate oxide, long-term 
reliability problems could develop. There are two features semiconductor manufacturers 
provide to avoid the problems in interfacing 5-volt and 3.3-volt devices: 

+ 3.3-Volt Safety...:._ The maximum output voltage of a 5-volt device is limited to a level that is 
compatible with 3.3-volt devices. 

+ 5-Volt Tolerance-' The maximum allowable input voltage of a 3.3-volt device is such that it is 
compatible with the typical maximum output voltage of a 5-volt device. 

This brief describes 3.3-volt safety in more detail and how the MACH 1 & 2 SP devices can be 
used in environments that require the use of a 3.3-volt safe device. 

3.3-Volt Safe Specifications 

For a 5-volt device to be safe for 3.3-volt devices, its outputs must drive no higher than the Vm 
(max) of the 3.3-volt device when V cc (3.3-volt device) is at a minimum, the V cc (5-volt device) 
is at its maximum value and the source current of the pin being driven is 0 mA. Additionally, the 
same device must meet the minimum requirements needed to reliably interface with devices that 
conform to the TTL level specification. The TTL specification requires that the outputs drive no 
less than the Vm (min) of the 5-volt TTL device when V cc (5-volt TTL device) is at a minimum 
and with a load current of 3.2 mA. The ideal specifications are shown in Table 1, below. The 
specifications are derived from the requirements needed for both 5-volt TTL devices and 3.3-volt 
CMOS devices. The value for V OH (max) is given for a 5-volt device driving into a 3.3-volt device 
operating at a minimum V cc (3.0 volts for a 3.3-volt device). In this condition, the determining 

1. The information contained in this technical note pertains to the revision B versions of the MACH211SP and MACH231SP. Revision A material for these devices has 
characteristics similar to those found in the 5-volt MS-128, MS-192, and MS-256 devices. Information about those devices is found in the technical note Hot 
Socketing and Mixed Supply Design with MACH 4 and MACH _5 Devices. The revision information is found after the date code on the package (e.g., 9750 XXX B) 
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factor is set by the Vm (max) requirements of V cc + 0.3 with a V cc of 3.0 volts. All of the devices 
will meet the specification, set by the need to be 5-volt rn compatible, for V OH (min) when 
Vee= Min and IoH = -3.2 mA. 

Table 1. 5-VoltTolerant/3.3-Volt Safe Ideal Specifications 

Parameter 
Symbol Parameter Description Test Description Min Max Unit 

VoH Output High Voltage V cc = Min, loH = -3.2 mA 2.4 v 

VoH Output High Voltage Vee= Max, ioH = O mA 3.3 v 

MACH 1 & 2 SP Mixed Supply Design Characteristics 

These devices were not originally designed to meet the ideal specifications given above, and as 
a result do not meet them. This does not, however, mean these devices cannot be used in a 
mixed supply design environment because many designs are not designed to minimum and 
maximum specifications but rather to more typical specifications. When V cc is at 5.25 volts, an 
output will typically need to source less than 25 µA to provide an output voltage of 3.6 volts. 
Additionally, many systems will not be designed to operate at both the maximum 5-volt V cc of 
5.25 volts and the minimum 3.3-volt V cc of 3.0 volts, but rather will operate at the more typical 
5.0 volts and 3.3 volts. The design of the output buffer is such that VoH drops linearly with V cc 
such that if V cc drops 0.1 volts, so does V OH. As a result, a more typical V OH' when V cc is at 
5.0 volts, will be around 3.4 volts. Additionally, the Vm of a device running at 3.3 volts is 3.6 
volts, which further ensures that a 5-volt device can drive a 3.3-volt device without causing 
damage. 

The specifications for MACH 1 & 2 SP devices stated that at V cc (min) = 4. 75 volts and with a 
source current of -3.2 mA, VoH will be no greater than 3.3 volts. All of these devices will meet 
this specification, but this specification does not meet the requirements for being safe to drive a 
3.3-volt device. To further ensure that these devices meet a specification which can be 
considered safe, they are tested to meet a VoH of 3.5 volts when V cc = 5.25 volts and IoH = -
300 µA. The MACH 1 & 2 SP test specifications are shown in Table 2. 

Table 2. MACH 1 & 2 SP 3.3-Volt Safe VoH Specifications 

Parameter 
Symbol Parameter Description Test Description Min Max Unit 

VoH Output High Voltage v cc = Min, IoH - -3.2 mA 2.4 v 

VoH Output High Voltage V CC • 5.25 V, ioH = -300 µA 3.5 v 

Additional safety can be included as a part of a system design either by using series current 
limiting resistors or by using bleeder resistors to ground. The series resistor will be placed 
between the MACH device and the 3.3-volt device and should be no less than 150 n which will 
limit the maximum amount of current which could be driven into a pin and through the ESD 
structure to less than 10 mA. This current value is almost always considered safe in terms of 
latch-up specifications that are typically on the order of 200 mA into a pin. If a 12 Kil resistor 
to ground is used, it will guarantee that VoH does not go above 3.6 volts when V cc of the MACH 
device is at 5.25 volts. 
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CONCLUSION 

The MACH 1 & 2 SP devices offer several advanced features that can be invaluable in a system 
design. To take full advantage of these features, the designer must be fully aware of the 
characteristics of the features in each of the device types. The mixed supply design capability is 
a feature that allows for advanced system design using parts from different technologies but 
requires an understanding of the specifications needed for a 3.3-volt safe design in terms of V cc 
and V OH levels. In all situations, MACH 1 & 2 SP devices can be used in these designs given the 
proper design techniques and considerations. 
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II YANTIS Vf 1 FPGA Power Estimation 
I BEYOND PERFORMANCE 

INTRODUCTION 

During the initial stage of system design, the power requirements for the system are considered. 
To estimate the system power, the power of each active subsystem must be calculated. When 
the subsystem is a printed circuit board, the power estimation for the subsystem is the sum of 
the power of each device. To facilitate the process of calculating power, all devices provide 
graphical or algebraic methods to estimate power. FPGAs are no exception, but they do provide 
special complexity. FPGAs can implement an indefinite amount of logic designs. Therefore, 
estimating the power of each design is as unique as the design. In this application brief, a 
method to estimate the VFl ™ FPGA power is presented. 

POWER DISSIPATION 

The two components to power in semiconductor devices is static and dynamic power. Static 
power occurs during inactive device periods whereas dynamic power occurs during active 
device periods. Stated in equation form: 

PTOTAL = PsTATle + PovNAMle 

Static power is a function of the static leakage current which a device dissipates. During an 
inactive period, a device connected to supply and ground has biased internal nodes. Parasitic 
junctions inherent to internal nodes become active during this period drawing leakage current. 
Hence, static power follows the equation: 

PsTATle =Vee Slee 

Conversely, dynamic power is not a function of leakage current; it is a function of dynamic 
internal and output switching. Dynamic internal and output switching both charge and discharge 
capacitive loads. Internal switching charges and discharges internal node capacitors whereas 
output switching charges and discharges external load capacitors. In either case, current is drawn 
and dissipated. In equation form: 

PovNAMle = PINT+ PouT 

Note that output nodes can have internal pull-up resistors or latches to maintain known states 
during output tristate. The internal pull-ups or latches also contribute to the total power 
consumption and are included in output power. Moreover, the complexity of calculating PINT 
and POUT require separate sections for the calculation of each. 
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INTERNAL POWER DISSIPATION (P1N1) 

The internal power dissipation of a device is a result of charging and discharging of internal 
nodes. However, the multiple designs which can be implemented into FPGAs have varying 
quantities of nodes. This variance provides a unique dilemma: how to produce an estimate for 
internal power? The method which the FPGA industry has adopted is to generate power data 
from FPGAs saturated with 16-bit counters. The data is used to determine the power factor KpWR 

which is used in the following internal power equation: 

Where: KpWR 

Vee 

FMAX 

NeBB 

TRATE 

P1NT = KpwR Vee FMAX Nees T RATE 

VFl FPGA Power Constant (A/Hz) 

Supply Voltage (V) 

Maximum Clock Frequency (Hz) 

Total Number of VFl FPGA Configurable Building Blocks Used 

Average Number of Internal Nodes Toggling at a Given Clock 
(20% for most designs; 12.5% for 16-Bit Counters) 

VF1 FPGA KPWR (A/Hz) 

VF1012 TBD 

VF1020 TBD 

· VF1025 7 E-12 

VF1036 TBD 

Output Power Dissipation (Pouy) 

Output power dissipation is a function of capacitive load, supply voltage, output switching 
frequency, and the quantity of outputs switching at a given time. Stated mathematically: 

n 

568 

n 

PouT = L CiV~Fi 
i = 1 

Output Capacitive Load (F) 

Output Voltage Swing (V) 

Output Switching Frequency (Hz) 

Total Number of Outputs 
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The implication of the previous equation is that every output needs to be analyzed to calculate 
the output power. For a simpler estimation, the following simplifications can be made. 

Ci "" Cavg Average Output Load Capacitance (F) 

vi Vo Output Voltage Swing (V) 

Fi 1/2 Fmax Average Output Switching Frequency (Hz) 

n "" Nout * Trate (Total Number of Outputs) * (Percentage of Outputs 
Switching at a Given Time) 

The simplifications result in the following equation: 

EXAMPLE 

For an example, consider a 32-bit counter running at 50 MHz and driving a 32-bit bus loaded 
with 30 pF. The target device is a VF1025. The capacity needed for this design is 32 CBBs and 
the toggle rate is 6.25%. Using this information, the internal and external power estimates are 
calculated below. 

Internal Power: 

Output Power: PouT 

Total Power: 

SUMMARY 

KpwR Yee FMAX NeBB TRATE 

(7E-12 A/Hz) (3.3V) (50E+6 Hz) (32) (0.0625) 

2.31 mW 

1/2 Cavg Yo2 Fmax Nout Trate 

1/2 (30E-12 F) (3.3V)2 (50E+6 Hz) (32) (0.0625) 

16.34 mW 

PsTATJe + pDYNAMJe 

PsTAT!e + PINT + PouT 

0+2.31 mW+ 16.34 mW 

18.65 mW 

Power estimation during the initial phase of system design must be calculated to determine 
whether system power constraints are satisfied. To calculate the system power, each individual 
device must provide a method to calculate power. For VFl FPGAs, a method for calculating the 
total power dissipation has been provided. A designer should use this approach as an 
approximation. Actual power consumption will ultimately depend on the unique 
implementation of a design into a VFl FPGA. 
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II VANTIS 
I BEYOND PERFORMANCE 

VF1 FPGA Configuration Guide 

INTRODUCTION 

Configuration is the process of loading a VFl ™ FPGA with a pattern that defines its applications 
identity. Because the VFl family uses SRAM configuration memory, configuration must be 
performed every time the device is powered up. Configuration may also be done at any time that 
the system designer determines that configuration is needed. 

The configuration program is a bitstream generated by Yantis DesignDirect™ place-and-route 
software. The bitstream is stored in either a host system or in a serial PROM (SPROM). It is 
downloaded from the host system or SPROM whenever the VFl FPGA is powered up or whenever 
the host system initiates the configuration process. 

Configuration Overview 

Designers have a wide selection of configuration modes that may be used to configure a VFl FPGA 
from either a host system or SPROM (Figure 1). If a YCM (Yantis Configuration Memory) SPROM 
is used, the VFl FPGA will automatically read its configuration program from the SPROM whenever 
power is applied. A host system, on the other hand, configures the VFl FPGA under the control 
of the host system, and may reconfigure the VFl FPGA at any time. 

VF1 Host System or 
FPGA SPROM 

Figure 1. FV1 Device Configuration 215528-001 

The Yantis VFl FPGA family supports configuration via the ]TAG boundary-:scan port as well as 
via a dedicated configuration port using non-JTAG modes. In this discussion, the non-JTAG modes 
will be covered first, followed by the ]TAG mode. 

The basic configuration modes are listed below and are described in detail in a following section. 

+ Master serial mode. In this mode, the Master VFl FPGA is loaded automatically from a com-
panion SPROM whenever power is applied to !he VFl FPGA or when the PROGRAM pin is 
pulsed. The VFl FPGA controls the entire configuration process. Multiple VFl FPGAs may be 
configured in this mode with the first device configured as a Master, and subsequent devices 
configured as Slaves. 

+ Slave serial mode. With the exception of ]TAG mode, which is described later, slave mode is 
used whenever a VFl FPGA is not controlling the configuration process. Usually, slave-mode 
devices are the second and subsequent VFl FPGAs when multiple devices are daisy-chained for 
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21552B-Oconfiguration. VFl FPGAs may also be configured in Slave mode whenever a host sys­
tem loads the devices serially and controls the configuration process. 

+ Asynchronous peripheral mode. This mode is used to transfer configuration data a byte at 
a time from a host system to a VFl FPGA. The VFl FPGA provides the configuration clock. The 
host system monitors a status line to determine when another byte of data can be transferred. 
The first device in a chain is configured in Asynchronous Peripheral mode and subsequent de­
vices are configured in Slave serial mode. 

+ Synchronous peripheral mode. This mode is similar to asynchronous peripheral mode in 
that a host system transfers a byte of configuration data at a time, but the host system provides 
configuration clocks. The VFl FPGA receives the byte of configuration data, serializes is, and 
stores it in configuration memory. The first device in a chain is configured in Synchronous Pe­
ripheral mode and subsequent devices are configured in Slave serial mode. 

+ JTAG mode. ]TAG Mode allows a host system to configure VFl FPGAs -via the VFl ]TAG port. 
When this mode is used, all VFl FPGAs in a chain are configured in JTAG mode. 

Configuration Program 

The configuration program is developed using Yantis' DesignDirect software (Figure 2). Designers 
select the configuration mode that will be used for their applications and the DesignDirect software 
generates a bitstream in the appropriate format for that specific mode. 
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With the exception of some header information, the configuration bitstream is the same regardless 
of the configuration mode used. The bitstream consists of a header; length count; multiple data 
frames, each with its own CRC for error detection; and a postamble (Table 1). 

Table 1. Bitstream Format 

Header 

-Fill bits 11111111 

-Preamble 11110010 

Length count Count bits 23:0 

Fill bits 111 lll ll 

Number of frames for each device type: 

VF1012=430 VFI020=546 VF1025=604 
Data frame(s) VF1036=720 

-Start bit 0 

-Data Configuration data 

-CRC bits Error detection bits 

-Stop bits lll 

Postamble 11111111 

Note: 
The total number of bits required to configure a VFJ FPGA depends on the capacity of the device (Table 2). 

Table 2. VF1 FPGA Configuration Bits 

VF1 FPGA Configuration Bits 

VF1012 245,156 

VF1020 385,476 

VF1025 474,792 

VF1036 669,656 

Non-JTAG Overall Timing/Signal Functions 

A relatively small number of signals perform the most important configuration functions in non­
JTAG configuration modes. Figure 3 is a generic configuration diagram showing the key signals 
used to interface a VFl FPGA to either a host system or an SPROM. Other signals take part in 
various modes (Appendix A, Tables Al and A2), but the signals shown in Figure 3 and the general 
timing diagram in Figure 4 are common to all non-JTAG configuration modes: 

1. PROGRAM. A low-to-high transition on the PROGRAM pin starts the configuration sequence. 

2. M[2:0]. Three mode pins select the VFl configuration mode. 

3. INIT. The INIT signal is pulled low during VFl initialization prior to configuration, is released 
during configuration, and is pulled low if a bitstream error occurs during configuration. INIT is 
an open drain signal that requires a pull-up resistor tied to V cc· 

4. DONE. The DONE signal goes low during initialization and stays low until the VFl FPGA is 
fully configured. DONE is an open drain signal that requires a pull-up resistor tied to Vee· 

5. CCLK. In Master mode and Asynchronous Peripheral mode, the VFl FPGA generates its own 
configuration clock. In these modes, CCLK is an output. In Slave serial mode and Synchronous 
Peripheral mode, the CCLK configuration clock comes from some other source. In these cases, 
CCLK is an input. 
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6. DIN[7:0]. Configuration data is received on the data in (DIN) pins. In serial configuration 
modes, all data is received on DIN 0, commonly referred to as DIN. In Synchronous and Asyn­
chronous peripheral modes, data is received in bytes on DIN 0-7. 

7. DOUT. VFl FPGAs may be daisy chained for configuration, with all devices configured from a 
common source. In this case, the lead VFl FPGA configures itself first and passes subsequent 
configuration data to the devices that follow via the DOUT pin. The DOUT pin is conn~cted to 
the DIN pin of the following device. 

8. RDY /BUSY. When the VFl FPGA is in one of the Peripheral modes, host systems monitor the 
RDY /BUSY signal to determine when the device is ready to receive another byte of configura­
tion data. 

9. RDY/BUSY (DIN7). Instead of monitoring the RDY/BUSY pin, a host system can read the 
RDY /BUSY status by monitoring the DIN7 pin. 

10.HDC, LDC. Two status signals, HDC (high during configuration) and LDC (low during config­
uration) may be monitored during the configuration process. Once configuration is completed, 
the status of these pins is defined by the configuration pattern and they become user 1/0 pins. 

Mode Pins 
.L .L .l 

MO M1 M2 Vee Vee 

DOUT 
Q Q 

VF1 > > 

DIN 0-7 

CCLK 

DONE 
Host System or SPROM 

PROGRAM INIT 

Figure 3. Common Non-JTAG Configuration Signals 215528-003 

Mode Selection 

Three multiplexed mode-select pins, M[2:0], determine which mode will be used to configure a 
VFl FPGA. Mode signals must be set up before power is applied to the chip and must remain 
constant until the VFl FPGA completes the initialization process (while INIT is low) .. Mode signal 
setup is usually accomplished by tying the mode pins to the appropriate logic level via pull-up or 
pull-down resistors. Using resistors rather than tying the signals directly to VCC or GND frees the 
mode pins for use as 1/0 pins following the configuration process. Table 3 lists the pin assignments 
for each mode. 
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Table 3. Configuration Mode Selection Pins 

M2 M1 MO 

Master Serial 0 0 0 

Slave Serial I I I 

Synchronous Peripheral 0 I I 

Asynchronous Peripheral I 0 I 

JTAG 0 0 I 

Initialization 

Figure 4 shows the timing relationships that exist between key signals during configuration of a 
VFl FPGA, and Table 4 lists specific timing values for each VFl family member. Initialization begins 
whenever there is a low-to-high transition on the PROGRAM pin, or when power is applied to the 
device. When PROGRAM goes low, the VFl FPGA dears configuration memory and waits for 
PROGRAM to go high. When PROGRAM goes high, several events occur: 

1. The VFl configuration memory is reset again. 

2. The VFl INIT pin goes low while the device initializes itself for the configuration process. 

3. The VFl examines the mode pins M[2:0] to determine the configuration mode that will be used. 

4. The DONE pin goes low, signaling that the VFl FPGA must be configured. It stays low until the 
configuration process is completed. 

5. The INIT pin goes high when initialization is complete and the VFl FPGA is ready to receive 
configuration data. 

When the VFl FPGA is configured from a companion SPROM such as the Yantis Configuration 
Memory (VCM), the DONE and INIT signals control the operation of the SPROM, as explained in 
the Master serial mode description that follows. When a host system configures the VFl FPGA, 
DONE and INIT provide status information for the host. 
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Table 4. General Timing Specifications 

Parameter Symbol Min Max Unit 

All Configuration Modes 

M[2:0] Setup Time to INIT High lsMODE (Note 2) 500 ns 

M[2:0] Hold Time from INIT High IHMODE 500 ns 

PROGRAM Pulse Width Low to Start 
Reconfiguration IPGW 1.5 µs 

DONE or INIT Response Time to PROGRAM 
to 1.0 µs 

Pulse 

INITTiming 

INIT High to CCLK Delay toor_CCLK 

Slave Serial 1.0 µs 

Synchronous Peripheral 1.0 µs 

Master Serial 200 900 ns 

Initialization Latency l1L 

12K: Master Serial 165 620 µs 

Other Modes 30 110 µs 

20K: Master Serial 175 650 µs 

Other Modes 35 140 µs 

25K: Master Serial 180 665 µs 

Other Modes 40 150 µs 

36K: Master Serial 185 690 µs 

Other Modes 50 180 µs 

Power-On Reset Delay lro 
Master Serial 35 130 ms 

Other Modes 9 33 ms 

Configuration Latency lcI. 
12K: Master Serial 15 60 ms 

Other Modes 25 ms 

20K: Master Serial 25 100 ms 

Other Modes 40 ms 

25K: Master Serial 30 120 ms 

Other Modes 45 ·ms 

36K: Master Serial 45 165 ms 

Other Modes 65 ms 

Notes: 
1. All timing values are based on JK pullup and 35 pF loading on open-drain outputs !NIT and DONE. 

2. In the case of Master mode, the minimum setup time is 500 ns to !NIT High of Slave mode. 

VF1 FPGA Configuration Guide 577 



Configuration Program Transfer 

Once it is initialized, the VFl FPGA reads configuration data from an SPROM or a host system. The 
following sections describe specific methods used to transfer data. 

Table 1 describes the format of the configuration bitstream. A header is read first, followed by a 
bit count of the configuration program. If two or more VFl FPGAs are configured in a daisy chain, 
the bit count includes the total of all configuration programs contained in the bitstream. 

The bit count is loaded into a register in the VFl FPGA. Even before the bit count is loaded, the 
VFl FPGA begins counting every clock pulse on the CCLK pin. CCLK clocks may be generated 
internally in a VFl FPGA (Master serial and Asynchronous peripheral modes) or may be received 
from some other source (Slave and Synchronous peripheral modes). Regardless of the source, 
every clock is counted and the count used to determine when configuration is complete. Since the 
VFl FPGA reads one bit of data on each clock pulse, the clock pulse count corresponds to the 
number of data bits read by the device. 

The VFl FPGA loads configuration data a frame at a time. When the number of bits transferred 
matches the bit count that was read from the bitstream, the VFl DONE signal goes high, signaling 
an end to the configuration process. In addition, either of the two status signals, HDC and LDC, 
may be used to monitor the configuration process to determine when the VFl FPGA is ready to 
process meaningful data. 

Error Detection 

During configuration, a VFl FPGA checks CRC bits frame-by-frame to detect bitstream errors. If no 
errors occur, a high on the DONE pin signals the successful completion of the configuration 
process. If DONE is low, indicating that configuration did not complete successfully, the INIT 
signal may be sampled to help determine the reason. For example, a high INIT may indicate the 
VFl FPGA was under-clocked, while a low INIT points to a bitstream error during configuration. 

Configuration does not automatically begin again when an error occurs. The PROGRAM signal 
must be pulsed low to restart the configuration process. 
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JTAG Considerations in Non-JTAG Configuration Modes 

Yantis VFl FPGAs supportJTAG boundacy scan testing (IEEE STD 1149.1, IEEE standard test access 
port and boundacy scan architecture). In addition to specifying industcy-standard testing 
procedures, the IEEE specification gives manufacturers the ability to use ]TAG ports for other 
purposes as well. VFl FPGAs support both board level and device testing usingJTAG, and provide 
a means for configuring VFl FPGAs via the ]TAG port. ]TAG configuration is covered in a 
subsequent section of this document. This section discusses precautions that must be taken when 
using ]TAG testing and non-JTAG configuration. 

]TAG boundacy scan instructions can control VFl FPGA I/Os duringJTAG testing. In normal mode 
(after completion of configuration), this does not create a problem because all JTAG instructions 
are SUIJported. The problem may arise during non-JTAG mode configuration when DIN, DOUT, 
CCLK, INIT, and DONE are sending out or receiving configuration handshaking signals. 

The ]TAG instructions INTEST, EXTEST or HI-Z, if executed during non-JTAG configuration, the 
outputs in the boundacy scan register may corrupt the configuration process by overriding the 
configuration signal. Because of this probable conflict, the INTEST, EXTEST, and HI-Z instructions 
should not be used during non-JTAG mode configuration. 

When the VFl FPGA first powers up, itsJTAG engine is initialized at TEST LOGIC RESET until Vee 
reaches 2. 7V and the VFl internal power-up reset signal is released. This prevents the execution 
of any ]TAG instructions. All the I/Os that are not used for configuration come up in 3-state mode 
with pull-ups. The boundacy scan registers do not control the I/Os at this time. 

After the power-up reset delay runs out, the VFl begins its initialization in preparation for 
configuration. At this point, it is possible to start running BYPASS and instructions other than 
INTEST, EXTEST, and HI-Z. 

When using non-JTAG configuration and JTAG boundacy scan testing, you can handle potential 
conflicts in one of two ways: 

1. Delay boundacy scan testing until VFl configuration is complete. The advantage of this ap­
proach is that all JTAG instructions for testing the VFl FPGA are supported. The disadvantage 
is that the configuration process uses some board interconnections (those that interface the VFl 
FPGA to its configuration source) before they are tested. 

2. Use boundacy scan to test board-level connections before configuring the VFl FPGA, and use 
other ]TAG tests following configuration. This approach allows board-level connections to be 
verified prior to configuration and chip functionality to be tested following configuration. How­
ever, it is a little more complex to implement than the first alternative. 
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Delay Boundary-Scan Testing 

Delaying boundary-scan testing until VFl configuration is complete is simple: monitor the VFl 
DONE pin to ensure that configuration is complete before initiating any testing. The testing can 
begin as soon as the DONE pin goes high. 

Be careful during boundary scan testing to ensure that testing does not re-trigger the configuration 
process. If the test process loads a "O" on the VFl PROGRAM pin, a low-to-high transition will 
occur on the pin when testing is complete and the pin is allowed to go high again, thus initializing 
the VFl and triggering a new configuration cycle. To avoid this problem, load a "l" on the 
PROGRAM pin to ensure that the signal remains high during boundary scan testing. Safe state 
information for the PROGRAM pin is included in the BSDL files for the VFl FPGAs. 

Boundary Scan Testing Before Configuration 

Executing the ]TAG boundary scan instructions prior to configuration allows board traces to be 
verified before they are used in the configuration process. To do boundary scan testing before 
configuration, follow these steps: 

1. Hold the VFl PROGRAM pin low after power-up, thereby holding the VFl in the WAIT state 
and delaying initialization. 

2. Perform boundary scan testing. After boundary scan testing is completed, set the ]TAG engine 
to TEST LOGIC RESET. At this point, the boundary scan registers no longer control the I/Os. All 
the I/O's not used for configuration go into 3-state mode again, just as they were before the 
boundary scan test. 

3. Toggle .the PROGRAM pin to high to start initialization and configuration. 

4. Once the VFl FPGA is configured, additional ]TAG tests may be conducted, provided care is 
taken to ensure that the PROGRAM pin is held high throughout the testing process. 
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Master Serial Mode 

Master serial mode is most often used to configure VFl FPGAs automatically on power up (Figure 
5). Figure 6 and Table 5 show timing information. In this mode, the VFl FPGA is connected to a 
VCM SPROM. On power up, or on command from a host system, the VFl FPGA reads its 
configuration program from the VCM SPROM. 

Note: 
1. Tbe VCM SPROM RESET polarity must be programmed for OE high and RESET low. 

A simple four-wire interface connects the VFl FPGA with the VCM SPROM: 

+ The VFl DIN pin connects with the VCM SDATA (Serial data) pin. 

+ The VFl CCLK pin connects with the VCM SCLK (Serial clock) pin. 

+ The VFl DONE pin connects with the VCM CS (Chip select) pin. 

+ The VFl INIT pin connects with the VCM OE (Output enable) RESET (Reset) pin. 

If the PROGRAM pin is tied to V CC• configuration starts automatically on power up. If PROGRAM 
is not tied to V CC• the host system must cause a low-to-high transition on the PROGRAM pin to 
initiate the configuration process as described earlier. 

~ l l l 
MO M1 M2 Vee Vee 

9 ;:> 

VF1 MASTER > > 
VCM 

DINO SDATA 

v cc CCLK SCLK 

l DONE cs CASO UT 

PROGRAM INIT OE/RESET 

Figure 5. Master Serial Mode 
215528-005 
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Figure 6. Master Serial Mode Timing Relationships 
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Table 5. Master Serial Mode Timing Values 

Master Serial Mode Symbol Min Max Unit 

DIN Setup Time Is 20 ns 

DIN Hold Time tH 0 ns 

CCLK High nme 'ccLKH 33.5 100 ns 

CCLK Low Time 'cci.KI. 33.5 100 ns 

CCLK Period lcCLK 67 200 ns 

CCLK Frequency fc 5 15 MHz 

CCLKto DOUT to 30 ns 

When the INIT pin goes high, the transfer of the configuration bitstream from the VCM SPROM to 
the VFl FPGA begins. A low on the VCM CS and a high on its OE/RESET pins cause the VCM to 
place the first bit of the configuration bitstream on its SDATA pin. The VFl FPGA reads this bit on 
the rising edge of the first CCLK clock pulse. The same CCLK pulse signals the VCM to increment 
its internal address counter and place the second bit on the SDATA pin. This process continues 
until the configuration process is completed or is interrupted. 

Slave Serial Mode 

The primary difference between Master mode and Slave mode is the CCLK signal. CCLK is an input 
for VFl FPGAs in Slave mode while it is an output in Master mode. Slave serial mode is used to 
configure VFl FPGAs in daisy chains that are headed by Master devices (Figure 7), or when directly 
configured in serial mode by a host system (Figure 9). They may also follow Asynchronous 
Peripheral Mode devices (Figure 12) or Synchronous Peripheral Mode devices (Figure 10) in daisy 
chains. Figure 8 and Table 6 show Slave mode timing. 

The Master-driven Slave serial mode is covered first, followed by Host-driven Slave serial mode. 
Other uses are covered in subsequent sections. 

Master-Driven Slave Serial Mode 

Figure 7 shows three VFl FPGAs reading their configuration data from two SPROMs. The first VFl 
FPGA in the chain is configured in Master mode while the second and third devices are configured 
in Slave mode. 

The overall function of Master-driven slave serial mode is straightforward. The Master device reads 
the configuration bitstream from the SPROMs and configures itself. Once it is configured, it puts 
overflow configuration data on its DOUT pin where it is read by the first Slave VFl FPGA. The first 
Slave device configures itself, and then puts overflow configuration data on its DOUT pin where 
it is read by the second Slave device. This process continues until the Master and all Slave devices 
in a chain have been configured. The following paragraphs describe the process in more detail. 

Note: 
Two SPROMs are shown in Figure 7. A single VCM (Vantis Con.figuration Memory) SPROM with a 1 Mbit memory capacity can bold 
the con.figuration programs for two VF1025 or VF1020 devices,four VF1012 devices, or one VF1036 device, as explained in the Van­
tis Configuration Memory data sheet. When the con.figuration program exceeds the capacity of one VCM SPROM, two or more may 
be cascaded to provide the necessary storage capacity. Refer to the Vantis Con.figuration Memory Data Sheet for details on bow to 
cascade VGM SPROM devices. 
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The interface between the Master VFl FPGA and the SPROMs is identical to that described in 
Master serial mode, above. The Master VFl controls the configuration process by controlling the 
CCLK configuration clock 

Vee 

1 Tl ~ I I l 
MO M1 M2 MO M1 M2 Vee Vee 

r- DOUT DOUT 
;i 9 ,.........., 

VF1 SLAVE VF1 MASTER 
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DIN ~ DIN SDATA 

CCLK I--, CCLK SCLK 

DONE 1--i DONE cs CASO UT 1----, 

PROGRAM I+ PROGRAM ..,...._ INIT t-- r! PROGRAM INIT OE/RESET 

I 
SPROM2 

Vee '-+--i SDATA 

l I I ~ SCLK 

MO M1 M2 r-1 cs CASO UT 

DOUT OE/RESET 
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DIN j4 
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~ PROGRAM INIT t--
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Figure 7. Slave Serial Mode, Master-Driven 
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DIN X.__ ___ X.__ __ 

Figure 8. Slave Serial Mode Timing Relationships 
215528-008 

Table 6. Slave Serial Mode Timing Values 

Slave Serial Mode Symbol Min Max Unit 

DIN Setup Time Is 20 ns 

DIN HoldTime ltt 0 ns 

CCLK High Time lcCLKH 50 ns 

CCLK Low Time lccLKL 50 ns 

CCLK Period lccLK 100 ns 

CCLK Frequency fc 10.0 MHz 

CCLK to DOUT In 30 ns 

The DONE and INIT signals of all three devices are tied together to ensure that the configuration 
process does not begin until all VFl FPGAs have completed the initialization process. The INIT 
~nal is applied to the OE/RESET input of both SPROMs, while the DONE signal is applied to the 
CS i!2Eut of the first SPROM only. The first SPROM's CASOUT (Cascade out) signal is applied to 
the CS input of the second SPROM. 

The CCLK clock output from the Master VFl is applied to the SCLK inputs of both SPROMs and to 
the CCLK pins of the Slave VFl FPGAs. 

The SDATA outputs of both SPROMs are tied together to provide a common DIN data input to the 
Master VFl FPGA. The DOUT output pin of the Master device is applied to the DIN of the first 
Slave device, and the DOUT output of the first Slave is applied to the DIN input of the second 
Slave device. The same connections are used for any subsequent Slave devices in the chain. 
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When the INIT signal goes high, configuration proceeds as described in Master serial mode, with 
the following additions and exceptions: 

1. The bit count that the Master device reads early in the configuration cycle is a count of the com­
plete bitstream, including the configuration programs for all VFl FPGAs in the chain. 

2. All VFl FPGAs receive every CCLK clock pulse and begin counting pulses with the first pulse 
received. The pulse count, therefore, will be the same in each VFl FPGA throughout the con­
figuration cycle. 

3. The Master VFl FPGA reads the header bytes and configuration bit count from the SPROMs, 
stores the bit count, and passes the information on to the first Slave VFl FPGA via the Master's 
DOUT pin. The header and bit count are delayed by 1.5 clock cycles as they pass through the 
Master VFl FPGA. 

4. Once the header and bit count have been transmitted, the Master VFl's DOUT pin goes high 
and remains high until it is ready to transmit configuration data to the first Slave VFl FPGA. 

5. The first Slave VFl FPGA reads the header bytes and bit count, stores the bit count in its internal 
counter, and passes the same header and bit count on to the next Slave VFl FPGA. The Header 
and bit count are delayed by an additional 0.5 clock cycle as they pass through the first Slave 
VFl FPGA. Once the header and bit count have been transmitted, the first Slave VFl's DOUT 
pin goes high and remains high until it is ready to transmit configuration data to the second 
Slave VFl FPGA. 

6. The second and subsequent Slave VFl FPGAs read the header and bit count and store the bit 
count in their internal counters. 

7. Following receipt of the header and bit count, the Master device receives configuration frames 
from the SPROM, performs a CRC check on each frame, and uses these frames to configure it­
self. 

8. Once the Master VFl is fully configured, it sends subsequent configuration frames to the first 
Slave device via the Master's DOUT pin. The start bit of the first configuration frame that the 
Slave device sees causes the Slave device to receive the frame, perform CRC checks, and use 
the frame data to configure itself. The Slave device continues to receive and store frames until 
it is fully configured. 

9. When a Slave device is fully configured, it sends subsequent configuration data to down-stream 
Slave devices via its DOUT pin. This process continues until all Slave devices have been con­
figured. 

When the final Slave device is fully configured, the bit counter in each VFl FPGA should match 
the bit count that was received from the SPROM early in the bitstream. When the counts match, 
all VFl FPGAs will allow their DONE outputs to go high, thus signaling the end of the configuration 
process and removing the CS signal from the SPROMs. At the same time, the VFl FPGA 1/0 pins 
are enabled and the FPGA begins to perform the functions that are defined by the configuration 
bitstream. 

Error Detection 

Each VFl FPGA checks incoming configuration frames for errors as it receives them. If any VFl 
FPGA detects a bitstream error, it pulls its INIT signal low, terminating the configuration process. 
Just as in Master serial mode, a pulse on the PROGRAM pins of all devices restarts the configuration 
process. 
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Host-Driven Slave Serial Mode 

A system designer can eliminate configuration SPROMs from a system by loading VFl FPGAs from 
a host system (Figure 9). Configuring VFl FPGAs from a host system allows the host to precisely 
control the configuration process, and to reconfigure the VFl FPGAs in the system at any time. 

The configuration diagram shown in Figure 9 is similar to the Master-driven slave serial mode 
described above, with these differences: 

1. The SPROMs are replaced by a host system. 

2. All VFl FPGAs are configured in Slave mode, with no Master mode device in the chain. 

3. The host system provides the configuration clock for all VFl FPGAs in the chain. 

4. The host system controls the PROGRAM signal. 
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Figure 9. Slave Serial Mode, Host-Driven 
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The configuration process is similar to the Master-driven Slave serial mode with these exceptions: 

1. The host system initiates configuration by the by pulsing the PROGRAM signal low. Even on 
power up, the VFl FPGAs waits for the host system to initiate configuration. 

2. The VFl DONE and INIT signals provide status information to the host system. Host systems 
may also monitor the VFl HDC (High during configuration) and LDC (Low duri~onfigura­
tion) status signals during the configuration process, but the states of HDC and LDC are unde­
fined following configuration. 

Byte-Wide Data Transfers 

Two configuration modes, Synchronous Peripheral mode and Asynchronous Peripheral mode, 
support byte-wide data transfers between a host system and VFl FPGA. 

When a VFl FPGA receives a byte of configuration data, it serializes the byte and processes it as 
if it were received serially. Byte-wide transfers, therefore, offer another design alternative but not 
a means of speeding up the configuration process. 

Synchronous Peripheral Mode 

In Synchronous Peripheral mode, the host system sends byte-wide configuration data and the 
configuration clock (CCLK) to the VFl FPGA. The VFl FPGA receives the byte-wide data on its 
DIN 0-7 pins. If there are two or more VFl FPGAs in a daisy chain, the first is configured in 
Synchronous Peripheral mode and all subsequent devices in Slave mode (Figure 10). Figure 11 and 
Table 7 show timing information. 

Configuration proceeds as follows: 

1. The host system initiates the configuration process by pulsing the VFl PROGRAM pin low. 

2. The first data byte is clocked into the VFl FPGA on the rising edge of the second CCLK pulse 
after INIT goes high (Figure 11). Bytes are then clocked in on every eighth CCLK pulse. 

3. The VFl RDY /BUSY signal acknowledges the loading of the byte by going high for one CCLK 
period on the same clock that loaded the byte. 

4. To complete the shifting of the last byte into configuration memory, the host system must con­
tinue providing CCLK pulses after the last byte is loaded. One way to do this is to continue 
providing CCLK pulses until the DONE pin goes high. 

5. In daisy-chain configurations, the first VFl FPGA in the chain loads itself and then presents serial 
data on its DOUT pin. The data appears on DOUT 1.5 CCLK cycles after it is loaded in parallel, 
which means that DOUT changes on a falling CCLK edge and the next VFl FPGA loads data on 
the next rising edge. 
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Table 7. Synchronous Peripheral Mode Timing Values 

Synchronous Peripheral Mode {Figure D) Symbol Min Max Unit 

DIN Setup Time Is 20 ns 

DIN Hold Time IH 0 ns 

CCLK High Time lccurn 50 ns 

CCLK Low Time fccr.n 50 ns 

CCLK Period lca.K 100 ns 

CCLK Frequency fc 10.0 MHz 

CCLKto DOUT to 30 ns 

Asynchronous Peripheral Mode 

In Asynchronous peripheral mode, a host system sends a byte of configuration data to a VFl FPGA, 
or to the lead VFl FPGA in a daisy chain (Figure 12). The VFl FPGA receives the byte and 
generates its own clock to serialize the configuration data. The VFl RDY /BUSY signal provides 
handshaking between the host system and the VFl FPGA. 
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Table 8. Asynchronous Peripheral Mode Timing Values 

Asynchronous Peripheral Mode Symbol Min Max Unit 

RS WS CSO CS1 Pulse Width lw 100 ns 

DIN[7:0] Setup Time ts 20 ns 

DIN[7:0] Hold Time tu 0 ns 

ROY/BUSY Delay lousv 30 ns 

ROY/BUSY low twuusv 2 9 CCLK Periods 

Earliest WR After End of Busy ta 0 ns 

CClKto DOUT to 30 ns 

Four signals control the writing of byte-wide data into the lead VFl FPGA: WS (write select), CSO 
(chip select O), RS (read select), and CSl (chip select 1). As stated earlier, RDY/BUSY provides 
handshaking. Figure 12 shows signal connections while Figure 13 and Table 8 show timing 
relationships: 

1. As in all other non-JTAG modes, configuration is initiated by pulsing the VFl FPGA(s) 
PROGRAM signal low. The VFl DONE and INIT signals provide initialization and configuration 
status information to the host system. 

2. When the VFl FPGA is ready to receive a data byte, its RDY/BUSY signal goes high. 

3. The host system places' the data byte on the VFl DIN 0-7 pins, usually via a microprocessor bus. 
The host selects the VFl FPGA by setting CSO low, CSl high, and RS high. The host then pulses 
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WS low. The VFl reads the data byte on the rising edge of the WS pulse. The VFl uses both a 
holding register and a shift register for data bytes. A byte is received in the holding register and 
transferred to the shift register when the shift register is empty. 

4. When the VFl reads the byte, the RDY /BUSY signal goes low. The VFl FPGA transfers the byte 
from the holding register where it was received into a shift register where the byte is serialized 
for VFl configuration. 

5. The RDY/BUSY signal goes high again when the VFl is ready to receive another byte. If the 
shift register is empty when the holding register is loaded, the byte is transferred on the next 
clock and the RDY /BUSY signal goes high immediately. If the shift register is not empty, the 
RDY /BUSY signal stays low until the shift register is empty and the byte waiting in the holding 
register is transferred. 

The designer can eliminate one status line by monitoring the RDY /BUSY signal on the 
microprocessor bus rather than at the RDY /BUSY output on the VFl FPGA. Enabling the chip 
selects (CSO low and CSl high), and selecting read mode (WS high and RS low) places the 
RDY /BUSY status on the VFl DIN7 pin. 

JTAG Mode 

In JTAG mode, VFl FPGAs are configured via the ]TAG pins TCLK, TMS, TDI, and TDO (Figure 
14). Figure 15 and Table 9 show timing information. Three instructions in addition to the standard 
]TAG instructions support JTAG the configuration mode: 

+ PROG_MODE. This instruction places the VFl FPGA in programming mode. Scan cells control 
the VFl I/Os during this instruction. 

+ PROGRAM. Once the VFl FPGA is in programming mode, the PROGRAM instruction shifts con­
figuration data into the VFl FPGA. Scan cells control VFl I/Os. 

+ VERIFY. After configuration this instruction is used to read back all configuration, VGB and 
I/0 flip-flops, and embedded SRAM bits in the device. 

A host system such as a microprocessor controls the configuration of the VFl FPGA or devices and 
supplies configuration data. The host also provides the configuration clock TCLK. 

If two or more VFl FPGAs are to be configured, they are arranged in a daisy chain. Data is applied 
to the TDI pin of the first device and the TDO pin of that device is connected to the TDI pin of 
the next device. The TMS and TCLK signals from the host are applied to all VFl FPGAs in parallel. 
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Table 9. JTAG Mode Timing Values 

JTAG Mode Symbol Min Max Unit 

TDllTMS to TCK Setup Time Is 40 ns 

TDllTMS Hold Time from TCK Iii 40 ns 

TCK Low Time lw. 50 ns 

TCK High Time 'ooi 50 ns 

TCK to TDO Delay lo 30 ns 

TCK Frequency loo 10.0 MHz 

DONE and /NIT 

During non-JTAG configuration the INIT pin is an open-drain status pin that can be used to delay 
the start of configuration when it is driven low. In JTAG mode, however, this pin may be driven 
low or HIZ by the boundary scan register when executing PROG_MODE or PROGRAM instructions 
and override the non-JTAG functions of the pin. 

To avoid having the boundary scan settings interfere with configuration, driving the INIT pin low 
in )TAG mode has no effect on holding off configuration. Therefore, the rules for using DONE and 
INIT when configuring two or more VFl FPGAs are different in )TAG mode than in non-JTAG 
modes: 

+ Tying INIT pins together during ]TAG configuration mode is not allowed. 

+ Tying DONE pins together in ]TAG configuration mode is not allowed. 

Configuration 

The ]TAG state machine automatically goes to TEST LOGIC RESET upon power up. Execution of 
]TAG configuration instructions can start after a time delay of tp0 +t11 (see Figure 4) when V cc 
reaches 2.7 volts. This time delay period guarantees that the configuration memory is initialized. 
]TAG configuration uses the following instruction flow and pin settings: 

1. Settings during power-on reset are PROGRAM= High. MO=l, Ml=O, M2=0. VFl I/0 pins will 
come up in 3-state mode except INIT and DONE. 

2. After Ycc=2.7 volts, wait until Tpo+Til time limit has passed. 

3. Apply SAMPLE/PRELOAD instruction to load the UPDATE registers in the boundary scan cells. 

4. Apply PROG_MODE instruction. At this point, VFl 1/0 pins, including INIT and DONE, are con­
trolled by boundary scan cells. 

5. Apply PROGRAM instruction. At this point, VFl I/0 pins, including INIT and DONE, are con­
trolled by boundary scan cells. 

6. Go to RUN TEST IDLE. Wait 1 msec. 

7. Shift in configuration data by applying TCLK clocks. The total number of tcLKs =Total number 
of bits in the bitstream. Following the shifting in of all configuration data, VFl cells will be in 
the modes defined by the configuration program. 

8. Exit PROGRAM instruction and go to TEST LOGIC RESET. 

9. When the first VFl FPGA is configured, put it in BYPASS. If a second VFl FPGA is to be con­
figured, put any intermediate system devices in BYPASS and configure the second VFl FPGA. 
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Put the second VFl FPGA in BYPASS. Continue this process until all VFl FPGAs have been con­
figured. 

IO.The DONE pin may optionally be sampled to confirm successful configuration. If DONE is high, 
configuration was successful. If DONE is low, an error occurred or the device was not com­
pletely configured. Configuration must be repeated. 

Vantis Programming Software 

Yantis offers VantisPROTM programming software that provides for the configuration, 
reconfiguration and readback of VFl FPGAs using the ]TAG mode. Given the configuration of the 
]TAG chain the VFl FPGA is in, and the name of the bitstream file, the software can configure the 
VFl FPGA through the parallel port on a personal computer. Additionally, the software can also 
be used to generate the files necessary to configure the VFl FPGAs using automated test 
equipment such as full-scale board test systems or ]TAG test equipment. VantisPro can generate 
configuration files for the HP3070, Teradyne test systems and Genrad test systems. Also, it 
generates the Serial Vector Format (SVF) files commonly used by ]TAG test equipment software. 
The SVF files contain a simple instruction set that tells the hardware the state the ]TAG state 
machine should be in and the data that should be shifted into or out of the part(s). 

Yantis also offers a version of VantisPRO software that can be used by an embedded 
microprocessor to configure the devices in the ]TAG mode. This software uses a compressed form 
of the SVF file generated by VantisPRO software to configure or readback a device. Information 
about VantisPRO software can be found in the separate document entitled, MACH ISP Manual. 

Read back 

The VFl readback capability allows designers to read the configuration program back from the 
VFl FPGA and compare it with the program that was written into the device. During configuration, 
a VFl FPGA is set for one of three possible readback options: 

+ Read Disable (the default state). No readbacks are allowed. 

+ Read Once. One readback is allowed, then readbacks are disabled. 

+ Read on Command. Unlimited readbacks are allowed. 

The readback selection is made when the DesignDirect software prepares the configuration 
pattern. During design development, the Read on Command option is normally used. In 
production systems, the Read Once option may be used if a host system will verify configuration, 
or the Read Disable option may be used if the VFl configuration error detection logic is deemed 
adequate for reliable operation. 

Readback Data 

During readback, configuration data is read along with the data in the VFl internal registers so that 
the Readback bitstream is not identical to the original bitstream in those particular locations 
reserved for the registers' internal nodes. In addition, the fill bits, preamble, length counter, and 
postamble are not read. DesignDirect software provides a mask that allows the readback data to 
be compared with the original bitstream, or to allow the content of internal registers to be 
separated from the configuration bitstream for analysis. · 

The VFl family provides two readback methods: 
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+ JTAG readback. Configuration data is read via the ]TAG port using ]TAG commands (Figure 
14). This method is available following either ]TAG or non-JTAG configuration. ]TAG readback 
can be accomplished using the Yantis programming software described earlier. 

+ Non-JTAG readback. Configuration data is enabled with the RTRIG pin and read from the RDO 
pin (Figure 16. Figure 17 and Table 10 show readback timing information. This readback 
method is enabled only after non-JTAG configuration. 

RTRIG I. r--~ ~---=RDO , 

MO M1 

Vee VF1 

PROGRAM 

Figure 16. Non-JTAG 215528-016 

Non-JTAG Readback 

Non-JTAG readback is enabled following any non-JTAG configuration modes (Master Serial, Slave 
Serial, Asynchronous Peripheral, and Synchronous Peripheral), provided one of a readback option 
was selected when the configuration bitstream was generated. 

+ Apply a low-to-high edge on RTRIG pin and hold RTRIG high. 

+ Apply four dummy clocks to the CCLK pin. 

+ Subsequent CCLKs clock out configuration data on RDO. The number of clocks required is: 4 
dummy CCLKs + [1 CCLK + Total # of bits in a Frame + 3 CCLKs] times the number of Frames. 

+ Non-JTAG Readback can be halted by setting RTRIG pin low and after three positive CCLK 
edges. 

+ Start bits and stop bits are read as "Don't cares." 

·~------------------~:;-tRBKA-:;,------
RTRIG 

Figure 17. Non-JTAG Mode Readback Timing Values 
215528-017 
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Table 10. Non-JTAG Readback Timing Values 

Readback Symbol Min Max Unit 

RTRIG to CCLK Setup Time ts 40 ns 

RTRIG Low Width to Abort Read back !RBKA 3 CCLK 

CCLK Low Time tccLKL 50 ns 

CCLK High nme tccurn 50 ns 

CCLK Frequency fc 10.0 MHz 

CCLK to RDO Delay to 30 ns 
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APPENDIX A 

Configuration Signals 

Table 11 describes the functions of all configuration signals. Table 12 summarizes the signals used 
in each configuration mode. The individual mode descriptions that follow describe how the signals 
are used in each mode. 

Table 11. Configuration Signal Descriptions 

MO/RTRIG Three multiplexed l/O pins that select the configuration mode. During configuration, these pins are input pins and are 
M1/RDO sampled right after initialization to determine the configuration mode. Once configuration is complete, MO and Ml can be used as 
M2 ln'RIG (Read trigger) and RDO (Read data out) for non-JTAG read-back. 

A dedicated Input pin that initiates configuration. A low level clears the configuration memory and pnts the VFl FPGA into a 
WAIT state. The MODE pins are sampled. A low-to-high transition clears the configuration memory once more and starts the 
configuration process. If this pin is high during power up, the device will skip the WAIT state after clearing the configuration memory 

PROGRAM and will go directly into configuration mode. 

A multiplexed, open-drain l/O pin that indicates initialization status. A low INlT when PROGRAM is high indicates 
initialization is not complete and the device is not ready to receive data for configuration. A high INIT (when DONE is low) indicates 
that initialization is complete and no configuration bitstream errors have occurred. For non-}TAG configuration modes, holding the 

INlT INlT pin low externally will delay configuration. 

A dedicated open drain pin that signals when configuration is done. A low output indicates the VFl FPGA is in configuration 
mode. A high output indicates configuration is done and all the I/Os are enabled for normal operation. For non-JTAG configuration 
modes, enabling of all the I/Os in different devices can be synchronized by tying all the DONE pins together. Enabling the 

DONE synchronization capability is the default condition, but can be disabled by the configuration bitstream. 

A dedicated l/O pin for configuration clock Input or output. In the Master and Asynchronous peripheral modes, this pln is 
the clock output from an internal oscillator. ln the Slave mode and Syuchronous Peripheral mode, this pin receives a clock from the 
Master VFl FPGA or from a host source. In Master serial mode, this signal clocks data from a companion SPROM such as a VCM 

CCLK SPROM. 

A multiplexed l/O pin to pass configuration data from the first VFl FPGA in a chain to subsequent devices. During 
DOUT configuration, this is an output pin for sending overflow configuration data to daisy-chained devices. 

Seven multiplexed l/O pins for byte-wide data Input. During Syuchronous and Asynchronous Peripheral modes, these Input 
DIN[7:0) pins receive parallel configuration data. During non-JTAG serial modes, DINO functions as the data in (DIN) pin. 

A multiplexed l/O Ready/Busy status pin. This pin indicates when it is appropriate to write another byte of configuration data 
RDY/BUSY into the VFl FPGA during Peripheral mode configuration. 

TDI, TCLK, and TMS are dedicated input pins; TOO is a dedicated output pin. These pins are used for }TAG boundary scan 
TDI, TCLI<, TMS. TDO functions and for programming VHl devices in JTAG mode. 

Multiplexed l/O pins used in Asynchronous Peripheral mode. These four pins are used for controlling configuration ~ 
entry in Asynchronous Peripheral mode. A write cycle is initiated by simultan~usly asserting c.50, c.51, and WS, and deasserting RS. 
A low to high transition on c.50 orWS or a high to low transition on c.51 or RS loads the data on DIN[7:0] Into the VFl. 

A low on RS and high on WS while c.50 and c.51 are asserted changes DIN7 into a status pin that outputs the same signal as the RDY/ 
CSO, CS1, WS, RS BUSY pin. 

HDC A multiplexed l/O status pin that is High During Configuration. 

LDC A multiplexed l/O status pin that is Low During Configuration. 
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Table 12. Signals Used in Each Configuration Mode 

Synchronous Asynchronous 
Master Serial Slave Serial Peripheral Peripheral JTAG User Operation 

MO (I) MO (I) MO (I) MO (I) MO (I) (1/0 )/RTRIG 

Ml (I) Ml (I) Ml (I) Ml (I) Ml (I) (JJO)/RDO 

M2 (I) M2 (I) M2 (I) M2 (I) M2 (I) (1/0) 

PROGRAM (I) PROGRAM (I) PROGRAM (I) PROGRAM (I) PROGRAM (I) PROGRAM (I) 

!NIT (OD) !NIT (OD) !NIT (OD) !NIT (OD) !NIT (OD) (1/0) 

DONE (OD) DONE (OD) DONE (OD) DONE (OD) DONE(OD) DONE (OD) 

HDC (O) HLC (O) HLC (0) HLC (0) (1/0) 

LDC (0) LDC (0) LDC (0) LDC (0) (1/0) 

CCLK (O) CCLK (I) CCLK (I) CCLK (0) CCLK (I) 

TD! (I) TDI (I) TDI (I) TDI (I) TD! (I) TDI (I) 

TCLK (I) TCLK (I) TCLK (I) TCLK (I) TCLK (I) TCLK (I) 

TMS (I) TMS (I) TMS (I) TMS (I) TMS (I) TMS (I) 

TDO (O) TDO (O) TDO (0) TDO (0) TDO (0) TDO (O) 

DOUT (O) DOUT (0) DOUT (0) DOUT (0) (1/0) 

DINO (I) DINO (I) DINO (I) DINO (I) (1/0) 

DINI (I) DINI (I) (1/0) 

DIN2 (I) DIN2 (I) (JJO) 

DIN3 (I) DIN3 (I) (1/0) 

DIN4 (I) DIN4 (I) (1/0) 

DIN5 (I) DIN5 (I) (1/0) 

DIN6 (I) DIN6 (I) (1/0) 

DIN7 (I) DIN7 (I) (1/0) 

RDY/BUSY(O) RDY/BUSY(O) (1/0) 

cso (I) (1/0) 

CSI (I) (1/0) 

ws (I) (1/0) 

RS (I) (1/0) 

Note: 
I Input 

0 Output 

OD~ Open Drain 

J/0 ~ Input/Output 
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