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Welcome to Vantis! 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.

Vantis 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, VF1™, 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 Vantis solution.

Vantis’ 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 5A product lines offering even greater density solutions while still
maintaining the exceptional performance MACH devices are known for.

The VF1 family marks Vantis’ 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 Vantis. From the
development of ground-breaking architectures and advanced process technologies to our industry-
renown customer service. At Vantis, 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, Vantis is committed to taking our customers Beyond
Performance.

Cheers,

Andy Robin
Vice President of Marketing
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Formed in 1996, Vantis is an AMD company that exists solely to better serve the specialized
requirements of programmable logic customers. Vantis 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. Vantis 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, Vantis PLDs are
recognized as the industry’s highest performance devices.

Vantis is more than just the speed performance leader. Vantis 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 Vantis, we refer to this total product commitment as “Beyond Performance”.

Accelerating System Performance

As the PLD performance leader, Vantis 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. Vantis excels in all three.

Process Technology: Vantis utilizes leading-edge process technologies to drive system
performance. In addition, Vantis has an experienced process technologies group that specializes
in defining next-generation processes and improving existing processes. These technical experts
also work closely with Vantis 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. Vantis 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 VF1™ 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, VF1 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 clock-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

Publication# DB99Intro
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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 Vantis places on PLD performance in process, architecture and circuit design translates
into accelerated system speeds and shorter design cycles for the customer. Vantis 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 I/O interoperability. Vantis believes that simplifying
system integration is key to the success of Vantis and our customers.

To enable fast and easy integration into leading-edge electronic systems, Vantis provides 3.3-Volt
safe 5-Volt devices, 5-Volt tolerant 3.3-Volt devices and a roadmap to 2.5-Volt operation. PCI
compliance, hot-socketing, programmable slew rate, and programmable Bus-Friendly™ or pull-up
operation are additional Vantis capabilities that aid in system integration. Power management
capabilities allow the users of Vantis 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-Volt devices, allows users to reduce their overall power consumption. Testability and
programming are supported through the use of industry-standard JTAG interfacing. The use of the
JTAG industry standard, not universal among PLD suppliers, further simplifies the integration of
Vantis 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, Vantis PLDs sunphfy 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. Vantis ensures that
designers can quickly access the performance that they seek while exploiting the time-to-market
value provided by PLDs. Vantis 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 Vantis architectures easily support capabilities
such as First-Time-Fit™, Fast-Fit-Time™, pin-locking, SpeedLocking™, and greater logic flexibility.
Vantis 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. Vantis is committed to delivering
superior results to our customers.

4 Introduction
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VANTIS PRODUCTS
MACH CPLDs

Addressing the need for speed in networking, telecommunications, and computing, Vantis’
MACH 1, 2, 4 and 5 families offer the industry’s highest performance CPLDs. Devices are available
in speeds as fast as 5ns tpy 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

Vantis’ MACH 4 family is the most flexible CPLD solution on the market today, providing designers
with high-speed, SpeedLocked solutions for both 5-Volt and 3.3-Volt 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.
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MACH 4A Devices
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MACH 5 Family

The MACH 5 family from Vantis 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 5A Devices
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VF1 FPGAs

Vantis’ VF1 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 Vantis VF1 family are designed to provide 50 to 100 percent faster system speed than any
other FPGA vendor, effectively doubling system performance.

The VF1 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 VF1 architecture provides the ability to vary FPGA block configuration to
adapt to a large variety of possible applications and design styles. The VF1 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 VF1 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
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PAL SPLDs

As the SPLD leader, Vantis 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

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

Vantis 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.

MACHZXL software is the design implementation software for Vantis 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 Vantis, 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.

o
<
®
<.
)
s

That’s why Vantis takes you Beyond Performance.
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MACH® 4 FAMILY
Table 1. MACH 4 Devices'
Commercial | Indl 2
Macrocells Dedicated | Output PT per Output Flip- | JTAG- fonr IccmA
Device Package | (PLD Gates) | 1/0s Inputs Enables | (w/NO speed adder) | Flops | ISP | tppns | MHz | tppns | tss? ns | tco™ns | (Static)
M4(LV)-32/32-7 75 || 10 | 55 | 55
M4(LV)-32/32-10 | 44PLCC, 3 0 |92 12| 6 |65
44TQFP, (1.250) 32 2 32 Up to 20 32 | Yes 25
M4(LV)-32/32-12 4STQR? , 12 | 769 | 14 7 8
M4(LV)-32/32-15 15 |56 | 18 10 10
M4(LV)-64/32-7 75 | 11| 10 | 55 | 55
44PLCC
M4(LV)-64/32-10 ) 10 |92 12 6 65
ol 44TQFP, (2(;400) 32 2 32 Up to 20 9 | Yes 25
MA4(LV)-64/32-12 48TQRP ] 12 | 769 | 14 7 8
MA4(LV)-64/32-15 15 | 556 | 18 10 10
MA4(LV)-96/48-7 75 1| 10 | 55 | 55
M4(LV)-96/48-10 9% 10|92 12 6 65
100TQFP 48 8 48 Upto 20 144 | Yes 50
M4(LV)-96/48-12 (3,750) 12 | 769 | 14 7 8
M4(LV)-96/48-15 15 | 556 | 18 10 10
M4(LV)-128N/64-7 75 || 10 | 55 | 55
MA4(LV)-128N/64-10 128 10 | 952 | 12 6 65
84PLCC 64 6 64 Up 020 192 | No 70
MA4(LV)-128N/64-12 (5,000) 12 | 769 | 14 7 8
MA4(LV)-128N/64-15 15 | 556 | 18 10 10
M4(LV)-128/64-7 75 || 10 | 55 | 55
MA4(LV)-128/64-10 10 | 92| 12 6 65
w 100PQFF; 128 64 6 64 Upto 20 192 | Yes 70
M4(LV)-128/64-12 | 100TQFP |  (5,000) 12 | 769 | 14 7 8
M4(LV)-128/64-15 ‘ 15 | 556 | 18 10 10
M4(LV)-192/96-7 75 |m1| 10 | 55 | 55
M4(LV)-192/96-10 192 10 | 952 | 12 6 65
144TQFP 96 16 9% Upto 20 288 | Yes - 85
M4(LV)-192/96-12 ¢ (7,500) P 12 | 769 | 14 7 8
MA4(LV)-192/96-15 15 | 556 | 18 10 10
M4(LV)-256/128-7 75 | 111 10 55 | 55
MA4(LV)-256/128-10 10 | 952 | 12 6 65
208PQFY 256 128 14 128 Upto 20 384 | Yes 100
M4(LV)-256/128-12 | 256BGA | (10,000) 12 | 769 | 14 7 8
MA4(LV)-256/128-15 15 | 556 | 18] 10 [ 10
Notes:
1. M4 devices reflect a new nomenclature. A brief cross reference is provided below:
OLD OPN NEW M4 OPN OLD OPN NEW M4 OPN
MACH355> M4-96/96 MACH446--> M4-128/64
MACH436-> M4-128N/64 MACH466--> M4-256/128

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, I/O, or feedback to clock.

. 4. Maximum time from clock to output.

Publication# 10253  Rev: V
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Table 2. MACH 4A Devices'

Commercial | Ind'l2
. Dedicated | Output | PTper fonr tes® | teo?
Device Package | Macrocells | 1/Os inputs Enables Output | FlipFlops | JTAG-ISP [tppns| MHz | tppns | ns ns
MA4A(3,5)-32/32-50 s | 2 [ 75 [ 3 [ 4
MA4A(3,5)-32/32-60 44PICC, 6 | 154 | 10 | 4 | 45
MA4A(3,5)-32/32-7 44TQFR, 32 32 2 32 Upto 20 32 Yes 75 | 125 | 10 |55 s
M4A(3,5)-32/32-10 48TQFP | 8| 12 | 655
M4A(3,5)-32/32-12 12| 9 4 | 7 |65
MA4A(3,5)-64/32-50 s | 12 [ 75 | 3 | 4
M4A(3,5)-64/32-60 44PLOC 6 | 154 | 10 | 4 | 45
MA4A(3,5)-64132-7 44TQFP 64 32 2 32 | Upto20 9 Yes 75 | 125 | 10 |55 5
MA4A(3,5)-64132-10 48TQFP 0| us | 12 | 6 | ss
M4A(3,5)-64/32-12 12| 9% 4 | 7 |65
MA4A(3,5)-96/48-50 5 | 182 | 75 | 3 | 4
MA4A(3,5)-96/48-60 6 | 154 | 10 | 4 | 45
MA4A(3,5)-96/48-7 100TQFP 9% 48 8 4 | Upto20 144 Yes 75 | 125 10 |55 5
M4A(3,5)-96/48-10 10| us [ 12 | 6 | ss
M4A(3,5)-96/48-12 12| 9% 4 | 7 |65
MA4A(3,5)-128/64-50 s | 12 | 75 [ 3 [ 4
MA4A(3,5)-128/64-60 6 | 154 | 10 | 4 | 45
MAAG,5)-128/64-7 :ggﬁg‘;ﬁ 128 | 6 6 6 | uprozo | 192 Ys | 75 | 125 | 10 | 55| 5
M4A(3,5)-128/64-10 10| us [ 1z | 6 | ss
MA4A(3,5)-128/64-12 12| % 4 | 7 |65
MA4A(3,5)-192/96-50 s | w2 | 75 [ 3| 4
MA4A(3,5)-192/96-60 6 | 154 | 10 | 4 | 45
MA4A(3,5)-192/96-7 144TQFP 192 9% 16 9% | Upto20 288 Yes 75| 125 | 10 |55 5
MA4A(3,5)-192/96-10 0] 18 | 12 | 6 | 55
MA4A(3,5)-192/96-12 12| 9% 4 | 7 |65
M4A(3,5)-256/128-50 5 | 182 | 75 | 3 | 4
MA4A(3,5)-256/128-60 6 | 154 | 10 | 4 | 45
MaA(3,5)-256/128-7 22058:;;';? 256 | 128 14 128 | Upto20 | 384 Ys | 75 | 125 | 10 | 55| 5
MA4A(3,5)-256/128-10 10| us | 1z | 6 | ss
M4A(3,5)-256/128-12 2| 9% 14 65
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, I/O, or feedback to clock.
4.

Maximum time from clock to output.

10

Vantis Device Selector Guide




MACH 5 FAMILY

Table 3. MACH 5 Devices

Commercial | Ind'l'
Macrocells Dedicated | Output PT per tpp fenr tpp tgs? teo® | lecmA
Device Package (PLD Gates) | 1/Os Inputs Enables Output | JTAG-ISP ns MHz ns ns ns (Static)
MS5LV-128/68-5 55 | 1818 | 75 3 45
MS5(LV)-128/68-7 100PQE, s 75 | 125 | 10 4 6
M5(LV)-128/68-10 100TQRP | oo | 68 4 16 Upto32 | Yes 10 | 100 | 12 5 7 35
MS5(LV)-128/68-12 12 | 83| 15 6 8
M5-128/68-15 15 | 625 | 20 8 10
M5LV-128/74-5 55 | 1818 | 75 3 45
M5LV-128/74-7 oorqe 128 e ) " oz | e 75 | 125 | 10 4 6 5
M5LV-128/74-10 (5,000) 10 | 100 | 12 5 7
M5LV-128/74-12 2| 83| 15 6 8
MS5LV-128/104-5 55 | 1818 | 75 3 45
M5(LV)-128/104-7 75 | 125 | 10 4 6
M5(LV)-128/108-10 m‘;g‘:; (;;:0) 04| 4 6 |wos| Ys | 10 | w0 | 2 | 5 | 7 35
MS5(LV)-128/104-12 12 | 83| 15 6 8
M5-128/104-15 15 | 625 | 20 8 10
M5LV-128/120-5 55 | 1818 | 7.5 3 45
M5(LV)-128/120-7 75 | 125 | 10 4 6
M5(Lv)-128/120-10 160PQEP (;:30) 120 4 6 |wvpw3z| v [ 10 | 00| 12 | 5 | 7 35
M5(LV)-128/120-12 12 | 83| 15 6 8
M5-128/120-15 15 | 625 | 20 8 10
M5-192/68-7 75 | 125 | 10 4 6
M5-192/68-10 192 10 | 100 | 12 5 7
M5-192/68-12 im& (75900) 68 i Moo e s 5 [ 6 [ s |
M5-192/68-15 15 | 625 | 20 8 10
M5-192/104-7 75 | 125 | 10 4 6
M5-192/104-10 144pQRe 192 104 4 ” tpw3z Yes 10 100 12 5 7 4
M5-192/104-12 (7,500) 12 | 83| 15 6 8
M5-192/104-15 15 | 625 | 20 8 10
M5-192/120-7 75 | 125 [ 10 4 6
M5-192/120-10 - 192 20 ) ” - 10 | 100 | 12 5 7 "
M5-192/120-12 (7,500) 12 | 83| 15 6 8
M5-192/120-15 15 | 65 | 20 8 10
M5-192/160-7 75 | 125 | 10 4 6
M5-192/160-10 — 192 %o ) ” oz | s 10 | 100 | 12 5 7 s
M5-192/160-12 (7,500) 2 | 83| 15 6 8
M5-192/160-15 15 | 625 | 20 8 10
Vantis Device Selector Guide 1

()
<
(1]
=
<.
[g°}
5




Table 3. MACH 5 Devices (Continued)

Commercial | Ind'l'
Macrocells Dedicated | Output | PTper top | fonr | tp | tss? | tco® | lecmA
Device Package (PLD Gates) | 1/0s Inputs Enables Output | JTAG-ISP ns MHz ns ns ns (Static)
MS5LV-256/68-5 55 | 1818 | 75 3 45
MS5(LV)-256/68-7 75 | 125 | 10 4 6
M5(LV)-256/68-10 im‘; a :;600) 68 4 2 | w3 | Y | 10 | 100 | 12 | 5 | 7 55
M5(LV)-256/68-12 12 | 83| 15 6 8
M5-256/68-15 15 | 625 | 20 8 10
MS5LV-256/74-5 55 | 1818 | 75 3 45
M5LV-256/74-7 256 75 | 125 | 10 4 6
M5LV-256/74-10 100TQ% 1 (10000 | 74 4 oW Y T e [ 2 | 5 | 7 »
MS5LV-256/74-12 12 | 83| 15 6 8
M5LV-256/104-5 55 | 181.8 | 75 3 45
MS5(LV)-256/104-7 75 | 125 | 10 4 6
M5(LV)-256/104-10 ::l;gz (1:;?)0) 04| 4 2 |upws| e | 10 | w00 | 12 | 5 | 7 55
M5(LV)-256/104-12 12 | 83 15 6 8
M5-256/104-15 15 | 625 | 20 8 10
M5LV-256/120-5 55 | 1818 | 75 3 45
M5(LV)-256/120-7 75 | 125 | 10 4 6
MS5(LV)-256/120-10 160007 | :f.fm 120 4 32 Upto32 | Yes 10 | 100 [ 12 5 7 55
M5(LV)-256/120-12 12 | 83| 15 6 8
M5-256/120-15 15 | 625 | 20 8 10
MS5LV-256/160-5 55 | 1818 | 75 3 45
MS5(LV)-256/160-7 75 | 125 | 10 4 6
M5(LV)-256/160-10 208PQFP a :,?)?)0) 160 4 32 Up to 32 Yes 10 100 12 5 7 55
M5(LV)-256/160-12 12 | 83| 15 6 8
M5-256/160-15 15 | 625 | 20 8 10
M5(LV)-320/120-7 75 | 125 | 10 4 6
M5(LV)-320/120-10 - 320 . . o w2 | v 10 | 100 | 12 5 7 "
MS5(LV)-320/120-12 (12,500) 12 | 83| 15 6 8
M5(LV)-320/120-15 15 | 625 | 20 8 10
MS5(LV)-320/160-7 75 | 125 | 10 4 6
M5(LV)-320/160-10 — 320 " . o S 10 | 100 | 12 5 7 o
M5(LV)-320/160-12 (12,500) 12 | 83| 15 6 8
MS5(LV)-320/160-15 15 | 625 | 20 8 10
M5(LV)-320/184-7 75 | 125 | 10 4 6
M5(LV)-320/184-10 p— 320 . ) o | pon| 10 | 100 | 12 5 7 "
M5(LV)-320/184-12 (12,500) 12 | 83 | 15 6 8
M5(LV)-320/184-15 15 | 625 | 20 8 10
MS5(LV)-320/192-7 75 | 125 | 10 4 6
MS5(LV)-320/192-10 256864 320 92 . o o 10 | 100 | 12 5 7 o
M5(LV)-320/192-12 (12,500) 12 | 83| 15 6 8
MS5(LV)-320/192-15 15 | 625 | 20 8 10
12 Vantis Device Selector Guide




Table 3. MACH 5 Devices (Continued) o
i Commercial | Ind'’ o
Macrocells Dedicated | Output | PTper tp | four | tep | tss? | tco® | leemA g
Device Package (PLD Gates) | 1/0s Inputs Enables Output | JTAG-ISP ns MHz ns ns ns (Static) ®
M5(LV)-384/120-7 75 | 125 | 10 4 6 =
M5(LV)-384/120-10 60PQEP 384 - ‘ 48 Upo32 Yes 10 | 100 | 12 5 7 %
M5(LV)-384/120-12 (15,000) 12 | 83| 15 6 8
M5(LV)-384/120-15 15 | 625 | 20 8 10
M5(LV)-384/160-7 75 | 125 | 10 4 6
M5(LV)-384/160-10 F— 384 o . i Upto 32 Yes 10 | 100 | 12 5 7 7
MS5(LV)-384/160-12 (15,000) 12 | 83 | 15 6 8
M5(LV)-384/160-15 15 | 625 | 20 8 10
M5(LV)-384/184-7 75 | 125 | 10 4 6
M5(LV)-384/184-10 2iopqep 384 5 ‘ “ U032 s 10 | 100 | 12 5 7 %
M5(LV)-384/184-12 (15,000) 12 | 83| 15 6 8
M5(LV)-384/184-15 15 | 625 | 20 8 10
M5(LV)-384/192-7 75 | 125 | 10 4 6
M5(LV)-384/192-10 256364 384 02 ‘ " Upto32 Yo 10 [ 100 | 12 5 7 7
M5(LV)-384/192-12 (15,000) 12 | 83 | 15 6 8
M5(LV)-384/192-15 15 | 625 | 20 8 10
M5(LV)-512/120-7 75 | 125 | 10 4 6
M5(LV)-512/120-10 - 512 2 ‘ “ U032 s 10 | 100 | 12 5 7 100
M5(LV)-512/120-12 (20,000) 12 | 83| 15 6 8
M5(LV)-512/120-15 15 | 625 | 20 8 10
M5(LV)-512/160-7 75 | 125 | 10 4 6
M5(LV)-512/160-10 208PQR? 512 o ‘ “ Upo3i s 10 | 100 | 12 5 7 100
M5(LV)-512/160-12 (20,000) 12 | 83| 15 6 8
M5(LV)-512/160-15 15 | 625 | 20 8 10
M5(LV)-512/184-7 75 | 125 | 10 4 6
M5(LV)-512/184-10 fp— 512 5 . “ Upto32 Yes 10 | 100 | 12 5 7 100
M5(LV)-512/184-12 (20,000) 12 | 83| 15 6 8
M5(LV)-512/184-15 . 15 | 625 | 20 8 10
M5(LV)-512/192-7 75 | 125 [ 10 4 6
M5(LV)-512/192-10 . 512 192 ‘ o 032 Yo 10 | 100 | 12 5 7 -
M5(LV)-512/192-12 (20,000) 12 | &3] 15 6 8
M5(LV)-512/192-15 15 | 625 | 20 8 10
M5(LV)-512/256-7 75 | 125 | 10 4 6
M5(LV)-512/256-10 — 512 256 ‘ o Upto32 tes 10 | 100 | 12 5 7 100
M5(LV)-512/256-12 (20,000) 12 | 83| 15 6 8
M5(LV)-512/256-15 15 | 625 | 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, I/O, or feedback to clock.

3. Maximum time from clock to output.
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Table 4. MACH 5A Devices'

Commercial Ind'12
Dedicated | Output | PT per top font top [ teo®
Device Package Macrocells | 1/0s Inputs Enables Output | JTAG-ISP ns MHz ns ns ns
M5A(3,5)-128/68-5 55 181.8 75 3 45
M5A(3,5)-128/68-7 75 125 10 4 6
100PQFP 128 68 4 16 Up to 32 Yes
M5A(3,5)-128/68-10 10 100 12 5 7
M5A(3,5)-128/68-12 12 833 15 6 8
M5A(3,5)-128/74-5 5.5 181.8 75 3 45
M5A(3,5)-128/74-7 75 125 10 4 6
100TQFP 128 74 4 16 Up to 32 Yes
M5A(3,5)-128/74-10 E 10 100 12 5 7
M5A(3,5)-128/74-12 12 833 15 6 8
M5A(3,5)-128/104-5 55 181.8 75 3 45
M5A(3,5)-128/104-7 75 125 10 4 6
144TQFP 128 104 4 16 Upto 32 Yes
M5A(3,5)-128/104-10 10 100 12 5 7
M5A(3,5)-128/104-12 12 83.3 15 6 8
M5A(3,5)-128/120-5 55 181.8 75 3 45
M5A(3,5)-128/120-7 75 125 10 4 6
160PQFP 128 120 4 16 Upto 32 Yes
M5A(3,5)-128/120-10 10 100 12 5 7
M5A(3,5)-128/120-12 12 83.3 15 6 8
M5A(3,5)-192/68-5 55 181.8 75 3 45
M5A(3,5)-192/68-7 75 | 125 | 10 4 6
100PQFP 192 68 4 24 Up to 32 Yes
M5A(3,5)-192/68-10 10 100 12 5 7
M5A(3,5)-192/68-12 12 83.3 15 6 8
MS5A(3,5)-192/74-5 55 1818 75 3 45
M5A(3,5)-192/74-7 75 125 10 4 6
100TQFP 192 74 4 24 Up to 32 Yes
M5A(3,5)-192/74-10 10 100 12 5 7
M5A(3,5)-192/74-12 12 833 15 6 8
M5A(3,5)-192/104-5 55 1818 75 3 45
M5A(3,5)-192/104-7 75 125 10 4 6
144TQFP 192 104 4 24 Up to 32 Yes
M5A(3,5)-192/104-10 10 100 12 5 7
M5A(3,5)-192/104-12 12 83.3 15 6 8
M5A(3,5)-192/120-5 55 181.8 75 3 45
M5A(3,5)-192/120-7 75 125 10 4 6
160PQFP 192 120 4 24 Up to 32 Yes
M5A(3,5)-192/120-10 10 100 12 5 7
M5A(3,5)-192/120-12 12 833 15 6 8

14
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Table 4. MACH 5A Devices' (Continued)

(@]
Commercial Ind'i? é
=
Dedicated | Output | PT per tpp font top tss® teo? <.
Device Package Macrocells | 1/0s Inputs Enables Output | JTAG-ISP ns MHz ns ns ns f‘ED
M5A(3,5)-256/68-5 5.5 181.8 75 3 45
M5A(3,5)-256/68-7 75 125 10 4 6
100PQFP 256 68 4 32 Upto32 Yes
M5A(3,5)-256/68-10 10 100 12 5 7
M5A(3,5)-256/68-12 12 83.3 15 6 8
M5A(3,5)-256/74-5 55 181.8 7.5 3 45
M5A(3,5)-256/74-7 75 125 10 4 6
100TQFP 256 74 4 32 Upto 32 Yes
M5A(3,5)-256/74-10 10 100 12 5 7
M5A(3,5)-256/74-12 12 83.3 15 6 8
M5A(3,5)-256/104-5 55 181.8 75 3 45
M5A(3,5)-256/104-7 75 125 10 4 3
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 55 181.8 75 3 45
M5A(3,5)-256/120-7 75 125 10 4 6
160PQFP 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 12 833 15 3 8
M5A(3,5)-256/160-5 55 181.8 75 3 45
M5A(3,5)-256/160-7 75 125 10 4 6
208PQFP 256 160 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 55 181.8 75 3 45
M5A3-320/120-6 65 166.7 10 3 5
M5A3-320/120-7 160PQFP 320 120 4 40 Upto 32 Yes 75 125 10 4 6
M5A3-320/120-10 10 100 12 5 7
M5A3-320/120-12 12 83.3 15 6 8
M5A3-320/160-5 . 55 181.8 75 3 4.5
M5A3-320/160-6 65 166.7 10 3 5
M5A3-320/160-7 208PQFP 320 160 4 40 Up to 32 Yes 75 125 10 4 6
M5A3-320/160-10 10 100 12 5 7
M5A3-320/160-12 12 83.3 15 6 8
M5A3-320/192-5 55 181.8 75 3 45
M5A3-320/192-6 ) 65 166.7 10 3 5
M5A3-320/192-7 256BGA 320 192 4 40 Upto 32 Yes 75 125 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 5A Devices' (Continued)

Commercial Ind'l?
Dedicated | Output | PT per top fonr top tss3 teo?
Device Package Macrocelis | 1/0s Inputs Enables Output | JTAG-ISP ns MHz ns ns ns
M5A3-384/120-5 55 181.8 75 3 45
M5A3-384/120-6 65 166.7 10 3 5
M5A3-384/120-7 160PQFP 384 120 4 48 Up to 32 Yes 75 125 10 4 6
M5A3-384/120-10 10 100 12 5 7
M5A3-384/120-12 - 12 83.3 15 3 8
M5A3-384/160-5 55 181.8 75 3 45
M5A3-384/160-6 6.5 166.7 10 3 5
M5A3-384/160-7 208PQFP 384 160 4 48 Up to 32 Yes 75 125 10 4 6
M5A3-384/160-10 10 100 12 5 7
M5A3-384/160-12 12 83.3 15 6 8
M5A3-384/192-5 55 181.8 75 3 45
M5A3-384/192-6 6.5 166.7 10 3 5
M5A3-384/192-7 256BGA 384 192 4 48 Up to 32 Yes 75 125 10 4 6
M5A3-384/192-10 10 100 12 5 7
M5A3-384/192-12 . 12 83.3 15 6 8
M5A3-512/120-5 55 181.8 7.5 3 45
M5A3-512/120-6 6.5 166.7 10 3 5
M5A3-512/120-7 160PQFP 512 120 4 64 Up to 32 Yes 75 125 10 4 6
M5A3-512/120-10 10 100 12 5 7
M5A3-512/120-12 12 833 15 6 8
M5A3-512/160-5 55 181.8 75 3 45
M5A3-512/160-6 65 166.7 10 3 5
M5A3-512/160-7 208PQFP 512 160 4 64 Up to 32 Yes 75 125 10 4 6
M5A3-512/160-10 10 100 12 5 7
M5A3-512/160-12 12 83.3 15 6 8
M5A3-512/192-5 55 181.8 75 3 45
M5A3-512/192-6 6.5 166.7 10 3 5
M5A3-512/192-7 256BGA 512 192 4 64 Up to 32 Yes 75 125 10 4 6
M5A3-512/192-10 10 100 12 5 7
M5A3-512/192-12 12 83.3 15 6 8
M5A3-512/256-5 55 181.8 75 3 45
M5A3-512/256-6 6.5 166.7 10 3 5
M5A3-512/256-7 352BGA 512 256 4 64 Up to 32 Yes 75 125 10 4 6
M5A3-512/256-10 10 100 12 5 7
M5A3-512/256-12 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, I/O, or feedback to clock.
4

. Maximum time from clock to output.
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MACH 1 & 2 FAMILIES g
Table 5. MACH 1 Devices <.
Commercial | Ind'l' g
Macrocells Dedicated | Output PT per Output tep fonr | teo ts? | teod® | lcmA
Device Package (PLD Gates) | 1/Os Inputs Enables | (w/ NO speed adder) | JTAG-ISP ns MHz ns ns ns (Static)
MACH111-5 5 182 75 3.5 3.5
MACH111-7 75 133 10 5.5 5
MACH111-10 ‘;ﬁ'&fl; (122 | 6 8 Upto 12 N | 10 | 100] 12| 65| 6 | 4o
MACH111-12 12 76.9 14 7 8
MACH111-15 15 66.6 18 10 10
MACH131-5 5.5 182 75 3.0 4
MACH131-7 75 133 10 5.5 5
MACHIZII0 | simoc | e e |6 16 Upto 12 No | 10 | 100 12| 65| 6| 75
MACH131-12 12 76.9 14 7 8
MACH131-15 15 66.6 18 10 10
Table 6. MACH 2 Devices
Commerdial | Ind'l!
Macrocells Dedicated | Output PT per Output tpp fonr | teo tss? | teo® | leemA
Device Package | (PLD Gates) | l/Os Inputs | Enables | (w/NO speed adder) | JTAG-ISP ns MHz ns ns ns (Static)
MACH211-7 75 133 10 5.5 45
MACH211-10 10 100 12 6.5 6
MACH211-12 ZPT;C:P' (2;4)0) 2oe 8 Tew16 Y T ws | w7 s ] ”
MACH211-15 15 66.6 18 10 10
MACH221-7 75 133 10 55 5
MACH221-10 9% 10 100 12 65 6
68PLCC 48 8 16 Upto 16 No 70
MACH221-12 (3750) 12 83.3 14 7 8
MACH221-15 15 66.6 18 10 10
MACH231-6 6 166 - 5 4
MACH231-7 75 133 - 55 5
MACH231-10 | s4pLcc (Sﬁ) 6| 6 16 Upto 16 No | 10 | 10| 12 | 65 | 65 | 135
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, /O, or feedback to clock.

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

Commercial | Ind'l'
Macrocells Dedicated | Output PT per Output tp | fonr | too | tss? | teo® | lecmA

Device Package | (PLD Gates) | 1/0s Inputs | Enables | (w/NO speed adder) | JTAG-ISP | ns MHz ns ns ns (Static)
MACH111SP-5 5 182 75 35 3.5
MACH111SP-7 75 133 10 55
MACH1115P-10 ﬁch% (12?0) 3 2 8 Upto 12 Ys | 10 | 100 | 12 | 65 | 6 | 40
MACH111SP-12 12 76.9 14 7 8
MACH111SP-15 ’ 15 66.6 18 10 10
MACH131SP-5 55 182 75 3.0 4
MACH1315P-7 ' 75 | 133 | 10 [ 55| s
MACH1315P-10 :gg;’gi’; (2230) 6 | 6 16 Upto 12 Ys | 10 | 100 | 12 | 65| 6 | 75
MACH131SP-12 : 12 76.9 14 7 8
MACH131SP-15 15 66.6 18 10 10

Table 8. MACH 2SP Devices
Commercial | Ind'l!
Macrocells Dedicated | Output PT per Output tp | for | top | tss? | tco® | lecmA

Device Package (PLD Gates) | 1/Os Inputs | Enables | (w/ NO speed adder) | JTAG-ISP ns MHz ns ns ns (Static)
MACH211SP-6 6 166 - 5 4
MACH211SP-7 7.5 133 10 55 45
MACH2115P-10 :’:‘;‘ég; (2230) 3 2 8 Upto 16 Ys | 10 | 100 ] 12 | 65 | 6 | 40
MACH211SP-12 12 83.3 14 7 8
MACH211SP-15 15 66.6 18 10 10
MACH221SP-7 75 133 10 5.5
MACH221SP-10 100PQEY % @ s y ok 16 Yes 10 100 12 6.5 6 70
MACH221SP-12 (3750 12 833 14 7 8
MACH221SP-15 15 66.6 18 10 10
MACH231SP-10 10 100 12 65 6.5
MACH2315P-12 :mg' (sﬁi)) 64 6 16 Upto 16 Ys | 12 | 3| 14 | 7 | 8 | %
MACH231SP-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, I/O, or feedback to clock.

3. Maximum time from clock to output.

The MACH110, MACH120, MACH130, MACH210, MACHLV210, MACH215, MACH220 and MACHZ230 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

o
3
Table 9. VF1 Devices 2
Usable VGB Global RAM VGB 110 Commercial Industrial g
Device Gates Array Size Package 1/0s | Clock Pins Bits FlipFlops | Flip-Flops | JTAG | Speed Grades | Speed Grades
144TQFP 108 4 3584 784 336 Yes -1,-2 -1
160PQFP 124 4 3584 784 336 Yes -1,-2 -1
VF1012 12,000 14x14
208PQFP 164 4 3584 784 336 Yes -1,-2 -1
256BGA 168 4 3584 784 336 Yes -1,-2 -1
144TQFP 108 4 4608 1296 432 Yes -1,-2 -1
160PQFP 124 4 4608 1296 432 Yes -1,-2 -1
VF1020 20,000 18x18
208PQFP 164 4 4608 1296 432 Yes -1,-2 -1
256BGA 204 4 4608 1296 432 Yes -1,-2 1
208PQEP 164 4 5120 1600 480 Yes -1,-2 -1
VF1025 25,000 20x20 256BGA 204 4 5120 1600 480 Yes -1,-2 -1
352BGA 240 4 5120 1600 480 Yes -1,-2 -1
208PQFP 164 4 6144 2304 576 Yes -1,-2 -1
VF1036 36,000 24x24 256BGA 204 4 6144 2304 576 Yes -1,-2 -1
352BGA 288 4 6144 2304 576 Yes -1,-2 -1
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CMOS PAL® FAMILY

Table 10. Universal CMOS 16V8 PAL Devices

Commercial Ind'l!
Dedicated |  PT per tep fent tpp tgs? teod | leemA
Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE16V8H-5 20) 5 166 - 3 4 125
PALCE16V8H-7 75 125 - 5 5 115
Half Power CMOS
PALCE16V8H-10 8 10 8 10 714 10 7.5 75 115
208,S,] PAL Device
PALCE16V8H-15 15 50 15 12 10 90
PALCE16V8H-25 25 40 25 13 1 90
PALCE16V8Q-10 10 714 - 75 75 55
PALCE16V8Q-15 Quarter Power CMOS 15 50 15 12 10 55
20p) 8 10 8 .
PALCE16V8Q-20 PAL Device - - 20 13 11 65
PALCE16V8Q-25 25 40 25 15 12 55

Table 11. Universal CMOS 20V8 PAL Devices

Commercial Ind'l!

Dedicated |  PT per tp fonr tp ts? to® | lcmA

Device Package 1/0s inputs Output Feature ns MHz ns ns ns (Static)
PALCE20V8H-5 28) 5 166 - 3 4 125
| PALCE20V8H-7 75 125 - 5 5 115

Half Power CMOS
PALCE20V8H-10 ey 8 14 8 PAL Device 10 714 - 75 75 115
PALCE20V8H-15 15 50 15 12 10 90
PALCE20V8H-25 25 40 25 15 12 90
PALCE20V8Q-10 10 71.4 - 7.5 75 55
PALCE20V8Q-15 15 50 - 12 10 55
Q 24P, 28] 8 14 g | QuarterPowerCMOS

PALCE20V8Q-20 PAL Device - - 20 13 11 (S

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, I/O, or feedback to clock.
3. Maximum time from clock to output.
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Table 12. Universal CMOS 22V10 PAL Devices

MB3IAIBAQ

Commercial Ind1'
Dedicated PT per tpp font tpp tes? teo} e mA
Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE22V10H-5 28] 5 150 - 3 4 125
PALCE22V10H-7 24P, 28 g 1 - 4. 4, 11
28] Half Power Varied 75 % 5 5 5
PALCE22V10H-10 248, 28] o " S0l Prod Term 10 110 10 6 6 120
to el
PALCE22V10H-15 24P, S, 28] Distribution 15 58.8 15 10 10 90
Bus-Friendly ™
PALCE22V10H-20 24P, 28] - - 20 12 12 100
PALCE22V10H-25 24P, 8, 28] 25 35.7 25 15 15 90
PALCE22V10Q-10 10 110 - 6 6 55
PALCE22V10Q-15 24P, 28] 10 12 81016 Quarter Power 15 58.8 - 10 10 55
Bus-Friendly
PALCE22V10Q-25 25 35.7 - 15 15 55
Table 13. Universal CMOS 24V10 PAL Devices
Commercial Ind'l!
Dedicated | PT per tpp fenr top tes? teo® Icc MA
Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE24V10H-15 15 66 - 10 10 115
28] 10 12 81016 CMOS PAL Device
PALCE24V10H-25 25 50 - 12 12 115
Table 14. Universal CMOS 26V12 PAL Devices
Commercial Ind'l"
Dedicated |  PT per tpp fenr tpp tgs? tee> | lecmA
Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE26V12H-7 28] 75 125 - 3.5 6 115
PALCE26V12H-10 12 1 81016 Adv. 22V10 M/C 10 105 10 5 9 115
to .
PALCE26V12H-15 28P,] Bus-Friendly 15 58.8 15 10 10 105
PALCE26V12H-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, I/O, or feedback to clock.

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

Commercial Ind'l!
Dedicated |  PT per top fent tep tgs? teo® | lecmA
Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE29M16H-25 24P, 28] 16 5 81016 Adv. Macrocell 25 33.3 - 15 15 100
Table 16. Zero Power CMOS PAL Devices
Commercial Ind'?
Dedicated | PT per tep fonr tp tss? teed | leemA
Family Device Package 1/0s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE16V8Z-12 08 - - 12 8 8 0.03
4 Zero Power CMOS
16v8 | PALCE16V8Z-15 8 10 PAL Device - - 15 10 10 0.015
PALCE16V8Z-25 20P,8,J 25 50 25 20 10 0.015
PALCE22V10Z-15 24P, 28] - - 15 10 10 0.03
22V10 10 12 8t016 Zero Power
PALCE22V10Z-25 24P, 28] 25 35.7 25 15 15 0.03
Table 17. 3.3-V Low Voltage CMOS PAL Devices
Commercial Ind'l!
Dedicated | PT per top font top tgs? teo> | leemA
Family Device Package 10s Inputs Output Feature ns MHz ns ns ns (Static)
PALLV16V8-10 208 8,) 3.3V 10 833 - 7 7 55
16v8 8 10
PALLV16V8Z-20 20 ) 3.3V, Zero Power - - 20 15 10 0.03
PALLV22V10-7 28) 75 133 - 45 55 75
PALLV22V10-10 3.3V 10 110 - 55 6.5 60
22V10 24P, 28] 10 12 81016
PALLV22V10-15 15 58.8 15 10 10 60
PALLV22V10Z-25 24P, 28] 3.3V, Zero Power - - 25 15 15 0.03
Table 18. Asynchronous Universal PAL Devices
Commercial Ind'l!
Dedicated | PT per top fenr top tss? to® | leemA
Family Device Package 110s Inputs Output Feature ns MHz ns ns ns (Static)
PALCE610H-15 JKER 15 76.1 - 12 8 90
610 24P, 28] 16 4 )
PALCE610H-25 Programmable CIK | 5 40 - 15 12 9
PALCE20RA10H-7 75 100* 75 25 75 100
PALCE20RA10H-10 2 10 7694 10 3 10 100
20RA10 4P 10 10 P ble CLK
PALCE20RA10H-15 202y 15 52.6¢ 15 4 15 100
PALCE20RA10H-20 20 374 20 4 20 90
29MA16 | PALCE29MA16H-25 24P, 28] 16 5 41012 Prog. CLK, Adv M/C 25 333 - 15 15 100
Notes:

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

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

2.
3. Maximum time from clock to output.
4.

Specified as fy4x (External Feedback)

This databook contains the PAL device information for the PALCE16VS, PALLV16V8, PALCE20VS, PALCE22V10, and PALLV22V10.
For information on other PAL devices, please refer to the datasheets on our Web site at www.vantis.com.

22
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VIEEE  wach s cpuo ramily

| sevono perroRMANCE High Performance EE CMOS
Programmable Logic

FEATURES

¢ High-performance, EE CMOS 3.3-V & 5-V CPLD families
¢ Flexible architecture for rapid logic designs
— Excellent First-Time-Fit™ and refit
— SpeedLocking™ for guaranteed fixed timing
— Central, input and output switch matrices for 100% routability and 100% pin-out retention
¢ High speed
— 5.0ns tpp Commercial and 7.5ns tpp 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 1/Os
— Hot-socketing
— Programmable security bit
— Individual output slew rate control
# Flexible architecture for a wide range of design styles
— DT 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 I/O, BP Microsystems, Advin,
and System General
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Table 1. MACH 4 Device Features'?

M4-32/32 | M4-64/32 | M4-96/48 M4-128/64 M4-128N/64 | M4-192/96 M4-256/128

Feature MA4LV-32/32 | M4LV-64/32 | M4LV-96/48 | M4LV-128/64 | MALV-128N/64 | M4LV-192/96 | M4LV-256/128
Macrocells 32 64 96 128 128 192 256
Maximum User I/O Pins 32 32 48 64 64 96 128

tpp (ns) 7.5 75 75 75 75 75 7.5

font (MH2) 111 111 111 111 111 111 111
tcos (ns) 5.5 5.5 55 5.5 5.5 5.5 5.5

tss (ns) 5.5 5.5 5.5 55 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 M4-96/96 device, please refer to the M4-96/96 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'2

M4A3-32/32 | MA4A3-64/32 | 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 I/0 Pins 32 32 48 64 96 128
tpp (ns) 5.0 50 5.0 5.0 5.0 5.0
font (MH2) 182 182 182 182 182 182
teos (ns) 40 40 40 40 40 40
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 repr

availability.

2. “M4A5-xxx” is for 5-V devices. “M4A3-xxx” is for 3.3-V devices.

tive for details on
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GENERAL DESCRIPTION

The MACH® 4 family from Vantis 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-V or 3.3-V in-system programmable through the JTAG (IEEE Std. 1149.1)
interface. JTAG 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 tppy and 182 MHz fcyy 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'

Device -7 -10 -12 -14 -15 -18
M4-32/32 C G 1 G1I 1 ¢ I
M4LV-32/32 ' '
M4-64/32 c G 1 I 1 C I
MALV-64/32 ' '
M4-96/48 c G 1 G1I 1 c 1
M4LV-96/48 ' '
M4-128/64 c C1 G 1 1 C 1
M4LV-128/64 ' '
M4-128N/64 c o1 o1 . c :
MA4LV-128N/64 ’ '
M4-192/96 c 1 . . c :
M4LV-192/96 ' '
M4-256/128 c o1 o1 . ¢ .
MALV-256/128 g g
Note:

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

Speed Grade' 2
Device -50 -55 -60 -65 -7 -10 -12 -14

M4A3-32/52 c c c c G1I G 1 G1I 1
M4A5-32/32 ’ ’ ’

M4A3-64/32

MAAS.6473 c C C C G1I G1 1 1
M4A3-96/48

MAAS.96/43 ¢ C C c 1 G 1 I I
M4A3-128/64 c c c ¢ G1 ¢1I 1 I
M4A5-128/64 ’ ’ ’
M4A3-192/96 c c c c CI 1 1 1
M4A5-192/96

M4A3-256/128 c c . c o o1 o1 .
M4A5-256/128 ’ '
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-I/O 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 I/O 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 I/0 Options (Number of 1/Os in Table)

M4-32/32 M4-64/32 M4-96/48 M4-128/64 M4-128N/64 M4-192/96 M4-256/128
Package M4LV-32/32 | M41V-64/32 | M4LV-96/48 | MA4LV-128/64 | M4LV-128N/64 | MA4LV-192/96 | M4LV-256/128
44-pin PLCC 32 32
44-pin TQFP 32 32
48-pin TQFP 32 32
84-pin PLCC 64
100-pin TQFP 48 64
100-pin PQFP 64
144-pin TQFP 9
208-pin PQFP 128
256-pin BGA 128
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Table 6. MACH 4A Package and 1/0 Options' (Number of 1/0s in Table)

M4A3-32/32 | M4A3-64/32 | M4A3-96/48 | MA4A3-128/64 M4A3-192/96 | MA4A3-256/128
Package M4A5-32/32 | M4A5-64/32 | MA4A5-96/48 | M4A5-128/64 M4A5-192/96 | MA4A5-256/128
44-pin PLCC 32 32
44-pin TQFP 32 32
48-pin TQFP 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.
Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect
development systems. The DesignDirect development system is the Vantis implementation
software that includes support for all Vantis 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, simulajion and verification software
from leading-edge tool vendors such as Cadence, Exemplar Logic, Mentor Graphics, Model
Technology , Synopsys, Synplicity, Viewlogic and others. It accepts EDIF 2 0 0 input netlists,
generates JEDEC files for Vantis PLDs and creates industry-standard EDIF, Verilog, VITAL-compliant
VHDL and SDF simulation netlist for design verification.

DesignDirect software is also available in product configurations that include VHDL and Verilog
synthesis from Exemplar Logic and VHDL, Verilog 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 I/O 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
Clock Note 2
Generator
Clock/Input =
Pins =
Note 3 33 i = - ';/O
X i 2 ins
= 11 o ; Logic |16 | Output/ 16 | § 8 = L
S or k?g; -1 Allocator Buried = o -
= 34 with XOR Macrocells @ | Notell Q
Dedicated 2 16 2
Input Pins & Input a3
= Switch 16 T /o
(q:s Matrix Pins
o PAL Block =KX
| PAL Block k—@
1/O
Pins
17466F-001

Figure 1. MACH 4 Block Diagram and PAL Block Structure

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

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

3. M4(IV)-192/96, M4(LV)-256/128, M4A(3,5)-192/96 and M4A(3,5)-256/128 bave 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
¢ 1/O 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(IV)-64/32 and M4A(3,5)-64/32 33
M4(IV)-96/48 and M4A(3,5)-96/48 33
M4(IV)-128/64 and M4A(3,5)-128/64 33
M4(IV)-128N/64 33
M4(LV)-192/96 and M4A(3,5)-192/96 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 to 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
My Co, €1, C2 Mg C7,Cg, Cg, Cyo
M; Co €, G2, G5 My Cg, Cg, 10, Cpy
M, Gy G, G5, G4 My, Co Cigy Cupy Cpa
M; G G5, G4, Gs My C10: G115 G2, Cy3
My C3, G4, G5, Cg My, C11, €12, G130 Crg
Ms Gy, Cs, Gg, G Mis C12 Cy3, Cugs G5 =
Mg Gs, g, C7, Cg My C13,C14 Cy5 2
M, ) M5 Ci4 Cy5 T
-
Q
_ E
Table 9. Logic Allocator for M4(LV)-32/32 and M4A(3,5)-32/32 =
Output Macrocell Available Clusters Output Macrocell Available Clusters i
My Gy, €1, C; Mg Cg: Cgy Co
M; Cor €, 63, G5 M, Cg, Cg, Gy 1t
M, Cy, Cp, G, C4 M,y C9, 10, C11, Gz
M s G, G4, Gs My C10: C11> C12, Ci3
M, 3, Cy, G5, Cg M;; Ci1, €1 3, Cog
Ms C4 G5, C» G My; C12: G135 Cigo G5
Mg Gs, g, C; My C13, Cy4 Cy5
M, G Gy Mys Ci4 15
Lt B et 1
1 1 - 1
1 | cq £ X 1
' ' g g 5 Logic Allocator 1
: Basic Product : L :
1 Term Cluster | J ]
1
. | o] B
o] 1
: : [Ore 5.
: | j 2
1 I 1 [
1 | 1
| Extra 0 Default 1 Z ’é E 1
) Product = _|o - e o EE ,
Term o 9
1 I i
! X . 17466F-005
a. Synchronous Mode
_______________ O,
: ' I '
! ! T . '
\ ' €t S Logic Allocator .
! Basic Product X EEow '
1 Term Cluster 1 J :
i
| —D—F\ ! o] ! 3
D n . ‘. !
1 T T e
! —L/ ! ] 0 Default T 8c
1 1 —, : L
1 ! |
! Bt 0 Defaul ! T 39 '
o
L R HE !
 Tem 28 |
! . * |
1 1
L |
D, 1
b. Asynchronous Mode 17466F-006

Figure 2. Logic Allocator: Configuration of Cluster “n” Set by Mode of Macrocell “n”
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EDO D = =D b

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

=D =

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

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

DD D> FDoe

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

— i =D
d. Basic cluster routed away; e. Extended cluster routed away
single-product-term, active high

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

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.

Power-Up !
Reset H
i =
| >
1 - 2
PAL-Block : o
Initialization ! g
: - 2.
Product Terms —D——“'—‘—: SWAP r =
Common PAL-block resource | 1
Individual macrocell resources
To Output and Input
AP AR Switch Matrices
From Logic Allocator DTL Q
. Block CLKO
om T o |
PALClock — o el
Generator ock CLK2
Block CLK3 17466F-009
a. Synchronous mode
Power-Up
Reset
Individual
Initialization
Product Term
‘ To _Output apd Input
From Logic AP AR Switch Matrices
Allocator A4 DL Q
From PAL-Block ____ BlockCLKO  p—
Clock Generator Block CLK1
Individual Clock
Product Term C :

b. Asynchronous mode
17466F-010

Figure 5. Macrocell

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.

DD}
_]—> D

a. D-type with XOR b. D-type with programmable D polarity

AP AR
Q

ok

AP AR

It

d. Latch with programmable D polarity

Y
|

AP AR
D7

It

c. Latch with XOR

1]
L[]

AP AR
Q

- £Dp-

f. Combinatorial with XOR

Y
|

e. T-type with programmable T polarity

g. Combinatorial with programmable polarity

17466F-011
Figure 6. Primary Macrocell Configurations
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Table 10. Register/Latch Operation

Configuration Input(s) CLK/LE ! Q+
D=X 01,{ (M Q
D-type Register D=0 T 0
D=1 T 1
=X 0,1, (M Q
T-type Register T=0 T Q =
T=1 Td) Q =
D=X 1(0) Q i
D-type Latch D=0 0(1) 0 g
© D=1 0(1) 1 =
m
wv

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 S and 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.

Power-Up Power-U
p
Reset Preset

PAL-Block "‘DL_D_— PAL-Block
Initialization Initialization

Product Terms —_O— Product Terms —J™)- l

AP AR AP AR
DTL Q D/L Q
a. Power-up reset b. Power-up preset
17466F-012 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.

Power-Up Power-Up
Reset Preset
Individual 5 > Indi\lgirilsl:'l _@_
Reset
Product Term Product Term
AP AR AP AR
D/UT Q D/LUT Q

a. Reset b. Preset

17466F-014 17466F-015
Figure 8. Asynchronous Mode Initialization Configurations

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/LE! Q+
0 0 X See Table 10
0 1 X 1
1 0 X 0
1 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/O 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/O cells. The MACH 4 output switch matrix allows for half of the macrocells to drive
/O cells within a PAL block, in combinations according to Figure 9. Each I/O cell can choose from
eight macrocells; each macrocell has a choice of four I/O cells. The M4(LV)-32/32 and M4A(3,5)-
32/32 allow every macrocell to drive an I/O cell (Figures 12 and 13).
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a. Macrocell drives one of 4 1/0s (except M4(LV)-32/32 and M4A(3,5)-32/32)
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110 110 1/0 1/0 1/0 110 110 110
Cell Cell Cell Cell Cell Cell Cell Cell

b. Macrocell drives one of 8 1/0s for M4(LV)-32/32 and M4A(3,5)-32/32

b o ©

110
Cell
1

MUX
ll |l
[ 1

Macro-| |Macro-| |Macro- Macro-| |Macro-| |Macro-| |Macro-| |Macro-
cell cell cell cell cell cell cell cell

¢. I/0 can choose one of 8 macrocells

17466F-016
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(3,5)-32/32)

Macrocell Routable to I/0 Pins
MO, M1 1/00, /05, /06, /07
M2, M3 1/00, /01, /06, /07
M4, M5 /00, 1/01, 1/02, /07
M6, M7 /00, /01, 1/02, /03
M8, M9 /01, 1/02, /03, V04
M10, M11 1/02, /03, /04, /05
M12, M13 /03, 1/04, /05, /06
M14, M15 /04, 105, /06, /07
1/0 Pin Available Macrocells
o0 MO, M1, M2, M3, M4, M5, M6, M7
vo1 M2, M3, M4, M5, M6, M7, M8, M9
/02 M4, M5, M6, M7, M8, M9, M10, M11
/03 M6, M7, M8, M9, M10, M11, M12, M13
/04 M8, M9, M10, M11, M12, M13, M14, M15
/05 MO, M1, M10, M11, M12, M13, M14, M15
/06 MO, M1, M2, M3, M12, M13, M14, M15
vo7 MO, M1, M2, M3, M4, M5, M14, M15

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

Macrocell

Routable to I/0 Pins

MO, M1, M2, M3, M4, M5, M6, M7

/00, /01, 1/02, 1/03, 1/04, 1/05, 1/06, 1/07

M8, M9, M10, M11, M12, M13, M14, M15

1/08,1/09,1/010, /011, 1/012, /013, /014, /015

1/0 Pin

Available Macrocells

/00, 1/01, /02, 1/03, /04, /05, 1/06, /07

Mo, M1, M2, M3, M4, M5, M6, M7

1/08,1/09, /010, /011, /012, /013, /014, /015

M8, M9, M10, M11, M12, M13, M14, M15
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1/0 Cell

The 1/O 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 I/O cell. The feedback signal drives the input
switch matrix.

Individual

Output Enable
Product Term
From Output Q

Switch Matrix l/ individual
Output Enable
Product Term
To From Output [Z S
Input Switch Matrix S2
Switch
Matrix «4q D/L
To —oooooo

Block CLKO Input

< Block CLK1 Switch
Block CLK2 Matrix
Block CLK3

Power-up reset

17466F-017 17466F-018
Figure 10. 1/0 Cell for MACH 4 Devices Figure 11. 1/0 Cell for M4(LV)-32/32 and
(except M4(LV)-32/32 and M4A(3,5)-32/32) MAA(3,5)-32/32

The MACH 4 I/O 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 I/O pin and compared with the previous stored value.

Note that the flip-flop used in the MACH 4 I/O 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 I/O cell registers and latches. When programmed, the ZHT fuse increases
the data path setup delays to input storage elements, matching equivalent delays in the clock 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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From Input Cell

Direct

From I/O Pin

A

From Macrocell 2
From Macrocell

A
From Macrocell 1

Registered/Latched

A

To Central Switch Matrix
[
To Central Switch Matrix

._{——

Note: except M4(LV)-32/32 and M4A(3,5)-32/32

17466F-002 17466F-003

Figure 12. MACH 4 Input Switch Matrix Figure 13. M4(LV)-32/32 and M4A(3,5)-32/32 Input
Switch Matrix

PAL Block Clock Generation

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.

oL Block CLKO
L loCl
™ (GCLKO or GCLK1)
+—|
GeLKi o | Block CLK1
g ™ (GCLK1 or GCLKO)
3
GCLk2 - Block CLK2
— " (GCLK2 or GCLK3)
.'—1
GCLKs - » Block CLK3
L— g (GCLK3 or GCLK?)
e

17466F-004
Figure 14. PAL Block Clock Generator !

Note:
1. M4(IV)-32/32, M4A(3,5)-32/32, M4(LV)-64/32 and M4A(3,5)-64/32 bave only two clock pins, GCLKO and GCLK1. GCLK2 is tied
to GCLKO, and GCLK3 is tied to GCLK1.
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Table 14. PAL Block Clock Combinations’

Block CLKO Block CLK1 Block CLK2 Block CLK3
GCLKO GCIK1 X X
" GCIK1 GCIK1 X X
GCLKO GCIKO X X
GCIK1 GCIKO X X
X X GCLK2 (GCLKO) GCLK3 (GCLK1) =
X X GCLX3 (GCIKT) GCLK3 (GCLK1) P4
X X GCIK2 (GCLKO) GCIK2 (GCLX0) ==
X X GCIK3 (GCIKT)  GCIKZ (GCIKO) g
Note: %
wv

1. Values in parentbeses are for the M4(LV)-32/32, M4A(3,5)-32/32, M4(IV)-64/32 and M4A(3,5)-64/32.

This 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, tgyy, is defined as the time it takes to go from feedback through the output buffer
to the I/O pad. If a signal goes to the internal feedback rather than to the I/O pad, the parameter
designator is followed by an “i”. By adding tgy to this internal parameter, the external parameter
is derived. For example, tpp = tpp; + tgyp 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.

(External Feedback)

(Internal Feedback)

COMB/DFF/TFF/
LATCH/SR*/JK*
IN Central “emulated ll out
> Switch . tssm  teoi Q tsur — >
Matrix tsam tepLi
them  toosmi
:S(S/A)L :GO(S/A)i
HeAL  lsRi
e ——> 's(na !
INPUT REG/
INPUT LATCH - tea
tsirs teoi  Q— e
tHiRs tcosi
tsiL ticosi
ti teoiLzi
tsirz
> tirz
tsiz
tiz
BLK CLK

—

: 17466F-025
Figure 15. MACH 4 Timing Model

SPEEDLOCKING FOR GUARANTEED FIXED TIMING

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-Vantis 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 JTAG 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 JTAG 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 JTAG 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. Vantis
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO
takes the JEDEC file output produced by Vantis’ design implementation software, along with
information about the JTAG chain, and creates a set of vectors that are used to drive the JTAG
chain. VantisPRO software can use these vectors to drive a JTAG 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 PCI
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 V¢ because of their 5-V input tolerant feature.

SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS

Both the 3.3-V and 5-V V¢ 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/0S

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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“1.” 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 1/Os with either pull-
up or Bus-Friendly characteristics. If the device is configured in pull-up mode, all inputs and I/O
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 1I/O 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(. 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(3,5)-192/96
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BLOCK DIAGRAM - M4(LV)-256/1 28 AND MA4A(3,5)-256/128
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ABSOLUTE MAXIMUM RATINGS

M4 and M4A5

Storage Temperature. .. . .......... -65°C to +150°C
Ambient Temperature

with Power Applied . .............. -5°C to +100°C
Device Junction Temperature . ............ +130°C
Supply Voltage

with Respect to Ground . ... ....... 05Vt +7.0V
DC Input Voltage . ........... 0.5VtoVec+ 05V
Static Discharge Voltage . ................ 2000 V
Latchup Current (T, = -40°C to +85°C). . . . . .. 200 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.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (T,)
Operating in Free Air. . .. ........... 0°C to +70°C

Supply Voltage (Vo)
with Respect to Ground . . . ... ... +4.75Vto +5.25 V
Industrial (I) Devices

Ambient Temperature (T,)

Operating in Free Air. . ............ -40°C to +85°C
Supply Voltage (Vo)

with Respect to Ground. . .. ... ... +450Vto +55V

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

5-V DC CHARACTERISTICS OVER OPERATING RANGES

=
>
o)
T
-
QU

3,
("'.;;.'
wv

Parameter
Symbol Parameter Description Test Conditions Min Typ Max Unit
=-3.2 mA, V¢ = Min, Vpy = Vg or V, 24 v
Vou Output HIGH Voltage lon « DAL el
Iog = 0 mA, Vo = Max, Viy = Vigor V. 33 v
VoL Output LOW Voltage Tor, = 24 mA, Ve = Min, Vyy = Vi or Vi, (Note 1) 0.5 v
Vin Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs 08 v
(Note 2)
Iy Input HIGH Leakage Current Viy = 5.25 V, Ve = Max (Note 3) 10 I
Ip Input LOW Leakage Current Viy = 0V, Vo = Max (Note 3) -10 HA
Tom Off-State Output Leakage Current HIGH | Voyr = 5.25 V, V¢ = Max, Viy = Vi or Vi, (Note 3) 10 MA
Toz Off-State Output Leakage Current LOW | Voyp = 0V, Ve = Max,, Viy = Vi or Vg, (Note 3) -10 pA
I Output Short-Circuit Current Vour = 0.5 V, Vgc = Max (Note 4) -30 ~160 mA
Notes:

1. Total I, 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. /O pin leakage is the worst case of Iy and Iz (or Iy and Inzpp).
4

. 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 bas been chosen to avoid test problems caused by tester ground degradation.
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ABSOLUTE MAXIMUM RATINGS
MA4LV and M4A3

Storage Temperature. . .. .......... -65°C to +150°C
Ambient Temperature

with Power Applied . ............. -55°C to +100°C
Device Junction Temperature ............. +130°C
Supply Voltage

with Respect to Ground . .......... -05Vto +45V
DC Input Voltage .. ............... 05Vt 6.0V
Static Discharge Voltage . ................ 2000 V
Latchup Current (T, = -40°C to +85°C). .. .. .. 200 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.

OPERATING RANGES

Commercial (C) Devices

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

Supply Voltage (Vo)
with Respect to Ground. . .. ....... +3.0Vto+3.6V
Industrial (I) Devices

Ambient Temperature (Ty)

Operating in Free Air. ... .......... -40°C to +85°C
Supply Voltage (Vo)

with Respect to Ground.. . ... ...... +3.0 Vo +3.6V

Operating ranges define those limits between which the 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
Ve = Min Tog = —100 pA Vg —0-2 v
\/ Output HIGH Voltage &«
o ” 8 Viy = Vi ot Vg, Iog=-32mA 24 v
Vo = Min Top = 100 pA 0.2 y
VoL Output LOW Voltage Vi =V or Vg
(Note 1) Iy, = 24 mA 05 v
Vin Input HIGH Voltage ;}I:)al;asmeed Input Logical HIGH Voltage for all 20 55 v
Vi Input LOW Voltage ;}I:)a:tasmeed Input Logical LOW Voltage for all 03 08 v
™ Input HIGH Leakage Current Viy = 3.6V, Vg = Max (Note 2) 5 MA
Iy Input LOW Leakage Current Viy = 0V, V¢ = Max (Note 2) -5 uA
Vour = 36V, Vg = Max
Tozm Off-State Output Leakage Current HIGH Vi = Vi or Vi, (Note 2) 5 uA
_ VOUT =0V, VCC = Max .
Toz Off-State Output Leakage Current LOW Vi = Vi or V, (Nole 2) 5 MA
Isc Output Short-Circuit Current Vour = 0.5V, V¢ = Max (Note 3) -15 -160 mA
Notes:

1. Total I for one PAL block should not exceed 64 mA.

2. IO pin leakage is the worst case of Iy and Ioz; (or Iy and Iozp).

3. Not more than one output should be 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 RANGES'

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

Min | Max | Min (Max Min I Max | Min | Max | Min ' Max | Min | Max | Unit
Combinatorial Delay:
tppi | Internal combinatorial propagation delay 5.5 8.0 10.0 12.0 13.0 160 | ns
tpp Combinatorial propagation delay 75 10.0 12.0 14.0 15.0 180 ns
Registered Delays: §
tss Synchronous clock setup time, D-type register 5.5 6.0 7.0 10.0 10.0 12.0 ns T
tssr | Synchronous clock setup time, T-type register 6.5 7.0 8.0 11.0 11.0 13.0 ns g
tsa Asynchronous clock setup time, D-type register 3.5 4.0 5.0 8.0 8.0 10.0 ns =
tsyr | Asynchronous clock setup time, T-type register 4.5 5.0 6.0 9.0 9.0 11.0 ns Q
tys Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tya | Asynchronous clock hold time 35 4.0 5.0 8.0 8.0 10.0 ns
tcosi | Synchronous clock to internal output 35 45 6.0 8.0 8.0 10.0 | ns
tcos | Synchronous clock to output 5.5 65 8.0 10.0 10.0 120 | ns
tcoai | Asynchronous clock to internal output 75 10.0 120 16.0 16.0 18.0 | ns
tcoa | Asynchronous clock to output 9.5 12.0 14.0 18.0 18.0 200 | ns
Latched Delays:
tss, | Synchronous Latch setup time 6.0 7.0 8.0 10.0 10.0 12.0 ns
tsa, | Asynchronous Latch setup time 4.0 4.0 5.0 8.0 ‘| 80 10.0 ns
tysy | Synchronous Latch hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tya, | Asynchronous Latch hold time 4.0 4.0 5.0 8.0 8.0 10.0 ns
tpp; | Transparent latch to internal output 8.0 10.0 120 150 15.0 180 | ns
tppy | Propagation delay through transparent latch to output 10.0 12.0 14.0 17.0 17.0 200 ns
tcosi | Synchronous Gate to internal output 4.0 5.5 8.0 9.0 9.0 10.0 | ns
tcos | Synchronous Gate to output 6.0 75 10.0 11.0 11.0 120 | ns
teoai | Asynchronous Gate to internal output 9.0 11.0 14.0 17.0 17.0 200 | ns
tcoa | Asynchronous Gate to output 11.0 13.0 16.0 19.0 19.0 220 | ns
Input Register Delays:
tgrs | Input register setup time 2.0 20 2.0 20 20 2.0 ns
tyrs | Input register hold time 3.0 3.0 3.0 4.0 40 4.0 ns
ticosi | Input register clock to internal feedback 3.5 4.5 6.0 6.0 6.0 60 | ns
Input Latch Delays:
tgr, | Input latch setup time 2.0 2.0 2.0 2.0 2.0 2.0 ns
tyn, | Input latch hold time 3.0 3.0 3.0 4.0 4.0 4.0 ns
tigosi | Input latch gate to internal feedback 4.0 4.0 4.0 5.0 5.0 60 | ns
tppr; | Transparent input latch to internal feedback 2.0 2.0 2.0 2.0 2.0 20 | ns
Input Register Delays with ZHT Option:
tgrz | Input register setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns
tyrz | 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 RANGES' (CONTINUED)
-7 -10 -12 -14 -15 -18
Min |Max Min 1 Max | Min |Max Min I Max | Min | Max | Min | Max | Unit

Input Latch Delays with ZHT Option: '

tsnz | Input latch setup time - ZHT 6.0 6.0 6.0 6.0 6.0 6.0 ns
tynz | Input latch hold time - ZHT 0.0 0.0 0.0 0.0 0.0 0.0 ns
tppzs | Transparent input latch to internal feedback - ZHT 6.0 6.0 6.0 6.0 6.0 60 | ns
Output Delays:

tgop | Output buffer delay 2.0 2.0 2.0 2.0 2.0 20 | ns
tqw | Slow slew rate delay adder 2.5 25 2.5 2.5 2.5 25| ns
g Output enable time 9.5 10.0 12.0 15.0 15.0 170 | ns
teR Output disable time 9.5 10.0 12.0 15.0 15.0 170 | ns
Power Delay:

tn, | Powerdown mode delay adder l2s]  Ja2s| Jas| Jas| 25| J25] ms
Reset and Preset Delays:

tsgi | Asynchronous reset or preset to internal register output 10.0 12.0 14.0 180 18.0 200 | ns
tsr Asynchronous reset or preset to register output 12.0 14.0 16.0 20.0 20.0 220 | ns
tsgr | Asynchronous reset and preset register recovery time | 8.0 8.0 10.0 15.0 15.0 17.0 ns
tsgw | Asynchronous reset or preset width 10.0 10.0 12.0 15.0 15.0 17.0 ns
Clock/LE Width:

tyis | Global clock width low 3.0 5.0 6.0 6.0 6.0 7.0 ns
twgs | Global clock width high 3.0 5.0 6.0 6.0 6.0 7.0 ns
twyia | Product term clock width low 4.0 5.0 8.0 9.0 9.0 10.0 ns
tyna | Product term clock width high 4.0 5.0 8.0 9.0 9.0 10.0 ns
tows f;::’ﬂf;‘;;’:p’:rt’n“;)(f°' low transparent) or high | 5 , 50 60 60 60 70 ns
tom Eﬂgﬁhﬁmﬁf (for low transparent) or |, 50 60 90 90 110 ns
twr, | Input register clock width low 45 5.0 6.0 6.0 6.0 7.0 ns
twrg | Input register clock width high 45 5.0 6.0 6.0 6.0 7.0 ns
ty, | 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 RANGES' (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 1/(tyys + tyys) or
Vs + teog) 90.9 80.0 66.7 50.0 50.0 41.7 MHz
External feedback, T-type, Min of 1/(ty;g + tyys) or 833 741 625 76 76 40 Mz =
1/(tsgr + toos) >
Internal feedback (fgyy), D-type, o
NS | i of 1/t + by o /s + o) 1111 95.2 769 55.6 55.6 455 MHz =
o
Internal feedback (fgyy), T-type, 3
Min of 1/(tyys + tygs) OF 1/(tssy + taos) 100.0 87.0 71.4 52.6 52.6 43,5 MHz %
. w
No feedback’, Min of /(hyrs + byms), /s + tns) OF | 155 ¢ 100.0 833 833 833 714 MHz
1/(tsgy + tys)
External feedback, D-type, Min of 1/(tyy4 + tygs) or
Vs + o) ‘ 769 625 526 385 385 333 MHz
External feedback, T-type, Min of 1/(ty;, + tyga) OF 714 5838 50.0 37.0 370 323 Mz
Uty + teon)
Internal feedback (foyya), D-type,
B | i of 1/ by on Vs * o) 909 714 58.8 4.7 417 35.7 MHz
Internal feedback (fyry), T-type,
Min of 1/(tyy + byme) OF Uiy + tgon) 83.3 66.7 55.6 40.0 40.0 34.5 MHz
No feedbackz, Min of 1/(tyyy + twa),
iy + tyg) or Utgey + tiy) 125.0 100.0 62.5 55.6 55.6 50.0 MHz
Maximum input register frequency,
fuaxt Min of 1/ (tygeg + ) ot igrs + tms) 111.0 100.0 83.3 83.3 833 71.4 MHz

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

2. This 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 RANGES'

-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:
Internal combinatorial
9 | propagation dlay 35 40 40 45 50 70 9.0 10| ns
w g:;::mmmﬂ propagation 5.0 55 60 65 75 100 12.0 140 | ns
Registered Delays:
Synchronous clock setup
'S | tme, D ype regisier 3.0 35 40 40 55 60 7.0 100 ns
tssr 's]."nf‘:h;f’t‘y‘;e“sr:;’;ffmp 40 40 45 45 65| |70 80 110 ns
Asynchronous clock setup
| oue.Dype roiser 25 25 30 30 35 40 50 80 ns
Asynchronous clock setup
T | me, Tiype rogiser 30 30 35 35 45 50 60 9.0 ns
s m:hm“"“s dockhold | 0.0 0.0 00 0.0 00 0.0 0.0 ns
o ‘;f;':cm""“s clockhold ) , ¢ 25 3.0 3.0 35 40 50 80 ns
teosi mm‘:\’::;;‘""k“’ 25 25 25 25 25 25 35 35 | ns
teos X“;ﬂf"m“s dlock o 40 40 45 45 50 55 65 65| s
teon ﬁtye":]:‘;':;’fnd“k o 50 50 50 50 60 80 100 120 s
tcon :fgft’“’m“s clock to 65 65 70 70 85 110 130 150 ns
Latched Delays:
s tsl,"mf‘:"“’“"“s latchsetup | 46 40 45 45 60 7.0 80 100 ns
- m""m“"“s fatchsetwp | 5 30 35 35 40 40 50 80 18
tas ﬁs’;']’:h“’“"“s latchhold | 44 0.0 00 0.0 0.0 0.0 00 0.0 ns
- f_smf‘e“’hm“““s fachhold ) 5 30 35 35 40 40 50 80 s
topus ::‘:gl“::;::ch o 55 55 60 69 75 9.0 110 120 ns
Propagation delay through
L | meperent ach 0 outt 7.0 70 80 80 100 120 140 150 | ns
o8 msy"wm"')‘l’l“t;f‘e © 30 30 30 30 35 45 70 80 | ns
tcos | Synchronous gate to output 45 45 5.0 5.0 6.0 75 10.0 110| ns
ook :i“;m';ﬁfa‘e to 60 60 60 60 85 100 130 150 | ns
toon ’;fl’gz?m""“s gate to 75 75 8.0 80 110 130 160 180 | ns
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (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
Input Register Delays:
tgrs | Input register setup time L5 L5 2.0 20 2.0 2.0 2.0 2.0 ns
tys | Input register hold time 25 2.5 3.0 3.0 3.0 3.0 3.0 4.0 ns
Input register clock to
4008 | invernal feedback 3.0 3.0 3.0 3.0 35 45 6.0 60 | ns E
®)
Input Latch Delays: =
tqg | Input latch setup time 15 15 20 20 2.0 2.0 2.0 2.0 ns %"S‘
tyg, | Input latch hold time 25 2.5 3.0 3.0 3.0 3.0 3.0 4.0 ns =
o
Input latch gate to internal w
tiGosi feedback 3.5 35 4.0 4.0 4.0 4.0 4.0 50 | ns
Transparent input latch to :
topiLi internal feedback 15 15 15 15 2.0 2.0 20 2.0 ns
Input Register Delays with ZHT Option:
toxz Iz'g’;t register setup time - | ¢ 6.0 6.0 60 60 60 60 60 1s
T— Iz'g’;‘ register hold time - | -, 00 0.0 0.0 0.0 0.0 0.0 0.0 ns
Input Latch Delays with ZHT Option:
tsuz IZ']’}’;‘ fatch setup ime- | ¢ 60 60 60 60 60 6.0 6.0 ns
tyz | Input latch hold time - ZHT | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ns
Transparent input latch to
D12 | jorernal feedback - ZEHT 60 60 6.0 60 6.0 6.0 6.0 60 | ns
Output Delays:
tgr | Output buffer delay 15 15 20 20 25 3.0 3.0 30 | ns
tyw | Slow slew rate delay adder 2.5 25 25 2.5 2.5 25 25 25 | ns
tga Output enable time 75 75 85 85 9.5 10.0 12.0 150 ns
tgr Output disable time 75 75 85 85 9.5 10.0 12.0 150 | ns
Power Delay:
Power-down mode delay
% | adder 25 25 25 25 25 25 25 25 | ns
Reset and Preset Delays:
Asynchronous reset or
toRi preset to internal register 75 7.7 8.0 8.0 9.5 11.0 13.0 160 | ns
output
Asynchronous reset or
R presetto register output 9.0 9.2 10.0 10.0 12.0 14.0 16.0 190 | ns
Asynchronous reset and
tsgr | Preset register recovery 7.0 7.0 7.5 75 8.0 8.0 10.0 15.0 ns
time
Asynchronous reset or
tSRw preset width 7.0 7.0 8.0 8.0 10.0 10.0 12.0 15.0 ns
Clock/LE Width:
tys |Globaldockwidthlow [ 20 [ [20] Ja2s] Jas] J30] [s0] Jeo[ Jeo] [ s
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (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

twus | Global clock width high 2.0 2.0 2.5 2.5 3.0 5.0 6.0 6.0 ns
- ::)‘W"d““‘erm dockwidth | , 30 35 35 40 50 80 9.0 ns
- Eg"hd““ term clock width | 5 30 35 35 40 5.0 80 9.0 s

Global gate width low (for
tgws |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

low (for low transparent)
| or high (for high 40 40 45 45 5.0 5.0 6.0 9.0 ns

transparent)
- ::‘Eut register clock width 30 30 35 35 40 50 6.0 6.0 15
- E{s’l‘l“ register clock width | , 30 35 35 40 50 60 60 s
ty, | Input latch gate width 4.0 40 45 45 5.0 5.0 6.0 6.0 ns
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MACH 4A TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)
-50 -55 -60 -65 -7 -10 -12 -14
Min | Max | Min | Max | Min | Max Min’Max Min IMax Min IMax Min|Max Min [Max Unit

Frequency:
External feedback, D-type,
Min of 1/(tys + tygg) or | 143 133 118 118 95.2 87.0 74.1 60.6 MHz
1/(tsg + tos)
External feedback, T-type,
Min of 1/(tyg + tygs) or | 125 125 111 111 87.0 80.0 69.0 57.1 MHz
V/(tgst + tgos)
Internal feedback (feyy),
fyaxs | D-type, Min of 1/(tys + | 182 167 154 154 125 118 95.2 74.1 MHz
tyms) O 1/(igs + teos)
Internal feedback (foyy),
T-type, Min of 1/(tys + 154 161 143 143 111 105 87.0 69.0 MHz
tyms) or 1/(isr + teosy)
No feedback?, Min of 1/
(tyis + tws), V(s + tg) | 250 250 200 200 154 125 100 833 MHz
or 1/(tsgr + tyg)
External feedback, D-type,
Min of 1/(tyyy + tyg) or | 111 111 100 100 83.3 66.7 55.6 43.5 MHz
V(ish + toon)
External feedback, T-type,
Min of 1/(tyg + tyga) OF | 105 105 95.2 952 769 625 526 417 MHz
1(tsur + too)
Internal feedback (fonya),
fuaxa | D-type, Min of 1/(eyps + | 133 133 125 125 105 83.3 66.7 50.0 MHz
tyma) OF 1/(t5y + toon)
Internal feedback (feypy),
T-type, Min of 1/(tyyy + 125 125 118 118 95.2 76.9 625 47.6 MHz
) OF 1/ (a7 + teoss)
No feedback?, Min of 1/
(twia + ty), Vliy + | 167 167 143 143 125 100 625 55.6 MHz
tya) or 1/(tsyy + tya)
Maximum input register
frequency, Min of 1/(tyry
fyaxt + tygy) o Vllggs + 167 167 143 143 125 100 83.3 833 MHz
tyigs)

=
>
n
==
-
Q

S
=
wv

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

2. This parameter does not apply to flip-flops 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
Cy Input capacitance V=20V 3.3Vor5YV,25°C, 1 MHz 6 pF
Cyo Output capacitance Vour=2.0V 33Vor5YV,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.

Icc 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.

Vec=5Vor33V,T,=25°C

350 —
M4(LV)-256/128
300 —
250 — M4(LV)-192/96
- 200 —
g
E M4(LV)-128/64
<]
- 150 —
M4(LV)-96/48
100 — M4(LV)-64/32
M4(LV)-32/32
50 —
0
° 2 & 8 § 8 8 ® 8 8 8 g2 8§ 8
Frequency (MHz) 17466F-066

Figure 16. Icc Curves at High Power Mode
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Figure 17. Ic¢c 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

MA4A(3,5)-64/32)

Top View
44-Pin PLCC
n © N N © 10 <
< < moomaao
. I
<t 0 © N N ©O© 0
mvessz < X222 89009 MiLv)6a/32
MIABS)I6432 + @ o -~ 2 2 O B 8 R &  MIA3,5)164/32
88888528888 |
o o o o o Y o v o o o |
6 5 4 3 2 1 444342 41 40 )
A2 a2 1os [z b ag[] wo27 D3 B3
At A1 1oe []s 38[] wo26 D2 B2
A0 a0 o7 [ a7|] vo2s D1 B1
11 [J10 36[] 1024 DO — BO
cikono [J11 3s[] Tpo
M4(LV)-32/32
M4A(3,5)-32/32 GND []12 34[] GND M4(LV)-32/32
Tek 13 a3[] cLkim M4A(3,5)-32/32
A8 Bo 1os []14 32{] T™s
A9 B1 o9 []1s 31[] vo23 co — B8
A10 B2 o010 []1e s0[] vo22 ci B9
A1 B3 o1t [J17 20[] wo21 c2 B10
\_18 19 20 21 22 23 24 2526 27 28 )
yorwggernog
MaLV}B432 5 9 00550888 Q M2
MIA@BS)6432 — — = — ~ =~ = = === MA4A(3,5)-64/32
388 EI. IB' 8§83 8
D D@O®D@DM
17466F-026
PIN DESIGNATIONS
CLK/I = Clock or Input
GND = Ground
I/O = Input/Output c

Vce = Supply Voltage
TDI = Test Data In
TCK = Test Clock

TMS = Test Mode Select
TDO = Test Data Out

7 )
—[—— 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

MA4A(3,5)-64/32)
Top View

44-Pin TQFP
MWV O~ N O WS
<I<<< ooma =
N >
MOT WO O~ N~ O Wt
M4(LV)-64/32 R A eooa M4(LV)-64/32 =
MA4A(3,5)-64/32 38858288888 M4A(3,5)-64/32 2
SSESE=S=S0>3=====
HHHARAHHHHH 3
wv
03I H88F
A2 A2 /05 CT—]|1 33 |[T—1/027 D3 B3
A1 A1 /06 1|2 32 |1 1/026 D2 B2
A0 —— A0 /07 1|3 31 |1 —1/025 D1 B1
TDI 1|4 30 |T—1/024 DO — BO
M4(LV)-32/32 CLKO/I0 =T—]|5 29 |1 TDO
M4A(3,5)-32/32 GND CT—{[6 28 |- GND M4(LV)-32/32
TCK |7 27 |[=T3 LK1/ M4A(3,5)-32/32
A8 —— B0 /08 1|8 26 [T TMS
A9 B1 1/09 1|9 25 |[T—11/023 CO0 — B8
A10 B2 1/010 —1—]|10 24 |—T1/022 C1 B9
Al1 B3 /011 | 11 23T 1/021 C2 B10
YeFoer222 5 {
NOTODONONODOO
M4(LV)-64/32 56566682565656568 M4(LV)-64/32
M4A(3,5)-64/32 ==== ===== M4A(3,5)-64/32
T 0 O N ~NOWST M
Dmom OCO00OO0
1 , I L
[SUK IR o) nuwTON -~
Ix<< mmooo
17466F-027
PIN DESIGNATIONS
CLK/I = Clock or Input
GND = Ground c 7
I/O = Input/Output |
Vce = Supply Voltage Macrocell (0-7)
TDI = Test Data In
TCK = Test Clock PAL Block (A-D)
TMS = Test Mode Select
TDO =

Test Data Out

MACH 4 Family

65



CV

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

Top View
48-Pin TQFP
23I28% 58RI
1| [
M < N N o
faf= =)
o N esS.9EEE  welwo
,5 o P4 >
2900292528289¢ :
O?#?@#??S?%%B
A2 A2 1/05 1|1 36 |[—T1/027 D3 B3
A1l A1 1106 1|2 35 |T31/026 D2 B2
A0 A0 /07 T 3 34 |[—111/025 D1 B1
TDI 1|4 33 |r=311024 Do ——— | BO
CLKO/10 1|5 32 {I—TTDO
M4(LV)-32/32 NC ——][6 31 GND M4(LV)-32/32
M4A(3,5)-32/32 GND |7 30|l NC M4A(3,5)-32/32
TCK 8 29 |[—TaCLK1/11
A8 ——— B0 1/08 [T 9 28|[—T—ITMS
A9 B1 109 —1—j|10 27{—1711/023 CO B8
A10 B2 /010 1|11 26|{—T1/022 Ct B9
A1 B3 /011 —T—}|12 25|—T1/021 C2 B10
Qw28
yorwgogereog
M4(LV)-64/32 0000895000099 M4(LV)-64/32
M4A(3,5)-64/32 -== : ; o ; ; M4A(3,5)-64/32
B8 &E 58838
J I | {
ez Ciih g
l<<< moMmMmmo
17466F-028
PIN DESIGNATIONS
CLK/I = Clock or Input
GND = Ground C 7
I/O0 = Input/Output |
Vee = Supply Voltage Macrocell (0-7)
NC = No Connect
TDI = Test DataIn PAL Block (A-D)
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM (M4(LV)-96/48 AND MA4A(3,5)-96/48)

Top View
100-Pin TQFP
238k Ceeyey
o nweoaro o L9329 [=]
8298888588, 8822.9888388008
HHAARAARHAARRAARAAARHARRA =
>
N
O 8885883888385 883IBYx8RRRR X
- m
NC o] |1 75| o NC g
TDI o | 2 74| £ TDO =
NC T |38 73| FII NC o
NC T |4 72| ErmaNe w
Al 1/106 5 71| FrIo NC
A0 1O7 6 70| Frovosa1 F
BO vVo8cxr |7 69| [IT31/040 FO
Bl 109t |8 68| Fr /039 EO
B2 lotocrr] |9 67| Fro V038 Ef
B3 /011 ] |10 66| Co /037 E2
10/CLKO 7 | 11 65| |1 1/036 E3
Vge €1 | 12 64 | 13 I5/CLK3
GND 13 63| 13 GND
11/CLK1 14 62| | Vee
B4 VO12cTj |15 61| |13 14/CLK2
B5 1013 |16 60| Frm /035  E4
B6 /014 ] | 17 59| [T 1/034 E5
B7 1/O15cT] |18 58| [T 1/033 E6
Co /016 T | 19 57| /032 E7
Ct VO17 T | 20 56| T 1/O31 DO
NC 1 | 21 55| 12 1/030 D1
NC T | 22 54| FraNC
TMS T | 23 53| T NC
TCK T | 24 52| T NC
NC I |25 51| Frm NC
ERIIS-IBIBBERIITIIVLELLEL8
000R2IETYRVNOVD YR IRINI T
§2955858827223 87388588223
383885 5883828 17466F-029
CLK/I = Clock or Input
GND = Ground c 7
I = Input
1/0 = Input/Output | Macrocell (0-7)
Vce = Supply Voltage
NC = No Connect PAL Block (A-F)
TDI = Test Data In
TCK = Test Clock
TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM (M4(LV)-128N/64)
Top View

84-Pin PLCC
- - ®
$e2INYZL PIYPTLLE
o ronro000 28522358
268838853802 92,089888898
s e e 1 T 1 e o s I e 1 s e s 0 e e e e
1109 8 7 3 78777675

B7 /108 74 [1GND
B6 1/09 73[JI/055 G7
B5 1/010 721/054 G6
B4 1/011 71[]1/053 G5
B3 /012 70 ]I/052 G4
B2 1013 69[]1/O51 G3
B1 1/014 68 []1/1050 G2
B0 1/015 67 []1/049 G1
CLKo/lg 66 [J1/048 GO
vce 65 []CLK3/l4
GND 64 [JGND
CLK1/14 63[1Vce
co /016 62 ] CLKo/I3
c1 1017 61[]1/047 FO
C2 /018 60[]1/046 F1
C3 /019 59[11/045 F2
C4 /020 58[]11/044 F3
C5 /021 57[]1/043 F4
Cé 1/022 56 [11/042 F5
C7 1023 55[]11/041 F6
GND 5411/040 F7
L I LI T I ] L] L]
vmwhwmo—mooommvmwl\mmo
S K
00880888 £59585833883
58838888 LB I88n 17466F-030
Note:
Pin-compatible with the MACH131, MACH231, MACH435.
PIN DESIGNATIONS
CLK/I = Clock or Input
GND = Ground C 7
I = Input
I/O = Input/Output | Macrocell (0-7)
Vee = Supply Voltage
PAL Block (A-H)
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CONNECTION DIAGRAM (M4(LV)-128/64 AND MA4A(3,5)-128/64)

=
>
a)
= =4
-
Q

ES
=
w

Top View
100-Pin PQFP
PRSP IFRILRE
rovvtoaro QO03IE 3R BE B
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁ
0 8385883885533 8588338%
GNDC—] |1 SEBEEBEE gE8@PKeoe0) =GND
G [2 © '3"335’;';79 —T
™I (3 78| ==TDO
15— |4 (83) 77| =3 TRST
B7 /08 |5 (12) (73) 76| V055 G7
B6 1/09C—] |6 (13) (72)75| =054 Gé
B5 VO10C—] |7 (19) ) 74| =053 G5
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Note:
The numbers in parentheses reflect compatible pin numbers for 84-pin PLCC.
I/CIK = Input or Clock TRST = Test Reset
GND Ground ENABLE = Program
I Input
/0 Input/Output c 7
Vee Supply Voltage L
1
TD Test Data In Macrocell (0-7)
TCK Test Clock
TMS Test Mode Select PAL Block (A-H)
TDO Test Data Out
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CONNECTION DIAGRAM (M4(LV)-128/64 AND M4A(3,5)-128/64)

Top View
100-Pin TQFP
2232492 2RI
oo - ao DN=ONDN O AN
55088288588555.8688888855
O 2888588338533 85388IB853RRKE
GND I |1 75| Eo GND
TDlc |2 74 TDO
B7 o8I |3 73 TRST
B6 /09I |4 72| [ 1/055 G7
BS lotocr |5 71| T 1/054 G6
B4 /011 |6 70| 3 1/053 G5
B3 o120 |7 69 | [ 1/052 G4
B2 /0131 |8 68 | [ 1/051 G3
B1 /014 |9 67 | [ 1/050 G2
B0 /016 |10 66 | [T 1/049 Gi
10/CLKO I | 11 65| [ 1/048 GO
Voo I (12 64| 1 14/CLK3
GND I |13 63| T3 GND
1/CLK1 CIx] |14 62| [ Vee
co lot6ecr |15 61| |13 13/CLK2
c1 Vo177 |16 60| 113 1/047 FO
c2 Wot18rcxrxy |17 59| [T131/046 F1
c3 lo19cx |18 58| [T /045 F2
C4 /020 |19 57 11044 F3
c5 /021 o |20 56 11043 F4
ce Wo22rT |21 55| 13 1/042 F5
c7 V023 |22 54| T 1/041  F6
TMS T {23 53| [T 1/040 F7
TCK 1 |24 52| 13 ENABLE
GND g |25 51| £ GND
EhNEAB-VLILYHBZITILILEeLee

gooooon 0000 ooooo E
588388&88 PndRIREn 17466F-032
PIN DESIGNATIONS
CLK/I = Clock or Input TRST = Test Reset
GND = Ground ENABLE = Program
I = Input
I/O = Input/Output

C 7

Vce = . Supply Voltage |
TDI = Test Dataln Macrocell (0-7)

TCK = Test Clock
TMS = Test Mode Select ' PAL Block (A-H)
TDO = Test Data Out
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CONNECTION DIAGRAM (M4(LV)-192/96 AND M4A(3,5)-192/96)

Top View
144-Pin TQFP
g8z4a
oxo
jefedel
H
i
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>
(@)
X
E7 o
E6 A7
E5 A6 3,
E4 A5 —x
E3 Ad a
E2 A3
Et A2
E0 At
A0
F7
F6 Lo
Fs5 L
F4 L2
F3 L3
F2 L4
F1 L5
FO L6
L7
GO
G K7
G2 K6
G3 K5
G4 Ké
G5 K3
G6 K2
a7 Ki
Ko

17466F-033

PIN DESIGNATIONS

CLK = Clock TMS = Test Mode Select

GND = Ground TDO = Test Data Out

I = Input C 7

I/O = Input/Output

Vce = Supply Voltage Macroceli (0-7)
TDI = Test Data In

TCK = Test Clock PAL Block (A-L)
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CONNECTION DIAGRAM (M4(LV)-256/128 AND M4A(3,5)-256/128)
Top View

208-Pin PQFP
58832858 %923I29=2 Lepzerze 58838858
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D1 V025 14 143| [/ /0103 M7
D2 V026 15 142| [/ vo102 M6
D3  vo27 16 141 [ /0101 M5
D4 VO28 17 140 | [/ 10100 M4
D5 1029 18 139| — 099 M3
D8 O30 19 138 —1 vo9s M2
D7 VO31 20 137| —— o097 M1
2 21 136 11096 MO
13 22 135| [—3m
GND 23 134| [ GND
Vee 24 133 /3 vee
vee 25 132 —3 vee
GND 26 131 /1 GND
GND 27 130| [—1 GND
Vee 28 129 —/ Ve
vee 29 128 E—= vcc
GND 30 127 | [/ GND
4 31 126 110
E0 1032 32 12| —19
E1 /033 33 124| [ v095 L7
E2 1034 34 123| /1094 L6
E3 1035 35 122| 1093 L5
E4 1038 136 121 V092 L4
ES 1037 37 120 [—— Vo091 L3
E6 /038 38 19| — voso L2
E7 1039 39 18| —voss L1
GND 40 117| [— vo88 LO
vee 41 16| [ GND
FO VO40 42 15| 1 Vce
Ft U041 43 14| [—— 1087 K7
F2 042 £ 13| —— voss K6
F3 /043 45 12| E——1v085 K5
F4 /044 46 11 1 /084 K4
F5 /045 47 110| [— w083 K3
F6 l/O46 48 109 1082 K2
F7 047 49 108{ —3 vost Ki
™S 50 107| [— voso Ko
TCK 51 106 | [ ENABLE
GND 52 105| [ GND
338333385883 88588RANR LRRRRSsY3388583855838853858558888
= 13 a 5 QEOUQD -] = ng § OGD
§333502383508008528° 58385088 é?isééggéﬂggﬁgﬁégggw 174665034
85383885 2ryPIPRE er-dozwek 5933335
CLK = Clock TDO = Test Data Out
GND = Ground TRST = Test Reset
I = Input ENABLE= Program
I/0 = Input/Output C 7
Veec = Supply Voltage
TDI = Test D
est Data In Macrocell (0-7)
TCK = Test Clock
TMS = Test Mode Select PAL Block (A-P)
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PRODUCT ORDERING INFORMATION
MACH 4 Devices Commercial & Industrial - 3.3V and 5V

Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed
by a combination of:

M4 286/128 7 Y C

FAMILY TYPE ‘[ 48 = 48-pin TQFP for M4(LV)-32/32
M4- = MACH 4 Family (5-V Vo) or MA4(LV)-64/32
MA4LV- = MACH 4 Family Low Voltage (3.3-V VCC) OPERATING CONDITIONS
C = Commercial (0°C to +70°C)
MACROCELL DENSITY I = Industrial (-40 °C to +85 °C)
32 = 32 Macrocells 128N = 128 Macrocells, Non-ISP
64 = 64 Macrocells 192 = 192 Macrocells —————— PACKAGE TYPE
96 = 96 Macrocells 256 = 256 Macrocells A = Ball Grid Array (BGA)
128 = 128 Macrocells J = Plastic Leaded Chip Carrier
(PLCO)
1/Os v = Thin Quad Flat Pack (TQFP)
/32 = 321/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP Y = Plastic Quad Flat Pack (PQFF)
/48 = 48 1/Os in 100-pin TQFP
/64 = 641/Os in 84-pin PLCC, 100-pin PQFP or 100-pin TQFP e SPEED
/96 = 961/Os in 144-pin TQFP -7 =7.5ns tpp

/128 = 128 I/Os in 208-pin PQFP or 256-Pin BGA -10 =10 ns tpp
: -12 =12 ns tpp

-14 =14 ns tpp

-15 =15nstpp

118 =18 ns tpp

Valid Combinations Valid Combinations
M4-32/32 JC, VC, VC48 M4-32/32 ' J1, VI, V148
M4LV-32/32 JC, VC, V48 M4LV-32/32 J1, VI, VI48
M4-64/32 JC, VC, V48 M4-64/32 J1, VI, VI48
M4LV-64/32 JC, VC, Ve48 MA4LV-64/32 J1, VI, VI48
M4-96/48 Ve M4-96/48 Vi
M4LV-96/48 vC M4LV-96/48 Vi
M4-128/64 YC, VC M4-128/64 YI, VI
MALV-128/64 TARARD R MALV-128/64 Rl S
M4-128N/64 e M4-128N/64 b
M4LV-128N/64 Jc MA4LV-128N/64 )
M4-192/96 \( M4-192/96 Vi
M4LV-192/96 ' ve MA4LV-192/96 Ut
M4-256/128 YC, AC M4-256/128 Y1, AT
MA4LV-256/128  [weac MALV-256/128 YL AL
All MACH devices are dual-marked with both Commercial and Valid Combinations

Industrial grades. The Industrial speed grade is slower, ie.,

Valid Combinations list configurations planned to be
M4-256/128-7YC-10YT

supported in volume for this device. Consult the local Vantis
sales office to confirm availability of specific valid
combinations and to check on newly released combinations.
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PRODUCT ORDERING INFORMATION

MACH 4A Devices Commercial and Industrial - 3.3V and 5V

Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed

by a combination of:
Man3-

FAMILY TYPE

M4A3- = MACH 4 Family Low Voltage Advanced
Feature (3.3-V Vo)

M4A5- = MACH 4 Family Advanced Feature (5-V V)

MACROCELL DENSITY

256 /128 -7 Y C
2= 1 -

-[48 = 48-pin TQFP for

192 Macrocells
256 Macrocells

32 = 32 Macrocells 192
64 = 64 Macrocells 256
96 = 96 Macrocells
128 = 128 Macrocells

1/0s

/32 = 321/Os in 44-pin PLCC, 44-pin TQFP or 48-pin TQFP

/48 = 481/Os in 100-pin TQFP
/64 = 641/Os in 100-pin TQFP or 100-pin PQFP
/96 = 96 1/Os in 144-pin TQFP

/128 = 128 1/Os in 208-pin PQFP or 256-Pin BGA

Valid Combinations

M4A3-32/32 JC, VC, VC48 M4A3-32/32
M4A5-32/32 JC, VG, VC48 M4A5-32/32
M4A3-64/32 JC, VC, VC48 M4A3-64/32
M4A5-64/32 1C, VC, VC48 M4A5-64/32
M4A3-96/48 0 M4A3-96/48
M4A5-96/48 50,55, 60, 65, |VC MA4AS5-96/48
M4A3-128/64 -7,-10,-12 YC, VC M4A3-128/64
M4A5-128/64 YC, VC M4A5-128/64
M4A3-192/96 0 M4A3-192/96
M4A5-192/96 Ve M4A5-192/96
M4A3-256/128 YC, AC M4A3-256/128
M4A5-256/128 YG, AC M4AS5-256/128

=
M4A3-32/32 or M4A3-64/32 =
M4A5-32/32 or M4A5-64/32 T
-
)
OPERATING CONDITIONS 3
C = Commercial (0°C to +70°C) 3
I = Industrial (-40 °C to +85 °C) ©»
PACKAGE TYPE
A = Ball Grid Array (BGA)
J = Plastic Leaded Chip Carrier
(PLCC)
A = Thin Quad Flat Pack (TQFP)
Y = Plastic Quad Flat Pack (PQFP)
SPEED
-50 = 5.0 ns tpp
-55 = 5.5nstpp
-60 = 6.0 ns tpp
-65 = 6.5nstpp
-7 =75nstpp
.10 = 10nstpp
-12 = 12nstpp
-14 = 14 nstpp
Valid Combinations
JL, VI, V48
J1, VI, VI48
J1, VI, VI48
J1, VI, VI48
A
VI
-7,-10,-12, -14
Y, V1
I, VI
VI
VI
Y1, AT
YI, AL

All MACH devices are dual-marked with both Commercial and

Industrial grades. The Industrial speed grade is slower, i.e.,

M4A3-256/128-7YC-10Y1

Valid Combinations

Valid Combinations list configurations planned to be

supported in volume for this device. Consult the local Vantis
sales office to confirm availability of specific valid
combinations and to check on newly released combinations.

MACH 4 Family
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| BEYOND PERFORMANCE Fifth Generation MACH Architecture

FEATURES

¢ High logic densities and 1/Os for increased logic integration
— 128 to 512 macrocell densities
— 68 to 256 I/0s
& Wide selection of density and I/0 combinations to support most application needs
— 6 macrocell density options
— 8 1/0 options
— Up to 5 I/O options per macrocell density
— Up to 6 density & I/O options for each package
& Performance features to fit system needs
— 5.5 ns tpp Commercial, 7.5 ns tpp 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
— PClI 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 I/O, BP Microsystems, Advin,
and System General
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Table 1. MACH 5 Device Features !

M5-128 M5-192 M5-256 M5-320 M5-384 M5-512
Feature M5LV-128 M5LV-256 M5LV-320 M5LV-384 M5LV-512
Supply Voltage (V) 5 33 5 5 33 5 33 5 33 5 33
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
tpp (ns) 75 55 75 75 55 75 75 75 75 75 75
tgs (ns) 40 | 30 40 40 | 30 | 40 | 40 | 40 | 40 | 40 | 40
tcos (ns) : 6.0 45 6.0 6.0 45 6.0 6.0 6.0 6.0 6.0 6.0
fent (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
JTAG-Compliant Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
PCI-Compliant Yes Yes Yes " Yes Yes Yes Yes Yes Yes Yes Yes

Note:
1. “M5-xxx” is for 5-V devices. “M5LV-xxx" is for 3.3-V devices.

v Table 2. MACH 5A Device Features '+
M5A3-128 M5A3-192 M5A3-256 M5A3-320 | M5A3-384 | M5A3-512

Feature M5A5-128 M5A5-192 M5A5-256
Supply Voltage (V) 33 5 33 5 33 5 33 33 3.3
Macrocells 128 128 192 192 256 256 320 384 512
Maximum User I/O Pins 120 120 120 120 160 160 192 192 256
tpp (ns) 55 5.5 55 55 55 55 55 5.5 5.5
tss (ns) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
tcos (ns) 45 45 45 45 45 45 45 45 45
fonr (MH2) 182 182 182 182 182 182 182 182 182
Static Power (mA) TBD TBD TBD TBD TBD TBD TBD TBD TBD
JTAG-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 repr ive for details on
availability.
2. “M5A5-xxx” is for 5-V devices “M5A3-xxx" is for 3.3-V devices.
GENERAL DESCRIPTION

The MACH® 5 family consists of a broad range of high-density and high-I/O 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, JTAG 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 PCI Local Bus Specification.
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Table 3. MACH 5 Speed Grades

Speed Grade'
Device -5 -7 -10 -12 -15 -20

M5-128 C C1 G 1 G 1 I

M5LV-128 C CI C1I G 1 I

M5-192 C C1 1 C1I I

M5-256 c ¢l 1 c1 1 =
M5LV-256 C c1 G1 G1 I 2
M5-320 C 1 I I I py
M5LV-320 c 1 c1 c1 1 El
M5-384 c 1 ¢l c1 I 3
M5LV-384 C C1I G 1 G I I

M5-512 C CI CI CI I

M5LV-512 C C1 CI C1 I
Note:
1. C = Commercial grade, I = Industrial grade

Table 4. MACH 5A Speed Grades
Speed Grade'
Device -5 -6 -7 -10 -12 -15

M5A3-128 C C 1 G I CI I

M5A5-128 C G 1 G I G1 I

M5A3-192 C C1I G I G I 1

M5A5-192 c 1 1 1 I

M5A3-256 C C1I G1I G I I

M5A5-256 C C1I C1I C1 1

M5A3-320 C (Note 2) C (Note 2) C, I (Note 2) C1I G 1 I

M5A3-384 C (Note 2) C (Note 2) C, I (Note 2) C,1I G 1 1

M5A3-512 C (Note 2) C (Note 2) G, 1 (Note 2) G1 CI I

Notes:

1. C = Commercial grade, I = Industrial grade. All information on MACH 54 devices is Advance Information. Please contact a

Vantis sales representative for details on availability.
2. The-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 ilability.

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 I/O and package
options to meet a wide range of design needs (Tables 5 and 06).
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Table 5. MACH 5 Package and 1/0 Options !

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*

100-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 I/O options indicated with a “*” are only available for the “LV” devices.

Table 6. MACH 5A Package and I/0 Options'
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. 1/O safety features
allow for mixed-voltage design, and both the 3.3-V and the 5-V device versions are in-system
programmable through a JTAG-compliant interface.

Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect
development systems. The DesignDirect development system is the Vantis implementation
software that includes support for all Vantis 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, Viewlogic and others. It accepts EDIF 2 0 0 input netlists,

generates JEDEC files for Vantis PLDs and creates industry standard EDIF, Verilog, VITAL compliant
VHDL and SDF simulation netlists for design verification.

DesignDirect software is also available in product configurations that include VHDL and Verilog
synthesis from Exemplar Logic and VHDL, Verilog 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 interconnect (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.

CLK
Block:
16 MCs 4
Segment: \/\N
4 Blocks

eee

-

20446G-001
Figure 1. MACH 5 Block Diagram

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/O cells

¢ Product-term array and Logic Allocator
¢ Macrocells

¢ Register control geﬁerator :

¢ Output enable generator

1/0 Cells

The 1/Os associated with each PAL block have a path directly back to that PAL block called local
feedback. If the I/O 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

The product-term array uses the same sum-of-products architecture as Vantis’ 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 ~ Macrocell Available Clusters
My Co, C1, G, G5, G4 Mg Cs, G, C7, Cg, Cy» Gy, C1s Oz
M, Cg, Cy, €y, 3, Cy, Cs My Cg» C7 Cgy Cgy C10s €11, G120 Cr3
M, Co: €1, Gy, G, g, Cs, G My o G3,Gg, Gy, Cygs Gy, Gy, Cy3 Cog
M; Gy C1, C» G3, C; Cs, G, & My, G €9, C100 C11> G120 €135 G a5
My Co: €1, G, G, G4, Gs, G, &7 M;z Cg: Cg, €105 €115 C12: Gy, Gy Gy
M Cy, Gy, C3, Gy, Cs, g, €7, Cg M3 Cg: €195 C11, €125 C13, G4 Cus
Mg G, C3, Gy, Gs, Cg, G, g, Gg My C10: C115 C12 G135 Cags Gy
My C3, Gy, Cs, G, C7, Cg, Cgy Gy M5 C11, C12: G135 G145 G5
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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, J-K, or S-R operation through the use of the XOR gate associated with each macrocell.

Macrocells

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 I/O 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
I/0O pins associated with macrocells 0 and 15 can still be used as input pins. Although the I/O 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.

» Macrocell
@
Logic ._9.
Allocator S
(&)
5-8
Clusters/
MC
D S ’ ) D Q
7

Prog. Polari

Selection

20446G-003

Figure 3. Macrocell Diagram

Control Generator

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 clock lines can be configured to
provide synchronous global (pin) clocks and asynchronous product term clocks, sum term clocks,
and latch enables (Figure 4). Three of the four global clocks, 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 clock 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 clock. The configuration options for the four clock lines per PAL block
are as follows:

Clock Line 0 Options

¢ Global clock (0, 1, 2, or 3) with positive or negative edge clock enable
¢ Product-term clock (A*B*C)

¢ Sum-term clock (A+B+C)

Clock Line 1 Options

¢ Global clock (0, 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 (0, 1, 2, or 3) with positive and negative edge clock enable (biphase)
Clock Line 2 Options

¢ Global clock (0, 1, 2, or 3) with clock enable

Clock Line 3 Options

¢ Complement of clock line 2 (same clock enable)

@ Product-term clock Gf clock line 2 does not use clock enable

ey o——————

PINCLK (0:3) T

i

PT(0:2) CO—
PTO SETORSTO

i

SET1/RSTH

PT1 PT1
out

MUX 2701

PT2
PT2 SET2/RST21LE|
D ouTF———
—dpr2

FO

i

Block
Clocks
03

20446G-004 20446G-005
Figure 4. Clock Generator 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 I/O cell is simply an output buffer. Each I/O 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
— =2 S
<> T
N ol
)
3
Vee |{] a
,( o
=
Internal Feedback __
R
External Feedback
20446G-006
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, tgyp, is defined as the time it takes to go through the output buffer to the I/O pad.
If a signal goes to the internal feedback rather than to the I/O pad, the parameter designator is
followed by an “i”. By adding tgyp to this internal parameter, the external parameter is derived.
For example, tpp = tpp; * tgyp A diagram representing the modularized MACH 5 timing model is
shown in Figure 7. Refer to the Technical Note entitted MACH 5 Timing and High Speed Design
for a more detailed discussion about the timing parameters.

(External Feedback)

(Internal Feedback)
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INPUT LATCH :pu ter :fés:
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tsirsa)  tcoai Q >
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£
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Figure 7. MACH 5 Timing Model

20446G-014

86 MACH 5 Family



MULTIPLE 1/0 AND DENSITY OPTIONS

The MACH 5 family offers six macrocell densities in a number of I/O options. This allows designers
to choose a device close to their logic density and I/O 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 JTAG boundary scan cells and are compliant to the JTAG 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 JTAG ports. This
capability has been implemented in a manner that insures that the JTAG port remains compliant
to the IEEE 1149.1 standard. By using JTAG 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. Vantis
provides its free PC-based VantisPRO software to facilitate in-system programming. VantisPRO
software takes the JEDEC file output produced by Vantis’ design implementation software, along
with information about the JTAG chain, and creates a set of vectors that are used to drive the JTAG
chain. VantisPRO software can use these vectors to drive a JTAG chain via the parallel port of a
PC. Alternatively, VantisPRO 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.

PCl COMPLIANT

MACH 5(A) devices in the -5/-6/-7/-10/-12 speed grades are compliant with the PCI 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 V¢ because of their 5-V input tolerant feature. MACH 5
devices provide the speed, drive, density, output enables and 1/Os for the most complex PCI
designs.
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SAFE FOR MIXED SUPPLY VOLTAGE SYSTEM DESIGNS '

Both the 3.3-V and 5-V V¢ 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 1/0S

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 Vantis 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 Vantis 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 I/O 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¢ 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 5A 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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BLOCK DIAGRAM — M5(LV)-128/XXX, M5A(3,5)-128/XXX
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BLOCK DIAGRAM — M5(LV)-384/XXX, M5A3-384/XXX
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ABSOLUTE MAXIMUM RATINGS

M5 and M5A5

Storage Temperature. . . ........... -65°C to +150°C
Device Junction

Temperature (Note 1) . . ......... +130°C or +150°C
Supply Voltage

with Respect to Ground . .. ........ 05Vto+7.0V
DCInput Voltage ................. -0.5Vto 55V
Static Discharge Voltage ................. 2000 V
Latchup Current (-40°C to +85°C) ... ....... 200 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

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ty)

Operating in Free Air. .. ............ 0°C to +70°C
Supply Voltage (Vo) }
with Respect to Ground . . .. ... .. +4.75Vto +5.25 V

Industrial (I) Devices

Ambient Temperature (T,)

Operating in Free Air. . .. .......... -40°C to +85°C
Supply Voltage (Vo)

with Respect to Ground. . . ........ +45Vto +5.5V

Operating ranges define those limits between which the
Sfunctionality of the device is guaranteed.

reliability.

5-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min | Typ | Max | Unit
Output HIGH Voltage Tog = -3.2 mA, Vg = Min, Vpy = Vigor Vi, 24 v
(For M5-320, M5-384, M5-512, M5A5-128,
Vo MS5A5-192, M5A5-256 Devices) op = 0 mA, Voo = Max, Vi = Vg 0r Vi, 33V
Output HIGH Voltage Iog = -3.2 mA, Ve = Min, Viy = Vigor Vi 2.4
(For M5-128, M5-192, M5-256 Devices) To = 2.5 mA, Voo = 5.25 V, Viy = Vi or Vi 3.6 v
VoL Output LOW Voltage (Note 2) Io = +16 mA, Ve = Min, Viy = Vi or Vi 0.5 v
Vig Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs 0.8 v
(Note 3)
Iy Input HIGH Leakage Current Viy = 5.25, Vo = Max (Note 4) 10 pA
Iy Input LOW Leakage Current Viy = 0, Voo = Max (Note 4) -10 pA
Tom Off-State Output Leakage Current HIGH Vour = 5.25, Voc = Max, Viy = Vi or Vi, (Note 4) 10 A
Iz Off-State Output Leakage Current LOW Vour = 0, Ve = Max, Vyy = Vg or V. (Note 4) -10 uA
Isc Output Short-Circuit Current Vour = 0.5 Vg = Max, Vpy = Vi or Vy, (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-xxx devices.
Total Ip; between ground pins should not exceed 64 mA.

WA W N

/O pin leakage is the worst case of I and Ioz; or Iy and Ingzy;.

Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second.

These are absolute values with respect to device ground, and all overshoots due to system and/or tester noise are included.
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ABSOLUTE MAXIMUM RATINGS
M5LV and M5A3

Storage Temperature. . . . .......... -65°C to +150°C
Device Junction Temperature . ............ +130°C
Supply Voltage

with Respect to Ground . ......... -0.5Vto +4.5V
DCInput Voltage . ... ............. -05Vto55V
Static Discharge Voltage . ................ 2000 V
Latchup Current (-40°C to +85°C) ... ....... 200 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.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (T,)
Operating in Free Air. ... ........... 0°C to +70°C

Supply Voltage (Vo)
with Respect to Ground. . . ........ +3.0Vto+3.6V

Industrial (1) Devices

Ambient Temperature (T,)

Operating in Free Air. . .. .......... -40°C to +85°C
Supply Voltage (Vo)

with Respect to Ground.. . . ... ... .. +3.0Vto+3.6V

Operating ranges define those limits between which the
Jfunctionality of the device is guaranteed.

3.3-V DC CHARACTERISITICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min Max Unit
Vou Output HIGH Voltage Yoo = Min lo = 10014 Yo 02 v
iv= Vo VL lop =32 mA 24
Vor Output LOW Voltage Yo = Min lo = 1004 02 v
Vv = Vior ViL Iog = 16 mA (Note 1) 05 v
Vin Input HIGH Voltage Vour 2 Voi Min or Voyy < Vo Max (Note 2) 2.0 5.5 v
Vi Input LOW Voltage Vour = Vo Min or Vopr < Vo Max (Note 2) 0.3 0.8 N
Iy Input HIGH Leakage Current Viy = 3.6, Ve = Max (Note 3) 10 pA
I Input LOW Leakage Current Viy = 0, Vg = Max (Note 3) -10 pA
Tozn Off-State Output Leakage Current HIGH | Vogy = 3.6, Vg = Max, Viy = Vi or Vi (Note 3) 10 A
lons Off-State Output Leakage Current LOW | Vopr = 0, Ve = Max, Viy = Vi or Vi, (Note 3) -10 MA
Igc Output Short-Circuit Current Vour = 0.5 V¢ = Max, Vi = Vi or Vy, (Note 4) -15 -160 mA
Notes:

1. Total Iy between ground pins should not exceed 64 mA.

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

2
3. I/O pin leakage is the worst case of Iy and Ioz; or Iy and Iz
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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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES'

-5 -7 -10 - -12 -15 -20
Min J Max | Min [Max Min ' Max | Min ' Max | Min ‘ Max | Min { Max | Unit

Combinatorial Delay:

tomi Eﬁ;"a‘ combinatorial propagation 35 55 8.0 100 130 180 | 1s
top Combinatorial propagation delay 55 7.5 10.0 12.0 15.0 200 | ns
Registered Delays:

tss Synchronous clock setup time 3.0 4.0 5.0 6.0 8.0 10.0 ns
tsa Asynchronous clock setup time 3.0 4.0 5.0 6.0 7.0 8.0 ns
tgs | Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns
tya | Asynchronous clock hold time 3.0 4.0 5.0 6.0 7.0 8.0 ns
tcosi | Synchronous clock to internal output 2.5 4.0 5.0 6.0 8.0 100 | ns
tcos | Synchronous clock to output 4.5 6.0 7.0 8.0 10.0 120 | ns
tcoai | Asynchronous clock to internal output 6.0 8.0 10.0 13.0 15.0 180 | ns
tcon | Asynchronous clock to output 8.0 10.0 12.0 15.0 17.0 20.0 | ns
Latched Delays:

tsar | Latch setup time 3.0 4.0 5.0 6.0 7.0 8.0 s
tya, | Latch hold time 3.0 4.0 5.0 6.0 7.0 8.0 ns
tppr; | Transparent latch internal 6.0 7.0 8.0 9.0 10.0 100 | ns
topt, :;‘t"d‘:"g”“"“ delay through transparent 80 9.0 100 110 120 120 | ns
toai | Gate to internal output 7.0 8.0 9.0 10.0 11.0 120 | ns
tgon | Gate to output 9.0 10.0 11.0 12.0 13.0 140 | ns
Input Register Delays:

tems i“ynpl‘l‘]::ﬁf:fs’ciﬁ'c"lf time using 2 20 2.0 30 30 30 30 ns
— g:éffff;fsﬁ?i"m using an 0.0 0.0 00 0.0 0.0 0.0 18
g gﬂ:ﬁ:ﬁ:ﬁ;ﬁi time using a 3.0 3.0 40 40 40 40 ns
ks ;“s;’:;ffﬁf;'i‘l’:i;“m using an 60 6.0 7.0 70 7.0 7.0 ns
Input Latch Delays:

tsy, | Inputlatch setup time 2.0 2.0 3.0 3.0 3.0 3.0 ns
tyg, | Input latch hold time 6.0 6.0 7.0 70 7.0 7.0 ns
tppmi | Transparent input latch 5.0 50 6.0 6.0 6.0 60 | ns
Output Delays:

tggr | Output buffer delay 2.0 2.0 2.0 2.0 2.0 20 | ns
tsw | Slow slew rate delay 25 2.5 2.5 2.5 2.5 25 | ns
tga Output enable time 75 9.5 10.0 12.0 15.0 200 | ns
tgg | Output disable time 75 9.5 10.0 12.0 15.0 200 | ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES' (CONTINUED)

-5 7 -10 -12 -15 - 20
Min | Max | Min | Max | Min l Max [ Min ‘ Max | Min | Max | Min [ Max | Unit
Power Delays:
4.0 4.0 4.0 4.0 4.0 4.0
tpy; | Power level 1 delay (Note 2) 60) 60 5.0) 60) 6.0) 6.0) ns
6.0 6.0 6.0 6.0 6.0 6.0
tpy | Power level 2 delay (Note 2) ©.0) ©.0) ©.0) ©9.0) ©9.0) ©.0) ns =2
X X . X . X S
9.0 9.0 9.0 9.0 9.0 9.0 0
s
tpys | Power level 3 delay (Note 2) (175) ars) a75) a7s) a7 (175 ns =
Additional Cluster Delay: 3
tpr | Product term cluster delay 1 Joes [ o3[ [o3] | 03 ] | 03 | [ 03 [ ns =
w
Interconnect Delays:
tgrx | Block interconnect delay 15 L5 20 2.0 2.0 20 | ns
tsgg | Segment interconnect delay 4.5 5.0 6.0 6.0 6.0 6.0 | ns
Reset and Preset Delays:
- ';‘:yfmhm"o"s reset or preset (0 internal 6.0 8.0 100 120 140 160 | ns
gister output
- :‘Ytgﬁi'“’“ous reset or preset to register 8.0 10.0 12.0 140 16.0 180 | ns
tsgr | Reset and set register recovery time 5.5 75 8.0 9.0 10.0 11.0 ns
tsqw | Asynchronous reset or preset width 3.0 4.0 5.0 6.0 7.0 8.0 ns
Clock Enable Delays:
tegs | Clock enable setup time 4.0 5.0 6.0 7.0 7.0 8.0 ns
teg | Clock enable hold time 3.0 4.0 5.0 6.0 6.0 7.0 ns
Width:
tys | Global clock width low (Note 3) 2.5 3.0 40 5.0 6.0 6.0 ns
twus | Global clock width high (Note 3) 2.5 3.0 4.0 5.0 6.0 6.0 ns
tyia | Product term clock width low 3.0 4.0 5.0 6.0 7.0 8.0 ns
twra | Product term clock width high 3.0 4.0 5.0 6.0 7.0 8.0 ns
Gate width low (for low transparent) or
o high (for high transparent) 30 40 50 60 70 80 ns
ty | Input register clock width low or high 3.0 4.0 5.0 6.0 7.0 8.0 ns
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M5(LV) TIMING PARAMETERS OVER OPERATING RANGES' (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
of Ultyys + tygs) oF 1(tss + teog) 133 100 83.3 71.4 55.6 45.5 MHz
Internal feedback, PAL block level. Min | -
favax of Uty + typ) 0 Ultss +cog) 182 -125 100 83.3 62.5 50.0 MHz
No feedback PAL block level. Min of
Vtyzs + typs) OF Ults + tgg) 200 167 125 v 100 83.3 83.3 MHz
External feedback, PAL block level. Min
of Ultyga + tyg) 0F Vigy + toon) 91 71.4 58.8 47.6 41.7 35.7 MHz
Internal feedback, PAL block level. Min
B0 | of 1k + tam 0 Vi +gon) 111 833 66.7 52.6 455 385 MHz
No feedback, PAL block level. Min of
Vtyga + ty) 0F 1y + ) 167 125 100 83.3 71.4 62.5 MHz
Maximum input register frequency
B | 1) or V2 x ) 167 125 100 833 714 625 MHz
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 asignal is used as both a clock and a logic array input, then the maximum input frequency applies (fy4x/2).
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MS5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES '

-5 -6 -7 -10 -12 -15

Min [ Max [ Min [ Max | Min l Max | Min | Max | Min l Max | Min | Max | Unit
Combinatorial Delay:
tpp; | Internal combinatorial propagation delay 3.5 45 5.5 8.0 10.0 13.0 | ns
tpp | Combinatorial propagation delay 5.5 6.5 7.5 10.0 12.0 150 | ns
Registered Delays: §
tss | Synchronous clock setup time 3.0 3.0 4.0 5.0 6.0 8.0 ns ==
tss  |Asynchronous clock setup time 2.0 2.0 4.0 5.0 6.0 7.0 ns Ry
tys | Synchronous clock hold time 0.0 0.0 0.0 0.0 0.0 0.0 ns g
tys | Asynchronous clock hold time 2.0 2.0 4.0 5.0 6.0 7.0 ns a
teosi | Synchronous clock to internal output 2.5 3.0 4.0 5.0 6.0 80 | ns
tcos | Synchronous clock to output 4.5 5.0 6.0 7.0 8.0 100 | ns
tcoai | Asynchronous clock to internal output 5.0 5.0 8.0 10.0 13.0 150 | ns
tcoa | Asynchronous clock to output ' 7.0 7.0 10.0 12.0 15.0 170 | ns
Latched Delays:
tsa, | Latch setup time 3.0 4.0 4.0 5.0 6.0 7.0 ns
tyar | Latch hold time 3.0 3.0 4.0 5.0 6.0 7.0 ns
tppri | Transparent latch internal 6.0 7.0 7.0 8.0 9.0 100 | ns
tppr, | Propagation delay through transparent latch 8.0 9.0 9.0 10.0 11.0 120 | ns
tgoai | Gate to internal output 7.0 8.0 8.0. 9.0 10.0 11.0 | ns
tgoa | Gate to output 9.0 10.0 10.0 11.0 12.0 13.0 { ns
Input Register Delays:
tgrs | Input register setup time using a synchronous clock 2.0 2.0 2.0 3.0 3.0 3.0 ns
tsira | Input register setup time using an asynchronous clock 0.0 0.0 0.0 0.0 0.0 0.0 ns
turs | Input register hold time using a synchronous clock 3.0 3.0 3.0 4.0 4.0 4.0 ns
tyra | Input register hold time using an asynchronous clock 6.0 6.0 6.0 7.0 7.0 7.0 ns
Input Latch Delays:
tsr | Input latch setup time 2.0 2.0 2.0 3.0 3.0 3.0 ns
tyy, | Input latch hold time 6.0 6.0 6.0 7.0 7.0 7.0 ns
tppyr; | Transparent input latch 5.0 5.0 5.0 6.0 6.0 6.0 | ns
Output Delays:
tgyr | Output buffer delay 2.0 2.0 2.0 2.0 2.0 20 | ns
tqw | Slow slew rate delay 2.5 2.5 25 2.5 2.5 25 | ns
tgy | Output enable time 75 95 95 10.0 12.0 150 | ns
tig | Output disable time 7.5 95 95 10.0 12.0 150 | ns
Power Delays:
tpy; | Power level 1 delay 4.0 4.0 4.0 4.0 4.0 40 | ns
tpyy | Power level 2 delay 6.0 6.0 6.0 6.0 6.0 6.0 | ns
tpys | Power level 3 delay 9.0 9.0 9.0 9.0 9.0 9.0 | ns
Additional Cluster Delay:
tpr | Product term cluster delay | J 0.3 | } 03 I l 03 | l 0.3 l l 0.3 ‘ I 0.3 L ns
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M5A(3,5) TIMING PARAMETERS OVER OPERATING RANGES ' (CONTINUED)

-5 -6 -7 -10 -12 -15
Min | Max | Min ‘ Max | Min l Max MiniMax Min lMax Min TMax Unit
Interconnect Delays:
tgx | Block interconnect delay 320, 384 and 512 Macrocells 1.0 1.0 15 15 15 15 | ns
tegg | Segment interconnect delay 320, 384, and 512 Macrocells 2.0 2.0 2.5 4.0 4.0 4.0 | ns
tax | Block interconnect delay 128, 192 and 256 Macrocells 15 15 15 15 15 15 | ns
tsge | Segment interconnect delay 128, 192 and 256 Macrocells 2.5 2.5 2.5 4.0 4.0 40 | ns
Reset and Preset Delays:
tsg; | Asynchronous reset or preset to internal register output 6.0 8.0 8.0 10.0 12.0 140 | ns
tsg | Asynchronous reset or preset to register output 8.0 10.0 10.0 12.0 14.0 16.0 | ns
tegr | Reset and set register recovery time 55 7.5 75 8.0 9.0 10.0 ns
tsgw | Asynchronous reset or preset width 3.0 4.0 4.0 5.0 6.0 7.0 ns
Clock Enable Delays:
tegs | Clock enable setup time 4.0 5.0 5.0 6.0 7.0 7.0 ns
tgrr | Clock enable hold time 3.0 4.0 40 5.0 6.0 6.0 ns
Width:
twrs | Global clock width low (Note 2) 2.5 3.0 3.0 4.0 5.0 6.0 ns
twps | Global clock width high (Note 2) 25 3.0 3.0 40 5.0 6.0 ns
twia | Product term clock width low 3.0 4.0 4.0 5.0 6.0 7.0 ns
twga | Product term clock width high 3.0 4.0 4.0 5.0 6.0 7.0 ns
Gate width low (for low transparent)
tGWA or Ingh (fOI' h.lgh transparent) 3.0 4.0 4.0 5.0 6.0 7.0 ns
tyir | 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
Min of 1/(tyys + bypg) OF 1/l + tgog) 133 125 100 83.3 71.4 55.6 MHz
Internal feedback, PAL block level
fvax Min of 1/(tyrs + tygg) of 1/(tss +gos) 182 167 125 100 83.3 62.5 MHz
No feedback, PAL block level
Min of 1/(tyys + tygs) Of /(lss + tg) 200 167 167 125 100 83.3 MHz
External feedback, PAL block level
Min of 1/ tyr + tyme) O Uty + toon) 111 111 714 58.8 476 41.7 MHz
Internal feedback, PAL block level
B | i of 1 Higps + ty) O V(s #c0n) 143 125 833 66.6 526 455 MHz
No feedback, PAL block level
Min of 1/(tyg + typ) OF 1/lsy + tig) 167 125 125 100 83.3 714 MHz
Maximum input register frequency
fwnu | s Hiage) 0r V2 x ) 167 125 125 100 833 714 MHz
Notes:

1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book.

2. If asignal is used as both a clock and a logic array input, then the maximum input frequency applies (fy4x/2)

104

MACH 5 Family




CV

CAPACITANCE!
Parameter
Parameter Symbol Description Test conditions Typ Unit
Cpy I/CLK pin Vin=2.0V 3.3Vor5V,25°C, 1 MHz 12 pF
Cyo 1/0 pin Vour =2.0V 33Vor5V,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.

|cc VS. FREQU ENCY

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 Vantis 1999 Data
Book.

lcc CURVES AT HIGH /LOW POWER MODES

Vec=5Vor3.3V, Ty =25°C
700 —

M5(LV)-512
high power
600 —
M5(LV)-384
500 _| high power
M5(LV)-320
high power
z 400 —| gh p
£ v M5LV-256
o high power
= 300
M5(LV)-512 low power
200 ]
M5(LV)-384 low power /—————Mva-ms
M5(LV)-320 low power high power
100 — M5LV-256 low power |
// M5LV-128 low power
0
I | I f l l I T [ [ I I I |
°© 2 8 8 ¢ 8 8 R 8 8 8 2 8§ 8 8 3
Frequency (MHz) 20446G-048

Figure 8. Icc Curves at High/Low Power Modes
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Vec =5V, Ta=25°C

700 —
M5-256 high power
600 —
500 — M5-192 high power
~ 400
<
E
v
= 300 —
5-128 high power
200 —
M5-256 low power
| M5-192 low power
” / M5-128 low power
0
I ] I I | T I T l I I ] |
o o [=] [=] o o [=] o [=] [=] o o o o (=] o
- & ® ¥ » © K~ © & & = «@ ©® ¥ ©»
Frequency (MHz) 20446G-049

Figure 9. I¢c Curves at High/Low Power Modes
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CONNECTION DIAGRAM
Top View

Pin Designations

CLK = Clock

GND = Ground

I = Input

/O = Input/Output
NC = No Connect

100-Pin PQFP (68 1/0)

CONOREWN = O

Vec

TCK
TMS
TDO

Supply Voltage
Test Data In
Test Clock

Test Mode Select
Test Data Out

1/033 . (50

3

D

20446G-016

15
—l——— Macrocell (0-15)

PAL Block (A-D)
Segment (0-3)

MACH 5 Family
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'CONNECTION DIAGRAM
Top View

100-Pin TQFP (68 1/0)

TDI ]
1100 —]
1101 ]
1102
103
1104 —|
/05 ]
/06 ]
1107 |
1/08 ]
10/CLK0 ]
Vee T
GND ]
GND ]
H/CLK1 ]
1108 ]
1010 .
/o011 ]
/o012 .
11013
/014 ]
11015 ]
11016 ]
11017
TCK

Pin Designations

Vee
TDI
TCK
T™MS
TDO

Supply Voltage
Test Data In
Test Clock

Test Mode Select
Test Data Out

3

D

1 1039
=1 voss
3 vos7
1/036
11035
— 7
1 ™S

20446G-017

15
I——-— Macrocell (0-15)

PAL Block (A-D)
Segment (0-3)

CLK = Clock

GND = Ground

I = Input

I/O = Input/Output

NC = No Connect
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CONNECTION DIAGRAM

Top View
100-Pin TQFP (74 1/0)

— /073

[ /065
90 | 3 /084
89 | [ Vce

—/o74]

=
>
&)
X
-
QU

El
g
n

98 | — vo72
9 | = 1o70
95 | 7 1/069
94 | 1 1068
93 | [ voe7
92 | — 1oes

99
97
91

100 | 1 GND

TDI
100 ]
/01—
/02 ]
1103 ]
1104
1105 —]
/06 ]
1107 ]

[ GND
[— TDO
— /054
[ 1053
] /052
[—1 1051
[— /050
[ /049
[—3 /048

OCONOU A WN = O

/08 ] 1 1/047
10/CLKO [—3 11046

Vee T [—1 I3/CLK3

GND I3 GND

GND ] 1 Voe
1/CLK1 ] [ 12/CLk2
1109 —1 vo4s
11010 ] 1 1044
vo11 ] 1 1043
11012 ] 1 o042
1013 ——] = 1041
11014 ] 1 vo40
1015 1 v039
11016 ] — 1vo3s
vo17 1 vos7
TCK ] — T™S

20446G-018
Pin Designations
CLK = Clock Vee = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In l
I = Input TCK = Test Clock Macrocell (0-15)
I/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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CONNECTION DIAGRAM

Top View

Pin Designations

144-Pin PQFP

CONOOADRWN =

Vee
TDI
TCK
TMS

Supply Voltage
Test Data In
Test Clock

Test Mode Select
Test Data Out

20446G-019

Macrocell (0-15)
PAL Block (A-D)
Segment (0-3)

CLK = Clock

GND = Ground

I = Input

I/O = Input/Output

NC = No Connect
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CONNECTION DIAGRAM
Top View

144-Pin TQFP

=
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20446G-020
Pin Designations
CLK = Clock Vec = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In |
I = Input TCK = Test Clock Macrocell (0-15)
I/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)
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CONNECTION DIAGRAM
Top View

160-Pin PQFP (128, 192, 256 Macrocells)
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20446G-021
Pin Designations

CLK = Clock Vee = Supply Voltage 3 D 15

GND = Ground TDI = Test Data In |

I = Input TCK = Test Clock Macrocell (0-15)

I/O = Input/Output TMS = Test Mode Select PAL Block (A-D)

NC = No Connect TDO = Test Data Out

Segment (0-3)

112 MACH 5 Family



CONNECTION DIAGRAM

Top View
160-Pin PQFP (320, 384, 512 Macrocells)
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20446G-022
Pin Designations
CLK = Clock Vee = Supply Voltage 7 D 15
GND = Ground TDI = Test Data In I
I = Input TCK = Test Clock Macrocell (0-15)
I/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-7)

MACH 5 Family 113
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CONNECTION DIAGRAM
Top View

208-Pin PQFP (192, 256 Macrocells)
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20446G-023
Pin Designations
CLK = Clock Veoe = Supply Voltage 3 D 15
GND = Ground TDI = Test Data In I
I = Input TCK = Test Clock Macrocell (0-15)
/0 = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-3)

114 MACH 5 Family



CONNECTION DIAGRAM

Top View
208-Pin PQFP (320, 384, 512 Macrocells)
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20446G-024

Pin Designations

CLK = Clock Vce = Supply Voltage 7 D 15

GND = Ground TDI = Test Data In I

1 = Input TCK = Test Clock Macrocell (0-15)
/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-7)

MACH 5 Family 115
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CONNECTION DIAGRAM
Top View

240-Pin PQFP
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20446G-025
Pin Designations
CLK = Clock Vce = Supply Voltage 7 D 15
GND = Ground TDI = Test DataIn I
I = Input TCK = Test Clock Macrocell (0-15)
I/O = Input/Output TMS = Test Mode Select PAL Block (A-D)
NC = No Connect TDO = Test Data Out

Segment (0-7)

116 MACH 5 Family
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20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

GND | /011 | GND | 1/044 | /058 | GND | /070 | 1/O76 | GND | GND | GND | GND |I/0108{1/O116| GND /0128|I/0134| GND | GND | GND
GND | 1/012 | 1/028 | /045 | /059 | /064 | /071 | 1077 | /084 | /090 | /096 |1/0102(1/0109|1/0117|/0122]1/0129|1/0135(/0148(//0164] GND
1/00 | 11013 | Ve | 1046 | 11060 | 1/085 | 11072 | 11078 | 1/085 | 1/091 | /097 |/0103[//0110[1/0118(1/0123|/0130(/0136| Ve [1/0165(/0181
1/O1 [VO14 |V029 | Vgc | Vec (V086 | Vog | 1079 | 11086 | 1/092 | 1/098 (/0104{1/0111] Vg 10124 Ve | Vg [/O149(/10166(1/0182
/02 | #1015 | /O30 | TDI TDO |/0150[/0167|1/0183
GND | /016 | 1031 | 11047 g g § 5 NG % % ::; 110137/1/0151|/0168| GND
/O3 | 14017 | V032 | Vg Vo s & Ve [10152|/0169(1/0184
GND | /018 | /033 | /048 § &_DI § 5} g z 5 »5 g (og g 1/0138|1/0153/0170| GND
1/04 | /019 | /034 | /049 ;é ;z' é :U:E— § % =1 é X 2 1/0139|1/0154(/0171//0185
GND [io/cLko| I/035 | /050 1y & o E é = 1/0140|1/0155|13/cLk3 |I/0186
I/O5 |[11/cLk1| 1/O36 | 1/051 g § ° qg " E» 1/0141{1/0156} 12/cLk2 | GND
1/O6 | 1020 | /037 | /052 & 1/0142|1/0157(/0172|1/0187
GND | /021 | /038 | /053 1/0143(1/0158/0173| GND
1/07 | 14022 | /039 | Vg Vce |110159/0174(1/0188
GND | /023 | /040 | /054 1/O144{1/0160|/0175| GND
1/08 | 1/024 | /041 | TCK TMS |/0161(1/0176(1/0189
1/O9 | 1/025 | V042 | Ve | Veg | VOB7 | Vg | 1080 | 11087 | 11093 | 1/099 [1/0105|/0112] Veg [10125| Voo | Voo [10162[1/0177(1/0190
/010 | 1/026 | Ve | /055 | /061 | 1/068 | 11073 | 11081 | 1/088 | 1/094 |1/0100|1/0106|/0113(1/0119|1/0126(1/0131|/0145| Ve [1/O178{1/0191
GND | 1/027 | 1/043 | /056 | 11062 | /0689 | /074 | 1/082 | /088 | /095 |/0101|1/0107|1/O114{1/0120(/01271/0132|1/0146|1/0163/0179| GND
GND | GND | GND | /057 | /063 | GND | /O75 | 1/083 | GND | GND | GND | GND [1/0115|/0121| GND (/0133|I/0147| GND |/0180| GND
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20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
GND | 0B2 | GND | 0B13 [ 4A14 | GND | 4A8 | 4A4 | GND | GND | GND | GND | 4B4 | 4B8 | GND | 4B14 | 3813 | GND | GND | GND
GND | 0A3 | 0B8 |0B11 | 4A15 | 4A11 | 4A10 | 4A6 | 4A3 | 4A0 | 4BO | 4B3 | 4B6 |4B10 | 4B11|4B15|3B11| 388 | 3B2 | GND
0D15| 0A8 | Voo | 0B3 | 0B4 | 0B12|4A13| 4A9 | 4A5 | 4A1 | 4B1 | 4B5 | 4B9 | 4B13|3B12| 3B4 | 3B3 | Voo | 3A3 |3AT11
0D13 | 0A11] 0A2 | Vog | Vo | OB7 | Voc |4A12 | 4A7 | 4A2 | 4B2 | 4B7 |4B12| Vg | 3B7 | Ve | Voo | 3A2 | 3A8 |3D15
0D10 | 0A13 | 0A4 | TDI TDO | 3A4 | 3A13 |3D12
— u
GND | 0D12 | 0A12 | 0A7 ——J» 823853805 £ g 5 3A7 | 3A12 |3D13 | GND
oD7 | 0D8 |0D14 | Voo 8 Voo |3D14 | 3D9 | 3D7
o (] [} n non ] (] ] [} [} Qa
GND | 0D4 | 0D9 |0D11 ' = 3 3D11|3D10 | 3D8 | GND
2 fogffgEEoL g
488438 "2V o o
oD2 | 0D3 | 0D5 | 0D6 S oEEES 8 306 | 3D5 | 3D4 | 303
§ELP=g S g @
GND |lo/cLko| 0DO | OD1 g 8.. 8 g < B & 3D1 | 3DO |1scik3| 3D2
Y ¥ = oo " 5g8t%
1D2 |ncwki| 100 | 1D1 0‘93 BB g & & g 2D1 | 2D0 |izcike| GND
o =] o [¢)]
1D3 | 1D4 | 1D5 | 1D6 g Z 8 & 2D6 | 2D5 | 2D3 | 2D2
(g e} _—
o 2
GND | 1D8 |1D10 | 1D11 S o3 2D11/| 2D9 | 2D4 | GND
oy T
o/
1D7 | 1D9 | 1D14 | Vge |- SRS Voo |2D14 | 2D8 | 2D7
GND | 1D13 | 1A14 | 1A11 2A11 | 2A14 | 2D12 | GND
1D12 | 1A15 | 1A10 | TCK TMS | 2A10 | 2A15 | 2D10
1D15 | 1A12 | 1A8 | Voo | Voo | 1A4 | Voo | 183 | 1B8 | 1B13 |2B13 | 2B8 | 2B3 | Vg | 2A4 | Voo | Voo | 2A8 | 2A13 | 2D13
1A13| 1A9 | Voo | 186 | 1A5 | 1A1 | 1B2 | 1B6 | 1B10 | 1B14 | 2B14 | 2B10| 2B6 | 2B2 | 2A1 | 2A5 | 2A6 | Vg | 2A12 | 2D15
GND | 1A7 | 1A3 | 1A2 | 1B0 | 1B4 | 1B5 | 1B9 [1B12|1B15 | 2B15 |2B12 | 289 | 285 | 2B4 | 2B0 | 2A2 | 2A3 | 2A9 | GND
GND | GND | GND | 1A0 | 1B1 | GND | 1B7 |1B11 | GND | GND | GND | GND | 2B11 | 2B7 | GND | 2B1 | 2A0 | GND | 2A7 | GND
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20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1
GND | 0B2 | GND | 0B13 | 5A14 | GND | 5A8 | 5A4 | GND | GND | GND | GND | 5B4 | 5B8 | GND | 5814 | 4B13 | GND | GND | GND
GND | 0A3 | 0B8 | 0B11 | 5A15 | 5A11 | 5A10 | 5A6 | 5A3 | 5A0 | 5B0 | 5B3 | 5B6 | 5B10 | 5B11|5B15 [4B11| 4B8 | 4B2 | GND
0D15 | 0A8 | Voo | 0B3 | 0B4 |0B12 |5A13| 5A9 | 5A5 | 5A1 | 5B1 | 5B5 | 5B9 | 5B13 | 4B12| 4B4 | 4B3 | Vo | 4A3 | 4AT1
0D13 | 0A11 | 0A2 | Voo | Voo | 0B7 | Voo |5A12 | 5A7 | 5A2 | 5B2 | 5B7 |5B12| Voo | 4B7 | Voo | Voo | 4A2 | 4A8 | 4D15
0D10 | 0A13 | 0A4 | TDI TDO | 4A4 | 4A13 | 4D12
— - )
GND | 0D12 | 0A12 | 0A7 o S 2385885 28 5 |aar|4a12[4p13|aND
d@m =0 87 o
0D7 | 0D8 | 0D14 | Voo 8 | Voo |4D14| 4D9 | 4D7
o n [} [} [} [} [} [ [} ] (] 6'
GND | 0D4 | 0D9 | 0D11 - 3 |4D11|4D10| 4D8 | GND
2 §ogdgfFEEQL B
Q2 v 2 99 T TV o 2 @
oD2 | 0D3 | 0D5 | 0D6 2 F 5 A8 AL EE % S | 4D6|4D5 | 4D4 | 4D3
prep¥fstiT e
GND |lo/cLko| ODO | OD1 S 8_ 8 S § {:!b =t 4D1 | 4D0 |[13/cLk3| 4D2
¥ 82 £ 0o " 5E 4T
1D2 |nmciki| 1D0 | 1D1 ® & 8 =g & g 3D1 | 3D0 |1zicLk2| GND
3 = 3 3 ¢}
1D3 | 1D4 | 1D5 | 1D6 g 5 8 5 3D6 | 3D5 | 3D3 | 3D2
- 0O —
GND | 1D8 | 1D10| 1D11 G ’E a 3D11| 3D9 | 3D4 | GND
) T
A [
1D7 | 1D9 | 1D14 | Voo RS Voc |3D14 | 3D8 | 3D7
GND | 1D13 | 1A12| 1A7 3A7 | 3A12|3D12 | GND
1D12 | 1A13| 1A4 | TCK TMS | 3A4 | 3A13|3D10
1D15| 1A8 | 1A2 | Voo | Ve | 1B7 | Voo |2A12 | 2A7 | 2A2 | 2B2 | 2B7 |2B12| Voo | 3B7 | Vo | Vo | 3A2 | 3A11 |3D13
1A11| 1A3 | Voo | 183 | 1B4 | 1B12|2A13 | 2A9 | 2A5 | 2A1 | 281 | 2B5 | 289 |2B13|3B12| 3B4 | 383 | Vog | 3A8 [3D15
GND | 1B2 | 1B8 | 1B11|2A15 | 2A11|2A10 | 2A6 | 2A3 | 2A0 | 2B0 | 2B3 | 2B6 |2B10|2B11|2B15 |3B11 | 388 | 3A3 | GND
GND | GND | GND | 1B13 | 2A14 | GND | 2A8 | 2A4 | GND | GND | GND | GND | 2B4 | 2B8 | GND | 2B14 | 3813 | GND | 382 | GND
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20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
GND [7A13 | GND | 7A2 | 7B1 | GND | 7B7 | 7B11| GND | GND | GND | GND | 6B11 | 6B7 | GND | 6B1 | 6A2 | GND | GND | GND
GND | 0A3 | 7A7 | 7A4 | 7B0 | 7B4 | 7B5 | 7B9 | 7B12 | 7B15 | 6B15 | 6B12 | 6B9 | 6B5 | 6B4 | 6B0 | 6A4 | 6A7 |6A13 | GND
0D15| 0A8 | Vg | 7A12|7A11| 7A3 | 7B2 | 7B6 | 7B10 | 7B14 | 6B14 | 6B10 | 6B6 | 6B2 | 6A3 | 6A11|6A12| Voo | 5A3 |5A11
0D13 | 0A11 | 0A2 | Voo | Vec | 7A8 | Ve | 7B3 | 7B8 | 7B13 |6B13 | 6B8 | 6B3 | Voe | 6A8 | Ve | Voo | 5A2 | 5A8 |5D15
0D10 | 0A13 | 0A4 | TDI TDO | 5A4 | 5A13 |5D12
== ! < = = o 2 A7
GND |0D12 | 0A12 | 0A7 o 8 23 EQ Z 5 % 2 3 5A7 | 5A12 |5D13 | GND
o0D7 | 0D8 |0D14 | Ve A Vge | 5D14 | 5D9 | 5D7
D o ] wowon o owonmn g' o o
D4 | 0D9 | 0D11 5D11 | 5D10 | 5D!
GND | 0 o . ??;151%55599.5. 5D8 | GND
oD2 | 0D3 | O0D5 | 0D6 @ g g 8" 2T o8 o 5D6 | 5D5 | 5D4 | 5D3
DzopZfeE5 3
GND [io/cLko| 0DO | 0D1 £3888<«8¢9 = 5D1 | 5D0 |iacLks| 5D2
w vz 0l "8 838
1D2 |i/cikt| 1D0 | 1D1 & ? Iy g % =] 0%’ =1 4D1 | 4DO0 |icik2| GND
O o
= o [¢])
iD3 | 1D4 | 1D5 | 1D6 g % 8 Q 4D6 | 4D5 | 4D3 | 4D2
" 8 O
GND | 1D8 | 1D10 | 1D11 3 7 ,5 4D11| 4D9 | 4D4 | GND
oo S
1D7 | 1D9 | 1D14| Ve RN Vcc |4D14 | 4D8 | 4D7
<
GND | 1D13 [ 1A12 | 1A7 4A7 | 4A12|4D12 | GND
1D12 | 1A13| 1A4 | TCK TMS | 4A4 |4A13 |4D10
1D15 | 1A8 | 1A2 | Voo | Vec | 2A8 | Voo | 2B3 | 2B8 |2B13 [ 3B13 | 3B8 | 3B3 | Vog | 3A8 | Voo | Voo | 4A2 | 4A11 | 4D13
1A11 | 1A3 | Voo | 2A12 | 2A11 | 2A3 | 2B2 | 2B6 | 2B10 | 2B14 | 3B14 | 3B10 | 3B6 | 3B2 | 3A3 | 3A11|3A12 | Voo | 4A8 |4D15
GND [2A13 | 2A7 | 2A4 | 2BO | 2B4 | 2B5 | 2B9 | 2B12 | 2B15 | 3B15 | 3B12 | 3B9 | 3B5 | 3B4 | 3B0 | 3A4 | 3A7 | 4A3 | GND
GND | GND | GND | 2A2 | 2B1 | GND | 2B7 | 2B11| GND | GND | GND | GND | 3B11 | 3B7 | GND | 3B1 | 3A2 | GND | 3A13 | GND
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26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
NC | GND | NC |1/O51 | GND | I/073 | /080 | /087 | GND [i/0101] NC |/O114| GND |I/0128{1/0134{i/0142| GND |I/O156(1/0162| GND | NC | GND | NC | GND | NC NC
NC | GND | NC | I/O52 | 1/O68 | I/074 | /081 | 1/088 | 1/095 |1/0102|1/0107{1/0115|1/0122|1/0129|1/0135|1/0143{1/0150|1/0157 |1/0163|1/0169|1/0176]1/0183|1/0188| GND | NC NC
GND | 1/O11 | TDI | 1/O53 | 1/069 | I/075 | /082 | I/089 | /096 {1/0103{1/01081/0116|1/0123{1/0130(1/0136(1/0144|1/0151{1/0158|1/0164|1/0170{1/0177{1/O184| NC NC NC NC
/00 | I/012 | 1/032 | Ve | 1/070 | 1/076 | 1/O83 | I/080 | Voo |1/0104]1/0108(1/0117| Voo |/O131]1/0137(1/0145| Vgo |/O159(1/0165(1/0171|1/0178| Vee | TDO [1/0205|1/0224| GND
NC | /013 | I/0O33 | /054 1/0189{1/0206 {1/0225| NC
GND | /014 | /034 | I/O55 1/01901{1/0207 {1/0226|1/0245
1/01 | VO15 | /O35 Vee 1/0191{1/0208(1/0227| GND
/02 | 1/O16 | 1/O36 | 1/056 Vee |1/0209]1/0228|1/0246
GND | /017 | /037 | Ve 1/10192{1/0210{1/0229|1/0247
1/03 | 1/018 | /038 | 1/057 g < 2 = =00 E Vee |1/0211]1/0230 GND
/04 | 1/O19 | 1/O39 | /O58 8 E % 9 fo’ o O % E ; 1/0193|1/0212|1/02311/0248
1/05 | /020 | 1/040 | I/059 fl L} I [} ] [} [} [} [} ] g' 1/0194{1/0213{1/0232|1/0249
GND | I/021 |i0/CLKO| Vg &TI ? § 51 _(é) g ..g .5 g OQ %_ 1/01951/0214 {1/023313/CLK3
/CLK1| 1/022 | 1/041 | 1/060 :? % é é 3" § % E %. % a Ve |12CLK2(1/0234| GND
s s
/06 | 1/1023 | /042 | /061 é i % ; 9: é —g’ 1/01961/0215{1/0235(1/0250
£ @ e &
1/O7 | 1/024 | 1/043 | /062 g [¢)] 1/0197{1/0216|1/0236|1/0251
GND | /025 | /044 | Vcc - 1/01981/0217|1/0237|1/0252
1/08 | 1/026 | 1/045 | /063 Vge |1/0218(1/0238| GND
/09 | /027 | /046 | Ve 1/019911/0219(1/02391/0253
GND | 1/028 | /047 | 1064 % Voo |1/0220|1/0240|1/0254
/010 | /029 | 1/048 | /065 $ 1/0200|1/0221(i/0241| GND
NC | /O30 | 1/049 | /066 § 1/0201|1/0222{1/0242| NC
GND | I/031 | /050 | TCK | Vgg | /077 | /084 | 1/091 | 1/097 | Voo [I/0110{1/0118[1/0124| Voo |1/0138(1/0146]1/0152| Voo |1/0166|1/0172(1/0179|1/0185| Vec |1/0223)1/0243(1/0255
NC NC NC NC | /071 | 1/O78 | 1/085 | 1/092 | /098 {1/0105{1/0111(1/0119{1/0125{1/0132i1/0139{1/0147(1/0153{1/0160{1/0167{1/0173|1/0180{1/0186|1/0202| TMS {I/0244{ GND
NC NC | GND | I/067 | /072 | I/O79 | /086 | /093 | 1/099 |1/0106(1/0112{1/0120|1/0126|1/0133|1/0140(1/0148]1/0154{1/0161}1/0168|1/0174(1/01811/0187|1/0203| NC | GND | NC
NC NC |GND| NC | GND | NC | GND | I/094 |I/0100| GND |I/0113|1/0121|I/0O127| GND |I/0141|1/0149|1/0155| GND | NC [I/O175]I/0182| GND [I/0204] NC | GND | NC
26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
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ORDERING INFORMATION
5V M5 AND M5A5

Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of the elements below.

M5- 512 /256 -7 A C

L. =L

L :
>

FAMILY TYPE OPERATING CONDITIONS o

M5- = MACH 5 (5-V Vo) C = Commercial (0°C to +70°C) a)n

M5A5- = MACH 5A(5-V Vo) I = Industrial (-40°C to +85°C) =

MACROCELL DENSITY PACKAGE TYPE @

128 = 128 Macrocells Y = Plastic Quad Flat Pack (PQFP)

192 = 192 Macrocells V = Thin Quad Flat Pack (TQFP)

256 = 256 Macrocells A = Ball Grid Array (BGA)

320 = 320 Macrocells H = Plastic Quad Flat Pack (PQFP)

384 = 384 Macrocells with exposed heat sink

512 = 512 Macrocells

1/0s SPEED

/68 = 681/0Os -5 =55nstpp
/74 = 741/Os -7 =75nstpp
/104 = 104 1/Os -10 = 10 ns tpp
/120 = 120 1/Os 412 =12 ns tpp
/160 = 160 1/Os -15 = 15ns tpp
/184 = 1841/Os 20 = 20 s tpp

/192 = 1921/Os
/256 = 2561/Os
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Valid Combinations

M5-128/68

M5A5-128/68

M5A5-128/74

M5-128/104

M5A5-128/104

M5-128/120

M5A5-128/120

M5-192/68

M5A5-192/68

M5A5-192/74

M5-192/104

M5A5-192/104

M5-192/120

M5A5-192/120

M5-192/160

M5-256/68

M5A5-256/68

M5A5-256/74

M5-256/104

M5A5-256/104

M5-256/120

M5A5-256/120

M5-256/160

M5A5-256/160

Commercial:

M5: -7, -10, -12, -15
M5AS: -5, -7, -10, -12

Industrial: -

M5: -10, -12, -15, -20
M5AS5: -7, -10, -12, -15

Valid Combinations
YC, VC, YI, VI M5-320/120 HC, HI
YC, YI M5-320/160 HC, HI
VC, VI M5-320/184 HC, HI
YC, YI M5-320/192 AC, AI
VC, VI M5-384/120 Commercial: HC, HI
YC, YI M5-384/160 -7, -10, -12, -15 HC, HI
YC, YI M5-384/184 HC, HI
YC, VC, YI, VI M5-384/192 Industrial: AC, Al
YC, Y1 M5-512/120 -10, -12, -15, -20 HC, HI
VC, VI M5-512/160 HC, HI
YC, YI M5-512/184 HC, HI
VC, VI M5-512/192 AC, Al
YC, Y1 M5-512/256 AC, Al
Yeé i Valid Combinations
Ye i Valid Combinations list configurations planned to be
YC, VC, YI, VI supported in volume for this device. Consult the local Vantis
YC, YI sales office to confirm availability of specific valid
Ve VI combinations and to check on newly released combinations.
YC, YI
VC, VI
YC, YI
YC, Y1
YC, YI
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., MACHS5-512/256-7AC-10AL.
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ORDERING INFORMATION
3.3V M5LV AND M5A3

Vantis standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of the elements below.

MS5LV- 512 /256 -7 A C

=
FAMILY TYPE L OPERATING CONDITIONS P
M5LV- = MACH 5 Low Voltage (3.3-V V) C = Commercial (0°C to +70°C) T
M5A3- = MACH 5A Low Voltage (3.3-V Vo) I = Industrial (-40°C to +85°C) 95’5‘
MACROCELL DENSITY PACKAGE TYPE =

wv

= Plastic Quad Flat Pack (PQFP)
Thin Quad Flat Pack (TQFP)
256 = 256 Macrocells Ball Grid Array (BGA)

320 = 320 Macrocells Plastic Quad Flat Pack (PQFP)
384 = 384 Macrocells with exposed heat sink

512 = 512 Macrocells

128 = 128 Macrocells
192 = 192 Macrocells

n

oo <
i

1/0s SPEED

/68 = 681/0s -5 =5.5ns tpp

/74 = 741/Os -6 =6.5nstpp
/104 = 104 1/Os 7 =75nstpp
/120 = 120 I/Os -10 =10 ns tpp
/160 = 160 I/Os -12 =12 ns tpp
/184 = 184 1/0s -15 =15ns tpp
/192 = 192 1/Os -20 =20 ns tpp

/256 = 256 1/Os
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Valid Combinations
MS5LV-128/68 YC, VC, YI, VI
M5A3-128/68 YC, YI
M5LV-128/74 VC, VI
M5A3-128/74 VC, VI
M5LV-128/104 YC, VC, Y1, VI
M5A3-128/104 VC,VI
M5LV-128/120 YC, YI
M5A3-128/120 YC, YI
M5A3-192/68 Commercial: YC, YI
M5A3-192/74 M5LV: -5, -7, -10, -12 Ve, VI
M5A3: -5, -7, -10, -12
| M5A3-192/104 Ve, VI
M5A3-192/120 YC, YI
Industrial:
M5LV-256/68 YC, VC, YI, VI
M5LV: -7, -10, -12, -15
M5A3-256/68 M5A3: 7, 10, 12, 15 YC, Y1
M5LV-256/74 VC, VI
M5A3-256/74 VC, VI
M5LV-256/104 YC, VC, Y1, VI
M5A3-256/104 VC, VI
M5LV-256/120 YC, YI
M5A3-256/120 YC, Y1
M5LV-256/160 YC, YI
M5A3-256/160 YC, Y1

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-10Al.

Valid Combinations
MS5LV-320/120 HC, HI
M5A3-320/120 HC, HI
MS5LV-320/160 HC, HI
M5A3-320/160 HC, HI
M5LV-320/184 HC, HI
MS5LV-320/192 AC, Al
M5A3-320/192 AC, Al
M5LV-384/120 HC, HI
M5A3-384/120 Commercial: HC, HI
M5LV-384/160 MSLV: -7, -10, -12, -15 HC, HI
M5A3-384/160 M5A3: -5, -6, -7, -10, -12 | HC, HI
M5LV-384/184 ‘ HC, HI
M5LV-384/192 Industrial: AC, Al
M5A3-384/192 MSLV: -10, -12, -15, -20 AC, Al
MS5LV-512/120 M5A3: -7, -10, -12, -15 HC, HI
M5A3-512/120 HC, HI
M5LV-512/160 HC, HI
M5A3-512/160 HC, HI
M5LV-512/184 HC, HI
M5LV-512/192 AC, Al
M5A3-512/192 AC, Al
MS5LV-512/256 AC, Al
M5A3-512/256 AC, Al

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local Vantis
sales office to confirm availability of specific valid
combinations and to check on newly released combinations.
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W MACH 1 and 2 CPLD Families

| sevonw perromMAnCE High-Performance EE CMOS Programmable Logic

FEATURES
& High-performance electrically-erasable CMOS PLD families =
¢ 32 to 128 macrocells A
& 44 to 100 pins in cost-effective PLCC, PQFP and TQFP packages f'
¢ SpeedLocking™ - guaranteed fixed timing up to 16 product terms g
¢ Commercial 5/5.5/6/7.5/10/12/15-ns tpp and Industrial 7.5/10/12/14/18-ns tpp =
¢ Configurable macrocells w

— Programmabile polarity

— Registered or combinatorial outputs

— Internal and I/O 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 (PCl) compliant at 5/5.5/6/7.5/10/12 ns
¢ Safe for mixed supply voltage system designs
¢ Bus-Friendly™ inputs and 1/0s 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 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 I/O, BP Microsystems, Advin,
and System General

Publication# 14051  Rev: K
Amendment/0 Issue Date: November 1998
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Table 1. MACH 1 and 2 Family Device Features '

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
tpp (ns) 5.0 5.5 7.5 (6.0) 7.5 6.0 (10)
ts (ns) 35 3.0 55 (5) 55 565
tco (ns) 3.5 4 45 @& 5 4(6.5)
fent (MH2) 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 Vantis 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 tpp 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'

Device -5 -6 -7 -10 -12 -14 -15 -18

MACH111 C (Note 2) G I G I GI I C I
MACH111SP C (Note 2) G, I CI GI I C 1
MACH131 C (Note 3) C1I C1I G I I C 1
MACH131SP C (Note 3) C1I G CI 1 C I
MACH211 C G1I GI I C I
MACH211SP C C G I G I I C I
MACH221 C G I GI I C I
MACH221SP C CI GI I C I
MACH231 C C C C1I I C I
MACH231SP C CGI 1 C I
Notes:

1. C = Commercial, I = Industrial
2. -5 speed grade for MACH111 (SP) = 5.0 ns tpp
3. -5 speed grade for MACH131(SP) = 5.5 ns tpp

The MACH 1 & 2 families consist of ten devices—five base options, each with a counterpart that
includes JTAG-compatible in-system programming (ISP). These devices offer five different density-
1/0O 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.

128 MACH 1 & 2 Families
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Table 3. MACH 1 and 2 Family Package and I/O Options

Device

44-pin PLCC

44-pin TQFP

68-pin PLCC

84-pin PLCC

100-pin TQFP

100-pin PQFP

MACH111

X

X

MACH111SP

X

X

MACH131 X
MACH131SP X X
MACH211

MACH211SP
MACH221 X
MACH221SP X
MACH231 X
MACH2315P X X

Note:
1. The MACH110, 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.

Vantis offers software design support for MACH devices in both the MACHXL® and DesignDirect
development systems. The DesignDirect development system is the Vantis implementation
software that includes support for all Vantis 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, Viewlogic and others. It accepts EDIF 2 0 0 input netlists,
generates JEDEC files for Vantis PLDs and creates industry-standard EDIF, Verilog, VITAL compliant
VHDL and SDF simulation netlists for design verification.

DesignDirect software is also available in product configurations that include VHDL and Verilog
synthesis from Exemplar Logic and VHDL, Verilog 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.

Clock/Input Pins

_____________________________________

' Maocur'::;lls l——o—*{ 1/0 Cells |—-4>-§ 1/0 Pins
ot Hiotator Nk
! Buried !
10 Pins [ e—! PAL Block le—] ! L—— PALBlock
i Buried Macrocell Feedback foote 1) E
| Output Macrocell Feedback H
1"1/0 Pin Feedback i
. ;j .
. E .
L] g L]
1o Pins [ Se—s| PAL Block le—s] fe—s1 PAL Block l—sf > 1o Pins
14051K-002
Note: Dedicated Input Pins
1. There are no buried macrocells in MACH 1 devices. All macrocells are output macrocells.

Device PAL Blocks Macrocells per Block 1/0s per Block Product Terms per Block
MACH111(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.

=
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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 Logic Allocator
Table 5. Logic Allocation for MACH111(SP)
Output Macrocell Available Clusters Output Macrocell Available Clusters
My Co, Gy Mg Cg, Co
M; Cp, Cp, Gy My Cg, Co, Cyo
M, Cp, G Gy My Co, C1o,C11
M Gy, G5, G4 My C10,C11, Cra
My G35, G4, Cs My, Ci1,C12,C13
M Gy Cs, G My3 Ciz, C13,C14
Mg Gs, Gg C7 My C13,C14,C15
M, C6 Gy M5 C14,C15
Table 6. Logic Allocation for MACH131(SP)
Output Macrocell Available Clusters Output Macrocell Available Clusters
Mo Co: Gy Mg G, Cg Gy
M, Cp, C1, &y My Cg: Cg, C1o
M, C1,Cp C3 Myo Cg, Gy C11
M, Cp G5, G4 My, C10: C11, Crz
My G3,C4 Cs M, C11,C12, Cy3
M Gy Cs, Gg M3 C12 C13, g
Mg Gs, G, G My C13 G G5
M; Ce Gy Cg M5 Ci4 C1s
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Table 7. Logic Allocation for MACH211(SP) and MACH231(SP)
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Macrocell Macrocell
Output Buried Available Clusters Output Buried Available Clusters
M, Co, €y, G Mg Gy, Cg, Co, Cyo
M, G, Cp, €, C3 M, Cg, Co, C10» C11
M, Gy, Cp, G, G4 My, Cg, C10: Cy1, Cy2
M Gy, C3, Gy, G5 My, Cy0, Cy1, C12, C3
My Gz, C4, Cs, Cg My, Ci1 €2, Cy3 G4
Ms G4 G5, Gy Gy M3 C12: 13, C1 G5
Mg Gs, Cg, G, Cg My €13 C14, G5
My e C7, Cgy Gy M5 Ci4 Cy5
Table 8. Logic Allocation for MACH221(SP)
Macrocell Macrocell
Output Buried Available Clusters Output Buried Available Clusters
M, Cp, Cp, & Mg Cs, Gg, G7, Cg
M, Cp, Cp, G, G5 My Ce C7, Cg» G
M, Gy, Cp, G, G4 Mg G, Cg, Co, Cyo
M; Gy, G5, G4, Cs M, Cg, Cg, C19, C11
My G3, G4, G5, Cg Mo Cy, Cy0, Cyy
Ms G4, Cs, Cg, G My, C10, Cyy
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 DIT CLK/LE Q+
X 0,1, Q
D-Register 0 T 0
1 T 1
X 0,1, Q
T-Register 0 T Q
1 T Q
X 1 Q
Latch 0 0 0
1 0 1

MACH 1 & 2 Families
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The output macrocell (Figure 3) sends its output back to the switch matrix, via internal feedback,
and to the I/O cell. The feedback is always available regardless of the configuration of the 1/O cell.
This allows for buried combinatorial or registered functions, freeing up the I/O 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/O 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.

PAL-Block —
Asynchronous 1)
Preset 1
Sum of Products AP 1 |, To l/0
from Logic DL Q 0 M
Allocator 0 ce
CLKy —— -h_
H P AR = —ll
CLKn —_— -h- =
PAL-Block ™\ =
Asynchronous L/
Reset To
Switch =
Matrix 14051K-004

Note:
1. Latch option available on MACH 2 devices only.

Figure 3. Output Macrocell
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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
MACH111 4 MACH211SP 2 =
MACH111SP 2 MACH221 4 R
MACH131 4 MACH221SP 4 T
MACH131SP 4 MACH231 4 g
MACH211 4 MACH231SP 4 (:?
wv

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 CLK/LE Q+
0 0 X See Table 9
. 0 1 X 1
Register " 0 X )
1 1 X 0
0 0 X See Table 9
0 1 0 Tllegal
0 1 1 1
Latch 1 0 0 Tllegal
1 0 1 0
1 1 0 Tllegal
1 1 1 0

1/0 Cells

The 1/O 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 I/O cells.
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Output Enable ll } 01
Product Terms 11
(Common to bank of I )
I/O Cells) L Voc—] 10
L— 00
From Output
Macrocell |V Kz
To Switch
Matrix
To Buried
Macrocell

(MACH 2 only)

Figure 7. 1/0 Cell

SPEEDLOCKING FOR GUARANTEED FIXED TIMING

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-Vantis 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.

MACH 1 & 2 SpeedLocking

* Patented Architecture

¢ Path Independent

* Logic/Routing Independent

» Guaranteed Fixed Timing

* Up to 16 Product Terms per Output

Non-MACH
e Variable
* Path Dependent
* Logic/Routing Dependent Delays
* Unpredictable
* 4-5 Product Terms before Delays

SpeedLocking
1 Shared Expander Delay 104 ns
1: i 8.8ns i Non-MACH
tPD (ns) 8 - P@rallel Expander Delay {74ns
7 6.6 ns
°1 sns ) —  MACH1&2
1 1 1 >
5PT 10 PT 15 PT
Product Terms

Figure 8. Timing in MACH 1 & 2 vs. Non-MACH Devices

14051K-007

14051K-001
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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 JTAG ports.
This capability has been implemented in a manner that insures that the JTAG port remains
compliant to the IEEE 1149.1 standard. By using JTAG 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. Vantis provides its free PC-based
VantisPRO software to facilitate in-system programming. VantisPRO software takes the JEDEC file
output produced by Vantis’ design implementation software, along with information about the
JTAG chain, and creates a set of vectors that are used to drive the JTAG chain. VantisPRO software
can use these vectors to drive a JTAG chain via the parallel port of a PC. Alternatively, VantisPRO
software can output files in formats understood by common automated test equipment. This
equipment can then be used to program MACHxxxSP 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 1/0Os

The MACH 1 & 2 inputs and 1I/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 Vantis 1999 Data Book.

PCi COMPLIANT

The MACH 1 & 2 families in -5/-6/-7/-10/-12 speed grades are fully compliant with the PCI 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-V devices will not overdrive 3.3-V devices above the output voltage of 3.3 V,
while they can accept inputs from other 3.3-V 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
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initialization values, the Vi 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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MACH111(SP) AND MACH131(SP) PAL BLOCK
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MACH211(SP) PAL BLOCK
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MACH221(SP) PAL BLOCK
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BLOCK DIAGRAM (MACH111, MACH111SP)
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BLOCK DIAGRAM (MACH131, MACH131SP)
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BLOCK DIAGRAM (MACH211, MACH211SP)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature. . .. .......... -65°C to +150°C
Ambient Temperature i

With Power Applied . . ............ -55°C to +125°C
Device Junction Temperature . ............ +150°C
Supply Voltage with

Respectto Ground . .............. -0.5Vto +7.0V
DC Input Voltage . ........... -0.5Vto Ve +0.5V
DC Output or I/O Pin Voltage . . -0.5 Vto V¢ 0.5V
Static Discharge Voltage . ................ 2001V
Latchup Current (T, = -40°C to +85°C). . . . . .. 200 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.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (T,)
Operating in Free Air. ... ........... 0°C to +70°C

Supply Voltage (V)
with Respect to Ground. . . . ... .. +4.75 Vto +5.25V

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

Industrial (I) Devices
Ambient Temperature (Ty)

Operating in Free Air. .. ........... -40°C to +85°C
Supply Voltage (V)
with Respect to Ground.. . . ........ +45Vto +55V

Operating ranges define those limits between which the
Sfunctionality of the device is guaranteed.

DC CHARACTERISTICS OVER OPERATING RANGES

Parameter
Symbol Parameter Description Test Description Min Typ Max Unit
=-3.2 mA, Vg = Min, Viy = Vg or V, 24 \
Vo Output HIGH Voltage Lo « N HT L
Tog = —300 pA, Ve = Max, Viy = Vig or Vi, (Note 1) 35 v
Vor Output LOW Voltage Iop = 16 mA, Vg = Min, Viy = Vg or Vip (Note 2) 05 v
Vin Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs 20 v
(Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs 08 v
(Note 3)
Iy Input HIGH Leakage Current Viy = 525V, V V¢ = Max (Note 4) 10 uA
I, Input LOW Leakage Current Viy = 0V, Ve = Max (Note 4) -10 UA
Loz Off-State Output Leakage Current HIGH | Voy = 5.25 V, Vg = Max, Viy = Vi or Vi (Note 4) 10 MA
oz Off-State Output Leakage Current LOW | Vour = 0V, Ve = Max, Vpy = Vyy or Vi, (Note 4) -10 pA
I Output Short-Circuit Current Vour = 0.5 V Vg = Max (Note 5) 30 ‘150_(;"6‘? 01 ma
Notes:

1. This applies to MACH111SP, MACH131SP, and die code “B” or later for MACH211(SP) and MACH231(SP). This does not apply
to MACH111, MACH131, MACH221(SP), and die code “A” for MACH211(SP) and MACH231(SP).

Total Iy for one PAL block should not exceed 64 mA.

o N

These are absolute values with respect to device ground, and all overshoots due to system andjor tester noise are included.
I/O pin leakage is the worst case of Iyp and Inzy (or Iy and Igzpp.
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 bas been chosen to avoid test problems caused by tester ground degradation.

6. For commercial temperature range only.
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MACH111 AND MACH111SP
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

1. See “Switching Test Circuit” in the General Information Section of the Vantis 1999 Data Book.

parameter -5 -7 -10 -12 -14 -15 -18
Symbol Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
tpp Input, I/0, or Feedback to Combinatorial Output 5 7.5 10 12 14 15 18 | ns
Setup Time from Input, /0, or Feedback |D-type | 3.5 55 6.5 7 85 10 12 ns
s to Clock Thpe | 4 65 75 8 10 11 135 ns E
ty Register Data Hold Time 0 0 0 0 0 0 0 s ’:E
tco Clock to Qutput 3.5 5 6 8 10 10 12 | ns Py
twr cock Widih oW | 25 3 5 6 6 75 ns _3___
twh HIGH | 25 3 5 6 6 7.5 ns o
External D-type | 143 95 80 66.7 54 50 4 MHz
o [reedbacc | V7 e 133 &7 ARGE 0| 476 | ™| |
o mﬁ'ﬁg terna Fdback () D-type | 182 133 100 769 69 66.6 53 MHz
T-type 167 125 91 71.4 57 55.5 44 MHz
No Feedback | 1/(tyy, + tyg) 200 167 100 833 833 83.3 66.7 MHz
tr Asynchronous Reset to Registered Output 75 9.5 11 16 19.5 20 24 | ns
taRw Asynchronous Reset Width (Note 2) 4.5 5 7.5 12 145 15 18 ns
tARR Asynchronous Reset Recovery Time (Note 2) 4.5 5 7.5 8 10 10 12 ns
tp Asynchronous Preset to Registered Output 75 9.5 11 16 19.5 20 24 | ns
tApw Asynchronous Preset Width (Note 2) 45 5 7.5 12 14.5 15 18 ns
tAPR Asynchronous Preset Recovery Time (Note 2) 4.5 5 75 8 10 10 12 ns
tgs Input, I/0, or Feedback to Output Enable 75 9.5 10 12 14.5 15 18 | ns
ter Input, /0, or Feedback to Output Disable 75 9.5 10 12 145 15 18 | ns
tip tpp Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 | ns
tips ts Increase for Powered-down Macrocell (Note 3) 7 7 7 7 7 7 7 | ns
tipco tco Increase for Powered-down Macrocell (Note 3) 3 3 3 3 3 3 3 | ns
tipEA tgs Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 | ns
Notes:

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 bigh-speed parameter.
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MACH131 AND MACH131SP
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

-5 -7 -10 -12 -14 -15 -18
Pasryamm::ler Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Min | Max| Min | Max | Min | Max | Unit
tpp Input, I/0, or Feedback to Combinatorial Output 5.5 75 10 12 14 15 18 | ns
D-type | 3.0 5.5 65| 7 85 10 12 s
ts Setup Time from Input, I/O, or Feedback
T-type 3.5 6.5 7.5 8 10 11 13.5 ns
ty Hold Time 0 0 0 0 0 0 0 ns
tco Clock to Output 4 5 6 8 10 10 12 | ns
- ow |25 3 4 6 6 6 75 ns
Clock Width
twe HIGH 2.5 3 4 6 6 6 75 ns
External D-ype | 143 95 80 66.7 54 50 4 MHz
Feedback | /(s * 0 Ttype | 133 87 74 625 50 46 39 MHz
fx z‘lr::dmum Internal eedback (i) D-type | 182 133 100 76.9 69 66.6 53 MHz
quency Ttype | 167 125 91 714 57 555 44 MHz
::edback 1/ (tyy, + tyg) 200 167 125 83.3 83.3 83.3 66.7 MHz
tar Asynchronous Reset to Registered Output 85 9.5 11 16 19.5 20 24 | ns
tArw Asynchronous Reset Width (Note 2) 45 5 7.5 12 14.5 15 18 ns
tARR Asynchronous Reset Recovery Time (Note 2) 4.5 5 75 8 10 10 12 ns
tap Asynchronous Preset to Registered Output 85 9.5 11 16 19.5 20 24 | ns
tapw Asynchronous Preset Width (Note 2) 45 5 75 12 145 15 18 ns
tpR Asynchronous Preset Recovery Time (Note 2) 45 5 75 8 10 10 12 ns
tgy Input, /O, or Feedback to Output Enable 75 9.5 10 12 14.5 15 18 | ns
tgr Input, /0, or Feedback to Output Disable 7.5 9.5 10 12 14.5 15 18 | ns
tip tpp Increase for Powered-Down Macrocell (Note 3) 10 10 10 i 10 10 10 10 | ns
tips ts Increase for Powered-Down Macrocell (Note 3) 7 7 7 7 7 7 7 | ns
tipco tgo Increase for Powered-Down Macrocell (Note 3) 3 3 3 3 3 3 3 | ms
tipEA tga 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 bigh-speed parameter.
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MACH211 AND MACH211SP
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

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
Input, /0, or Feedback to Combinatorial
tpp Output 6 75 10 12 14 15 18 ns
s Setup Time from Input, 1/O, or Feedback | D-type | 5 5.5 6.5 7 85 10 12 ns
to Clock Ttype | 55 65 75 8 10 11 135 ns
ty Register Data Hold Time 0 0 0 0 0 0 0 ns
tco Clock to Output 4 45 6 8 10 10 12 | ns
twr ow |25 3 5 6 6 6 75 ns
Clock Width
byl HIGH 25 3 5 6 6 6 75 ns
External D-type | 111 100 80 66.7 54 50 42 MHz
eedback I/(lS + tCO)
Feedbac Ttype | 105 91 74 62.5 50 47.6 39 MHz
fyax Maxinmum D-type | 166 133 100 833 6 6.6 55.6 MHz
Frequency | Internal Feedback (fgyp)
T-type | 150 125 91 76.9 62.5 62.5 513 MHz
No Feedback | 1/(tyy + tyg) 200 167 100 833 83.3 833 66.7 MHz
to, Setup Time from Input, /0, or Feedback to Gate 5 5.5 6.5 7 85 10 12 ns
typ Latch Data Hold Time 0 0 0 0 0 0 0 ns
7 7 13
o Gate to Output 7 75 8 10 1 11 (note6) | NS
(note 4) (note 5) 13.5
towL Gate Width LOW 25 3 5 6 6 6 75 ns
20
Input, 1/0, or Feedback to Output Through
oL Transparent Input or Output Latch 9 95 12 14 7 7 (';3‘56) s
SR Input Register Setup Time 15 2 2 2 2 2 25 ns
tHIR Input Register Hold Time 15 2 2 2 2.5 2.5 35 ns
20
tico Input 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 12 145 15 18 s
168 Setup Type | 9 10 11 13 16 16 195 ns
twicL Input Register ow |25 3 5 6 6 75 ns
twich Clock Width HIGH | 25 3 5 6 6 6 75 ns
Maximum Input Register
fyaxir Frequency 1/ (e, + ticw) 200 167 100 833 833 833 66.7 MHz
toyy, Input Latch Setup Time 15 2 2 2 2 2 2.5 ns
tyiL Input Latch Hold Time 15 2 2 2 25 25 35 ns
tiGo Input Latch Gate to Combinatorial Output 12 12 14 17 20 20 24 ns
Input Latch Gate to Output Through Transparent
tioL Output Latch 13 14 16 19 2 22 265 | ns
Setup Time from Input, /O, or Feedback Through
fouw Transparent Input Latch to Output Latch Gate 7 75 85 9 1 12 1és s
tics Input Latch Gate to Output Latch Setup 9 10 11 13 16 16 19.5 ns
twicL Input Latch Gate Width LOW 25 3 5 6 6 6 75 ns
Input, I/0, or Feedback to Output Through
oL Transparent Input and Output Latches 12 125 14 16 B 1 B |
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MACH211 AND MACH211SP (CONTINUED)
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

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
tr (‘,&‘p‘; Reset to Registered or Laiched 9 95 15 16 195 2 % | ns
tRrw Asynchronous Reset Width (Note 2) 4 5 10 12 145 15 118 ns
YRR Asynchronous Reset Recovery Time (Note 2) 4 5 10 10 10 10 12 ns
te o‘;tp“: Prese 0 Registered or Lached 9 95 15 16 195 20 2% | s
Ypw Asynchronous Preset Width (Note 2) 4 5 10 12 145 15 18 ns
tApR Asynchronous Preset Recovery Time (Note 2) 4 5 10 10 10 10 12 ns
g Input, /0, or Feedback to Output Enable 9 9.5 10 12 14 15 18 | ns
tgR Input, /0, or Feedback to Output Disable 9 9.5 10 12 14 15 18 | ns
tip tpp Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 | ns
tips ts Increase for Powered-down Macrocell (Note 3) 10 10 10 10 10 10 10 | ns
tipco tgp Increase for Powered-down Macrocell (Note 3) 0 0 0 0 0 0 0 |'ns
ipEA tgy 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.

If a signal is powered-down, this par must be added to its respective bigh-speed parameter.
MACH211 tgo = 7 ns. MACH211SP tgo = 7.5 nis.

MACH211, commercial tgg = 7 ns.

The faster -18 t o, tppr, tico, apbly to MACH211 only, not MACH211SP.

SN NS
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MACH221 and MACH221SP
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

Parameter -7 -10 -12 -14 -15 -18
Symbol Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
tpp Input, /0, or Feedback to Combinatorial Output 75 10 12 14 15 18 ns
" Setup Time from Input, /O, or Feedbackto | D-type 55 6.5 7 85 10 12 ns
Clock Tgpe | 65 75 8 10 1 135 ns =
ty Register Data Hold Time 0 0 0 0 0 0 ns rj?\
tco Clock to Output 5 6 8 10 10 12 ns i
e ) Lo 3 5 6 6 6 75 ns S
Clock Width =.
twh HIGH 3 5 6 6 6 75 ns =
External Dype | 95 80 66.7 54 50 £ MHz v
) Feedback |Vl * o0 Tpe | 87 74 62.5 50 476 39 MHz
fuax ‘;’;’f‘;‘;‘::y e Ptk Gy |21 100 83 ) 656 556 MHz
T-type 125 91 76.9 62.5 62.5 513 MHz
No Feedback | 1/(ty, + tyy) 167 100 83.3 833 83 66.7 Miz
tor Setup Time from Input, /O, or Feedback to Gate 55 6.5 7 85 10 12 ns
the Latch Data Hold Time 0 0 0 0 0 0 ns
o Gate to Output 7 - 10 1 1 135 | ns
towL Gate Width LOW 3 5 6 6 6 75 ns
oL E};::,ol:(z), :;, ll::ael:'l:;lck to Output Through Transparent 95 12 14 17 7 205 s
tsiR Input Register Setup Time 2 2 2 2 2 25 ns
tHR Input Register Hold Time 2 2 2 25 25 35 ns
tico Input Register Clock to Combinatorial Output 11 13 15 18 18 22 ns
D-type 9 10 12 14.5 15 18 ns
tics Input Register Clock to Output Register Setup Tape 0 " " ”: ”: 195 =
twict Input Register Low 3 5 6 6 6 75 ns
twick Clock Width HGH | 3 5 6 6 6 75 ns
sk ;”:’:::::‘y'“"“' ReBSIer | )ty + twnc) 167 100 833 833 83 .7 Mz
i Input Latch Setup Time 2 2 2 2 2 25 ns
i Input Latch Hold Time 2 2 2 2.5 25 35 ns
tico Input Latch Gate to Combinatorial Qutput 12 14 17 20 20 24 ns
oL }:f:; Latch Gate to Output Through Transparent Qutput % 16 19 2 2 265 | s
v L I I R N N
tigs Input Latch Gate to Output Latch Setup 10 11 13 16 16 19.5 ns
twicL Input Latch Gate Width LOW 3 5 6 6 6 75 ns
topi llzll:umt,alr/lg, (;:;f:c[l::: e;o Output Through Transparent 115 14 16 19 19 2 1s
tAR Asynct Reset to Registered or Latched Output 9.5 15 16 195 20 2% ns
tARW Asynchronous Reset Width (Note 3) 5 10 12 145 15 18 ns
tARR Asynchronous Reset Recovery Time (Note 3) 5 8 10 10 10 12 ns
tp Asynch Preset to Registered or Latched Output 9.5 15 16 19.5 20 24 ns
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MACH221 and MACH221SP (CONTINUED)
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

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

Symbol Parameter Description Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
tYpw Asynchronous Preset Width (Note 3) 5 10 12 145 15 18 ns
(Y Asynchronous Preset Recovery Time (Note 3) 5 8 10 10 10 12 ns
A Input, /0, or Feedback to Output Enable 9.5 12 12 14 15 18 ns
R Input, /0, or Feedback to Output Disable 95 12 12 14 15 18 ns
tp tpp Increase for Powered-down Macrocell (Note 4) 10 10 10 10 | 10 10 ns
tips ts Increase for Powered-down Macrocell (Note 4) 10 10 10 10 10 10 ns
Yipco teo I for P d-down M: 1l (Note 4) 0 0 0 0 0 0 ns
tpEA tga 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 tgo = 7 ns. MACH221SP tgq = 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. If a signal is powered-down, this parameter must be added to its respective bigh-speed parameter.
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MACH231 AND MACH231SP
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

-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
tpp Input, /0, or Feedback to Combinatorial Output 6 75 10 12 14 15 18 | ns
t Setup Time from Input, /O, or Feedback D-type 5 55 65 ! 85 10 12 E
’ o Clock Tpe | 6 65 75 8 10 1 135 o)
ty Register Data Hold Time 0 0 0 0 0 0 0 o
3
tco Clock to Output 4 5 6.5 8 10 10 12 | ns =
]
twr LOW 25 3 4 6 6 6 75 s »
Clock Width
twH HIGH 25 3 4 6 6 6 7.5 ns
External D-type | 111 95 77 66.7 54 50 42 MHz
Feedback | /(5 o)
T-type 100 87 72 62.5 50 476 39 MHz
¢ Maximum D-type | 166 133 100 83.3 69 66.6 55.6 MHz
MAX Frequency | Internal Feedback (feyp)
T-type 150 125 91 76.9 62.5 62.5 513 MHz
No
Feedback 1/(ty, + tywg) 200 167 125 83.3 833 83.3 66.7 MHz
tgg, Setup Time from Input, /O, or Feedback to Gate 5 5.5 6.5 7 85 10 12 ns
tyL Latch Data Hold Time 0 0 0 0 0 0 0 ns
7% Gate to Output 5 6 75 85 11 11 135 | ns
towL Gate Width LOW 2 3 4 6 6 6 75 ns
Input, 1/0, or Feedback to Output Through
topL, Transpareat Input o Output Latch 9 95 14 145 7 17 205 | ns
SR Input Register Setup Time 15 2 2 2 2 2 2.5 ns
tHR Input Register Hold Time L5 2 2.5 25 2.5 2.5 35 ns
fico Input Register Clock to Combinatorial Output 10 11 155 16 18 18 22 | ns
) Input Register Clock to output Register | D-¥P¢ | 8 9 11 12 145 15 18 ns
1CS
Sefup Type | 9 10 12 13 16 16 195 ns
twice Input Register LoW 2.5 3 4 6 6 6 75 ns
T— Clock Width HGH | 25 3 4 6 6 6 75 ns
fyaxir Maximum Input Register Frequency 200 167 125 83.3 833 833 66.7 MHz
oL Input Latch Setup Time 15 2 2 2.5 2.5 2.5 25 ns
tyiL Input Latch Hold Time 15 2 25 3 3 3 3.5 ns
tico Input Latch Gate to Combinatorial Output 11 12 17 17 20 20 2% | ns
Input Latch Gate to Output Through Transparent
tioL Output Latch 13 14 18 195 2 2 265 | ns
Setup Time from Input, 1/0, or Feedback Through
fs1 Transparent Input Latch to Output Latch Gate 7 75 10 105 u 12 us s
tigs Input Latch Gate to Output Latch Setup 9 10 11 135 16 16 195 ns
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MACH231 AND MACH231SP (CONTINUED)
SWITCHING CHARACTERISTICS OVER OPERATING RANGES'

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
twieL Input Latch Gate Width LOW 2 3 4 6 6 6 75 ns
- m&fﬁ:ﬂ:ﬂ”ﬁ'&“&m&m@ 11 125 16 17 19 19 % | s
tir (‘)l;tp“: Reset o Registered or Latched 9 95 13 16 195 20 2% | ns
tRw Asynchronous Reset Width (Note 2) 4 5 10 | 12 14.5 15 18 ns
g ?;{]“;"2';’“"“5 Reset Recovery Time 4 5 75 8 10 10 12 s
tap (‘)‘;m;[ Preset to Registered or Laiched 9 95 13 16 195 2 2% | s
tapw Asynchronous Preset Width (Note 2) 4 5 10 12 145 15 18 ns
tapr Asynchronous Preset Recovery Time (Note 2) 4 5 7.5 8 10 10 12 ns
tgA Input, 1/0, or Feedback to Output Enable 9 95 10 12 15 15 18 ns
tgr Input, /0, or Feedback to Output Disable 9 95 10 12 15 15 18 | ns
tip tpp Increase for Powered-down Macrocell (Note 3) 9 10 10 10 10 10 10 | ns
tips t5 Increase for Powered-down Macrocell (Note 3) 6 7 7 7 7 7 7 ns
Yipco tco Increase for Powered-down Macrocell (Note 3) 0 0 0 0 0 0 0 ns
trpEA tgy Increase for Powered-down Macrocell (Note 3) 9 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 bigh-speed parameter.

CAPACITANCE !

Parameter Symbol Parameter Description Test Conditions Typ Unit
Cy Input Capacitance Viy = 2.0V Ve = 5.0V, 6 pF
T, = 25°C
Cour Output Capacitance Vour = 2.0V f=1MHz 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
these parameters may be affected.
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Icc 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

Ta =25°C, Vg =5V
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Table 12. |cc

Parameter )
Device Parameter Symbol Description Test Description Typ Unit
MACH111(SP) 0
MACH211(SP)
MACH221(5P) 1 Voo =% 70
Stati Ty, = 25°
MACH131(sP) Supply Current (Static) 4= 257, 75
f=0MHz
MACH231SP 80
MACH231 135
Iec mA
MACH111(SP) 4
MACH211(SP)
MACH221(SP) ‘ Voo =5V, %
MACHT31(5P) Supply Current (Active) Ty = 25°C, v
f=1MHz
MACH231SP 100
MACH231 150
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND

MACH111SP-5/7/10/12/15)
Top View

44-Pin PLCC

toar-ro0o005338% =
QOQQRLFYLLel B
1 o 8 o o I e o o o T
6 5 4 3 2 1 44 4342 41 40 ) O
vos []7 o 39[] vo27 ?_._
vos [ls 38[] 1026 3
wor o a7[] o025
@onio 1o 3s[] V024
(CLK 0710) cLkom [ 11 35[] CLK3/5 (TDO)
Block A anND [12 3a[] GND Block B
(TcK) ckinz []13 33[] CLK2/4 (CLK 1/11)
vos []14 32[] 13 (TMS)
vos []1s 31|] 1023
vo1o [J1e 30|] 1022
vot1 []17 29[] vo21
\__18 19 20 21 22 23 24 25 26 27 28 )
N O < 10 OO0 © N 0 O O
0082883228888
| | 14051K-018
PIN DESIGNATIONS
CLK/I = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out
Vee = Supply Voltage
Note:
1. Pin designators in parentbeses () apply to the MACH111SP
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CONNECTION DIAGRAM (MACH111-5/7/10/12/15 AND
MACH111SP-5/7/10/12/15)

Top View
44-Pin TQFP
~0205 3§
38358288888
SEXEZXO0OSE=ES
0329TL8BE8RI
1/05 1|1 33 |[T—11/027
/06 1|2 32 ([1T11/026
/07 1|3 31 [E1T—31/025
(TDI) 10 1|4 30 |[CT—11/024
(CLK 0/10) CLKO/I1 1|5 29 |13 CLK3/I5 (TDO)
Block A GND |6 28 [CTIGND Block B
(TCK) CLK1/12 =T—|7 27 |- CLK2/14 (CLK 1/11)
/08 —1T—|8 26 |—T—113 (TMS)
Vo9 1|9 25 |[—T11/023
1/010 10 24 |—T31/022
/011 | 11 28 |T1T1/021
yozwer22gyy
yorwggoreog
0000858580889
N | 14051K-019
PIN DESIGNATIONS
CLK/I = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out

Vcc = Supply Voltage

Note:

1. Pin designators in parentbeses () apply to the MACH111SP
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CONNECTION DIAGRAM (MACH131-5/7/10/12/15)
Top View

84-Pin PLCC
Block A Block D
] I
OrhowstoaroQ20 33533353
b4 b4
568858888952,99835688
11109 8 7 6 5 4 3 2 184838281807978777675
1108 ® 74 [1 GND
1109 73 [] /055
1/010 72 |1 1/054
1/1011 71 |1 11053
1/012 70 [] /052
11013 69 [] /1051
11014 68 [1 /1050
—1/015 67 [11/049
CLKO0/10 66 []1/048 —
vCC 65 [] CLK3/14
GND 64 || GND
CLK1/I 63 []vCcC
— /016 62 [] CLK2/13
/017 61 []1/1047—
1/1018 60 []1/046
/019 59 [] /045
1/020 58 [] 11044
1/021 57 [] 11043
11022 56 [] 11042
1/023 55 [11/041
GND 54 [11/040
34
- ] - -
S EEeNTS28 5902043 ReN 280
N
R EEER EEEEEEEEEEE
| | -7
Block B Block C 14051K-020
PIN DESIGNATIONS
CLK/I = Clock or Input
GND = Ground
I = Input
I/O = Input/Output
Vcc = Supply Voltage
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CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15)
Top View

100-Pin PQFP
Block A Block D

[—1GND
[—1GND
[ 1TDO
——IN/C
[——11/055
[ 11/054
[—11/053
——11/052
[——11/051
[—11/050
——11/049
11/048 —
[—114/CLK3
1GND
1GND
o LV
—1Vee
——113/CLK2
[ 11/047 —
[——11/046
[——11/045
[—11/044
E=—11/043
E=11/042
[ 11/041
—11/040

(o)
1

2
3
4
5
6
7
8
9

Block B Block C 14051K-021
PIN DESIGNATIONS
CLK/I = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out

Vee = Supply Voltage
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CONNECTION DIAGRAM (MACH131SP-5/7/10/12/15)

Top View
100-Pin TQFP
Block A Block D
00 rowsoaro o2l -, 233533835380
ZzZ zZZ b4
52292000000 9°F55L20000000037 E
N
RAARHARRAARHAARHARHAARAAA =
o
O 888585338533 8588388E8RRRE 2
=
TDl g |1 75| £ GND ©
s (2 74| F TDO
/08 7 |3 73| Frm NC
/09 1 |4 72| o 1/055
11010 |5 71| 0 1/054
/011 1] |6 70 | D /053
/o120 (7 69 | = 1/052
1/013 1] |8 68| T 1/O51
/014 1 |9 67| T 1/050
— /015 |10 66| T3 1/049
10/CLKO T |11 65| FrT11/048 —
Voo 1 |12 64 | [ 14/CLK3
GND T |13 63| = GND
GND o |14 62| T3 Ve
H/CLK1 I |15 61| T I8/CLK2
— lo16 T |16 60| Frm /047  —
11017 o |17 59 | T3 1/046
1/1018 c | 18 58 | [T /045
/019 ] |19 57 1/044
1/020 20 56 1/043
1/021 21 55| 13 1/042
/022 c11 | 22 54 | T /041
/023 1 | 23 53 | T 11040
NC 1 |24 52| 2
TCK I |25 51| 3 TMS
NI BrIBIBEERRLTIRINELESR
OQOTOHVDONOD - Q QAMTNDONOD o
553888888522358828888833
Block B Block C 14051K-022
PIN DESIGNATIONS
CLK/1 = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
/O = Input/Output TDO = Test Data Out
Vee = Supply Voltage
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CONNECTION DIAGRAM (MACH211-7/10/1 2/15 AND MACH211SP-6/7/10/12/1 5)

Top View
44-Pin PLCC
Block A Block D
I
toaro2 05838
QQQQL3FLLLeQ
6 5 4 3 2 1 44 4342 41 40
wos []7 i a9[] o7
vos [|s 38% 11026
o7 Eg a7l wozs
aonip 10 36[] 1024
(CLK 0/10) cLKom  []11 35[] CLK3/15(TDO)
GND I!%12 34[] GND
(reky cekine 13 33[] CLK2/14 (CLK 1/11)
vos []14 32[] 13TMms)
o9 [11s 31[] vo23
o1o [1e s0[] vo22
o1 EW ; 20|] wo21
\_18_19 20 21 22 23 24 25 26 27 28 )
N O T 00 ON © N OO O
888855288 ¢8¢
| N
Block B Block C

14051K-023

PIN DESIGNATIONS

CLK/I = Clock or Input
GND = Ground

I = Input

I/O = Input/Output
Vce = Supply Voltage

Note:

TDI = = Test Data In
TCK = Test Clock

TMS = Test Mode Select
TDO = Test Data Out

1. Pin designators in parentheses () apply to the MACH211SP
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CONNECTION DIAGRAM (MACH211-7/10/12/15 AND MACH211SP-6/7/10/12/15)
Top View

44-Pin TQFP
Block A Block D
toN-ro2 O3
z =
683585985699 5
)
T
tHAAARAAHH :
g
03I2Y598BHESI =
1/05 |1 33 | vo027 a
1/106 C1—]|2 32 |[1T—311/026
/07 1|3 31 |—T—11/025
(TDI) 10 C1T—|4 30 |E—31/024 ——
(CLK 0/10) CLKO/M —T—]|5 29 |1 CLK3/I5 (TDO)
GND 1|6 28 T GND
(TCK) CLK1/12 |7 27 [T CLK2/14 (CLK 1/11)
/08 1|8 26 ([T 113 (TMS)
/09 —1T—(9 25 |1 11/023 ——
/1010 1|10 24 ([CT1/022
/011 | 11 23 [11/021
yeywerzeggy
AOLTOL OAONDODO
0000930005690
=EX=XX>0xxXx===>=
I I
Block B Block C 14051K-024
PIN DESIGNATIONS
CLK/I = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out
Vec = Supply Voltage
Note:

1. Pin designators in parentbeses () apply to the MACH211SP
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CONNECTION DIAGRAM (MACH221-7/10/12/15)

Top View
68-Pin PLCC
Block A Block H
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o vos 11 59[11/040 | w
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cLKk1111e 54117
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o122t 49 [1 CLK2/14
o | vo13Qze 48 1 1/035 —
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L 1 l |
Block D Block E 14051K-025

PIN DESIGNATIONS

CLK/I = Clock or Input
GND = Ground

I = Input

I/0 = Input/Output
Vce = Supply Voltage
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CONNECTION DIAGRAM (MACH221SP-7/10/12/15)
Top View

Block C

100-Pin PQFP
Block A Block H
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[ 11/033
—_11/032
——_11/031

Block F

— N
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——1TMS
C__1GND

——1GND

L

Block D Block E 14051K-026
PIN DESIGNATIONS
I/CLK = Input or Clock TDI = Test Data In
GND = Ground TCK = Test Clock
I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out
Vcc = Supply Voltage
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CONNECTION DIAGRAM (MACH231-6/7/10/12/15)

Top View

1/08
1109
11010
11011
/012
/013
/014
11015
CLKg/lp
vee
GND
CLK1/14
11016
11017
/018
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1/020
11021
11022
1/023
GND

Block B

Block C

84-Pin PLCC

Block E

Block G

Block F

14051K-027

PIN DESIGNATIONS

CLK/I = Clock or Input
GND = Ground

I = Input

I/O = Input/Output
Vece = Supply Voltage
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CONNECTION DIAGRAM (MACH231SP-10/12/15)
Top View
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(%]

14051K-028

PIN DESIGNATIONS

I/CLK
GND
I

/0

Vee

Input or Clock
Ground

Input
Input/Output
Supply Voltage

TDI = Test Data In
TCK = Test Clock

TMS = Test Mode Select
TDO = Test Data Out
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CONNECTION DIAGRAM (MACH231SP-10/12/15)
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Block D

14051K-029

PIN DESIGNATIONS

CLK/I = Clock or Input TDI = Test Data In
GND = Ground TCK = Test Clock

I = Input TMS = Test Mode Select
I/O = Input/Output TDO = Test Data Out
Vce = Supply Voltage
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ORDERING INFORMATION

Vantis programmable logic products are available with several ordering options. The order number (Valid Combination) is formed
by a combination of:

MACH 131 sP 5 Y C

- T T
FAMILY TYPE ‘L PROGRAMMING DESIGNATOR
MACH = Macro Array CMOS High-Density Blank = Initial Algorithm E
/1 = First Revision N
X
MACROCELL DENSITY OPERATING CONDITIONS g
111 = 32 Macrocells, 32 1/Os C = Commercial (0°C to +70°C) ;
131 = 64 Macrocells, 64 I/Os 1 = Industrial (-40°C to +85°C) o
211 = 64 Macrocells, 32 I/Os v
221 = 96 Macrocells, 48 1/Os PACKAGE TYPE
231 = 128 Macrocells, 64 1/Os J = Plastic Leaded Chip Carrier
(PLCO)
PRODUCT DESIGNATION V = Thin Quad Flat Pack (TQFP)
SP = JTAG-compatible, In-system Programmable Y = Plastic Quad Flat Pack (PQFP)
SPEED
-5 =5.00r5.5ns tpp
-6 =6.0ns tpp
-7 =7.5ns tpp
-10 =10 ns tpp
412 =12 1s tpp
-14 =14ns tpp
-15 =15ns tpp
-18 =181s tpp
Valid Combinations - Commercial Valid Combinations - Industrial
MACH111 -5,-7,-10,-12, -15 JG, VC MACH111 -7,-10,-12,-14, -18 I
MACH111SP -5,-7,-10, -12, -15 Jc,ve MACH111SP -7,-10, -12, -14, -18 -
MACH131 -5,-7,-10,-12, -15 Jjan MACH131 -7,-10,-12, -14, -18 m
MACH131SP -5,-7,-10,-12, -15 VG, YC MACH131SP -7,-10,-12, -14, -18 Y1
MACH211 -7,-10,-12,-15 jc, V¢ MACH211 -10, -12, -14,-18 I
MACH211SP -6,-7,-10, 12, -15 Jc,ve MACH211SP -10, -12, -14, -18 I
MACH221 -7,-10,-12,-15 JC MACH221 -10,-12,-14,-18 N
MACH221SP -7,-10, 12, -15 YC MACH221SP -10,-12, -14, -18 YI
6,-7 jC MACH231 -12,-14,-18 1
MACH231
-10,-12,-15 jon MACH231SP 12, -14,-18 bl
MACH231SP -10,-12,-15 V¢, YC
Valid Combinations
The Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local Vantis
sales office to confirm availability of specific valid
combinations and to check on newly released combinations.
Note:

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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VEEEE 1 reca pamily

| BEYOND PERFORMANCE

FEATURES AND BENEFITS

L 4

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

— Intelgrates 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 I/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/Q Issue Date: November 1998
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i PRELIMINARY

¢ High-speed embedded dual-port memory simplifies the implementation of on-chip FIFOs and

— 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 5V I/O levels
— Programmable slew rates reduce output signal over/under shoot
— Three-state control for /0 bus interconnections allow multiplexing on long interconnect lines
— PCl-compatible I/Os, coupled with optional 33MHz and 66MHz PCl buffers, allow easy
interfacing to PCl 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/O 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 5ns 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 1/0s 168 216 . 240 288
Maximum 1/0 flip-flops 336 432 480 576

Table 2. Package Types and Total I/0 Pins (including clock pins)

Packages VF1012 VF1020 VF1025 VF1036
352 BGA 244 292
256 BGA 172 208 208 208
208 PQFP 168 168 168 168
160 PQFP 128 128

144 TQFP 112
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OPERATIONAL DESCRIPTION

The Vantis VF1 FPGA family offers FPGA designers a level of performance that was once available
only to ASIC gate array designers. The VF1’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 (VLD and from 3.6K to 6.1K 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 Vantis VF1
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 Vantis design methodology employs third-party HDL design tools
coupled with Vantis’ physical mapping and layout software.

The VF1 overview that follows describes a new, sophisticated FPGA architecture that includes a
rich set of building blocks and interconnect resources. The VF1 family is manufactured in a state-
of-the-art deep-submicron 0.18-micron (Legfecrive) 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.
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Variable-Grain-Architecture

The VF1 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 I/0 Block (I0B). The highest
level building block in the VF1 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 (LUTSs) 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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VE1 FPGA
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VGB Block loB
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Widse n
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VF1ds-001
Figure 1. VF1 Family Architecture Hierarchy

A VF1 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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Figure 2. VF1 FPGA Architecture (VF1025 Shown)
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A VGB in a VF1 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 VF1 architecture, starting at the CBB level and moving up the
hierarchy.

cBB

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
-
—
)
- > 3
)
>
L
Variable Variable Q
Length Length 3
Interconnact Interconnact VF1ds-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 VF1 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.

3LUT

Feedthrough

. VF1ds-004
Figure 4. Configurable Combinatorial Element (CCE)
Note:

A Cin a mux block indicates that the block’s function is set by the VF1 configuration bitstream and is not a logical block that can
be controlled dynamically
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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.

INPUT 0.
INPUT 4
NPUT 2

weurs B

VF1ds-047

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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Carry Logic : : i ~1+—3 Direct
3MLUT ! -
5LUT or BLUTWG
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LFB €
LFB <€
Feedthrough

P

VF1ds-048

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.

Both the register clock (CLK) and the set/reset signal (S5/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 V. 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 VF1 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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Figure 7. Variable-Grain-Block (VGB)

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 S5LUT, 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.

VF1ds-010

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 5LUT 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.

VF1ds-011

Figure 11. Decoding 16-Input Function Using Wide Gating Logic

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.

Super VGB

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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- = VF1ds-012
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 Vantis VF1 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/O blocks, therefore longer routing resources are
needed.

The VF1 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 VF1
family interconnect methodology allows Vantis’ 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 VF1 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.
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Figure 13. Local Feedback
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Inter-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 VF1 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.

QVGB Direct Output @ VGB Direct Input

VF1ds-014

Figure 14. Inter-VGB Direct Connect

Only two direct-connect routes are shown in Figure 14, but every CBB in every VGB has 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 VF1 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 VGBs (two Super VGBs) both horizontally and vertically.

¢ Double (or Twin) Connect: 8 lines span 2 VGBs both horizontally and vertically.

NN ooy el-Ao}

[CRCN -l ol ol o]

VF1ds-015
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LL LLOQDD DDQOL L L L

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 VF1 FPGA

Vantis’ 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).

VF1ds-016

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.
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VF1ds-017

Figure 17. Carry Routing Between VGBs

Embedded Memory

Every VF1 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.
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Specific memory structures are created by the Vantis 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 VF1 FPGA family member.

Table 3. VF1 Embedded Memory Capacity

VF1012 VF1020 VF1025 VF1036
VGB Array Size 14x 14 18x 18 20x20 24x 24
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 “VF1 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.

> Long Lines (16)
b Octal Lines (4)
Quad Lines (4)
Double: Lines (8)

Dedicated
SRAM Bus

Global
Interconnect

{1)Read/Write Data
¢onnects to Long
Lines

(2) Enabie Connects to.
Long, Qetal, Quad, &
Double Lings

{3) Read Data
Connects to'Long,

Octal, Quad, & Double:
Lines

R R L

Quad
Lines (32) |

Lomjg Global
Lines(tg) Glocks () VF1ds-019
Figure 19. VF1 Dual-port SRAM Routing Resources

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 VF1 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 “VF1 Dual-Port
SRAM Architecture and Timing” Technical Note.
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Figure 20. Single-Port Synchronous Read/Write
Note:
Diagram only represents bebavior and not physical implementation
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Figure 21. Single-Port Synchronous Write/Asynchronous Read
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Figure 22. Single-Port Synchronous Write/Asynchronous Read, Registered Read Address
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Figure 23. Dual-Port Synchronous Read/Write
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Figure 24. Dual-Port Synchronous Write/Asynchronous Read
1)
T Write Pulse
Generator 4/
WEN @ L/4 #—® WRDATA
WRCLK @ >
4
WHDATAO—E} A
*—D
5
N
 WRAD P
57
A
ADDRCLK @i >
4 .
cane 57 . RDATA
7
REN® VF1ds-025

Figure 25. Dual-Port Synchronous Write/Asynchronous Read, Registered Read Address
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Figure 26. Synchronous Write Timing
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Figure 27. Synchronous Read 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 VF1
FPGA and the remainder of the system in which the device is installed. IOBs support input and
output functions, and interface the VF1 FPGA to both 3.3V and 5V I/O 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 I/O pad and common Set/Reset logic. The common Set/Reset signal
is either the VF1 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.

@ Local
Global ommon | Set/Reset VLILand
-_— Set/Reset »| Set orReser |4 Direct Connect:

. . . 4 VF1ds-030
Figure 30. VF1 Input/Output Block (I10B)

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

VF1 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 V., disabled by tying to GND, or dynamically controlled via a locally-generated signal. Other
connections are established when the VF1 FPGA is configured. Connections are described in more
detail following the IOB output description.
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Figure 31. VF1 Input/Output Block

VF1ds-031

Note:
Edge-Connect input bas polarity control

The IOB output section includes programmable interconnections from the VF1 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 V. or GND, or controlled dynamically by a locally-
generated enable signal.
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Figure 32. VF11/O Buffer

The VF1 I/O 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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Edge Connect

110 Shift Connect

L
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Direct Connect VF1ds-033
-

Figure 33. 0B 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 VF1 FPGA to be connected to
I0Bs. 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 VF1 FPGA family a very powerful pin-locking capability when a design
moves a design to either a higher or lower density VF1 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 VF1 FPGA.
These are the fastest connections between logic elements and I/O 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
VF1 FPGA) are used to implement input NOR functions on IOB inputs.
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Global Interconnect and PLL

Global signals in the VF1 family include four global clocks and a global set/reset function
(Figure 34). The Set/Reset signal input is at one corner of the VF1 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.
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cLK JEL CLK

VF1ds-034
Figure 34. VF1 Global Interconnect

All four global clocks have individual clock trees that distribute them throughout the VF1 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 VF1 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 VLI VF1ds-035
Figure 35. Global Clocks and PLL
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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).

Chip A Chip B

@ 1 01 0 0
7l BE &

System
Clock
Normal Clock Skew Situation
Chip A
i ]
PLL . 1

System

Clock
PLLs Minimize Clock Skew Between Chips

VF1ds-036
Figure 36. Deskewing Clocks with PLLs

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
Symbol ) Parameter Min Max Unit Output Frequency
tRISE Input clock rise time 5 ns
tRALL Input fall time 5 ns
fNDUTY 40 60 %
Ferxa Input Clock Frequency with multiplication factor of 1 30 150 MHz 30 to 150 MHz
Feuka Input Clock Frequency with multiplication factor of 2 16 100 MHz 32 to 200 MHz
Foixs Input Clock Frequency with multiplication factor of 3 16 66 MHz 48 to 198 MHz
{INCLKSTB Input Clock Stability (between adjacent clocks) 100 ps
tLock Time for PLL to acquire lock 30 s
. Total jitter on PLL output (both accumulated and phase-to-phase 500 s
TOTJITTER measures as peak-to-peak) P
touTDUTY Duty cycle for PLL output 40 60 %

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 VF1 FPGA.

Table 4 lists the PLL operating conditions.

As shown in Table 4 (see t| ock signal), the PLL will acquire a lock on the reference clock within
30 ps, 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 ps or to test the LOCK signal to assure that the PLL has
acquired a lock.

Global Set/Reset

The VF1 global set/reset signal (Figure 38) may be generated externally and applied to the VF1
FPGA via the Global Set/Reset input pin, of it may be generated within the VF1 FPGA. In addition,
the polarity of the set/reset signal may be selected. Both of these conditions are determined at
configuration time.

GSR
Pad

GSR
Tree

From VLI VF1ds-038
Figure 38. Global Set/Reset

Design Methodology

Complex systems with greater than 10K 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 Vantis 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 Vantis tools in an EDIF file format. Some third-party tools can provide timing constraint
files for use by the Vantis tools.

¢ Design implementation using Vantis 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 VF1 FPGAs via the JTAG port or the dedicated program-
ming port.
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The Vantis 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 VGB level.

HDL Capture and H
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— i

» Logic Si
Schematic and
Entry —> Timing analysis

3rd Party Design Tools

Vantis Design Environment

...... » DataFlow ——3  Design Flow W VF1ds-039
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Figure 39. Vantis Design Methodology

Vantis design environment tools are timing driven, using timing constraint files that are provided
by the third-party front-end tools (Figure 40). The Vantis 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 VF1 FPGA during configuration.
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Configuration:
Bitstream

. VF1ds-040
Figure 40. DesignDirect Inputs and Outputs

Detailed descriptions of the Vantis design methodology and tools are found in the Design
Methodology Users Manual on the software CD-ROM.

JTAG Compatibility

VF1 family FPGA products are fully compliant with JTAG 1149.1. They implement the following
standard JTAG instructions:

BYPASS
SAMPLE/PRELOAD
EXTEST

HIGHZ
USERCODE
IDCODE

¢ INTEST

In addition, they implement three non-standard instructions that are used for configuring the VF1
FPGAs through the JTAG port. These instructions are described in the Configuration modes section
that follows.

*® & & O o 0

Configuration Modes

The VF1 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,
VF1 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 VF7 Configuration Guide Technical Note. The Vantis VCM
SPROM data sheet describes the companion SPROM.

VF1 Host System or
FPGA SPROM

VF1ds-041
Figure 41. Configuring a VF1 FPGA

The VF1 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 VF1 automatically loads its configuration data from an external serial
PROM.

¢ Slave serial mode. When two or more VF1 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.
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¢ Asynchronous peripheral mode. A host device provides configuration data a byte at a time
in parallel to the VF1 FPGA. The VF1 FPGA serializes the data internally for loading.

¢ Synchronous peripheral mode. A host device provides the load clock to the VF1 FPGA and
provides byte-wide configuration data on every eighth clock pulse.

¢ JTAG mode. The VF1 FPGA configuration data is loaded via the JTAG 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 1 1 1
Synchronous Peripheral 0 1 1
Asynchronous Peripheral 1 0 1
JTAG 0 0 1

Modes are described briefly below. The Technical Note VF1 Configuration Guide provides
comprehensive guidelines.

With the exception of the pins directly involved in configuration, all VF1 I/O pins are in three-state
mode during configuration. Following configuration the state of the I/O pins is determined by the
configuration pattern. Table 5 lists the pins that are used by the various configuration modes.
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Table 6. Pins Used in Configuration Modes

PRELIMINARY

Synchronous Asynchronous
Master Serial Slave Serial Peripheral Peripheral JTAG User Operation
MO () MO () Mo (1) MO () MO (1) (I/0)/RTRIG
M1 (D M1 () M1 (1) Ml () M1 (1) (I/0)/RDO
M2 (D M2 (D) M2 (D) M2 (D) M2 (1) (1/0)
/PROGRAM (1) /PROGRAM (1) /PROGRAM (D) /PROGRAM (1) /PROGRAM (D) /PROGRAM (I)
/INIT (OD) /INIT (OD) /INIT (OD) /INIT (OD) /INIT (OD) o)
DONE (0D) DONE (OD) DONE (OD) DONE (OD) DONE (0D) DONE (0D)
HDC (0) HIC (0) HLC (0) HIC (0) o)
/IDC (0) /1DC (0) /IDC (0) /LDC (0) v0)
CCIK (0) CCLK (I) CCLK () CCLK (0) CCLK (D)
DI (1) DI (1) DI (I) TDI () TDI () TDI ()
TCLK (I) TCLK () TCLK () TCLK (I) TCLK (1) TCLK ()
| ™S (I) ™S (I) ™S (1) ™S () ™S (1) ™S (1)
DO (0) DO (0) TDO (0) DO (0) DO (0) TDO (0)
DOUT (0) DOUT (0) DOUT (0) DOUT (0) 10)
DINO () DINO () DINO (1) DINO () 10)
DIN1 (1) DIN1 () 1/0)
| DIN2 (1) DIN2 (D /0)
| DIN3 (1) DIN3 () (/0)
DIN4 (1) DIN4 (1) 1/0)
DIN5 (D) DINS (D) 0)
DING (I) DING () 10)
DIN7 () DIN7 (1) 1/0)
RDY/(/BUSY) (0) RDY/(/BUSY) (0) (1/0)
/€S0 (D (/0)
Cs1 (D (v0)
/WS (1) (/0)
/RS () o)
Notes:
I = Input
O = Output

OD = Open Drain
VO = Imput/Output
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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

HDC

/LDC

CCLK

TDI, TCLK, TMS, TDO
DOUT

DINO-7

RDY/(/BUSY)

/€S0, CS1, /WS, RS

Three multiplexed I/O 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 M1 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 I/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 /INIT when /PROGRAM is high indicates initialization is not complete
and the device is not ready to receive data for configuration. Tying all the /INIT 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 /INIT 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 /Os will be enabled. For non-JTAG configuration modes, enabling of all the I/0s
in different devices can be synchronized by tying all the DONE pins together.

A multiplexed I/0 status pin that is Low During Configuration.
A multiplexed /O status pin that is Low During Configuration.

A dedicated I/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 VF1 FPGAs. In the Slave mode and Synchronous Peripheral mode, this pin receives a
clock from the Master VF1 FPGA or from a host source.

TDI, TCLK, and TMS are dedicated input pins; TDO is a dedicated output pin. These pins are used for JTAG boundary scan
functions and for programming VF1 FPGAs in JTAG mode.

A multiplexed I/ pin to pass configuration data from the first VF1 FPGA in a chain to subsequent devices. During
configuration, this is an output pin for sending DIN data to daisy-chained devices.

Seven multiplexed I/0 pins for byte-wide data input. During Synchronous and Asynchronous Peripheral modes, these input pins
receive parallel configuration data.

A multiplexed /O Ready or Busy status pin. This pin indicates when it is appropriate to write another byte of data into the VF1
FPGA during Peripheral mode configuration. In Asynchronous peripheral mode, the pin is high (RDY) when the VF1 is ready to receive
data, and it is low (/BUSY) when the VF1 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.

Multiplexed /O pins. These four inputs are used in Asynchronous Peripheral mode. The chip is selected when /CS0 is low and CS1
is high. While the chip is selected, a low on /WS loads the data on DIN [0:7] into the internal data register. Alow on /RS changes DIN7
into a status pin that outputs the same signal as the RDY/(/BUSY) pin.
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VF1 MASTER
2 8 vceMm
DIN 0-7 SDATA
CCLK SCLK
DONE [ CASOUT
—» PR AM INIT OE/RESET VF1ds-042

Figure 42. Master Serial Mode

Master Serial Mode

In Master serial mode, configuration data is loaded automatically from a serial PROM into the VF1
FPGA (Figure 42). On power-up, or when a PROGRAM command is received, both the /INIT signal
and the DONE signal from the VF1 FPGA go low, generating /CE and /RESET signals to the serial
EEPROM.

The /INIT signal goes high, enabling the output of the EEPROM. The VF1 FPGA generates the
configuration clock, CCLK, and applies it to the EEPROM. CCLK clocks the conﬁguranon data out
of the EEPROM and clocks it into the VF1 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 VF1 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 VF1 FPGAs are configured in a daisy chain
(Figure 43). In Figure 43 first VF1 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 VF1 FPGA generates the CCLK
configuration clock for all devices in the chain as well as for the SPROMs.
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Vee

MO M1 M2 g MO M1 M2 Vee Vee
— DOUT —— DOUT ? 7
VF1 SLAVE VF1 MASTER
SPROM 1
DIN | DIN SDATA
CCLK CCLK SCLK
DONE |— DONE Ccs CASOUT |—
PROGRAM PROGRAM INIT |— || »| PROGRAM INIT OE/RESET
SPROM 2
Vee L1 sDATA
Ly! SCLK
MO M1 M2 —»| CS CASOUT
DOUT OE/RESET
VF1 SLAVE
DIN |«
CCLK
DCT VF1ds-043
L—» PROGRAM  INIT |-

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 VF1 FPGAs
in the chain have been configured.

Figure 43 shows VF1 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 VF1 FPGAs configured
in Synchronous or Asynchronous peripheral modes, or when a host system configures a VF1 FPGA
directly in serial mode.

Asynchronous Peripheral Mode

Asynchronous Peripheral mode is used to load one or more VF1 FPGAs with byte-wide data from
a microprocessor bus (Figure 44). The VF1 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 /CS0O being low and /RS and /CS1 being high. Chip select signals can be
cycled or maintajned at a static level during the configuration process. Each byte of data is written
into the VF1 FPGA’s DIN [7:0] input pins.
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Vee Vec
o 0

VF1 ws
ASYNCHRONOUS
PERIPHERAL

DIN 0-7
DONE

INIT
RDY/BUSY
PROGRAM

Host System

DOUT CCLK

A
DINO CCLK
DONE|—

LAVI —
VF1 SLAVE INIT

RAM VF1ds-044

Figure 44. Asynchronous Peripheral Mode

When two or more VF1 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/(/BUSY) status output indicates when another byte can be loaded from the host system.
A high indicates that the VF1 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/(/BUSY) 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 VF1 FPGA’s CCLK pin
(Figure 45). The first data byte is clocked into the VF1 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/(/BUSY) 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 VF1 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 VF1 FPGA loads data on the next rising edge.

JTAG Mode

In JTAG mode, VF1 FPGAs are configured using the JTAG pins TCLK, TMS TDI, and TDO. Three
additional JTAG instructions support JTAG configuration mode:

¢ PROG_MODE. This instruction places the VF1 FPGA in programming mode.

¢ PROGRAM. Once the VF1 FPGA is in programming mode, this instruction shifts configuration
data into the VF1 FPGA.

+ 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 VF1 FPGA or devices and
supplies configuration data. The host also provides the configuration clock.
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Figure 46. JTAG Mode

VF1ds-046

If two or more VF1 FPGAs are to be configured, they are arranged in a daisy chain with all devices
selected for JTAG 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 the host are applied to all VF1 FPGAs in parallel.

In-System Programming

A VF1 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 Vantis VF1 family, the program may also be loaded through
the JTAG 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 VF1 FPGA. The microprocessor can configure the VF1 FPGA using host-driven Slave
mode, Asynchronous Peripheral mode, Synchronous Peripheral mode, or JTAG mode. In most
applications, JTAG mode will be used.

Using a host microprocessor to load the VF1 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 VF1 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 VF1 FPGAs as needed.

Core Program

Vantis plans to offer high-value, reusable cores as part of its VF1 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

Vantis VF1 Series FPGAs

VF_ 1 036 _A M AH C 1
B

VANTIS FPGA | ‘[
FAMILY SPEED
1 = 1000 sereis family 1 = Speed grade 1 (Slowest)
2 = Speed grade 2
GATE COUNT
012 = 12K OPERATING CONDITIONS
020 = 20K C = Commercial (0°C to +70°C)
025 = 25K I = Industrial (-40 °C to +85 °C)
036 = 36K L PACKAGE TYPE
SUPPLY VOLTAGE Ball Grid Array (BGA)
A =33V AH = 256, AM= 352
Plastic Quad Flat Pack (PQFP)
EMBEDDED FUNCTION_ YO = 160, YS=208, YT=240
M = Memory ' Thin Quad Flat Pack (TQFP)
VN =144
TECHNICAL SPECIFICATIONS

The following pages contain preliminary technical specifications for the VF1 family.
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

0°C to +70°C

+3.0Vto+3.6V

Storage Temperature. . .. .......... -65°C to +150°C Ambient Temperature (T,) Operating
Device Junction Temperature ............... +120°C inFree Ar .................ln
Supply Voltage with Respect to Supply Voltage (Vo) with
Ground ................ . ... ... -0.5Vto+4.0V Respect to Ground. .. ...........
Note:

DC Input Voltage . ................. 0555V

) an.l otage 51055 Operating ranges define those limits between which the func-
Static Discharge Voltage ... .............. 2000 V tionality of the device is guaranteed.
Latchup Current (0°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 f
Parameter Parameter Description Min Max Unit 3
Vi Input High Voltage 2.0 v Q
Vi Input Low Voltage 0.8 v Py
. Input High Leakage Current (Vin = Max Vg = 3.6V) 100 A 3.
I Input Low Leakage Current (Vin = 0V) -10.0 PA =
Iz Input High Leakage Current with Pull Up (Vin = Max Vg=3.6V) 10.0 PA
T2 Input Low Leakage Current with Pull Up (Vin = OV) -100.0 PA
I3 Input High Leakage Current with Bus Friendly (Vin = Max Vc=3.6V) 10.0 PA
Iys Input Low Leakage Current with Bus Friendly (Vin = 0V) -10.0 pA
Von Output High Voltage @ Ig; = -4.0mA (IVTTL) (Ve = 3.0V) 2.4 v
Output High Voltage @ Toy = -500u (IVCMOS) (Vg = 3.0V) 0.9Vee v
Vor Output Low Voltage @ Iy, = 12.0mA (IVTTL) (Vg = 3.0V) 0.4 v
Output Low Voltage @ I = 1.5mA (LVCMOS) (V¢ = 3.0V) 0.1V v
Tozat Off State Output Leakage with Bus High 10.0 PA
Tozi1 Off State Output Leakage with Bus Low -10.0 PA
Tozaz Off State Output Leakage with Bus High (Pull Up) (Note 1) 10.0 A
Toziz Off State Output Leakage with Bus Low (Pull Up) (Note 1) -100.0 PA
Tozms Off State Output Leakage with Bus High (Bus Friendly) 10.0 PA
Tons Off State Output Leakage with Bus Low (Bus Friendly) -10.0 PA
Isc Output Short Circuit Current (Vout = 0.5V) (V¢ = Max Vi = 3.6V) 300.0 mA
Slee Standby Supply Current (Nominal Vi) 6.0 mA
Notes:
1. JTAG and dedicated configuration pins bave only Pull Up option.
2. Usage of PLL adds 20mA per PLL to the dynamic I¢c.
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AC CHARACTERISTICS

The following tables contain preliminary AC timing parameters for the VF1 FPGA family. It is
recommended that the timing analysis tools in Vantis’ 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 Vantis Web site (www.vantis.com).

Input AC Parameters

IOB General Input Delays

Parameter Parameter Description Test Conditions -1 -2 Unit
ty 10B Standard Input Delay 0.9 0.7 ns
tivsL 10B Transparent Input Latch Delay without Delay 15 12 ns
KD 10B Transparent Input Latch Delay with Delay 10B to Direct Connect to CBB 4LUT 6.4 53 ns
tiEs . Input Long Line Enable Time k ) 18 15 ns
tiiER Input Long Line Disable Time 24 2.0 ns

IOB Input Set/Reset Delays

Parameter Parameter Description -1 -2 Unit
tisRGo 10B Input Register (Latch) Global Set/Reset => Interconnect Lines 1.5 1.2 ns
tSRLO 10B Input Register (Latch) Local Set/Reset => Interconnect Lines 2.4 2.0 ns
tSRGREC 10B Input Register (Latch) Global Set/Reset Recovery Time . 0.5 0.4 ns
YSRLREC T0B Input Register (Latch) Local Set/Reset Recovery Time 1.0 0.8 ns

IOB Input Register (Latch) Global Clock (Gate) Delays

Parameter Parameter Description -1 -2 Unit
tiRiGS 10B Input Register (Latch) Global Clock (Gate) Setup Time Without Delay 00 0.0 ns
tRIGH 10B Input Register (Latch) Global Clock (Gate) Hold Time Without Delay 0.8 0.6 ns
tRLGSD 10B Input Register (Latch) Global Clock (Gate) Setup Time With Delay 5.0 4.1 ns
YRLGHD 10B Input Register (Latch) Global Clock (Gate) Hold Time With Delay 0.0 0.0 ns
tRLGCO 10B Input Register (Latch) Global Clock (Gate) =¥ Interconnect Lines 18 1.5 ns
HRLGCES 10B Input Register (Latch) Global Clock Enable Setup Time 0.9 0.7 ns
HRLGCEH 10B Input Register (Latch) Global Clock Enable Hold Time 0.0 0.0 ns

I0OB Input Register (Latch) Local Clock (Gate) Delays

Parameter Parameter Description -1 -2 Unit
tRILS 10B Input Register (Latch) Local Clock (Gate) Setup Time Without Delay 0.0 0.0 ns
bR 10B Input Register (Latch) Local Clock (Gate) Hold Time Without Delay 1.8 15 ns
tRLLSD I0B Input Register (Latch) Local Clock (Gate) Setup Time With Delay 40 3.3 ns
HRULHD 10B Input Register (Latch) Local Clock (Gate) Hold Time With Delay 0.0 0.0 ns
tRILCO 10B Input Register (Latch) Local Clock (Gate) => Interconnect Lines 2.8 23 ns
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I0B Input Register (Latch) Local Clock (Gate) Delays (Continued)

Parameter Parameter Description -1 -2 Unit
YRLLCES 10B Input Register (Latch) Local Clock Enable Setup Time 0.0 0.0 ns
YRLLCEH 10B Input Register (Latch) Local Clock Enable Hold Time 0.8 0.6 ns

Output AC Parameters

IOB General Output Delays

Parameter Parameter Description Test Conditions -1 -2 Unit
tour 10B Standard Output Delay to Pad 40 33 ns
torA Output Buffer Enable Time 4.5 3.7 ns
CBB 4LUT Direct Connect to I0OB
toEr Output Buffer Disable Time 6.2 5.1 ns
tsiw Output Buffer Slow Slew Rate Adder 1.8 1.5 s
<
10B Output Set/Reset Delays A
Parameter Parameter Description -1 -2 Unit g
tORSRGO 10B Output Register Global Set/Reset > Pad 41 3.4 ns b
toRskL0 10B Output Register Local Set/Reset => Pad 5.1 42 ns n;a"
tORGREC 10B Output Register Global Set/Reset Recovery Time 0.5 0.4 ns =
tORLREC 10B Output Register Local Set/Reset Recovery Time 10 0.8 ns

I10B Output Register Global Clock Delays

Parameter Parameter Description -1 -2 Unit
torgs T0B Output Register Global Clock Setup Time ) 0.4 0.3 ns
toRGH I0B Output Register Global Clock Hold Time ‘ 0.4 0.3 s
toreCo 10B Output Register Global Clock > Pad 4.5 3.7 ns
tORGCES 10B Output Register Global Clock Enable Setup Time 1.0 0.8 ns
tORGCER 10B Output Register Global Clock Enable Hold Time 0.0 0.0 ns

10B Output Register Local Clock Delays

Parameter Parameter Description -1 -2 Unit
toRLS 10B Output Register Local Clock Setup Time 0.0 0.0 ns
torLH 10B Output Register Local Clock Hold Time 14 11 ns
torICO 10B Output Register Local Clock = Pad 5.4 45 ns
tORICES 10B Output Register Local Clock Enable Setup Time 0.0 0.0 ns
{ORLCEH 10B Output Register Local Clock Enable Hold Time 038 0.6 ns
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CBB AC Parameters

Combinatorial Configurable Building Block (CBB) Delays
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Parameter Parameter Description Test Conditions -1 -2 Unit
tapur CBB Input <> LUT => CBB Output (3-LUT) 22 18 ns
ot CBB Input => LUT => CBB Output (4-LUT) 3.2 2.6 ns
tsyor CBB Input > LUT -> CBB Output (5-LUT) 10B to Direct Connect to CBB to Direct 36 3.0 ns
tr CBB Input = LUT > CBB Output (6-LUT) Connect to I0B 58 48 s
twg CBB Input > LUT => CBB Output (Wide Gate) 41 3.4 ns
tygp CBB 3LUT Feedthrough 2.1 17 ns

Registered Configurable Building Block (CBB) VGB Global Clock Delays

Parameter Parameter Description -1 -2 Unit
t3Lut6s CBB Input => VGB Global Clock Setup Time (3-LUT) 1.2 1.0 ns
t4utes CBB Input => VGB Global Clock Setup Time (4-LUT) 22 1.8 ns
tsrures CBB Input => VGB Global Clock Setup Time (5-LUT) 26 2.1 ns
teLuTes CBB Input => VGB Global Clock Setup Time (6-LUT) 47 3.9 ns
twees CBB Input => VGB Global Clock Setup Time (Wide Gate) 3.0 2.5 ns
t3puren CBB Input > VGB Global Clock Hold Time (3-LUT) 0.0 0.0 ns
t4ruTeH CBB Input <> VGB Global Clock Hold Time (4-LUT) 0.0 0.0 ns
tspuTen CBB Input => VGB Global Clock Hold Time (5-LUT) 0.0 0.0 ns
teLUTGH CBB Input => VGB Global Clock Hold Time (6-LUT) 0.0 0.0 ns
tweeh CBB Input > VGB Global Clock Hold Time (Wide Gate) 0.0 0.0 ns
tyeco VGB Global Clock > CBB Output 18 15 ns
tyGCES VGB Global Clock Enable Setup Time 0.5 0.4 ns
tvGCEH VGB Global Clock Enable Hold Time 0.4 03. ns
tyesR VGB Global Set/Reset = CBB Output 14 11 1s
tyGREC VGB Global Set/Reset Recovery Time 0.3 0.2 ns

Super VGB Control Signals

Parameter Parameter Description -1 -2 Unit
typp VGB Feedthrough 11 0.9 ns
tspEA Shared Driver Enable Time 2.4 2