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ispLSI and pLSI Product Index

Density
Part # Pins (PLD Tpd (ns) Fmax (MHz) Description Page
Gates)
ispLSI / pLSI 1016E 44 2000 75,10 125, 100 64 Macrocell High-Density PLD 2-47
ispLSI/ pLSI 1016 44 2000 10, 12, 15, 20 110, 90, 80, 60 |64 Macrocell High-Density PLD 2-61
ispLSI/ pLSI 1024 68 4000 12, 15,20 90, 80, 60 96 Macrocell High-Density PLD 2-79
ispLSI / pLSI 1032E 84 6000 10, 12, 15 90, 80, 70 128 Macrocell High-Density PLD 2-95
ispLSI / pLSI 1032 84 6000 12, 15, 20 90, 80, 60 128 Macrocell High-Density PLD 2-111
ispLS!/ pLSI 1048E 128 8000 10, 15, 20 90, 70, 50 192 Macrocell High-Density PLD 2-129
ispLSI / pLSI 1048C 128 8000 16, 22 70, 50 192 Macrocell High-Density PLD 2-143
ispLSI/ pLSI 1048 120 - 8000 15,18, 24 80, 70, 50 192 Macrocell High-Density PLD 2-159
ispLSI / pLSI 2032 44 1000 5.5,7.5,10, 15 150, 135, 110, 80 | 32 Macrocell High-Density PLD 2-175
ispLSI / pLSI 2064 84 2000 75,10, 15 125, 100, 80 64 Macrocell High-Density PLD 2-191
ispLSI / pLSI 2096 128 4000 7.5,10, 15 125, 100, 80 96 Macrocell High-Density PLD 2-207
ispLSI/ pLSI 2128 160 6000 10, 15 100, 80 128 Macrocell High-Density PLD 2-221
ispLSI/ pLSI 2032LV 44 1000 10, 15 80, 60 3.3V 32 Macrocell High-Density PLD 2-235
ispLSI/ pLSI 3192 240 8000 10, 15 100, 70 192 Macrocell High-Density PLD 2-251
ispLSI / pLSI 3256 160 11000 15, 20 70, 50 256 Macrocell High-Density PLD 2-267
192 Macrocell High-Density Cell-Based PLD

ispLSI/ pLSI 6192 208 25000 15, 20 70, 50 mi;l;g::icated Memory and Register/Counter | 2-287

GAL Product Index

Part # Pins Tpd (ns) Fmax (MHz) (mA) (1A) Description Page
GAL16LV8 20 | 355751015 | 2% ‘6%;500' 833, 70,65 — | 3.3V Ultra-Fast 20-Pin PLD 35
GAL16LVEZD | 20 15, 25 62.5, 416 55 100 | 3.3V Zero-Power 20-Pin PLD 327
GAL16V8ZZD | 20 12,15 833, 62.5 55 100 | Zero-Power 20-Pin PLD 345
GAL16V8 20 | 5,75 10,1525 | 166, 100,625, 41.6 115, 55, 90 — | Universal 20-Pin PLD 3-65
GAL16VP8 20 15, 25 80, 50 115 — | 64mA High Output Drive 16V8 389
GAL18V10 20 75,10,15,20 | 105, 90.9, 66.7, 62.5 115 — | 22v10 Subset 3107
GAL20RA10 24 | 75,10, 15, 20,30 | 83.3, 71.4, 50, 41.7, 25 100 — [ Asynchronous — 10 Prog. Clocks 3123
GAL20LV8 24 35,5,75 250, 166, 125 70 — |3:3V Ultra-Fast 24-Pin PLD 3139
GAL20LVBZD | 24 15, 25 62.5, 416 55 100 | 3.3V Zero-Power 24-Pin PLD 3157
GAL20V8ZIZD | 24 12,15 83.3, 62.5 55 100 | Zero-Power 24-Pin PLD 3175
GAL20V8 24 | 5,7510,15,25 | 166, 100,625, 41.7 115, 55, 90 — [ Universal 24-Pin PLD 3195
GAL20VP8 24 15, 25 80, 50 115 — | 64mA High Output Drive 20V8 3219
GAL20XV10 24 10, 15, 20 100, 833, 71.4 90 — | 24-Pin XOR PLD 3-237
GAL22LV10 24 | 4,575 10,15 | 250, 200, 125, 111, 83 130, 75 — |33V Ultra-Fast 22v10 3-251
GAL22V10 24 | 575101525 | 200100105833 | 150,55 89,130, | _ | yniversal 24-Pin PLD 3-269
ispGAL22vi0 | 28 75,10, 15 111, 105, 83.3 140 — | In-System Programmable 22v10 3289
GAL26CV12 28 75,10,15,20 | 142.8, 105, 83.3, 62.5 130 — | 22v10 Superset 3-303
GAL6001 24 30 27 150 — | FPLA Architecture 3-321
GAL6002 24 15, 20 75, 60 135 — | FPLA Architecture 3337

In-System Programmable Generic Digital Switch Product Index

Part # Pins Tpd (ns) Fmax (MHz) (::;) Description Page
ispGDS22/18/14 28/24/20 75 50 40 11x11/9x9 / 7x7 Programmable Switch Matrix 4-5




Thank you for your interest in Lattice Semiconductor Corporation’s
programmable logic products. Lattice Semiconductor offers the world’s
highest performance and broadest product line of high density and low
density CMOS PLDs.

This data book includes our industry leading ISP™ High Density PLDs and
industry standard GAL® product line. In addition, information on our
extensive line of software solutions is provided. Together, these innovative
products solve every application requirement.

Lattice Semiconductor, the worldwide leader in E2CMOS® and In-System
Programmable™ (ISP) PLDs, is committed to supplying you with the optimal
solution to all of your programmable logic requirements.

Si

Steven A. Laub
Vice President and General Manager
Lattice Semiconductor Corporation
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Introduction

Background

Through pioneering efforts in applying E2CMOS® tech-
nology to programmable logic, Lattice Semiconductor
Corporation (LSC) has established the GAL® family of
products as the industry standard worldwide. With the
introduction of the in-system programmable Large Scale
Integration (ispLSI®) devices and high-density program-
mable Large Scale Integration (pLSI®) devices, Lattice
Semiconductor has become the world’s largest supplier
of low-density CMOS PLDs and the fastest growing
supplier of high-density CMOS PLDs.

The Lattice Semiconductor Advantage

Time-to-Market

E2CMOS PLDs enable system designers to meet ever-
shrinking time-to-market constraints while avoiding the
significant development costs, lead times, and dedicated
inventories associated with traditional ASIC and bipolar
PLD solutions.

Flexibility

Programmable and reprogrammable devices enable fast
and easy modifications to system designs.

Product Differentiation

LSC’s programmable devices allow design engineers to
easily differentiate their end-product through proprietary
feature enhancements. This is particularly true when a
system utilizes the non-volatile ISP™ (In-System Pro-
grammable™) technology pioneered by LSC.

Figure 1.Five GAL devices replace virtually all bipolar
PAL devices.

GAL Devices
16v8
20v8
20RA10
20XV10
22v10
Bipolar Programmable Logic
10H8 14H4 16H2 16P2 16RP4  18P8 20L10*  20RP6
10L8 14H8 16H6 16P6 16RP6  18U8 20P8 20RP8
10P8 14L4 16H8 16P8 16RP8  20H2 20R4 20RA10
12H6 14L8 16L2 16R4 18H4 20H8 20R6 20X4"
12L6 14P4. 16L6 16R6 18L4 20L2 20R8 20X8"
12P6 14P8 16L8 16R8 18P4 20L8 20RP4  20X10°

22V10

* GAL20XV10 replaces 20L10, 20X10, 20X8 and 20X4

Inventory Reduction

A single standard part type can be used in multiple,
diverse applications. Just five GAL architectures replace
virtually all bipolar PAL® architectures (see Figure 1).

The Lattice Semiconductor PLD product offering can be
segmented into two strategic product thrusts:

Low Density: GAL Family

* 100 - 1,000 Gates

* The Highest Performance PLDs from Any
Supplier

¢ 3.3 and 5 Volt Options

 Superior Replacements for Bipolar and CMOS
PLD Architectures

» E2CMOS Low-Power, Quality and Reliability

* Broadest Range of PLD Architectures Offering
Features not Available in Other PLDs

* Pioneering Non-Volatile In-System
Programmability (ISP)

High Density: ispLSl and pLSI Families

¢ 1,000 - 25,000 Gates (World’s Largest)
* World’s Fastest High-Density PLDs
* 3.3V and 5 Volt Options

* Superior Architectures (Flexible, Predictable
Performance)

¢ Dedicated, On-Chip Memory (ispLSI and pLSI
6000)

» Pioneering Non-Volatile In-System Programmable
(ISP) Technology

* Comprehensive Portfolio of Development Tools

1996 Data Book




Introduction

Product Features

There are three fundamental features which LSC PLDs
share: E2CMOS technology, performance leadership
and innovation.

E2CMOS Technology

All GAL, ispLSI and pLSi devices are manufactured
using Lattice Semiconductor’s proprietary high-speed
UltraMOS® E2CMOS technology. LSC is unique among
“fab-less” companies in that the process technology
development is actually done by Lattice Semiconductor.
UltraMOS technology successfully combines the best
features of CMOS and NMOS process technology to
yield PLDs with the following key features:

* Industry Leading Performance

¢ High Logic Densities

* Low Power Consumption

* Non-Volatile, In-System Programmability
* Fast Erase and Reprogram Times

¢ 100% Full Parametric Testability

* 100% Programming and Functional Yields

Performance Leadership

LSC continues its long track record of producing the
fastest CMOS PLDs in the market. These industry-
leading high-performance products are typically available
to the market months ahead of any other PLD supplier.
As a result, LSC customers have always been able to
take full advantage of next generation microprocessor
speeds and bring out industry leading end-products of
their own, thus fueling their own success.

While speed continues to be a top priority, Lattice
Semiconductor has also introduced PLD families which
' address other logic design concerns such as 3.3 Volt
operation (GAL16/20LV8 and GAL22LV10), low power
(“Zero-Power” GAL16/20V8Z and GAL16/20V8ZD), high
output drive (GAL16/20VP8) and logic density
(GAL26CV12).

Innovation

The third, and perhaps the most important attribute of
Lattice Semiconductor’s products is technology and ar-
chitecturalinnovation. LSC’s mostfar-reachinginnovation
may have been the decision in 1984 to combine E2CMOS
technology with the PLD architecture when all other PLD
suppliers were offering UV erasable EPROM technology.

This marriage yielded the GAL product family —the “First
Revolution in PLD Design.”

LSC innovation also started the “Second Revolution in
PLD Design” with the introduction of the first non-volatile
in-system programmable high-density PLD family —
ispLSI and reinforced with the introduction of the
ispGAL22V10 and ispGDS families.

The ISP product families of ispLSI, ispGAL and ispGDS
devices dramatically impact system development and
manufacturing. LSC ISP solutions deliver:

Effortless Prototyping: Design iterations can be
downloaded directly to the ISP device soldered onto
the prototype board.

Reconfigurable Systems: A single generic board
can be “personalized” to one of many system con-
figurations at final board-level test.

Simplified Manufacturing: Eliminates all stand-
alone programming steps. Device programming can
be done as part of board-level testing. The result is
no misprogrammed devices, noinventory headaches
keeping track of patterned devices, and no PLD
rework costs.

No More Bent Leads: ISP technology also solves
the handling problems associated with high pin count,
fine pitch packages (PQFP, TQFP etc.). Program-
ming devices in-system eliminates bent leads and
unreliable solder joints.

Lattice Semiconductor, the leader in E2CMOS PLDs, is
committed to providing its customers with industry-lead-
ing programmable solutions. We realize that your system
design requirements and time-to-market pressures will
only get tougher in the future. LSC is committed to
supporting you with state-of-the-art products with the
performance, architecture, quality and reliability that sat-
isfy your requirements.

1996 Data Book
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Introduction to

ispLSI° and pLSI° Families

The ispLSI and pLSI Families

Lattice Semiconductor Corporation’s (LSC) in-system
programmable Large Scale Integration (ispLSI) and pro-
grammable Large Scale Integration (pLS!) families are
the logical choice for your next design project. They’re
the first programmable logic devices to combine the
performance and ease of use of PLDs with the density
and flexibility of FPGAs. And at 154 MHz system speed,
and up to 25,000 PLD gates, they're the world’s fastest
and highest density programmable logic devices!

There are five ispLS| and pLSI families to fit your specific
application needs. LSC’s premier ispLSI and pLSI 1000
family implements high integration functions such as
controllers, LANs and encoders at high speeds. The
second generation ispLSI| and pLSI 1000E family in-
creases in-system performance with enhanced logic
utilization. The high performance ispLSI and pLSI 2000
family with its large number of 1/Os handles timers and
counters, as well as timing critical interfaces to high
speed RISC/CISC microprocessors. The highest density
ispLSI and pLSI 3000 family integrates complete system
logic, DSP functions, and entire encryption or compres-
sion logic into a single package, while delivering superior
performance. Finally, the ispLSI and pLSI 6000 family
combines dedicated FIFO or RAM memory modules with
programmable logic in a cell-based architecture to yield
single-chip solutions to the most complex system design
problems.

The ispLSI family incorporates Lattice Semiconductor’s
innovative in-system programmable™ (ISP™) technol-
ogy. ISP technology allows for real-time programming,
less expensive manufacturing and end-user feature
reconfiguration.

Lattice Semiconductor’s ispLSl and pLSI Families

ispLSI and pLSI 1000 and 1000E:
The Premier High Density Families

0 125 MHz system performance
Q7.5 ns pin-to-pin delay (maximum)
Q 2,000-8,000 PLD gates

Q 44-pin to 128-pin packages

ispLSl and pLSI 2000:
Unparalleled System Performance

Q 154 MHz system performance (World’s Fastest!)
Q5.5 ns pin-to-pin delay (maximum)

Q 1,000-6,000 PLD gates

Q 44-pin to 176-pin packages

Q High I/O to logic ratio

ispLSI and pL.SI 3000:
Density with Performance

Q0 100 MHz system performance

0 10 ns pin-to-pin delay (maximum)

1 8,000-14,000 PLD gates

Q 208-pin to 240-pin packages

Q Boundary scan for enhanced testability

ispLSI and pLSli 6000:
Cell-Based Logic and Memory

Q 70 MHz system performance

Q 15 ns pin-to-pin delay (maximum)

0 25,000 PLD gates (including 4,000-bit dedicated
memory module and eight-bank register/counter
module)

Q 20 ns FIFO/single-port/dual-port memory options

Q 208-pin package

QO Boundary scan for enhanced testability

192 4

160+ ispLS! and pLSI
000 Series

Unparalleied
1/0s 128 4 o

Industry-

Product Line

| |Industry Standard
Low-Density PLD

Family

Ll ispLS! and pLSI
i 20 PSS 3000 Series

ispLSI and pLSI
1000/ Series

The Premier
High-Density

ispLSI and pLS}
6000 Series

Cell-Based
Logic and Memor

Density With
Pertormance

11000
Gates

L — T T T T

T T T T
192 256 320

Density (Macrocells)
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Introduction to ispLSI and pLSI

Family Overview

From registers to counters, multiplexers to complex state
machines, these families of high-density programmable
logic will address your high-performance system logic
needs.

Each device contains multiple Generic Logic Blocks
(GLBs) designed to maximize system flexibility and per-
formance. And a generous supply of registers and 1/O
cells provides the optimum balance of internal logic and
external connections. A global interconnect scheme ties
everything together, enabling high logic utilization.

ispLSI and pLSI Architecture

The ispLSI and pLSI architecture was constructed with
real system design requirements in mind. Figure 1
shows the representation of the ispLSI 3256 architecture.
This architecture provides the designer with the following
advantages:

Table 1. ispLSl and pLSI Family Attributes

ispLS! & pLSI 1000/E
Family

Density
(PLD Gates)

Speed:
Fmax (MHz)

Speed:
Tpd (ns)

Macrocells
Registers
Memory (Bits)
Inputs & 1/0s

Pins/Package

*Includes 8 x 16 Register/Counter Module

ispLSI & pLSI 2000
Family

Q High speed

Q Predictable performance

U Low power )

Q Flexible architecture

Q Easy to use

Q Design portability across all the families

Q Non-volatile in-system programmable (ispLSl)
Q Advanced Global Clock Network

Q Boundary Scan (3000 and 6000 families)

Q Built-in memory (6000 family)

The Global Routing Pool

Central to the ispLSl and pLSI architecture is the Global
Routing Pool (GRP), which connects all of the internal
logic and makes it available to the designer. The GRP
provides complete interconnectivity with fixed and pre-
dictable delays. This unique interconnect scheme

ispLSI & pLSI 3000
Family

ispLSI & pLSI 6000
Family

1/2/30002
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Introduction to ispLSI and pLSI

consistently provides high performance and allows ef-
fortless implementation of complex designs.

The Output Routing Pool (ORP)

The Output Routing Pool (ORP) is a unique ispLSI and
pLSI architectural feature which provides flexible con-
nections between the GLB outputs and the output pins.
Thisflexibility allows for “last minute” logic design changes
to be implemented without changing the external pin-out.

Generic Logic Block (GLB)

The key elementin the ispLSI and pLS| architecture is the
Generic Logic Block (GLB). This powerful logic block
provides a high input-to-output ratio for best logic effi-
ciency. The GLB (figure 2) used in the ispLSI and pLSI
1000/E and 2000 families feature 18 inputs which drive
anarray of 20 Product Terms (PTs). These product terms
feed four outputs which effectively handle both wide and
narrow gating functions. The ispLS! and pLSI 3000 family
utilizes a Twin GLB which delivers wider logic functional-

Figure 1. ispLSI 3256 Functional Block Diagram

ity. The Twin GLB accepts 24 inputs and feeds two arrays
of 20 Product Terms that ultimately drive two sets of four
outputs.

The architectural flexibility of the ispLSI and pLSI GLB,
combined with its optimum input-to-output ratio, allows
the GLB to implement virtually all 4-bit and 8-bit MSI
functions.

An additional element of architectural flexibility is the
Product Term Sharing Array (PTSA). The PTSA allows
the 20 PTs from the AND array to be shared with any and
all of the four GLB outputs. This ability to share PTs
between all of the four GLB outputs provides a highly
efficient means to implement complex state machines by
eliminating duplicate product term groups.

Each of the four outputs from the PTSA feeds into a
flexible Output Logic Macrocell (OLMC), consisting of a
D-type flip-flop with an Exclusive-OR gate on the input.
The OLMC allows each GLB output to be configured as
either combinatorial or registered. Combinatorial mode
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Introduction to ispLSI and pLSI

is available as AND-OR. or Exclusive-OR. Registered
mode is available as D, T or J-K.

Standard Configuration

O GLB outputs comprised of 4, 4, 5 and 7 product
The power of the GLB is further enhanced by a flexible terms
clock distribution network. This network provides a choice 0
of clock signals to each GLB: global synchronous clock
signals or internally generated asynchronous product

term clock signals.

The PTSA can combine up to 20 product terms
per GLB output to meet the needs of both wide
and narrow logic functions

Figure 2. ispLSI and pLSI 1000, 1000E and 2000 Family GLB

20 Product 4 Qutput Logic
Terms Macrocells
| \\
\ Registered
e i or
2 OoLMC Combinatorial
Dedicated . . Outputs
Inputs Product » Combinatorial
Logic Term AND-OR-XOR "
—Z—— ™ : >
16 Array 20 | Sharing 4 . 4
Inputs Array * Registered o
From GRP DT J-K utputs
) 1 to GRP,
Synch/Asynch ORP or /0
Clocking
0289
Figure 3. ispLSI and pLSI 3000 and 6000 Family "Twin GLB"
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Introduction to ispLSI and pLSI

High-Speed Bypass Configuration Single PT Configuration
Q For speed-critical timing paths 0 Small Logic Functions at Fast Speed
Q Bypasses the PTSA and the Internal Exclusive- i : :
OR gate of the OLMC Multi-Mode Configuration
Q Provides four product terms per output Q Individual outputs are independently configurable
QO Supports design of fast address decoders Q PTSA gives flexibility in the number and selec- !
tion of product terms per output ‘

Exclusive-XOR Configuration
Q Utilizes powerful exclusive-XOR architecture

Q Great for counters, comparators and ALU func-
tions

Figure 4. GLB: Multi-Mode Configuration
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Introduction to ispLSI and pLSI

Security Cell

A security cell is provided in the ispLSI and pLSI devices
to prevent unauthorized copying of the array patterns.
Once programmed, this cell prevents further read access
to the functional bits in the device. This cell can only be
erased by reprogramming the device, so the original
configuration can never be examined once this cell is
programmed.

Device Programming

ispLSI and pLSI devices can be programmed using a
Lattice Semiconductor-approved device programmer,
available from a number of third party manufacturers.
Complete programming of the device takes only a few
seconds. Erasing of the device is automatic and is
completely transparent to the user. In-system
programming is also available with ispLSI devices which
allows programming on the circuit board using Lattice
Semiconductor programming algorithms and standard
5V system power.

Latch-up Protection

ispLSI and pLSI devices are designed with an on-board
charge pump to negatively bias the substrate. The
negative bias is of sufficient magnitude to prevent input
undershoots from causing the internal circuitry to latch-
up. Additionally, outputs are designed with n-channel
pull-ups instead of the traditional p-channel pull-ups to
eliminate any possibility of SCR induced latching.

In-System Programmability

LSC’s ispLSI devices (in-system programmable) are the
industry’s only high-density programmable logic family
offering non-volatile, in-system reconfigurability.

ispLSI devices are available in all five families: 1000,
1000E, 2000, 3000 and 6000. The ispL S| devices are 100
percent functionally and parametrically compatible with
their pLSI counterparts, with the added capability for 5-
volt in-system programmability and reprogrammability.

Complex logic functions can be implemented in multiple
ispL.SI devices with complete on-board configurability.
In-system programming of a multiple ispLSI chip solution
is easily achieved through a proprietary in-system erase/
program/verify technique.

In-system programmability can revolutionize the way you
design, manufacture and service systems.

Prototype Board Designs

In-system programming allows you to program and modify
your logic designs “in-system” without removing the
device(s) from the board. This accelerates the system
and board-level debug process and enables you to
define the board layout earlier in the design process.

'Fine Pitch Package Handling

When programming traditional PLDs, manual handling is
required during both design/debugging and manufactur-
ing stages. When using PQFPs or TQFPs, fragile leads
as thin as 0.5 mm can easily bend in the programmer
socket causing coplanarity damage. With ispLSl, you
can solder these packages onto your printed circuit board
and still program and reprogram the devices during
debugging and manufacturing — without ever losing a
single part due to bent leads.

Reconfigurable Systems

Your options become boundless when you have the
ability to change the functionality of devices already
soldered ona PC board. You can now implement multiple
hardware configurations with the same circuit board
design. A variety of protocols or systeminterfaces can be
implemented on a generic board as the last step in the
manufacturing flow.

Easier Field Updates

With software reconfigurable systems, field updates are
as easy as loading a new configuration from a floppy or
downloading it through a modem.

Enhanced Manufacturing Flow with ispLSI

Perhaps the most exciting benefit of the ispL.SI family is
its potential to streamline the manufacturing process by
eliminating the separate programming and labeling steps
usually associated with PLDs. Quality is enhanced when
product handling steps are reduced, in this case, those
associated with programming, labeling and re-inventory-
ing multiple device types. Eliminating socketing further
improves quality and reduces board cost. Figure 6
shows the enhanced manufacturing with the ispLSI de-
vice.

2-6

1996 Data Book



Introduction to ispLSI and pLSI|

Standard Flow

Using PLDs/FPGAs

Draw Parts From Stores

Figure 6. Manufacturing Flow Comparison

Enhanced Flow

Using ispLSI Devices

Draw Parts From Stores

Figure 7. In-System Programming Interface (Multi-
Chip Solution)

DO

SDI 5-wire ISP
Programming
Interface

Return Parts to Stores
(Multiple P/Ns)

!

Draw Parts from
Stores to Assembly

'

Allnecessary programming is achieved via five TTL-level
logic interface signals (see figure 7). These five signals
control the on-chip programming circuitry, which protects
against inadvertent reprogramming via on-chip state
machines. The ispLSI family can also be programmed
using popular third-party logic programmers.

Figure 5. In-System Programmable Graphics Board

(One P/N) (One P/N)

Program

Each Part Board Assembly L
¢ { ispLSI | spear | [ Hispans ispLS!

Label Each Board Test

Programmed Part « Diagnostics Using ispLSI
* Final Programming o20n

i * Final Board Test

Boundary Scan

An emerging trend in board-level testing is boundary
scan test, an attractive feature helping designers test
system boards efficiently while lowering test and manu-
facturing costs. The ispLSI and pLSI 3000 and 6000
families offer dedicated IEEE 1149.1 boundary scan
support for all test functions required by the standard. By

Board Assembly using ispLSI and pLSI devices you not only eliminate
i expensive "bed-of-nails" testers but also simplify testing

of surface-mount boards, multi-layer boards and boards

Board Test using fine-pitch packages. Boundary scan is ideal wher-

ever tight board layout limits access to logic signals.

It only takes four pins to implement the boundary scan
interface. The ispLSI 3000 and 6000 devices share the
four boundary scan signals with the in-system program-
ming pins. This enhances the testability of system
designs allowing logic to be reconfigured to improve
controllability and observability.

ispLSi :
Vector
Manip-
ulation

l Interface

ispLSI :
ALU &
Logic

ispL.St:
Memory
Control

ispLSl:
Graphic
Control

[

Micro
Processor

—
—
H
>+
e H
= H
H
—H

B ispLS! Devices
[l 'SP Interface

02900

2-7 1996 Data Book



Introduction to ispLSI and pLSI

Development Systems

The Lattice Semiconductor pLSl/ispLSI Development
System (pDS) software is used to implement designs in
ispLSI and pLSI devices. Design alternatives can be
quickly implemented using LSC’s low cost pDS software
or the pDS+ family of Fitters that interface with third-party
development software packages. This section describes
the pDS and pDS+ Development Systems. Programmer
support is also discussed.

pLSl/ispLSI Development System (pDS)

Features

Q High-performance, low-cost development
environment
Supports ispLSI and pLSI device families
Boolean logic and text file design entry
Windows-based graphical user interface
Over 275 macros available
Automatic place and route
Static timing table
Logic simulation with popular simulators

JEDEC file download direct to programmer or
ispLSI device

General Description

o000 00 0o

All ispLSl| and pLSI families are supported by Lattice
Semiconductor’s low-cost pDS software. It runs on IBM-
compatible (386/486/Pentium) PCs with Microsoft®
Windows.

The graphical user interface employs an easy-to-use
mouse and pull-down menu driven approach. Combined
with Boolean logic data entry using an ABEL™:-like
syntax, pDS makes design entry with ispLSI and pLSI
quick and straightforward (see figure 8).

Figure 8. pDS Design Flow

* Boolean Equations

LogiErl‘)tsyslgn * Macros (>275)
* “ABEL"-Like Syntax
Y
Verification * Logic Minimization

* Checks for Signal Availability

/

¢ Automatic
* Optimized
* Fast

Place and Route

Y

Simulation * EDIF Compatible

Y

» JEDEC File Generation
* Download to Programmer
or to Device (ispLSl)

Programming

0292A

The pDS software supports over 275 macros to assist the
design process. These macros cover most TTL func-
tions, from gate primitives to 16-bit counters. The software
also supports user-definable macros which can be modi-
fications of existing macros or custom creations.

The pDS software automatically verifies the design,
performs logic minimization and checks for signal avail-
ability.

The LSC Place and Route software assigns pins and
critical speed paths while routing the design.

Quick compilation speeds the design, debug and rework
process dramatically. Incremental design techniques are
also supported.

Timing and functional simulation is available from Lattice
Semiconductor, using Viewsim simulation software.

The Windows graphical user interface makes
programming easy, using pull-down menus, intuitive
point-and-click commands and self explanatory
instructions. Without any up-front training, designs can
be completed within hours instead of days or weeks.

2-8
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pLSVispLSI Development System Plus (pDS+)

Features

O Supports ispLS| and pLSI device families

Q Schematic capture, state machine, design entry
HDL, and Boolean equations

Expanded macro library (>300)

Automatic logic minimization and partitioning
Automatic place and route

Logic and timing simulation

EDIF compatible

JEDEC file download direct to programmer or
ispLS! device

General Description

00000 DO0

For higher level design entry environments, LSC offers
pDS+ development software packages, which expand on
the core capabilities of pDS. Schematic capture, state
machine, HDL and Boolean entry are supported, along
with an expanded macro library.

The pDS+ software utilizes industry standard third-party
design environments such as Viewlogic's Pro Series,
Data I/O’s Synario and others.

Running on IBM compatible (486/Pentium) PCs or
workstation platforms, pDS+ software supports automatic
logic minimization and partitioning as well as place and
route, resulting in high logic utilization.

For logic and timing simulation, support is available from
Lattice through Viewlogic Viewsim and Data |/O Synario-
Sim simulation tools.

Third Party Programming Support

The ispLS! and pLSI families are supported by popular
third-party logic programmers including Data I/O, Logical
Devices, BP-Microsystems, Stag, System General, SMS
Micro Systems and Advin. Table 2 describes each
vendor’s specific programmer models that support the
ispLS! and pLSI devices. No proprietary, expensive, high
pin-count programmers are required.

High pin-count socket adapters are available from Emu-
lation Technology, Procon Technology, EDI Corporation
and Logical Systems Corporation.

Additionally, the ispLSI family can be programmed on the
board (in-system), which eliminates the need for a stand-

alone programmer. For specific details refer to the LSC
Programming Tools Guide available from your local
Sales Representative.

Table 2. Programming Support

Programmer Vendor Model
Pilot-U84
Advin Systems Pilot-U40
Pilot-GL/GCE
. PLD-1128
BP Microsystems
CP-1128
2900
Data I/O 3900
Unisite 40/48
Allpro 40
Logical Devices
Allpro 88
SMS Micro Systems Sprint Expert
System 3000
Stag
ZL30/A
System General TURPRO-1

isp Engineering Kit

The ispLSI family may also be programmed with Lattice
Semiconductor’s isp Engineering Kit Model 100 for PCs.
The kit is designed for engineering purposes only and is
notintended for production use. By connecting an eight-
wire cable to the parallel printer port of a PC, JEDEC files
can be easily downloaded into the ispLSl device.
Additionally, this cable can be connected directly to the
circuitboard facilitating on-board in-system programming.
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1000 and 1000E Family
Architectural Description

1000 and 1000E Family Introduction

The ispLSI and pLSI 1000E devices are functional
supersets of the ispLSI and pLSI 1000 devices and are
architecturally similar except that the 1000E family fea-
tures two new global output enable pins per device (only
one for the 1016E) and programmable output slew rate
control. The basic unit of logic for the ispLSI and pLSI
families is the Generic Logic Block (GLB). Figure 1
illustrates the ispLSI 1032E with its 32 GLBs labeled AOQ,
A1..D7.Each GLB has 18inputs, a programmable AND/
OR/XOR array, and four outputs, which can be config-
ured to be either combinatorial or registered. Inputs to the
GLB come from the Global Routing Pool (GRP) and
dedicatedinputs. All of the GLB outputs are brought back
into the GRP so that they can be connected to the inputs
of any other GLB on the device.

As an example, the ispLSI 1032E has 64 I/O cells, each
of which is directly connected to an I/O pin. Each I/O cell
can be individually programmed to be a combinatorial

Figure 1. ispLSI 1032E Functional Block Diagram

input, registered input, latched input, output or bidirec-
tional I/O pin with 3-state control. Additionally, all outputs
are polarity selectable, active high or active low. The
signal levels are TTL compatible voltages and the output
drivers can source 4 mA or sink 8 mA. For the ispLSI| and
pLSI 1000E family only, each output can be programmed
independently for slow output slew rate to minimize
overall output switching noise.

The /0 cells are grouped into sets of 16 as shown in
figure 1. Each of these I/O groups is associated with a
Megablock through the use of the Output Routing Pool
(ORP).

Eight GLBs, 16 1/O cells, one ORP and two dedicated
inputs are connected togetherto make a Megablock. The
outputs of the eight GLBs are connected to a set of 16
universal I/O cells by the ORP. Each Megablock shares
acommon Output Enable (OE) signal. TheispLSI 1032E
device, shown in figure 1, contains four Megablocks.
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1000 and 1 OOOE Family Architectural Description

The GRP has asits inputs the outputs from all of the GLBs
and all of the inputs from the bidirectional 1/0 cells. Al of
these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the devices are selected using the Clock
Distribution Network. The dedicated clock pins
(YO, Y1, Y2 and Y3) are brought into the distribution
network, and five outputs (CLK 0, CLK1, CLK 2, IOCLK
0 and IOCLK 1) are provided to route clocks to the GLBs
and /O cells. The Clock Distribution Network can also be
driven from a special GLB (CO on the ispLSI and pLSI
1032 and 1032E devices). The logic of this GLB allows
the user to create an internal clock from a combination of
internal signals within the device.

The ispLSI and pLSI 1000E Family is functionally identi-
cal to the 1000 Family with the exception of the addition
of optional global output enable (GOE) pins. The ispLSI
1016E has one GOE pin option, while the remaining
devices have two. These pins are multiplexed with dedi-
cated inputs on the 1016E, 1024E and 1032E for pinout
compatability.

Figure 2. GLB: Product Term Sharing Array Example

Inputs From Dedicated

Generic Logic Block

The Generic Logic Block (GLB) is the standard logic
block of Lattice Semiconductor Corporation (LSC) high-
density ispLSI and pLSI devices. A GLB has 18 inputs,
four outputs and the logic necessary to implement most
standard logic functions. The internal logic of the GLB is
divided into four separate sections: the AND Array, the
Product Term Sharing Array (PTSA), the Reconfigurable
Registers, and the Control Functions (see figure 2). The
AND array consists of 20 product terms, which can
produce the logical product of any of the 18 GLB inputs.
Sixteen of the inputs come from the Global Routing Pool,
and are either feedback signals from any of the GLBs or
inputs from the external 1/O cells. The two remaining
inputs come directly from two dedicatedinputpins. These
signals are available to the product terms in both the
logical true and the complemented forms which makes
Boolean logic reduction more efficient.

The PTSA takes the 20 product terms and routes them
to the four GLB outputs. There are four OR gates, with
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Figure 3. GLB:
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1000 and 1 OOOE’ Family Architectural Description

Generic Logic Block (continued)

four, four, five and seven product terms each (see figure
2). The output of any of these OR gates can be routed to
any of the four GLB outputs, and if more product terms
are needed, the PTSA can combine them as necessary.
In addition, the PTSA can share product terms similar to
an FPLA device. Ifthe user's main concernis speed, the
PTSA can use a bypass circuit which provides four
product terms to each output, to increase the perfor-
mance of the cell (see figure 3). This can be done to any
or all of the four outputs from the GLB.

The Reconfigurable Registers consist of four D-type flip-
flops with an XOR gate on the input. The XOR gate in the
GLB can be used either as a logic element or to reconfig-
ure the D-type flip-flop to emulate a J-K or T-type flip-flop
(see figure 4). This greatly simplifies the design of
counters, comparators and ALU type functions. The
registers can be bypassed if the user needs a combina-
torial output. Each register outputis broughtback into the

Figure 5. GLB: Mixed Mode Configuration Example

Global Routing Pool and is also brought to the 1/0 cells
via the Output Routing Pool. Reconfigurable registers
are not available when the four product term bypass is
used.

The PTSA s flexible enough to allow these features to be
used in virtually any combination that the user desires. In
the GLB showninfigure 5, Output Three (O3) is configured
using the XOR gate while Output Two (02) is configured
using the four Product Term Bypass. Output One (O1)
uses one of the inputs from the five Product Term OR
gate while Output Zero (O0) combines the remaining four
product terms with all of the product terms from the seven
Product Term OR gate for a total of eleven (7+4).

Various signals that control the operation of the GLB
outputs are driven from the Control Functions (see figure
5). The clock for the registers can come from any of three
sources developed in the Clock Distribution Network
(see Clock Distribution Network section) or from a product
term within the GLB. The Reset Signal for the GLB can
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1000 and 1000E Family Architectural Description

come from the Global Reset pin (RESET) or from a
product term within the GLB. The global reset pin is
always connected and is logically "ORed" with the PT
reset (if used). An active reset signal always sets the Q
of the registers to a logic 0 state. The Output Enable for
the I/O cells associated with the GLB comes from a
product term within the block. Use of a product term for
a control function makes that product term unavailable
foruse asalogicterm. Refertothe Product Term Sharing
Matrix (table 1) to determine which logic functions are
affected.

There are many additional features in a GLB that allow
implementation of logic intensive functions. These
features are accessible using the Hard Macros from the
software and require no intervention on the part of the
user.

Product Term Sharing Matrix

This matrix describes how each of the product terms are
used in the various modes. As an example, Product
Term 12 can be used as an input to the five input OR gate

Table 1. Product Term Sharing Matrix

in the standard configuration. This OR gate under
standard configuration can be routed to any of the four
GLB outputs. Product Term 12 is not used in the four
product term bypass mode. When GLB output one is
used in the XOR mode Product Term 12 becomes one of
the inputs to the four input OR Gate. If Product Term 12
isnotused in the logic, thenitis available for use as either
the Asynchronous Clock signal or the GLB Reset signal.

The Megablock

A Megablock consists of eight GLBs, an ORP, 16 /O
cells, two dedicated inputs and a common product term
OE. Each of these will be explained in detail in the
following sections. These elements are coupled together
as shown in figure 6. The various members of the ispLSI
and pLS! 1000/E families combine from one to six
Megablocks on a single device (see table 2).

Forthe 1000 Family, the eight GLBs within the Megablock
share two dedicated input pins. These dedicated input
pins are not available to GLBs in any other Megablock.
These pins are dedicated (non-registered) inputs only

Product | Standard Configuration Four Product Term | Single Product Term XOR Function Alternate
Term # Output Number Bypass Output Number|  Output Number Output Number Function
3 2 1 0 3 2 1 0 3 2 1 0 3 3 2 2 11 0 o0

0 nEEER ] n [ ]

1 " B EnN | | n

2 | I B BN ] n n

3 H B R B || n

4 " EEnN ] [ ] [ ]

5 H R NN ] | ]

6 " B EN ] [ |

7 "R En n n

8 "R EN n | ] n

9 "R EN n ]

10 | B B B | n |

ih A R EN u n

12 "E R EER | | mCLK/Reset
13 n R ER | ] | ] u

14 EEEN u u

15 "R EN ] |

16 E R RN ] n

17 | I B B ] | |

18 ®E B BB | |

19 "R RN B | W OE/Reset
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Table 2. Device Resources

pLSI and ispLSI Devices Megablocks ' GLBs 1/0 Cells Dedicated Inputs
1016/1016E 2 16 32 4
1024/1024E 3 24 48 6
1032/1032E 4 32 64 8
1048/1048C/1048E 6 48 96 10/12

Figure 6. The Megablock Block Diagram

Table 2-0051/1k

l Global Routing Pool |

1T

SIS TN S IO S TN s

T

o a8 H e H atB H aB 4 aB H 6B H 6B H GLB 16
—» AD Al H A2 A3 H A4 H a5 H A H A7
YYVYY VYYY VYVYVY VYVVYY VYVY YVYVY VYVYY V¥YVV

Output Routing Pool

I/O CeII Inputs to GHP

and are automatically assigned by software. The product
term OE signal is generated within the Megablock and is
common to all 16 of the 1/O cells in the Megablock. The
OE signal can be generated using a product term (PT19)
in any of eight GLBs within the Megablock. See Output
Enable Control section for further details.

Because ofthe shared logic within the Megablock, signals
that share a common function (counters, busses, etc.)
should be grouped within a Megablock. This willallow the
user to obtain the best utilization of the logic within the
device and eliminate routing bottlenecks.

Input Routing

Signal inputs are handled in two ways within the device.
First, each I/O cell within the device has'its input routed
directly to the GRP. This gives every GLB within the
device access to each I/O cell input. Second, each
Megablock has two dedicated inputs which are directly
routed to the eight GLBs within the Megablock. Both
input paths are shown in figure 6.

/O I/O I/O I/O /O I/O I/O I/O /O I/O /O /O || VO {| VO {| 11O || O
N M Ce Ce Ce Ce Ce Ce Ce Ce Ce Ce ell Cell||Cell]|Cell If] | Cell
10 || 11 |1 12 || 18 || 14 || 15

Cell

The Output Routing Pool

The ORP routes signals from the GLB outputs to I/O cells
configured as outputs or bidirectional pins (see figure
7). The purpose of the ORP is to allow greater flexibility
when assigning I/O pins. It also simplifies the job for the
routing software which results in a higher degree of
utilization.

By examining the ORP in figure 7, it can be seen that a
GLB output can be connected to one of four I/O cells.
Further flexibility is provided by using the PTSA (figures
2 through 5) which makes the GLB outputs completely
interchangeable. This allows the routing program to
freely interchange the outputs to achieve the best
routability. This is an automatic process and requires no
intervention on the part of the user.

The ORP bypass connections (see figure 8) further
increase the flexibility of the device. The ORP bypass
connects specific GLB outputs to specific I/O cells at a
faster speed. The bypass path tends to restrict the
routability of the device and should only be used for
critical signals.
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Figure 7. Output Routing Pool

1/0 Cell Inputs
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A 4

1/0 Cell :

The I/0 cell (see figure 9) is used to route input, output or
bidirectional signals connected to the I/O pin. One logic
input comes from the ORP, and the other comes from the
faster ORP bypass (see figure 9). A pair of multiplexers
select which signal will be used, and its polarity. The
Output Enable of the I/O cellis controlled by the OE signal
generated within each Megablock.

As with the data path, a multiplexer selects the signal
polarity. The Output Enable can be set to a logic high
(enabled) when an output pin is desired, or logic low
(disabled) when an input pin is needed. The Global
Reset (RESET) signal is driven by the active low chip
reset pin. This reset is always connected to all GLB and
I/0 registers. Each I/O cell can individually select one of

the two clock signals (IOCLK 0 or IOCLK 1). These clock
signals are generated by the Clock Distribution Network.

Using the multiplexers, the I/O cell can be configured as
an input, an output, a 3-stated output or a bidirectional
/0. The D-type register can be configured as a level
sensitive transparent latch or an edge triggered flip-flop
to store the incoming data. Figure 10 illustrates some of
the various I/O cell configurations possible.

There is an active pull-up resistor on the 1/O pins which
is automatically used when the pin is not connected. An
option exists to have active pull-up resistors connected to
all pins. This improves the noise immunity and reduces
Icc for the device.
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Figure 9. I/0 Cell Architecture

From OE MUX

g

Output
Enable

Vee

:

Active
= Pull Up

>

From Output
Routing Pool

MUX —E MUX
Routing Pool — ]

From Output

Bypass : 3 1 KVO Pin
= = A
To Global ~N
Routing Pool

¥

el
1

IOCLK 0 —]
MUX —E MUX RIL
IOCLK 1 —| Reset

Notes:

From Global ® Represents an E2CMOS Cell.

RESET

Figure 10. Examples of I/0 Cell Configurations
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The Output Enable Control

One OE signal can be generated within each GLB using
the OE Product Term (PT19). One of the eight OE signals
within a Megablock is then routed to all of the 1/O cells
within that Megablock (see figure 11). This OE signal can
simultaneously control all of the 16 1/0 cells that are used
in 3-state mode. Individual I/O cells also have indepen-
dent control for permanently enabling or disabling the
output buffer (refer to the 1/O cell section). Only one OE
signal is allowed per Megablock for 3-state operation.

Figure 11. Output Enable Control for a Megablock

The advantage to this approach is that the OE signal can
be generated in any GLB within the Megablock that
happens to have an unused OE product term. This frees
up the other OE product terms for use as logic.

The 1000E and 1048C devices also have optional Global
Output Enable (GOE) inputs. These provide minimum
delay output enable control and are multiplexed with
dedicated inputs on the 1016E, 1024E and 1032E de-
vices.

GLB
A0

GLB
At

GLB
A2

GLB
A3

GLB
A4

GLB
A5

GLB
A6

GLB
A7

vy

8:1 OE MUX

ispLSl and pLSI

1000E Devices Only

{ PTOEs
: From Other

: Megablocks

* To Other

MUX

*Not available on ispLSl and pLS! 1016E.

5 /OCels :

..............................................................................................

ispLSl and pLSI
1048C & 1000E
Devices Only

Portion :
of IO}
Cell 15

Portion :
of IO %
Cell 14}

0134/1K
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1000 and 1000E Family Architectural Description

Global Routing Pool

The GRP is a proprietary interconnect structure that
offers fast predictable speeds with complete connectiv-
ity. The GRP allows the outputs from the GLBs or the
I/0 cell inputs to be connected to the inputs of the GLBs.
Any GLB output is available to the input of all other GLBs,
and similarly an input from an 1/O pin is available as an

Figure 12. GRP Delay vs GLB Loading Example

4.5
4.0
3.5
3.0

2.5

GRP Delay (ns)

2.0
1.5

1.0

input to all of the GLBs. Because of the uniform architec-
ture of the ispLSI and pLSI devices, the delays through
the GRP are both consistent and predictable. However,
they are slightly affected by GLB loading as shown in
figure 12.

ispLSI 1032-90
and 1032E-90

T
1.0 4.0 8.0

GLB Loads

48E.GRP/GLB/K

Clock Distribution Network

The Clock Distribution Networks are shown in figure 13.
They generate five global clock signals CLK 0, CLK 1,
CLK 2, 10CLK 0 and IOCLK 1. The first three, CLK 0,
CLK 1 and CLK 2 may be used for clocking all the GLBs
inthe device. Similarly, IOCLK0andIOCLK 1 signals are
used for clocking all of the I/O cells in the device. There
are four dedicated system clock pins (YO, Y1, Y2, Y3),
three for the ispL.SI and pLS!I 1016 (YO, Y1, Y2), which
can be directed to any GLB or any I/O cell using the Clock
Distribution Network. The other inputs to the Clock Dis-
tribution Network are the four outputs of a dedicated clock
GLB ("C0" for the ispLSI 1032 is shown in figure 1).
These clock GLB outputs can be used to create a user-
defined internal clocking scheme.

For example, the clock GLB can be clocked using the
external main clock pin YO connected to global clock

signal CLK 0. The outputs of the clock GLB in turn can
generate a "divide by" signal of the CLK 0 which can be
connected to the CLK 1, CLK 2, IOCLK 0 or IOCLK 1
global clock lines.

All GLBs have the capability of generating their own
asynchronous clocks using the clock Product Term
(PT12). CLK 0, CLK 1 and CLK 2 feed to their corre-
sponding clock MUX inputs on all the GLBs (see figure
2).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, are brought to all the
I/0 cells and the user programs the I/O cell to use one of
the two.
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Figure 13. Clock Distribution Networks

ispLSI and pLSI 1024/E,| Generic Logic

ispLSl and pLSI

Generic Logic
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HRRA DO

Dedicated Clock CLK/ on thg ispLSI and pLSI 1016;
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. the software tools.
Dedicated Clock
Input Pins

0095A1/1K

Timing Model

various delays together (figure 15). Critical timing paths
are shown in figure 14, using data sheet parameters.
Note that the Internal timing parameters are given for
reference only, and are not tested. External timing pa-
rameters are tested and guaranteed on every device.

The task of determining the timing through the device is
simple and straightforward. A device timing model is
shown in figure 14. To determine the time that it takes for
data to propagate through the device, simply determine
the path the data is expected to follow, and add the

Figure 14. ispLSI and pLSI Timing Model®: 2

#50

1/0 Cell GRP GLB ORP 1/0 Cell
Feedback
[Ded. n R ‘ H
1/0 Reg B b”‘ GRP 4 4PTB S GLB Reg B ORP Bypass
VO Pin)—9 s iio e * #28 > #3;pas ~e 237 ] #4Zpa 7‘ ez
(Input) —»‘ | [ (Output)
Input GRP 20 PT GLB Reg ORP #48, 49
D RegisterQ Loading XOR Delays Delay Delay
Delay o> D Q L
#55 421 - 05 #27, 29, #34, 35, 36 #45
30, 31, 32 RST
— #55 ] #38, 39,
Reset & 40, 41
Clock | | Control  RE
Distribution PTs oF
[v1.23 > 451,52, | #42, 43, CK
53, 54 44

[ vo

*Note: Y1 and Y2 only for the ispLS!l and pLSI 1016 and 1016E.
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Figure 15. ispLSI and pLSI Timing Model Examples’: 2
Combinatorial Paths

tpd1 = tiobp + tgp4 + taptop + tooptxor + torpbp  + tob
#1 = #20 + #28 + #33 + #37 + #46 + #47
tpd2 = tiobp '+ tgp4 + txoradj + t20ptxor + top 4+ tob
#2 = #20 + #28 + #36 + #37 + #45 + #47

Registered Paths
General Form:
tsu = Logic + Regsu - Clock(min)
th  =Clock(max)+  Regh Logic
tco =Clock(max)+ Regco +  Output
Specific Examples:

tsu1 = (tioop + tgp4 + taptop) +  tgsu - tgyO(min)
#6 = (#20 + #28 + #33) + #38 - #50
th1 =tgyomax) +  tgh - (tiobp + tgrp4a  +  taptop)
#8 = #50 + #39 - (#20 + #28 + #33)
tcot =tgyo(max) + tgco + (torpop +  tob)

#7 =  #50 + #40 + (#46 + #47)

tsuz = (tiobp + tgp4 + txorad)) + tgsu  + tgyO(min)
#9 = (#20 + #28 + #36) + #38 + #50
th2 =tgyo(max) + tgh - (tiobp + tgpa  + txorad))
#11 =  #50 + #39 - (#20 + #28 + #36)
tcoz2 =tgyo(max) + tgco + (torp +  tob)

#10 =  #50 + #40 + (#45 + #47)

Table 2-0016/1k.eps

1. The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets.
2. The example timing model refers to the 1000 devices. For the 1000E timing model, please refer to the individual data sheets.

Circuit Timing Example

A design requires one logic level (using the 20PTXOR
path). The design then uses a GLB register before exiting
the device using the ORP bypass. Calculate tsu, th and
tco.

Figure 16. Timing Calculation Example

Logic Level ORP
D, ™| 20PTXOR GLB Reg Bypass —>{0out >

N\

Y
\

Clock GLB
Reg

PN
A

|Y0ﬁ

0494/1K
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Figure 16. Timing Calculation Example (continued)

tsu

Logic + Reg su - Clock (min)

(tiobp + tgrp4 + t20ptxor) + (tgsu) — (tgy0(min) + tgco + tgcp(min))
(#22 + #30 + #37) + (#40) — (#54 + #42 + #56)
(0.3+2.3+6.8)+(0.2)—(1.4+2.9+0.8)

nwon

4.5ns

th Clock (max) + Reg h - Logic
(tgyO(max) + tgco + tgcp(max)) + (tgh) — (tiobp + tgrp4 + t20ptxor)
(#54 + #42 + #56) + (#41) — (#22 + #30 + #37)

(14+29+1.8)+(6.8)—(0.3+2.3+6.8)

o

3.5ns

tco Clock (max) + Reg co + Output
(tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob)
(#54 + #42 + #56) + (#42) + (#47 + #49)

(1.4+29+1.8)+(2.9) + (1.0 + 1.7)

non

11.7 ns

Table 2-0042a-32

1. Calculations are based upon timing specifications for the ispLSI and pLSI 1032E-90 device.
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2000 Family

Architectural Description

ispLSI and pLSI 2000 Family Introduction

The basic unit of logic of the ispLSI and pLSI 2000 family
is essentially the same as that of the ispLSI and pLSI
1000/E family. However, there are some specific archi-
tectural differences: global clock, I/O Cell and OE, and
ORP structures. A functional block diagram of the 2032
device is shown in figure 1. These architectural differ-
ences are described in detail below.

Global Clock Structure

The clock GLB distribution network of the 1000/E family
has been eliminated and replaced by three dedicated

Figure 1. ispLSI 2032 Functional Block Diagram

global GLB clock input signals CLKO, CLK1, and CLK2.
These three clocks are used for clocking all the GLBs
configured as registers in the device. They feed directly
to the GLB clock input via a clock multiplexer. CLKO is
associated with system clock pin YO, CLK1 corresponds
to system clock pin Y1, and CLK3 corresponds to system
clock pin Y2. This is illustrated in figure 2. The GLB
global clocks do not have inversion capability, but all
GLBs continue to have the capability of generating their
own asynchronous clocks using the clock product term
(PT12) with inversion capability. The GLB global clocks
and the GLB product term clock feed to their correspond-
ing clock multiplexer shown in figure 3.
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Figure 2. Global Clock Structure -
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Figure 3. GLB with Clock Multiplexer Scheme
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I/0 Cell and OE Structure

The reconfigurable input register or latch has been re-
moved to simplify the I/O cell architecture. Each I/O cell
can be individually programmed to be a combinatorial
input, combinatorial output, or a bidirectional I/O pin with
3-state control. With the simplified 1/O cell architecture,
the 1/O clocks have also been removed. This is illustrated
in figure 4. The product term output enable (PTOE)

signal is still generated within each GLB using product
term 19. The PTOE is generated in one of the eight
GLBs. In addition to the PTOE, there is a global output
enable (GOE) pin which can control any of the device’s
3-state output buffers. The multiplexing between the
GOE and PTOE is illustratedin figure 5. The 2032 device
has one GOE and the 2064, 2096 and 2128 devices each
have two GOEs.

Figure 4. ispLSl and pLSI 2000 Family I/O Cell Architecture

Global O 0 — 2
*Global OE 1 — | Programmable
Product Term OEs — MUX MUX Pull Up
—_] I Voo
ORP MUX — |——
MUX MUX
ORP Bypass — Lo
$ | ¢ | 7 \N
= = Ko Pin)}
To Global
Routing Pool
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* Except 2032

0138M/2K

Figure 5. ispLSl and pLSI 2000 Family Output Enable Controls
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Output Routing Pool (ORP)

Each megablock now contains two ORPs to increase
output routability. A set of four GLBs is associated with
one of the two ORPs within the megablock. The 16
outputs of the four GLBs within a megablock will feed to
any of the 16 associated I/O cells.- In the 1000/E family,

the 32 GLB outputs feed only 16 associated I/O cells. In
this device family, 32 GLB outputs of a megablock can
feed 32 I/O cells. Output routability has doubled. Thisis
illustrated in figure 6. Each GLB output has an ORP
bypass capability so more designs can have critical
output signals. This is shown in figure 7.

Figure 6. ispLSI and pLSI 2000 Family Output Routing Pool
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Timing Model

The task of determining the timing through the device is
simple and straightforward. A device timing model is
shown in figure 8. To determine the time that it takes for
data to propagate through the device, simply determine
the path the data is expected to follow, and add the
various delays together (figure 8). Critical timing paths

Figure 8. ispLSI and pLSI 2032 Timing Model

are shown in figure 8, using data sheet parameters. Note
that the Internal timing parameters are given for refer-
ence only, and are not tested. External timing parameters
are tested and guaranteed on every device.
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Derivations of tsu, th and tco from the Product Term Clock’

tsu Logic + Reg su - Clock (min)

1.9ns
th

Clock (max) + Reg h - Logic

mowon

1.4ns

tco Clock (max) + Reg co + Output

o on

9.1ns = (1.1+1.3+52)+(0.7) + (1.3 + 1.2)

(tio + tgrp + t20ptxor) + (tgsu) - (tio + tgrp + tptck(min))
(#20+ #22+ #26) + (#29) - (#20+ #22+ #35)
(1.1+1.3+5.1)+(0.3)- (1.1 +1.3+2.9)

(tio + tgrp + tptck(max)) + (tgh) - (tio + tgrp + t20ptxor)
(#20+ #22+ #35) + (#30) - (#20+ #22+ #26)
(1.1+1.3+52)+(3.0)-(1.1+1.3+5.1)

(tio + tgrp + tptck(max)) + (tgco) + (torp + tob)
(#20+ #22+ #35) + (#31) + (#36 + #38)

Table 2-0042-16/2K AD

1. Calculations are based upon timing specifications for the ispLSI and pLSI 2032-135L.
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3000 Family

- - -
Architectural Description
e o o S o e o .

The basic unit of logic of the ispLSI and pLSI 3000 family ~functional block diagram of the ispLSI 3256 device is

is closely related to that of the ispLSI and pLSI 1000/E  shown in figure 1. The architectural differences are
family. However, there are some notable architectural described in the following sections.

Figure 1. ispLSI 3256 Functional Block Diagram
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3000 Family Architectural Description

Generic Logic Block

The Twin GLB is the standard logic block of the Lattice
Semiconductor ispLSI and pL.SI 3000 Family. This Twin
GLB has 24 inputs, eight outputs and the logic necessary
to implement most standard logic functions. The internal
logic of the Twin GLB is divided into four separate
sections: The AND Array, the Product Term Sharing
Array, the Reconfigurable Registers, and the Control
section.

The AND array consists of two 20 Product Term Sharing
Arrays which can produce the logical sum of any of the 24
Twin GLB inputs. These inputs all come from the GRP,
and are either feedback signals from any of the 32 Twin

Figure 2. Twin GLB: Product Term Sharing Array
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GLBs or inputs from the external I/0 Cells. All Twin GLB
input signals are available to the Product Terms in both
the logical true and complemented forms which makes
Boolean logic reduction easier.

The two Product Term Sharing Arrays (PTSA) take the 20
Product Terms each and allocate them to four Twin GLB
outputs. There are four OR gates, with four, four, five and
seven inputs respectively. The output of any of these
gates can be routed to any of the four Twin GLB outputs,
and if more Product Terms are needed, the PTSA can
combine them as necessary. If the user's main concern
is speed, the PTSA can use a bypass circuit with four
Product Terms to increase the performance of the cell.
This can be done to any or all of the eight outputs of the
Twin GLB.
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Megablock Structure

Four Twin GLBs make up a Megablock. Each GLB has a
maximum fan-in of 24 inputs, and no dedicated inputs
associated with any Megablock. A GLB has eight asso-
ciated outputs. A total of 32 GLB outputs are fed to the
ORP of "single /0" 3000 family devices (i.e., those with
one I/O pin for every two GLB outputs, such as the 3256).

However, only 16 out of the 32 outputs feed to 16 I/O
cells. For "double 1/0" 3000 family devices (those with
one I/O pin for each GLB output, such as the 3192), 16
GLB outputs are fed to each ORP which drives 16 1/0
cells. "Double I/O" devices, therefore, employ two ORP's
per Megablock.The Megablock structure for single and
double I/O devices is shown in figures 3 and 4.

Figure 3. ispLSl and pLSI 3000 Family Single /O Megablock Block Diagram
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Figure 4. ispLSl and pLSI 3000 Family Double I/0O Megablock Block Diagram
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Global Clock Structure

The global clock structure is made up of five global clock
input pins, YO0, Y1,Y2, Y3,and Y4. Thisis shown infigure
5. Three of the clock pins are dedicated for GLB clocks
and the remaining two clock pins are dedicated for YO
register clocks. The clock GLB generation network which
is designed into the 1000/E device family has been
removed so all input clock signals are fed directly to the
GLB clock input via a clock multiplexer. The GLB global
clocks do not have inversion capability, but the product
term clock does have inversion capability before it reaches
the clock multiplexer.

1/0 Cells

The /O cell structure architecture remains nearly the
same as the 1000/E Family asillustratedinfigure 6. Each
1/0 cell now contains Boundary Scan Registers, shownin
figure 9 and discussed in detail in the next section. An
input pin has only one scan register as shown in figure 10.
A global test OE signal is hardwired to all I/O cells and is
useful to perform static testing of all the 3-state output
buffers within the device. In addition to the test OE signal,
two global OEs are connected to all I/O pins. The product

Figure 5. ispLSl and pLSI 3000 Family Global Clock
Structure

YO | > CLK 0
Y1 | > CLK 1
Y2 | > CLK 2
Y3 | > OCLK 1
va | » IOCLK 0
P

term OE signal and global OE signals are fed to an OE
multiplexer. The OE signals, with the exception of the
test OE, have inversion capability after going through the
OE multiplexer as shown in figure 7.

Figure 6. ispLSl and pLSI 3000 Family I/O Cell Architecture

Test OE

Global OEQ —] A
Global OE1 — E
Product Term OEs —— MUX Mux

T

ORP MUX —

Programmable

Output Pullup

Enable

MUX —£ MUX
ORP Bypass —

To Global MUX
Routing Pool

T RG] see Boundary
| Scan For Details ,
1 1
; ioP
___________________ ]
. 1
J >
Q D
= IOCLK 0
3— RIL MUX
Reset IOCLK 1

From Global

RESET
Note:
f Represents an E2CMOS Cell.

01384/3256

2-34

1996 Data Book



3000 Family Architectural Description

Figure 7. ispLSI and pLSI 3000 Family Output Enable Controls
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Boundary Scan

Boundary Scan (IEEE 1149.1 compatible) is a test fea-
ture incorporated within the device to provide on-chip test
capabilities during PCB testing. Five input signal pins,
BSCAN, TDI, TCK, TMS, TRST, and one output signal
pin, TDO, are associated with the boundary scan logic
cells. These signal pins occupy the same dedicated
signal pins used for ISP programming. The signal BSCAN
is associated with the ispEN pin, TDI corresponds to the
SDI pin, TCK corresponds to the SCLK pin, TMS corre-

Figure 8. Boundary Scan Block Diagram

I/0 Cells

OE Controls.3K Intro

sponds to the MODE pin, and TDO corresponds to the
SDO pin. When ispEN is asserted low, the MODE, SDI,
SDO, and SCLK options become active for ISP program-
ming. Otherwise, BSCAN, TDI, TCK, TMS, TDO, and
TRST options become active for boundary scan testing
of the device. The boundary scan block diagram is
shown in figure 8. TDI is the test data serial input, TCK
is the boundary scan clock associated with the serial shift
register, TMS is the test mode select input, TDO is the
test data output, and TRST is the reset signal.

Test Data Input (TDI)

Test Mode Select (TMS)

Test Data Output (TDO)

To I/O Cell Boundary
Scan Registers

Boundary Scan Enable (BSCAN) Boundary Scan >
Boundary Scan CLK (TCK)
Reset Signal (TRST) _
0846/3K
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The userinterfaces to the boundary scan circuitry through
the Test Access Port (TAP). The TAP consists of a
control state machine, instruction decoder and instruc-
tion register.

The TAP is controlled using the test control lines: Test
Data IN (TDI), Test Data Out (TDO), Test Mode Select
(TMS), Test Reset (TRST) and Test Clock (TCK).

The TAP controls the operation of the Boundary Scan
Registers after decoding the instruction code sent to the
instruction register (see table 1).

The Boundary Scan Registers for the I/O cells are shown
in figure 9. As illustrated in the figure, each 1/O cell
contains three registers, two latches and five multiplex-
ers to implement the ability to capture the state of the

Figure 9. Boundary Scan Registers for I/0 Cells

1/0 cell or to set the state of the output path of the cell or
to function as a conventional 1/O cell.

The Boundary Scan Registers required for an input only
cell are shown in figure 10. An input only cell can only
have its state captured, which only requires one MUX and
one register.

All of the input cells and I/O cells are serially connected
together in a long chain. The scan out of one cell is
connected to the scan in of the next cell. The cells for the
3256 are connected in the following order: TDI to 1063
through 1032 to Y4, Y3, Y2, Y1, RESET, TOE, GOET1,
GOEDO, YO0, 031 through 100 to 1064 through 10127 to
TDO. The cells for the 3192 are connected in the follow-
ing order: TDI to GOEO, GOE1, YO0, Y1, Y2, Y3, Y4,
RESET, 1/095 through 1/00 to 1/096 through /0191 to
TDO.
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Figure 10. Boundary Scan Registers for an Input Only Cell

Scan In
(from previous pad)

xc<Z

SCANOUT
(to next pad)

Shift DR Clock DR —
0848
Table 1. Boundary Scan Instruction Codes
Instruction Name Code Description

SAMPLE/PRELOAD 10* 11100 | Loads and shifts data into BSCAN registers

EXTEST 00* 00000 Drives external /0O with BSCAN registers

BYPASS 11* 11111 Bypasses registers of selected device(s)
Note: LSB shifts in 1st Table 10-0006/3K
*3256 only

Timing Model

The task of determining the timing through the device is
simple and straightforward. A device timing model is
shown in figure 11. To determine the time that it takes for
data to propagate through the device, simply determine
the path the data is expected to follow, and add the

Figure 11. ispLSl and pLSI 3256 Timing Model

1/0 Cell GRP

various delays together (figure 12). Critical timing paths
are shown in figure 11, using data sheet parameters.
Note that the Internal timing parameters are given for
reference only, and are not tested. External timing pa-
rameters are tested and guaranteed on every device.
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Figure 12. Timing Calculation Example

Derivations of tsu, th and tco from the Product Term Clock’

tsu

8.0 ns
th

29ns

tco

29ns

1. Calculations are based upon timing specifications for the ispLSI and pLSI 3256-70L.

wononon

nononon

nomwonn

Logic + Reg su - Clock (min)

(tiobp + tgrp + t20ptxor) + (tgsu) - (tiobp + tgrp + tptck(min))
(#24+ #30+ #33) + (#36) - (#24+ #30+ #42)
(24+30+94)+(1.8)-(24+3.0+3.2)

Clock (max) + Reg h - Logic

(tiobp + tgrp + tptck(max)) + (tgh) - (tiobp + tgrp + t20ptxor)
(#24+ #30+ #42) + (#37) - (#24+ #30+ #33)
(24+3.0+6.3)+(6.0)- (24 +3.0+94)

Clock (max) + Reg co + Output
(tiobp + tgrp + tptck(max)) + (tgco) + (torp + tob)
(#24 + #30 + #42) + (#38) + (#43 + #45)
(24 +3.0+6.3)+(1.8) + (2.7 + 2.4)
Table 2- 0042-16/3256
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Architectural Description

ispLSI and pLSI 6000 Family Introduction

The ispLSI and pLSI 6192 devices are high-density, cell-
based programmable logic devices that contain a
dedicated Memory Module, a dedicated Register/Counter
Module and an 8000-gate general-purpose Program-
mable Logic block. Output Routing Pools (ORP) and a
Global Routing Pool (GRP) give complete interconnectivity
between these elements. The dedicated modules have
been added to enhance the functionality, performance
and utilization of the device.

TheispLSland pLSI 6192 is offered in three versions: the
ispLSI and pLSI 6192FF (FIFO), 6192SM (Single Port
RAM) and 6192DM (Dual Port RAM). All three devices
employ the same general-purpose programmable logic
module and register/counter module, with only the memory
module functionality changing. The pinouts of the three
devices are different only in the memory module control
interface pins.

Memory Module

Lattice Semiconductor offers a dedicated dual-port FIFO
module inthe ispLSland pLSI6192FF devices. The FIFO
is user configurable as a 256 x 18 or 512 x 9 block and is
connected to the external world through dedicated FIFO
1/0 pins. The other data port of the FIFO goes to the GRP.
A variety of FIFO control flags such as Full (FF), Almost
Full (ALF), Almost Empty (ALE) and Empty (EF) are

Table 1. ispLSl and pLSI 6192 Device Features

available as dedicated device outputs. These signals are
also available as inputs to the GRP to facilitate use by on-
chip logic.

TheispLSland pLSI6192SMfeature a single-portmemory
module. The module can be organized either as a single
256 x 18 or 512 x 9 single port memory or as two smaliler
128 x 18 or 256 x 9 single port memories. The external
interface features memory address input pins (A0-A8),
Read/Write (RWL/RWH), Chip Select (CS), Output En-
able (OE) control lines, and 18 bidirectional data lines.
The memory can be accessed from this external inter-
face or from the internal GRP based on the user's design.

The ispLSI and pLSI 6192DM has functionality similar to
the 6192SM, but access from the GRP or external pins is
supported concurrently. Dedicated arbitration logic and
Busy flags help to resolve issues arising from simulta-
neous access from both ports of the same memory
location. The Busy signal from the external port (BusyA)
is available at a dedicated device pin.

Register/Counter Module

An additional feature of the ispLSI 6192 and pLSI devices
is a dedicated Register/Counter module. Eight 16-bit
blocks are available to function as registers or shift
registers. In addition, four of these blocks can be pro-
grammed to operate as loadable Up/Down counters.
These four blocks include carry-in and carry-out connec-
tions to allow counter cascading up to 64 bits. The

Memory Module Options

Register/Counter General Programmable

Module Logic Module
Single-Port Dual-Port Programmable . i .
Functions FIFO SRAM SRAM  |Register / Counter / Timer| \"Ve(sal: Redistered or
6192FF 6192SM 6192DM / Shift Register

Organization Programmable 512 x 9 or 256 x 18

Cascadeable 8 x 16 Bit

Words 192 Macrocells

External Interface 18 I/0 & 13 Control Pins

96 1/0 / 5 Clocks /

16 /0 & 8 Control Pins | a1 Output Enables

Performance 20ns Memory Access Time (Tacc)

125MHz Counter
Frequency (Fcnt)

15ns Logic Delay (Tpd)
70MHz Frequency (Fmax)

Programmability

In-System Programmable

Testability

|EEE 1149.1 Boundary Scan Test

Package

208-Pin Metal Quad Flat Pack (MQFP)
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Figure 1. ispLSI and pLSI 6192 Functional Block Diagram
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Note:

Since certain signal names are duplicated on Memory Module and Register/Counter

Module pms (

OF (RC)
DIO (RAM)
DIO (RC)

, DIO), the notation:

will be used periodically in this data sheet to differentiate signals.

Register/Counter block also has a 16-bit data port con-
nected to the GRP along with a variety of control inputs
and status flag outputs.

Programmable Logic Module

The basic unit of general-purpose programmable logic
on the ispLSI and pLSI 6192 devices is the Twin Generic
Logic Block (Twin GLB) labeled A0, A1....F3 in the block
diagram. There are a total of 24 of these Twin GLBs in the
ispLSI and pLSI 6192 devices. Each Twin GLB has 24
inputs, a programmable AND array and two OR/Exclu-

sive-OR Arrays as well as eight outputs which can be
configured independently to be combinatorial or regis-
tered. All Twin GLB logic inputs come from the GRP.

Four Twin GLBs, 16 I/O Cells and one ORP form a logic
Megablock. The 16 1/O cells within a Megablock share
one Product Term Output Enable and two Global Output
Enable signals. The outputs of four Twin GLBs are
connected to a set of 16 /0 cells by the ORP. The ispLSI
and pLSI 6192 devices each contain six of these
Megablocks.
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The GRP has, as its inputs, the outputs from all of the
Twin GLBs and all of the inputs from the bidirectional I/O
cells as well as independent bidirectional data bus ports
from the FIFO and Register/Counter blocks. Flag outputs
from these modules as well as control inputs are also
connected to the GRP. All these signals are made avail-
able to the inputs of the Twin GLBs. Delays through the
GRP have been equalized to minimize timing skew and
logic glitching.

GLB outputs are brought back into the GRP so that they
can be connected to the inputs of any other logic block on
the device. The device has 96 I/O cells, each of which is
directly connected to an I/O pin. Each I/O cell can be
individually programmed to be a combinatorial input, a
latched input, an output or a bidirectional I/O pin with
3-state control. Output signal levels are TTL compatible,
and the output drivers can source 4mA and sink 8 mA.
Each output can be programmed independently for fast
or slow output slew rate to minimize overall output switch-
ing noise. The devices are packaged in space saving
208-pin Metal Quad Flat Pack (MQFP) packages.

Clocks in the ispLSI and pLSI 6192 devices are provided
through five dedicated clock pins. The five pins provide
three clocks to the Twin GLBs and two clocks to the 1/0
cells.

In-System Programmability

The ispLSI 6192 devices also feature 5-Volt in-system
programmability and in-system diagnostic capabilities.
Consequently, the devices offer non-volatile “on-the-fly”
reprogrammability of logic and memory to support truly
reconfigurable systems.

Boundary Scan

TheispLSIand pLSI6192family also has Boundary Scan
capability, consisting of dedicated cells connected be-
tween the on-chip systemlogic and the device’s inputand
output pins. All I/O pins have associated boundary scan
registers, with 3-state I/O using three boundary scan
registers and inputs using one. The device supports all
IEEE 1149.1 mandatory instructions, which include
BYPASS, EXTEST and SAMPLE.

For More Information

For full details on the ispLSI and pLSI 6000 cell-based
architecture, see the ispLSl and pLSI 6192 data sheet in
this Data Book.
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Introduction to

ispLSI° and pLSI°1000/E Families

Introduction

Lattice Semiconductor Corporation’s (LSC) ispLSI and
pLSI families are high-density and high-performance
E2CMOS® programmable logic devices. They provide
design engineers with a superior system solution for
integrating high-speed logic on a single chip.

The ispLSI and pLSI 1000 and 1000E families combine
the performance and ease of use of PLDs with the density
and flexibility of FPGAs.

The ispLSI and pLSI 1000 and 1000E families are ideal
for designs requiring high speeds with highly integrated
logic.

The ispLSI family incorporates Lattice Semiconductor’s
innovative in-system programmable™ (ISP™) technol-
ogy. ISP technology allows for real-time programming,
less expensive manufacturing and end-user feature
reconfiguration.

E2CMOS technology features reprogrammability, the
ability to program the device again and again to easily
incorporate any design modifications. This same capa-
bility allows full parametric testability during manufacturing,
which guarantees 100 percent programming and func-
tional yield.

Q
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ispLSI and pLSI 1000 and 1000E Families

125 MHz System Performance
7.5 ns Pin-to-Pin Delay

Deterministic Performance

High Density (2,000-8,000 PLD Gates)
44-Pin to 133-Pin Package Options
Flexible Architecture

Easy-to-Use

In-System Programmable (ispLSl)

ispLSI and pLSI Technology

UltraMOS E2CMOS — the PLD Technology of
Choice

Electrically Erasable/Programmable/
Reprogrammable

100% Tested During Manufacture
100% Programming Yield

Fast Programming

ispLSI and pLSI Development Tools

All necessary development tools are available from LSC
and third-party vendors. Development tools offered
range from LSC’s low cost pDS® software, featuring
Boolean entry in a graphical Windows™ based environ-
ment, to the pDS+™ family of Fitters that interface with
third party development software packages. Design
systems interfacing with pDS+ Fitters feature schematic
capture, state machine and HDL design entry. Designs
can now be completed in hours as opposed to days or
weeks.

a

Q

Low Cost, Fully Integrated pDS Design System ‘
for the PC ‘

pDS+ Support for Industry-Standard Third-
Party Design Environments and Platforms

HDL, VHDL, Boolean Equation, State Machine
and Schematic Capture Entry

Timing and Functional Simulation

PC and Workstation Platforms

2-43
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Introduction to ispLSI ahd pLSI 1000/E Families

1000 and 1000E Families Overview

The ispLSI and pLSI 1000 and 1000E families of high-
density devices address high-performance system logic
needs, ranging from registers, to counters, to multiplex-
ers, to complex state machines.

With PLD densities ranging from 2,000 to 8,000 gates,
the ispLSI and pLSI 1000 and 1000E families provide a
wide range of programmable logic solutions which meet
tomorrow's design requirements today.

Table 1. ispLSl and pLSI 1000E Family Attributes

Each device contains multiple Generic Logic Blocks
(GLBs), which are designed to maximize system flexibility
and performance. A balanced ratio of registers and I/O
cells provides the optimum combination of internal logic
and external connections. A global interconnect scheme
ties everything together, enabling utilization of up to 80%
of available logic. Table 1 describes the family attributes.

Family Member 1016/1016E 1024/1024E 1032/1032E 1048/1048C/1048E
Density (PLD Gates) 2,000 4,000 6,000 8,000
Speed: fmax (MHz) 125 125 90 90
Speed: tpd (ns) 7.5 75 10 10
GLBs 16 32 48
Registers 9% 144 192 288
Inputs + /O 36 72 106*/110
44-pin PLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP*
Pin/Package 44-pin TQFP 100-pin TQFP 100-pin TQFP 128-pin PQFP
44-pin JLCC 68-pin JLCC 84-pin CPGA 133-pin CPGA
Table 1/1K Intro
* ispLSI/pLSI 1048 Only
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Introduction to ispLSI and pLSI 1000/E Families

Figure 1. 1000/E Family Packages
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&
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&
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&
pLSI 1024/E
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&
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&
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&
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ispLSI° and pLSI° 1016E

High-Density Programmable Logic

Features

* HIGH DENSITY PROGRAMMABLE LOGIC

— 2000 PLD Gates

— 321/0 Pins, Four Dedicated Inputs

— 96 Registers

— High-Speed Global interconnect

— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.

— Small Logic Block Size for Random Logic

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 125 MHz Maximum Operating Frequency
— tpd = 7.5 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Erasable and Reprogrammable
— Non-Volatile
— 100% Tested at Time of Manufacture
— Unused Product Term Shutdown Saves Power

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable™ (ISP™) 5-Volt Only
— Increased Manufacturing Yields, Reduced Time-to-
Market and Improved Product Quality
— Reprogram Soldered Device for Faster Prototyping

* OFFERS THE EASE OF USE AND FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEXIBILITY
OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device Can Combine Glue
Logic and Structured Designs

— Enhanced Pin Locking Capability

— Three Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Programmable Output Slew Rate Control to
Minimize Switching Noise

— Flexible Pin Placement

— Optimized Global Routing Pool Provides Global
Interconnectivity

* pLSl/ispLSI DEVELOPMENT TOOLS
pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table

pDS+™ Software
— Industry Standard, Third-Party Design
Environments
— Schematic Capture, State Machine, HDL
— Automatic Partitioning and Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram

Logic
Array

,

Output Routing Pool

HEEHEEES
Nljo||o|[d || =]|o

[ Output Routing Pool

(11| ey e e e

Global Routing Pool (GRP)

B EREEEEE
=[N0 ~

o
=
X

] Ea [T [ 0 (e

0139C 159

The ispLSI and pLSI 1016E are High Density
Programmable Logic Devices containing 96 Registers,
32 Universal 1/O pins, four Dedicated Input pins, three
Dedicated Clock Input pins, one Global OE input pin and
aGlobal Routing Pool (GRP). The GRP provides complete
interconnectivity between all of these elements. The
ispLSI 1016E features 5-Volt in-system programming
and in-system diagnostic capabilities. The ispLSI| 1016E
offers non-volatile “on-the-fly” reprogrammability of the
logic, as well as the interconnect to provide truly
reconfigurable systems. It is architecturally and
parametrically compatible to the pLSI 1016E device, but
multiplexes four input pins to control in-system
programming. A functional superset of the ispLSI and
pLSI 1016 architecture, the ispLSI and pLSI 1016E
devices add a new global output enable pin.

The basic unit of logic on the ispLSI and pLSI 1016E
devices is the Generic Logic Block (GLB). The GLBs are
labeled A0, A1...B7 (see figure 1). There are a total of 16
GLBs in the ispLSl and pLSI 1016E devices. Each GLB
has 18 inputs, a programmable AND/OR/Exclusive OR
array, and four outputs which can be configured to be
either combinatorial or registered. Inputs to the GLB
come from the GRP and dedicated inputs. All of the GLB
outputs are brought back into the GRP so that they can
be connected to the inputs of any other GLB on the
device.

Copyright© 1996 Lattice Semiconductor Corp. All brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject

to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

1996 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037; http://www.latticesemi.com
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Specifications ispLSI and pLSI 1016E

Functional Block Diagram

Figure 1. ispLSI and pLSI 1016E Functional Block Diagram

Generic
Logic Blocks
(GLBs)
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Vo 11 3 1019
11018
110 12 /017
11013
110 14 Vo6
11015

i=

*SDI/IN 0
*SDO/IN 1

______

Megablock

*ispEN/NC

Distributl
Network

* ispL.SI 1016E Only

The devices also have 32 /O cells, each of which is
directly connected to an I/O pin. Each I/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
/O pin with 3-state control. The signal levels are TTL
compatible voltages and the output drivers can source
4 mA or sink 8 mA. Each output can be programmed
independently for fast or slow output slew rate to mini-
mize overall output switching noise.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O cells by the ORP. Each ispLSI
and pLSI 1016E device contains two Megablocks.

**Note: Y1 and RESET
are multiplexed
on the same pin

YO
Y1
*SCLK/Y2

01398(1a)-isp

The GRP has, as its inputs, the outputs from all of the
GLBs and all of the inputs from the bi-directional I/O cells.
All of these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSl and pLSI 1016E devices are se-
lected using the Clock Distribution Network. Three
dedicated clock pins (YO, Y1 and Y2) are brought into the
distribution network, and five clock outputs (CLK 0,
CLK 1, CLK 2, IOCLK 0 and IOCLK 1) are provided to
route clocks to the GLBs and I/O cells. The Clock Distri-
bution Network can also be driven from a special clock
GLB (BO on the ispLSl and pLSI 1016E devices). The
logic of this GLB allows the user to create an internal
clock from a combination of internal signals within the
device.
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=5 nxns Corporation

Supply Voltage Voo wovivevecvieiicceee, -0.5to +7.0V
Input Voltage Applied ......cccccccvrennnn. -2.5t0 Vgo +1.0V
Off-State Output Voltage Applied..... -2.5 to Vgg +1.0V
Storage Temperature ........cccceeeeeeieeenienn -65 to 150°C
Case Temp. with Power Applied ............... -55 to 125°C

Max. Junction Temp. (T,) with Power Applied .... 150°C

1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional
operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 4.75 5.25 Vv
ViL Input Low Voltage 0 0.8 \%
ViH Input High Voltage 2.0 Voo +1 \Y

Table 2:0005/2000

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER TYPICAL'| UNITS TEST CONDITIONS
C, Dedicated Input, I/0, Y1, Y2 Clock Capacitance 8 pf Vo= 5.0V, Ve = 2.0V
C, Y0 Clock Capacitance 12 pf Vo= 5.0V, Vo= 2.0V

1. Guaranteed, but not 100% tested. Table 2 - 0006a

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI Erase/Reprogram Cycles 10000 - Cycles
pLSI Erase/Reprogram Cycles 100 - Cycles

Table 2-0008A-isp.
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Switching Test Conditions

input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Time -125 <2ns +5V
10% to 90% -100 <3ns
Input Timing Reference Levels 1.5V R4
Ouput Timing Reference Levels 1.5V Device R _ Test
Output Load See figure 2 Output " Point
3-state levels are measured 0.5V from Teneg-o0eanone l *
steady-state active level. Ro CL
Output Load Conditions (see figure 2) % I

T . . .
EST CONDITION R1 R2 cL *CL includes Test Fixture and Probe Capacitance.
A 470Q 390Q 35pF 0213a
B Active High oo 390Q | 35pF
Active Low 470Q | 390Q | 35pF
Active High to Z
at VOH -0.5V = 390Q 5pF
c Active Low to Z
at Vo +0.5V 470Q | 390Q 5pF

Table 2:0004a

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP® | MAX. | UNITS
VoL Output Low Voltage lo,=8 mA - - 0.4 \"
VOH Output High Voltage lon= -4 mA 2.4 - - \Y
he Input or I/O Low Leakage Current 0V < Vin< Vi (Max.) - - -10 HA
IH Input or I/O High Leakage Current 3.5V < Vi< Ve - - 10 pA
liL-isp ispEN Input Low Leakage Current 0V < Ving ViL - - -150 | upA
hL-PU 1/0 Active Pull-Up Current 0V < VNS Vi - - -150 HA
los® Output Short Circuit Current Vee= 5V, Vour= 0.5V - - -200 mA
Icc®* | Operating Power Supply Current Vii= 0.5V, Viu= 3.0V, forock= 1 MHz - 90 - mA

Table 2-0007a-16-isp

1. One output at a time for a maximum duration of one second. Voyr= 0.5V was selected to avoid test problems
by tester ground degradation. Guaranteed but not 100% tested.

2. Measured using four 16-bit counters.

3. Typical values are at Vo= 5V and Ta= 25°C.

4. Maximum I varies widely with specific device configuration and operating frequency. Refer to the Power Consumption
section of this data sheet and Thermal Management section of this Data Book to estimate maximum |.
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External Timing Parameters

Over Recommended Operating Conditions |

4
PARAMETER ggﬁ; # DESCRIPTION' -125 1001 unirs
MIN. | MAX.| MIN. |MAX.
tpd1 A 1 | Data Propagation Delay, 4PT Bypass, ORP Bypass - | 75| - [10.0 ns |
tpd2 A 2 | Data Propagation Delay, Worst Case Path - |10.0| - |13.0 ns
fmax (Int.) A 3 | Clock Frequency with Internal Feedback3 125 | - 100 | - MHz
fmax (Ext.) - 4 | Clock Frequency with External Feedback (m) 100 | — |770] - MHz
fmax (Tog.) - 5 | Clock Frequency, Max. Toggle (m—’;m) 167 | - | 125 | - MHz
tsu1 - 6 | GLB Reg. Setup Time before Clock, 4 PT Bypass 50| - |70 | - ns
tcot A 7 | GLB Reg. Clock to Output Delay, ORP Bypass - 45| - [5.0 ns
th1 - 8 | GLB Reg. Hold Time after Clock, 4 PT Bypass 0 - 0 - ns
tsu2 - 9 | GLB Reg. Setup Time before Clock 55| - 80 | — ns
tco2 - 10 | GLB Reg. Clock to Output Delay - | 55| - | 60 ns
tho - 11| GLB Reg. Hold Time after Clock 0 - 0 - ns
tr1 A 12| Ext. Reset Pin to Output Delay - |100| - {135 ns
trwi - 13| Ext. Reset Pulse Duration 50| - | 65| — ns
tptoeen B 14| Input to Output Enable - {120 - |15.0 ns
tptoedis C 15| Input to Output Disable - [12.0| - |15.0 ns
tgoeen B 16 | Global OE Output Enable - 70| - |90 ns
tgoedis C 17 | Global OE Qutput Disable - |70 - | 9.0 ns
twh - 18 | External Synchronous Clock Pulse Duration, High 30| - 40 | - ns
twi - 19 | External Synchronous Clock Pulse Duration, Low 30| - 4.0 - ns
tsu3 - 20 | 1/O Reg. Setup Time before Ext. Sync Clock (Y2,Y3) | 30| - | 35| - ns
th3 - 21| 1/0 Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 00| - 00 | - ns

. Unless noted otherwise, all parameters use the GRP, 20 PTXOR path, ORP and YO clock. T 20 00 |
. Refer to Timing Model in this data sheet for further details. '

. Standard 16-bit counter using GRP feedback.

. Reference Switching Test Conditions Section.

A WN =
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Internal Timing Parameters?

-125 -100
PARAMETER | # DESCRIPTION win. [max. [N, max.| NS

Inputs

tiobp 22 | I/O Register Bypass - |08 - |04 ns
tiolat 23 | I/O Latch Delay - |18 | - |24 ns
tiosu 24 | 1/O Register Setup Time before Clock 30| - | 35| — ns
tioh 25 | 1/O Register Hold Time after Clock 03| - |-04]| - ns
tioco 26 | /0 Register Clock to Out Delay - 40| - |50 ns
tior 27 | I/0 Register Reset to Out Delay - l40| - |50 ns
tdin 28 | Dedicated Input Delay - |22 - | 26 ns
GRP

tgrp1 29 | GRP Delay, 1 GLB Load : - 1.8 - 1.9 ns
tgrp4 30 | GRP Delay, 4 GLB Loads - 19| - |22 ns
tgrps 31| GRP Delay, 8 GLB Loads -l21] - | 25 ns
tgrp16 32 | GRP Delay, 16 GLB Loads -1 24] - | 341 ns
GLB

t4ptbpc 34 | 4 Product Term Bypass Path Delay (Combinatorial) - 189 | - |57 ns
taptopr 35 | 4 Product Term Bypass Path Delay (Registered) - |39 - | 56 ns
t1ptxor 36 | 1 Product Term/XOR Path Delay - | 44| - | 641 ns
t20ptxor 37 | 20 Product Term/XOR Path Delay - | 44 - | 6.1 ns
txoradj 38 | XOR Adjacent Path Delay® - | 44| - | 66 ns
tgbp 39 | GLB Register Bypass Delay - 110 - | 16 ns
tgsu 40 | GLB Register Setup Time before Clock 02| - 02| - ns
tgh 41 | GLB Register Hold Time after Clock 15| - | 25| - ns
tgco 42 | GLB Register Clock to Output Delay - |18 - |19 ns
tgro 43 | GLB Register Reset to Output Delay - | 44 - | 6.3 ns
tptre 44 | GLB Product Term Reset to Register Delay - | 35 - | 51 ns
tptoe 45 | GLB Product Term Output Enable to I/O Cell Delay - | 55 - | 741 ns
tptck 46 | GLB Product Term Clock Delay 32| 35| 48 | 53 ns
ORP

torp 47 | ORP Delay - 10| - |10 ns
torpbp 48 | ORP Bypass Delay - 100| - |00 ns

1. Internal Timing Parameters are not tested and are for reference only. Tale 20036-16/126.100

2. Refer to Timing Model in this data sheet for further details.
3. The XOR adjacent path can only be used by hard macros.
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Internal Timing Parameters! ,

PARAMETER | #2 DESCRIPTION 125 10 yirs
MIN. [MAX.| MIN. [MAX.
Outputs
tob 49 | Output Buffer Delay - {14] - |17 | ns
tsi 50 | Output Slew Limited Delay Adder - (100 - |10.0| ns
toen 51 | 1/0O Cell OE to Output Enabled - | 43 - | 53 ns
todis 52| 1/0 Cell OF to Output Disabled - 43| - |53 ns i’
tgoe 53 | Global Output Enable - |27 -~ |87 | ns
Clocks
tgyo 54 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 13|13 [ 14 | 14 ns
tgy1/2 55 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 23|27 | 24|29 ns
tgcp 56 | Clock Delay, Clock GLB to Global GLB Clock Line 08|18 | 08| 1.8 ns
tioy1/2 57 | Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 00| 03| 00|04 ns
tiocp 58 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 08| 18| 08| 1.8 ns
Global Reset
tgr I 59 l Global Reset to GLB and I/O Registers [ - I 3.2 I -~ I 4.5 ns
1. Internal Timing Parameters are not tested and are for reference only. Table 20037-16/125,100

2. Refer to Timing Model in this data sheet for further details.
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ispLSI and pLSI 1016E Timing Model

1/0 Cell GRP GLB ORP 1/0 Cell
Feedback
Igad, In w28 J I_.l Comb 4 PT Bypass #34
I/0 Reg Bypass H Reg 4 PT Bypass GLB Reg Bypass ORP Bypass
Jorn>-e 9 Byp . g4 PTBypass | g Byp e |
#22 #30 #35 #39 #48 L
(Input) (Output)
Input _r LGﬁP 20 PT GLB Reg ORP #51, 52
D Registerq %ael'ar;,g J XOR Delays Delay Delay
RST
501" 4ng. 27 #29,31,32 P> rasse D @ e 7
/{ RST
Roset ® #59 | #40-43
AN
Clock | | Control RE
Distribution PTs OF |
[v2 #5558 [ #44-46 CK -I ———:f
4 >
[ £ e
[coEo #53

Derivations of tsu, th and tco from the Product Term Clock’

tsu Logic + Reg su - Clock (min)

L I TR ]

1.4 ns

th Clock (max) + Reg h - Logic

wowonon

0.6 ns

tco Clock (max) + Reg co + Output

wonon

(#22 + #30 + #406) + (#42) + (#47 + #49)

9.9ns = (0.3+1.9+3.5)+(1.8) + (1.0 +1.4)

Derivations of tsu, th and tco from the Clock GLB'

tsu Logic + Reg su - Clock (min)

o nn

29ns

th Clock (max) + Reg h - Logic

nwowonon

-0.2ns

tco Clock (max) + Reg co + Output

(H54 + #42 + #56) + (#42) + (#47 + #49)
91ns = (1.3+1.8+1.8)+(1.8) +(1.0+1.4)

(tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)

(tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob)

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
(#22 + #30 + #37) + (#40) - (#22 + #30 + #46)
(0.3+1.9+4.4) +(0.2) - (0.3 + 1.9 + 3.2)

(tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
(#22 + #30 + #46) + (#41) - (#22 + #30 + #37)
(0.3+1.9+35)+(1.5)- (0.3+1.9 +4.4)

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgy0(min) + tgco + tgcp(min))
(#22 + #30 + #37) + (#40) - (#54 + #42 + #56)
(0.3+1.9+4.4)+(0.2)-(1.3+1.8+0.8)

(tgyO(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
(#54 + #42 + #56) + (#41) - (#22 + #30 + #37)
(1.3+1.8+1.8)+(1.5)- (0.3+1.9+4.4)

Table 2-0042-16

1. Calculations are based upon timing specifications for the ispLS| and pLSI 1016E-125

2-54

1996 Data Book



Specifications ispLSI and pLSI 1016E
|

8r |
ispLSI and pLSI 1016E-100
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g ispLSI and pLS! 1016E-125
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GLB Load

16E GRPIGLB.0ps

Power Consumption

Power Consumptioninthe ispLSlandpLSI 1016E device used. Figure 3 shows the relationship between power
depends on two primary factors: the speed at whichthe and operating speed.
device is operating and the number of Product Terms

Figure 3. Typical Device Power Consumption vs fmax
130 - ispLSI and pLSI 1016E
120 |-

! ! l I l | J
0 20 40 60 80 100 120 140

fmax (MHz)

Notes: Configuration of four 16-bit counters
Typical current at 5V, 25°C

Icc can be estimated for the ispLS! and pLSI 1016E using the following equation:
Icc(mA) = 23 + (# of PTs * 0.52) + (# of nets * max freq * 0.004)

Where:
# of PTs = Number of product terms used in design
# of nets = Number of signals used in device
Max freq = Highest clock frequency to the device (in MHz)

The Icc estimate is based on typical conditions (V¢ = 5.0V, room temperature) and an assumption of four GLB loads
on average exists and the device is filled with four 16-bit counters. These values are for estimates only. Since the
value of IcC is sensitive to operating conditions and the program in the device, the actual Icc should be verified.

0127B-16-80-isp/1016
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In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice Semiconductor High-Density Pro-
grammable Large Scale Integration (pLSI) devices. By
integrating all the high voltage programming circuitry on-
chip, programming can be accomplished by simply shifting
data into the device. Once the function is programmed,
the non-volatile E2CMOS cells will not lose the pattern
even when the power is turned off.

All necessary programming is done via five TTL level
logic interface signals. These five signals are fed into the
on-chip programming circuitry where a state machine
controls the programming. The simple signals for the

Figure 4. ISP Programming Interface

interface include isp Enable (ispEN), Serial Data In (SDI),
Serial Data Out (SDO), Serial Clock (SCLK) and Mode
(MODE) control. Figure 4 illustrates the block diagram of
one possible scheme for programming the ispLSI de-
vices. For details on the operation of the internal state
machine and programming of the device, please refer to
the ISP Architecture and Programming section of this
Data Book.

The device identifier for the ispLSI 1016E is 0000 1011
(0B hex). This code is the unique device identifier which
is generated when a read ID command is performed.

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface

iSPEN
L—{ispEN iSPEN

| |

MODE MODE
ispLSl! ispGAL ispGDS ispLSI

| SDI SDO -(SDI SDO -{SDI SDO | SDI SDO

02948
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ispLSI 1016E Shift Register Layout

D D

A A

T T

i ;

Data In > 79... High Order Shift Register .0 >
(SDI) > 159... Low Order Shift Register 80» " SDO
SDI
109
)
B
)
[
[2'ed
£
®
E2CMOS Cell Array 2
g
T
T
<
0]y
01828-16 SDO

Note: A logic “1” in the Address Shift Register bit position enables the row for programming or verification.

A logic “0” disables it.
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Pin Description
NAME PLCGC TQFP DESCRIPTION

PIN NUMBERS PIN NUMBERS

/00-1/03 15, 16, 17, 18, 9, 10, 11, 12, | Input/Output Pins - These are the general purpose I/O pins used by the logic
/0 4-1/07 19, 20, 21, 22, 13, 14, 15, 16, | array.

/0 8 -1/0 11 25, 26, 27, 28, 19, 20, 21, 22,
/012 -1/0 15 29, 30, 31, 32, 23, 24, 25, 26,
/10 16-1/019| 37, 38, 39, 40, 31, 32, 33, 34,
/020 -1/0 23 41, 42, 43, 44, 35, 36, 37, 38,
1/0 24 - 1/0 27 3, 4, 5 6 41, 42, 43, 44,
1/0 28 - /0 31 7, 8 9, 10 1, 2, 3, 4

GOE 0/IN 3 2 40 This is a dual function pin. It can be used either as Global Output Enable for
all I/O cells or it can be used as a dedicated input pin.

iSpEN**/NC 13 7 Input - Dedicated in-system programming enable input pin. This pin is
brought low to enable the programming mode. The MODE, SDI, SDO and
SCLK controls become active.

SDI*/IN O 14 8 Input - This pin performs two functions. When ispEN is logic low, it functions
as an input pin to load programming data into the device. It is a dedicated
input pin when ispEN is logic high.SDI/INO also is used as one of the two
control pins for the isp state machine.

MODE*/IN 2 36 30 Input - This pin performs two functions. When ispEN is logic low, it functions
as a pin to control the operation of the isp state machine. It is a dedicated
input pin when ispEN is logic high.
SDO*/IN 1 24 18 Output/Input - This pin performs two functions. When ispEN is logic low, it
functions as an ouput pin to read serial shift register data. It is a dedicated
input pin when ispEN is logic high.

SCLK*/Y2 33 27 Input - This pin performs two functions. When ispEN is logic low, it
functions as a clock pin for the Serial Shift Register. It is a dedicated clock
input when ispEN is logic high. This clock input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB and/or /O
cell on the device.

YO " 5 Dedicated Clock input. This clock input is connected to one of the clock
inputs of all the GLBs on the device.
Y1/RESET 35 29 This pin performs two functions:

- Dedicated clock input. This clock input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB and/or
1/0 cell on the device.

- Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

GND 1, 23 17, 39 Ground (GND)
vcc 12, 34 6, 28 Vee

* ispLSI 1016E only Table 2-0002C-16-isp

** 1spEN for ispLSI 1016E; NC for pLS| 1016E must be left floating or tied to Vcc, must not be grounded or tied
to any other signal.
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Pin Configurations

ispLSl and pLSI 1016E 44-pin PLCC Pinout Diagram

m
£
3
hE8Ig88&R
QooQfPgoQoog
6 5 4 3 2 1 4443424140
1o 28 7 39110 18
o298 38[J 1017
11030 Q9 37[J /o 16
110 31 10 . 36 *MODE/IN 2
vo 11 |SPLSI 1016E 35[1 Y1/RESET
vee 1z pLSI 1016E 34[1vee
*ispEN/NC [ 13 Top View 3317 *SCLK/Y2
*sDIINO [} 14 3210 15
oo 15 3110 14
101 16 30[J 1013
o2 17 29[ vo 12
18 19 20 21 22 23 24 25 26 27 28
OooOooooooOOd
O WO~ ®00
Q2QQ2%22¢%c0
e} ==
o
[

* Pins have dual function capability for ispLSI 1016E only (except pin 13, which is ispEN only).
** Pins have dual function capability which is software selectable.

ispLSI 1016E 44-pin TQFP Pinout Diagram

o120Aisp1016

@
E
3
NE88IgRNTR®R
209295292929
inininisinisininininis]
44 43 42 41 40 39 38 37 36 35 34
110 28 [}1 33110 18
11029 2 32;||/o17
171030 3 31110 16
110 31 4 . 30| *MODE/IN 2
o s ispLSI 1016E ZQBYVRESET
vee e Top View 287 vee
ispEN []7 27[1 *SCLK/Y2
*sDIIN O []8 2610 15
oo o 25g|/o14
o 1 Q10 2471013
o2 11 23110 12
12 13 14 15 16 17 18 19 20 21 22
L
MmO NAOQ - © 0 9 =
Q22223222850
o ==
[=]
1

* Pins have dual function capability.

** Pins have dual function capability which is software selectable.

0851-16ETQFP
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Specifications ispLSI and pLSI 1016E

Part Number Description

(is)pLSI

Device Family
ispLSI
pLSI

Device Number
Speed

1016E - XXX X XXX X

125 = 125 MHz fmax
100 = 100 MHz fmax

] j B Grade

Blank = Commercial

Package
J=PLCC
T44 = TQFP

Power
L=Low

0212-80B-isp1016

ispLSl and pLSI 1016E Ordering Information

FAMILY fmax (MHz) tpd (ns) ORDERING NUMBER PACKAGE
ispLSI 125 7.5 ispLSI 1016E-125LJ 44-Pin PLCC
125 7.5 ispLSI 1016E-125L.T44 44-Pin TQFP
100 10 ispLSI 1016E-100LJ 44-Pin PLCC
100 10 ispLSI 1016E-100LT44 44-Pin TQFP
pLSI 125 7.5 pLSI 1016E-125LJ 44-Pin PLCC
100 10 pLSI 1016E-100LJ 44-Pin PLCC
Table 2 0041A-16:5p1016
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ispLSI° and pLSI° 1016

High-Density Programmable Logic

Features

* HIGH-DENSITY PROGRAMMABLE LOGIC

— High-Speed Giobal Interconnect

— 2000 PLD Gates

— 32 1/0 Pins, Four Dedicated Inputs

— 96 Registers

— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.

— Small Logic Block Size for Random Logic

— Security Cell Prevents Unauthorized Copying

« HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 110 MHz Maximum Operating Frequency
— fmax = 60 MHz for Industrial and Military/883 Devices
— tpd = 10 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Erasable and Reprogrammable
— Non-Volatile E2CMOS Technology
— 100% Tested

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable™ (ISP™) 5-Volt Only
— Increased Manufacturing Yields, Reduced Time-to-
Market, and Improved Product Quality
— Reprogram Soldered Devices for Faster Debugging

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS
— Complete Programmable Device Can Combine Glue
Logic and Structured Designs

— Three Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Provides Global
Interconnectivity

¢ ispLSI AND pLSI DEVELOPMENT TOOLS
pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table

pDS+™ Software
— Industry Standard, Third Party Design
Environments
— Schematic Capture, State Machine, HDL
— Automatic Partitioning
— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram

>
vs}

\\
HEREEEEE
=[N jW] & ~
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>

Logic
Array

>
>

>

N
CEICEICEICE]

.

[$)]

>
4]

Output Routing Pool
Output Routing Pool

>
o

Global Routing Pool (GRP)

H oL

>
JQ

>
w e (=]

The ispLSI and pLSI 1016 are High-Density Program-
mable Logic Devices containing 96 Registers, 32
Universal I/O pins, four Dedicated Input pins, three Dedi-
cated Clock Input pins and a Global Routing Pool (GRP).
The GRP provides complete interconnectivity between
all of these elements. The ispLS! 1016 features 5-Voltin-
system programming and in-system diagnostic
capabilities. It is the first device which offers non-volatile
"on-the-fly" reprogrammability of the logic, as well as the
interconnect to provide truly reconfigurable systems. Itis
architecturally and parametrically compatible to the pLSI
1016 device, but multiplexes four input pins to control in-
system programming.

The basic unit of logic on the ispLSI and pLSI 1016
devices is the Generic Logic Block (GLB). The GLBs are
labeled AQ, A1..B7 (see figure 1). There are a total of 16
GLBs in the ispLS| and pLSI 1016 devices. Each GLB
has 18 inputs, a programmable AND/OR/XOR array, and
four outputs which can be configured to be either
combinatorial or registered. Inputs to the GLB come from
the GRP and dedicated inputs. All of the GLB outputs are
brought back into the GRP so that they can be connected
to the inputs of any other GLB on the device.

Copyright© 1996 Lattice Semiconductor Corp. All brand or product names are ksor
to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

d of their respective holders. The specifications and information herein are subject
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Functional Block Diagram

Figure 1. ispLSI and pLSI 1016 Functional Block Diagram

Generic

Logic Blocks
(GLBs)
IN3
MODE¥/IN 2
[ —— —
i 11031
/
B7 1/0 30
ljg 0 110 29
:/o ; B6 10 28
1103 5 2 1027
T [©) 110 26
104 £ s, 11025
105 e B4 o
106 3 Global 5|3 voz4
all 2 Routing RN ]
107 3| g
2| 2 Pool B3 ERlE 11023
5| £ (GRP) o V0 22
'jg 8 2] 2 02 3 Vo 21
I/IO 12 s g 110 20
j=%
o E Bi 10 19
10 12 o
11017
11013 Bo Vo 16
110 14 L
11015 !
oo l:J_/
*SDO/IN 1 7
i E— g Clock CLK

Megablock

"ispEN/NC

Distribution |—SkK

10CLj
Network TGLKT

o

* ISP Control Functions for ispLSI 1016 Only

The devices also have 32 1/O cells, each of which is
directly connected to an I/0O pin. Each I/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
1/0 pin with 3-state control. Additionally, all outputs are
polarity selectable, active high or active low. The signal
levels are TTL compatible voltages and the output drivers
can source 4 mA or sink 8 mA.

Eight GLBs, 16 I/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
asetof 16 universal /O cells by the ORP. TheispLSland
pLSI 1016 devices contain two of these Megablocks.

Yo J—
- **Note: Y1 and RESET
i are multiplexed

*SCLK/Y2 on the same pin

01398(1a) sp eps

The GRP has as its inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional I/0 cells. All of
these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSl and pLSI 1016 devices are selected
using the Clock Distribution Network. Three dedicated
clock pins (YO, Y1 and Y2) are brought into the distribu-
tion network, and five clock outputs (CLK 0, CLK 1, CLK
2,10CLK 0 and IOCLK 1) are provided to route clocks to
the GLBs and I/O cells. The Clock Distribution Network
can also be driven from a special clock GLB (B0 on the
ispLSI and pLSI 1016 devices). The logic of this GLB
allows the user to create an internal clock from a combi-
nation of internal signals within the device.
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Absolute Maximum Ratings 1

Supply Voltage Vg .voovveevniieniniiiecninne -0.5to +7.0V

Input Voltage Applied .......ccccocvenenen. -2.5to Vgg +1.0V
Off-State Output Voltage Applied..... -2.5 to Vg +1.0V
Storage Temperature .......c..ccoocveeereccvnienns -65 to 150°C

Case Temp. with Power Applied................ -55 to 125°C
Max. Junction Temp. (T,) with Power Applied .... 150°C
1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional

operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°C to +70°C 4.75 5.25
Vce Supply Voltage Industrial T = -40°C to +85°C 45 5.5 %
Military/883 T, =-55°C to +125°C 45 5.5
ViL Input Low Voltage 0 0.8 \%
VIH Input High Voltage 2.0 Vee + 1 v
Table 2- 0005Aisp w/mil.eps
Capacitance (T,=25°C, f=1.0 MHz) ;
SYMBOL | PARAMETER MAXIMUM? UNITS | TEST CONDITIONS ‘
C1 . ) Commercial/lndustrial 8 pf V=5.0V, V, =2.0V |
Dedicated Input Capacitance i
Military 10 pf Vge=5.0V, V,,=2.0V
C2 I/0 and Clock Capacitance 10 pf V=5.0V, V,,, V,=2.0V
1. Guaranteed but not 100% tested. Table 2- 0008
Data Retention Specifications
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI Erase/Reprogram Cycles 10000 - Cycles
pLSI Erase/Reprogram Cycles 100 - Cycles

Table 2- 0008B
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Switching Test Conditions

Input Pulse Levels GND to 3.0V
Input Rise and Fall Time < 3ns 10% to 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See figure 2

3-state levels are measured 0.5V from steady-state

active level.

Tabla 2- 0003

Output Load Conditions (see figure 2)

Figure 2. Test Load

+
[9;]
<

Device
Output

_ Test
~ Point

R2

lll——'\/\/\,—4>—/\/\/\,—-|

Ny F—e

*C|_ includes Test Fixture and Probe Capacitance.

Test Condition R1 R2 CL
A 470Q 3900 35pF
B Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z ) 390Q 5pF
C | atVv,, -0.5V
Active Low to Z 470Q 390Q 5pF
atV, +0.5v

Table 2- 0004A

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL | Output Low Voltage lo, =8 MA - - 0.4 V;
VOH | Output High Voltage lo =4 MA 24 _ — v
I Input or I/O Low Leakage Current | OV <V, <V, (MAX)) - - -10 pA
IH Input or 1/O High Leakage Current | 3.5V < Vy < V¢ - - 10 LA
liL-isp | isp Input Low Leakage Current OV < Vi £V (MAX.) - - 150 WA
IiL-PU | /O Active Pull-Up Current oV<VysV, _ _ 150 uA
fos? | Output Short Circuit Current Voo =5V, Vour= 0.5V - - 200 mA
Icc2:4 | Operating Power Supply Current | V. = 0.5V, V= 3.0V | Commercial - 100 | 150 mA

frocae = 1 MHz Industrial/Military - 100 170 mA

-

2. Measured using four 16-bit counters.

3. Typical values are at V. = 5V and T, = 25°C.

. One output at a time for a maximum duration of one second. V= 0.5V was selected to avoid test problems by tester ground
degradation. Guaranteed but not 100% tested.

4. Maximum |, varies widely with specific device configuration and operating frequency. Refer to the Power Consumption sec-
tion of this datasheet and Thermal Management section of this Data Book to estimate maximum |

Table 2-0007A-16 w/mil
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External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| TEST®|4?| DESCRIPTION' 110 90 lunits
MIN. MAX.|MIN. |MAX,

tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 10 | - 12 ns

tpd2 A | 2 | Data Propagation Delay, Worst Case Path - (145] - 17 ns

fmax (Int.) A | 3 | Clock Frequency with Internal Feedback® 111 p> 90.9| - MHz

fmax (Ext.) — | 4 | Clock Frequency with External Feedback('s_uz_l-W) 70.@4 %g;@a 58.8| — | MHz

fmax (Tog.) | - |5 [ Clock Frequency, Max Toggle* 1 #9125 | - | MHz

tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass fg )8 - ns

tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass £ g”ﬁ - 8 ns

th1 - | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 05 =]o - ns

tsu2 — |9 | GLB Reg. Setup Time before Clock 75 w9 [ -] nrs

tco2 - |10| GLB Reg. Clock to Output Delay ;m %5 - |10 ns

th2 - |11] GLB Reg. Hold Time after Clock 9. g’?— 0 - ns

tr1 A [12| Ext. Reset Pin to Output Delay g7 | 14 ] — 15 ns

trwi - |13] Ext. Reset Pulse Duration 10 é%a— 10 -] ns

ten B |14] Input to Output Enable - ;f?ﬁ5 - 15 ns

tdis C |15] Input to Output Disable - 1151 - | 151 ns

twh — |16] Ext. Sync. Clock Pulse Duration, High 4 | -1 4] - ns

twi — |17 Ext. Sync. Clock Pulse Duration, Low 4 - 4 - ns

tsus — |18 /O Reg. Setup Time before Ext. Sync. Clock (Y1, Y2) 2 - 2 - ns

ths — {19 I/O Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 55| - |65 | - ns
1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.
2. Refer to Timing Model in this data sheet for further details. ‘
3. Standard 16-Bit loadable counter using GRP feedback. !
4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 1
5. Reference Switching Test Conditions Section. Table 2-0030-16/110.90C i
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External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| TEST® 4% | DESCRIPTION! 80 60 lunirs
. MIN. [MAX.{ MIN. |[MAX,
tpdt A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 151 - 20 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - 120 - | 25 ns
fmax (Int.) A | 3 | Clock Frequency with Internal Feedback3 o 80 - 60 - MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback(m) 50 | — ]38 | - | MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* 100 | - 83 - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass - 10 ] - 13 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 10| - |18 - ns
tco2 — |10| GLB Reg. Clock to Output Delay . - 12 - 16 ns
th2 — |11 GLB Reg. Hold Time after Clock o} -0 - ns
tr1 A |12| Ext. Reset Pin to Output Delay - 17 - 225} ns
trw1 — [13| Ext. Reset Pulse Duration 10| - 13| - ns
ten B [14] Input to Output Enable - [ 18] - | 24 ] ns
tdis C |15] Input to Output Disable - 18 - 24 ns
twh — |16 Ext. Sync. Clock Pulse Duration, High 5 - 6 - ns
twi — {17 Ext. Sync. Clock Pulse Duration, Low 5 — 6 - ns
tsus — |18] I/O Reg. Setup Time before Ext. Sync. Clock (Y1, Y2) 2 - {25 - ns
ths — {19] /O Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 65| - |85 | - ns

Table 2-0030-16/80,60C
. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO0 clock.
. Refer to Timing Model in this data sheet for further details.
. Standard 16-Bit loadable counter using GRP feedback.
. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%.
. Reference Switching Test Conditions Section.

gD =
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Internal Timing Parameters?

5 -110 -90
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX.| MIN. |MAX.
Inputs
tiobp 20 | I/O Register Bypass - (08)] - |10 ns
tiolat 21 | I/O Latch Delay - 117 - |20] ns
tiosu 22 | I/O Register Setup Time before Clock 41 i las | - ns
tioh 23 | 1/0 Register Hold Time after Clock 18 [#= |20 | - ns
tioco 24 | 1/0 Register Clock to Out Delay - M7 ] - |20 ns
tior 25 | I/O Register Reset to Out Delay - {21 - |25 ns
tain 26 | Dedicated Input Delay - ft7 ] - |20 ns
GRP :
tgrp1 27 | GRP Delay, 1 GLB Load ~Fo6[ - [07] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - o8| - |10} ns
tgrps 29 | GRP Delay, 8 GLB Loads -5 | - | 18] ns
tgrp12 30 | GRP Delay, 12 GLB Loads -2t - 2.6 ns
tgrpie 31 | GRP Delay, 16 GLB Loads - 81 - 3.4 ns
GLB
taptbp 33 | 4 Product Term Bypass Path Delay 3531 - 6.5 ns
t1ptxor 34 | 1 Product Term/XOR Path Delay —ue 6.1 | — 7.0 ns
toopixor 35 | 20 Product Term/XOR Path Delay - 66] - |80 ns
txoradi 36 | XOR Adjacent Path Delay® == 82| - |95 ns
tgbp 37 | GLB Register Bypass Delay = 05 - (05 ] ns
tgsu 38 | GLB Register Setup Time before Clock 0%}3‘ - (10| - ns
tgh 39 | GLB Register Hold Time after Clock 29| - |35 - ns
tgco 40 | GLB Register Clock to Output Delay E@f 16| - [15] ns
tgr 41 | GLB Register Reset to Output Delay cl21] - |25} ns
totre 42 | GLB Product Term Reset to Register Delay - | 82] - |100] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - 190} - |90 ns
tptck 44 | GLB Product Term Clock Delay 28| 62135 |75 ns
ORP
torp 45 | ORP Delay - 120 - |25]| ns
torpbp 46 | ORP Bypass Delay - 104) - |05] ns

1. Internal Timing Parameters are not tested and are for reference only.

2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Hard Macros.
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Internal Timing Parameters?
> -110 -90
PARAMETER| # DESCRIPTION UNITS
MIN. |MAX.| MIN. |MAX.
Outputs
tob 47 | Output Buffer Delay - | 25] ns
toen 48 | I/O Cell OE to Output Enabled - [ 40] ns
todis 49 | O Cell OE to Output Disabled - | 40] ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 35| 3835] ns
tay1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 25| 45 ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50| ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 25| 451 ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 10| 50| ns
Global Reset
tor | 55 l Global Reset to GLB and I/0O Registers I - l 7.9 I - l 75 I ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
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Internal Timing Parameters?

5 -80 -60
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.| MIN. [MAX.

Inputs
tiobp 20 | /O Register Bypass - J120}) - |27] ns
tiolat 21 | I/O Latch Delay - 1380 - |40] ns
tiosu 22 | I/O Register Setup Time before Clock 55| - | 73| - ns
tioh 23 | /O Register Hold Time after Clock 10| - 13| - ns
tioco 24 | 1/O Register Clock to Out Delay - | 30}) - | 40] ns
tior 25 | I/0 Register Reset to Out Delay - |25} - | 33 ns
tdin 26 | Dedicated Input Delay - 140} - | 53] ns
GRP
tgrp1 27 | GRP Delay, 1 GLB Load - |15 - [ 20} ns
tgrp4 28 | GRP Delay, 4 GLB Loads - 120 - | 27] ns
tgrps 29 | GRP Delay, 8 GLB Loads - |30 - | 40} ns
tgrp12 30 | GRP Delay, 12 GLB Loads - | 38] - | 50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - 1 45] - | 60] ns
GLB
taptbp 33 | 4 Product Term Bypass Path Delay - |65 — [ 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |70} - | 93] ns
tooptxor 35 | 20 Product Term/XOR Path Delay - | 80 - [106] ns
txoradj 36 | XOR Adjacent Path Delay® - |195]| - [127] ns
tgop 37 | GLB Register Bypass Delay - 10] - 1.3 ns
tgsu 38 | GLB Register Setup Time before Clock 10| - |13 | - ns
tgh 39 | GLB Register Hold Time after Clock 45 - } 6.0 - ns
tgco 40 | GLB Register Clock to Output Delay - 120] - | 27| ns
tor 41 | GLB Register Reset to Output Delay - l25) - |33] ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0] - |183] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - 90} - {12.0] ns
tptck 44 | GLB Product Term Clock Delay 3575146 |99] ns
ORP
torp 45 | ORP Delay - |25 - | 33] ns
torpbp 46 | ORP Bypass Delay - (05 - |07} ns

1. Internal Timing Parameters are not tested and are for reference only.

2. Refer to Timing Model in this data sheet for further details.

3. The XOR Adjacent path can only be used by Hard Macros.
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PARAMETER| #2 | DESCRIPTION 80 0 Junrs
MIN. |[MAX.| MIN. |[MAX,

Outputs
tob 47 | Output Buffer Delay - 130] - | 40] ns
toen 48 | 1/O Cell OE to Output Enabled - |50 - |67] ns
todis 49 | I/O Cell OE to Output Disabled - | 50| - | 67] ns
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 45| 4560 60] ns
tgyi/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 55146 | 73] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 5013 | 66 ] ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 35| 55146 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 10| 5013 |66 ] ns
Global Reset
tor J 55 I Global Reset to GLB and I/O Registers I - [ 9.0 I - ’ 12.q ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
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ispLSI and pLSI 1016 Timing Model

1/0 Cell GRP GLB ORP 1/0 Cell
Feedback
I Ded. In 26 ) L.‘
I/0 Reg Bypass ;—»‘ GRP 4 4 PT Bypass GLB Reg Bypass ORP Bypas:
<|/O Pin> - eg Byp: - ypass | o g Byp | ypass | #47 w
#20 #28 #33 #37 #46 l/
(Input) (Output)
Input GRP 20 PT GLB Reg ORP #48, 49
D RegisterQ L%aeclig;g XOR Delays Delay Delay
RST ib—ﬁ D Q L !
#55 #21-25 #27, 29, #34, 35, 36 #45 i
30, 31,32 RST i
Reset L 2 #55 »! #2(8), ?1? 3
> Clock - |
™ Distribution g?;‘"‘) CR)E

A

[ Y1,2 #51,52, #42, 43, CK
53, 54 44

Vo #50 >

Derivations of tsu, th and tco from the Product Term Clock’
tsu = Logic + Reg su - Clock (min)
tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
#20 + #28 + #35) + (#38) - (#20 + #28 + #44)

o

55ns= (1.0+1.0+8.0)+(1.0)-(1.0+ 1.0 + 3.5)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t2optxor)
= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35) ‘
3.0ns= (1.0+1.0+7.5)+(3.5)- (1.0 + 1.0 + 8.0) |

tco = Clock (max) + Reg co + Output

(tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
= (#20 + #28 + #44) + (#40) + (#45 + #47)

16.0ns = (1.0+ 1.0 +7.5) + (1.5) + (2.5 + 2.5)

Derivations of tsu, th and tco from the Clock GLB'

tsu = Logic + Reg su - Clock (min) |
(tiobp + tgrpa + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgep(min)) |
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52)

n

50ns= (1.0 +1.0+8.0)+(1.0)- (35+ 1.5+ 1.0) \
th = Clock (max) + Reg h - Logic !
= (tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
35ns= (3.5+1.5+50)+(3.5)-(1.0 +1.0+8.0)
tco = Clock (max) + Reg co + Output

tgyo(max) + tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
16.5ns= (3.5+1.5+5.0)+(1.5) + (2.5 +2.5)

1. Calculations are based upon timing specifications for the ispLSI and pLSI 1016-90.
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Maximum GRP Delay vs GLB loads :

ispLSI and pLSI 1016-60

o

ispLSI and pLSI 1016-80

| | | J
4 8 12 16

GLB Loads

GRP Delay (ns)
Now Ao

0126A-80-16-isp.eps

Power Consumption

Power consumption in the ispLS! and pLSI 1016 device used. Figure 3 shows the relationship between power
depends on two primary factors: the speed at which the and operating speed.
device is operating, and the number of Product Terms

Figure 3. Typical Device Power Consumption vs fmax

ispLSI and pLSI 1016

I ! ! ! ! ! ! | ! ! !
0 10 20 30 40 50 60 70 80 90 100 110

fmax (MHz)

Notes: Configuration of Four 16-bit Counters
Typical Current at 5V, 25°C

Icc can be estimated for the ispLSI and pLSI 1016 using the following equation:

Icc =31 + (# of PTs * 0.45) + (# of nets * Max. freq * 0.009) where:
# of PTs = Number of Product Terms used in design

# of nets = Number of Signals used in device

Max. freq = Highest Clock Frequency to the device

The Icc estimate is based on typical conditions (Vcc = 5.0V, room temperature) and an assumption of 2 GLB loads on
average exists. These values are for estimates only. Since the value of ICC is sensitive to operating conditions and the
program in the device, the actual Icc should be verified.
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In-System Programmability :

The ispLSI devices are the in-system programmable
versions of the Lattice Semiconductor High-Density pro-
grammable Large Scale Integration (pLSI) devices. By
integrating all the high voltage programming circuitry on-
chip, programming can be accomplished by simply shifting
data into the device. Once the function is programmed,
the non-volatile E2CMOS cells will not lose the pattern
even when the power is turned off.

All necessary programming is done via five TTL level
logicinterface signals. These five signals are fed into the
on-chip programming circuitry where a state machine

Figure 4. ISP Programming Interface

controls the programming. The interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 4 illustrates the block diagram of one possible
scheme for programming the ispLSI devices. For details
on the operation of the internal state machine and pro-
gramming of the device please referto the ISP Architecture
and Programming section in this Data Book.

The device identifier for the ispLSI 1016 is 0000 0001
(01 hex). This code is the unique device identifier which
is generated when a read ID command is performed.

SDO
SDI 5-wire ISP
MODE Programming

SCLK Interface
iSpEN
——ispEN iSpEN

e o o

MODE MODE
ispLSI ispGAL ispGDS ispLSI

- SDI SDO #-15DI SDO; -SD! Sbo > SDI SDO

A

02948
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ispLSI 1016 Shift Register Layout

;;Lattlce Specifications ispLSI and pLSI 1016

D D
A A
T T
; ]
Data In 79... High Order Shift Register -0
(SDI) 159.. Low Order Shift Register .80 > spo
s
95
3
@
(o]
[]]
o
:'5
E2CMOS Cell Array @
g
T
ke
<
0]y

SDO

Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification.
A logic "0" disables it.
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PLCC TQFP JLce
NAME  |piN NUMBERS | PIN NUMBERS | PIN NUMBERS DESCRIPTION

1100-1/03 15, 16, 17, 18,|9, 10, 11, 12, |15, 16, 17, 18, Input/Output Pins - These are the general purpose /O
104-107 |19, 20, 21, 22,/13, 14, 15, 16, | 19, 20, 21, 22| Pins used by the logic array.

1/108-1/011 | 25, 26, 27, 28,|19, 20, 21, 22,| 25, 26, 27, 28,
/1012 -1/015 | 29, 30, 31, 32,|23, 24, 25, 26, |29, 30, 31, 32,
/016 -1/0 19 | 37, 38, 39, 40,|31, 32, 33, 34, | 37, 38, 39, 40,
1/1020-1/023 | 41, 42, 43, 44,135, 36, 37, 38, | 41, 42, 43, 44,
1/1024-1/027 |3, 4, 5, 6, |41, 42, 43, 44,13, 4, 5, 6, |
1/1028-1/031 |7, 8, 9, 10|1, 2, 3, 4 |7, 8 9, 10

IN3 2 40 2 Dedicated input pins to the device.

ispEN*/NC 13 7 13 Input — Dedicated in-system programming enable
input pin. This pin is brought low to enable the
programming mode. The MODE, SDI, SDO and
SCLK options become active.

SDI*/IN O 14 8 14 Input — This pin performs two functions. It is a
dedicated input pin when ispEN is logic high. When
ispEN is logic low, it functions as an input pin to load
programming data into the device. SDI/IN 0 also is
used as one of the two control pins for the isp state
machine.

MODE*IN2 | 36 30 36 Input — This pin performs two functions. It is a
dedicated input pin when ispEN is logic high. When
ispEN is logic low, it functions as a pin to control the
operation of the isp state machine.

SDO™/IN 1 24 18 24 Input/Output — This pin performs two functions. Itis a
dedicated input pin when ispEN is logic high. When
ispEN is logic low, it functions as an output pin to read
serial shift register data.

SCLK*/Y2 33 27 33 Input — This pin performs_two functions. It is a
dedicated clock input when ispEN is logic high. This
clock input is brought into the Clock Distribution
Network, and can optionally be routed to any GLB
and/or /O cell onthe device. WhenispEN is logic low,
it functions as a clock pin for the Serial Shift Register.

YO 11 5 11 Dedicated Clock input. This clock input is connected
to one of the clock inputs of all of the GLBs on the i
device. !
Y1/RESET 35 29 35 This pin performs two functions: ‘

— Dedicated clockinput. This clockinputis brought
into the Clock Distribution Network, and can
optionally be routed to any GLB and/or 1/O
cell on the device.

— Active Low (0) Reset pin which resets all of the
GLB and I/O registers in the device.

GND 1, 23 7, 39 1, 23 Ground (GND)
Vce 12, 34 6, 28 12, 34 Ve,
* For ispLSI 1016 Only Table 2- 0002C-16:i5p
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ispLSlI and pLSI 1016 44-Pin PLCC Pinout Diagram

Vo 28 []7 sgp 1/0 18
0 29 []8 38[11/0 17
1030 [o 37[J o 16
17031 10 . 36[7 IN 2/MODE*
vo [ 11 ispLSI 1016 351 Y1/RESET
vee 12 pLSI 1016 341 vee
*ispEN/NC [] 13 Top View 33 Y2/SCLK*
*sDI/IN 0 [} 14 32[J1/0 15
oo 15 31110 14
1101 16 30[1 10 13
102 17 29[ 110 12
18 19 20 21 22 23 24 25 26 27 28
L O
M T O O N~NQOQ- 0O ‘_O_ :
Q222295222060
e} ==
[a]
@

* Pins have dual function capability for ispL.SI 1016 only (except pin 13, which is ispEN only).

0123A-isp1016

ispLSI and pLSI 1016 44-Pin TQFP Pinout Diagram

44 43 42 41 40 39 38 37 36 35 34
110 28 []1 33[] o 18
110 29 []2 3211017
1030 3 31[J 10 16
110 31 []4 . 30 [ IN2/MODE*
vo s ispLSI 1016 29[ Y1/RESET
vce []e p|_3| 1016 28[] vce
*ispEN/NC [7 Top View 277 Y2/SCLK*
*SDI/IN 0 []8 26 ’;I 110 15
oo [Jo 25[71/0 14
/01 10 24[11/0 13
o2 11 2311012
12 13 14 15 16 17 18 19 20 21 22
L
M TN O N~MNQ - 0O e :
QQRQQFZR°%¢0
le) ==
[a]
g

* Pins have dual function capability for ispLSI 1016 only (except pin 7, which is ispEN only).

0851-167TQFP
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Pin Configuration

ispLSI and pL.Sl 1016 44-Pin JLCC Pinout Diagram

*ispEN/NC 113
*SDIINO [ 114
00115
1101 [ 16
o2 117

ispLSI 1016/883

pLSI 1016/883
Top View

/0 18
11017

/0 16

IN 2/MODE*
Y1/RESET
vcC
Y2/SCLK*
/0 15

/0 14
/013
/012

* Pins have dual function capability for ispLSI 1016 only (except pin 13, which is ispEN only).

0123-16-isp/JLCC

2-77

1996 Data Book




Lattice

= = Semiconductor
==nnnn Corporation

Specifications ispLSI and pLSI 1016

Part Number Description
(ls pLSI

1016 - XXX X XXX X

Device Famlly
ispLSI

pLSI

Device Number

—|———~ Grade

Blank = Commercial

| = Industrial
/883 = 883 Military Process
Package
Speed J=PLCC
110 = 110 MHz fmax T44 = TQFP
90 = 90 MHz fmax T-=TQFP
80 = 80 MHz fmax H = JLCC
60 = 60 MHz fmax Power
L=Low 0212-80B-5p1016
ispLSI and pLSI 1016 Ordering Information
COMMERCIAL
Family frax (MHz) | tpd (ns) Ordering Number Package
110 10 ispLSI 1016-110LJ 44-Pin PLCC
90 12 ispLSI 1016-90LJ 44-Pin PLCC
90 12 ispLSI 1016-90LT44 44-Pin TQFP
90 12 ispLSI 1016-90LT 44-Pin TQFP
ispLSI 80 15 ispLSI 1016-80LJ 44-Pin PLCC
80 15 ispLSI 1016-80LT44 44-Pin TQFP
80 15 ispLSI 1016-80LT 44-Pin TQFP
60 20 ispLSI 1016-60LJ 44-Pin PLCC
60 20 ispLSI 1016-60LT44 44-Pin TQFP
60 20 ispLSI 1016-60LT 44-Pin TQFP
110 10 pLSI 1016-110LJ 44-Pin PLCC
90 12 pLSI 1016-90LJ 44-Pin PLCC
90 12 pLSI 1016-90LT44 44-Pin TQFP
pLsl 90 12 pLSI 1016-90LT 44-Pin TQFP
80 15 pLSI 1016-80LJ 44-Pin PLCC
80 15 pLSt 1016-80LT44 44-Pin TQFP
80 15 pLSI 1016-80LT 44-Pin TQFP
60 20 pLSI 1016-60LJ 44-Pin PLCC
60 20 pLSI 1016-60LT44 44-Pin TQFP
60 20 pLSI 1016-60LT 44-Pin TQFP
INDUSTRIAL
Family fmax (MHz) | tpd (ns) Ordering Number Package
ispLSl 60 20 ispLSI 1016-60LJI 44-Pin PLCC
pLsi 60 20 pLSI 1016-60LJ! 44-Pin PLCC
MILITARY/883
Family fmax (MHz) | tpd (ns) Ordering Number SMD # Package
ispLSI 60 20 ispL.SI 1016-60L.H/883 5962-9476201MXC | 44-Pin JLCC
pLSI 60 20 pLSI 1016-60LH/883 5962-9476301MXC | 44-Pin JLCC

Note: Lattice Semiconductor recognizes the trend in military device procurement towards
using SMD compliant devices, as such, ordering by this number is recommended.

Table 2-0041-16-isp1016.
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ispLSI° and pLSI° 1024

High-Density Programmable Logic

| Features [l Functional Block Diagram

¢ HIGH-DENSITY PROGRAMMABLE LOGIC

— High-Speed Global Interconnect

— 4000 PLD Gates

— 48 /0 Pins, Six Dedicated Inputs

— 144 Registers

— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.

— Small Logic Block Size for Fast Random Logic

— Security Cell Prevents Unauthorized Copying

» HIGH PERFORMANCE E2CMOS® TECHNOLOGY

— fmax = 90 MHz Maximum Operating Frequency

— fmax = 60 MHz for Industrial and Military/883 Devices
— tpd = 12 ns Propagation Delay

— TTL Compatible Inputs and Outputs

— Electrically Erasable and Reprogrammable

— Non-Volatile E2CMOS Technology

— 100% Tested

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES

— In-System Programmable™ (ISP™) 5-Volt Only

— Increased Manufacturing Yields, Reduced Time-to-
Market, and Improved Product Quality

— Reprogram Soldered Devices for Faster Debugging

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device Can Combine Glue
Logic and Structured Designs

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Provides Global
Interconnectivity

 ispLSI AND pLSI DEVELOPMENT TOOLS

pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table

pDS+™ Software
— Industry Standard, Third Party Design

Environments

— Schematic Capture, State Machine, HDL
— Automatic Partitioning and Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Logic
Array

]
o
o
o
<
=
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-
5
[o%
£
=1
O

Qutput Routing Pool
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ARSI B =

J

B[
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Global Routing Pool (GRP)

B -
TR s =

Output Routing Pool

0133-A-isp

The ispLSI and pLSI 1024 are High-Density Program-
mable Logic Devices containing 144 Registers, 48
Universal 1/0 pins, six Dedicated Input pins, four Dedi-
cated Clock Input pins and a Global Routing Pool (GRP).
The GRP provides complete interconnectivity between
all of these elements. The ispLSI 1024 features 5-Volt in-
system programmability and in-system diagnostic
capabilities. It is the first device which offers non-volatile
"on-the-fly" reprogrammability of the logic, as well as the
interconnect to provide truly reconfigurable systems. Itis
architecturally and parametrically compatible to the pLSI
1024 device, but multiplexes four of the dedicated input
pins to control in-system programming.

The basic unit of logic on the ispLSI and pLSI 1024
devices is the Generic Logic Block (GLB). The GLBs are
labeled AQ, A1 .. C7 (see figure 1). There are a total of
24 GLBs in the ispLSI and pLSI 1024 devices. Each GLB
has 18 inputs, a programmable AND/OR/XOR array, and
four outputs which can be configured to be either combi-
natorial or registered. Inputs to the GLB come from the
GRP and dedicated inputs. All of the GLB outputs are
brought back into the GRP so that they can be connected
to the inputs of any other GLB on the device.

Copyright© 1996 Lattice Semiconductor Corp. All brand or product names are trad orregi

of their respective holders. The specifications and information herein are subject

to change without notice.
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Functional Block Diagram

Figure 1.ispLSl and pLSI 1024 Functional Block Diagram

RESET

Generic
Logic Blocks
(GLBs)

IN5
IN4

:
ool
o1l
ozl
o sf!

)
voal!
vos|!
woel!
o7

o8

o9
110 10
/o 11

Output Routing Pool (ORP)

1012
11013
/0 14
110 15

*SDIIN 0
*SDO/IN 1 |+

110 47
1/0 46
1O 45
/0 44
o
T 1/0 43
o 1/0 42
5 110 41
I}
a 1/0 40
Global o
Routing £
Pool 3 1/0 39
(G R P) o 1/0 38
E /0 37
S 110 36
o
1/0 35
10 34
1/0 33
1/0 32
—l l CLKO

CLK1

Clock OLKZ

Megablock l

Output Routing Pool (ORP)

Distribution

| Network 10CLK 0

IOCLK 1

Input Bus

*ispEN/NC

/0 1/0 1/0 11O

*SCLK/IN 2 —
*MODE/IN 3 16 17 18 19

*ISP Control Functions for isp1024 Only

/0 /010 /O
20 21 22 23

The devices also have 48 I/O cells, each of which is
directly connected to an 1/O pin. Each 1/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
1/O pin with 3-state control. Additionally, all outputs are
polarity selectable, active high or active low. The signal
levels are TTL compatible voltages and the output drivers
can source 4 mA or sink 8 mA.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected
toasetof 16 universal /O cells by the ORP. The I/O cells
within the Megablock also share a common Output
Enable (OE) signal. The ispLSI and pLSI 1024 devices
contain three of these Megablocks.

/0 /0 /0 110
24 25 26 27

/0 1/0 1/0 /0
28 29 30 31

o<
-
<
© <

0139D(1a)-isp.eps

The GRP has asits inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional I/0 cells. All of
these signals are made available to.the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSI and pLSI 1024 devices are selected
using the Clock Distribution Network. Four dedicated
clock pins (YO, Y1, Y2 and Y3) are brought into the
distribution network, and five clock outputs (CLK 0, CLK
1, CLK 2, IOCLK 0 and IOCLK 1) are provided to route
clocks to the GLBs and I/O cells. The Clock Distribution
Network can also be driven from a special clock GLB (B4
on the ispLSl and pLSI 1024 devices). The logic of this
GLB allows the user to create an internal clock from a
combination of internal signals within the device.
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Absolute Maximum Ratings 1

Supply Voltage V.
Input Voltage Applied

Off-State Output Voltage Applied.....

Storage Temperature
Case Temp. with Power Applied
Max. Junction Temp. (T,) with Power Applied ....

....... -0.5t0 +7.0V
-2.5t0 Vg +1.0V
-2.5t0 Vg +1.0V
........ -65 to 150°C
........ -55 to 125°C

150°C

1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional
operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°C to +70°C 4.75 5.25
Vcc Supply Voltage Industrial Ta = -40°C to +85°C 4.5 55 \Y
Military/883 T = -55°C to +125°C 4.5 55
ViL Input Low Voltage 0 0.8 \%
VIH Input High Voltage 2.0 Vee + 1 Y,

Table 2- 0005Aisp w/mil.eps

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL | PARAMETER MAXIMUM' UNITS | TEST CONDITIONS
C1 ) ) Commercial/Industrial 8 pf Vee=5.0V, V=2.0V
Dedicated Input Capacitance
Military 10 pf Ve=5.0V, V,;=2.0V
C, I/0 and Clock Capacitance 10 pf Vo=5.0V, Vo, V,=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

Table 2- 0006

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI| Erase/Reprogram Cycles 10000 - Cycles
pLSI Erase/Reprogram Cycles 100 - Cycles
Table 2- 0008B
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Specifications ispLSI and pLSI 1024

Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Time < 3ns 10% to 90% y
+

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V Rq

Output Load See figure 2 Device Tost
3-state levels are measured 0.5V from steady-state Output Point
active level. "

Table 2- 0003 R2 CL

Output Load Conditions (see figure 2) ; = 1

Test Condition R1 R2 cL *C|_ includes Test Fixture and Probe Capacitance.
A 4700 | 3900 35pF
B | Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z o0 390Q 5pF
C | atv,,-05V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

Table 2- 0004A

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL Output Low Voltage lo, =8 MA - - 0.4 \
VOH Output High Voltage loy =-4 MA 24 - - \

o Input or I/O Low Leakage Current | OV <V, <V, (MAX.) - - -10 A
IH Input or I/0 High Leakage Current | 3.5V < V|y < Ve - — 10 HA
liL-isp isp Input Low Leakage Current 0V <V £V, (MAX) - - -150 A
liL-pu | VO Active Pull-Up Current ovV<VysV, - - -150 HA
lost Output Short Circuit Current Voo =5V, Vour= 0.5V - - -200 mA
lcc2.4 | Operating Power Supply Current | Vy = 0.5V, V= 3.0V |Commercial - 130 190 mA

frocae = 1 MHZz Industrial/Military | — 135 215 mA

1. One output at a time for a maximum duration of one second. V_, = 0.5V was selected to avoid test problems by tester ground
degradation. Guaranteed but not 100% tested.

2. Measured using six 16-bit counters.

3. Typical values are at V. =5V and T, = 25°C.

4. Maximum |, varies widely with specific device configuration and operating frequency. Refer to the Power Consumption sec-
tion of this datasheet and Thermal Management section of this Data Book to estimate maximum | ..

‘Table 2-0007A-24 w/mil
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External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| TEST®| 4| DESCRIPTION! -90 80 60 lunirs
’ MIN. [MAX.{ MIN. [MAX.| MIN. IMAX,
tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 12 ] - 151 - 20 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - 171 - |20 ] - 25 ns
fmax (Int.) A | 3 | Clock Frequency with Internal Feedback3 909 - 80 - 60 - MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback(m) 588 — | 50| — | 38 | - | MHz
fmax (Tog.) — | 5 | Clock Frequency, Max Toggle* 125 - 100 | - 83 - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 - ns
tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass - 8 - 10 - 13 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 9 - 10 | - 13 - ns
tco2 — |10| GLB Reg. Clock to Output Delay - 10 - 12 - 16 ns
the — |11| GLB Reg. Hold Time after Clock 0 - 0 - 0 - ns
tr1 A [12]| Ext. Reset Pin to Output Delay - |15 - {17 ] - |225] ns
trw1 — |13]| Ext. Reset Pulse Duration 10 - 10 - 13 - ns
ten B |14] Input to Output Enable - |15 - |18} - |24] ns
tdis C [15] Input to Output Disable - 15 - 118 - |24] ns
twh — |16]| Ext. Sync. Clock Pulse Duration, High 4 - 5 - 6 - ns
twi — |17 Ext. Sync. Clock Pulse Duration, Low 4 - 5 - 6 - ns
tsus — |18 I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3)] 2 - 2 - 125| - ns
ths — |19] I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| - |65 - ]85 - ns

Table 2-0030-24/90,80,60C

. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.
. Refer to Timing Model in this data sheet for further details.

. Standard 16-Bit loadable counter using GRP feedback.

. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%.

. Reference Switching Test Conditions Section.

g W =
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Internal Timing Parameters?

5 -90 -80 -60
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.| MIN. [mAX.| MIN. [MAX.

Inputs

tiobp 20 | I/O Register Bypass - 16 - |20 - | 27 ns
tiolat 21 | I/O Latch Delay - | 24| - |30] - | 40] ns
tiosu 22 | 1/0 Register Setup Time before Clock 48 | - | 55| - |73 - ns
tioh 23 | I/0 Register Hold Time after Clock 2.1 - 10| - |13 - ns
tioco 24 | 1/0 Register Clock to Out Delay - (24| - |30 - | 40} ns
tior 25 | 1/0 Register Reset to Out Delay - |28} - |25] - | 33 ns
tdin 26 | Dedicated Input Delay - 32| - |40 - | 53 ns
GRP

tgrp1 27 | GRP Delay, 1 GLB Load - |12 - |15] - |20] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - 16| - |20] - | 27} ns
tgrps 29 | GRP Delay, 8 GLB Loads - | 24| - |80 - | 40] ns
tgrp12 30 | GRP Delay, 12 GLB Loads - |30] - |38 - |50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |86 - |45 - | 6.0 ns
tgrp24 32 | GRP Delay, 24 GLB Loads - | 50| - | 63] - | 83] ns
GLB

taptbp 33 | 4 Product Term Bypass Path Delay - |52 - |65] - | 86 ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |57 - |70 - | 93] ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - |70} - | 80] - [106] ns
txoradj 36 | XOR Adjacent Path Delay® - |82} - |95} - 127} ns
tgbp 37 | GLB Register Bypass Delay - (08| - |10 - | 13| ns
tgsu 38 | GLB Register Setup Time before Clock 12| - 10| - |13 | - ns
tgh 39 | GLB Register Hold Time after Clock 36| — |45 - |60 | - ns
tgco 40 | GLB Register Clock to Output Delay - |16 - |20 - |27 ] ns
tor 41 | GLB Register Reset to Output Delay - (20} - |25} - | 33} ns
tptre 42 | GLB Product Term Reset to Register Delay - | 80} - |100] - |[13.3] ns
tptoe 43 | GLB Product Term Output Enable to I/0O Cell Delay - |78} - | 90] - [120] ns
tptck 44 | GLB Product Term Clock Delay 28 | 60|35| 75146 |99] ns
ORP

torp 45 | ORP Delay - |24] - |25) - | 33] ns
torpbp 46 | ORP Bypass Delay - |04] -]05] - |07] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Hard Macros.
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Specifications ispLSI and pLSI 1024

Internal Timing Parameters!

5 -90 -80 -60
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX| MIN. [MAX.| MIN. [ MAX]
Outputs
tob 47 | Output Buffer Delay - 24} - |30] - | 40] ns
toen 48 | /O Cell OE to Output Enabled - 140] - |50]) - | 67] ns
todis 49 | I/0O Cell OE to Output Disabled - |40} - | 50] - [ 67] ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 36 | 3645|4560 | 60| ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 28 | 44| 35| 55]46 | 73} ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 08| 40}10| 50 13|66 ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 28 | 44| 35| 5546 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to 1/O Cell Global Clock Line 08| 40|10 |50 13| 66 ns
Global Reset
tor | 55 ‘ Global Reset to GLB and 1/O Registers I - r8.2 I - J 9.0 I - J 12.0 I ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
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ispLSI and pLSI 1024 Timing Model

1/0 Cell GRP GLB ORP 1/0 Cell
Feedback
[ Ded. in o7 ‘ Li
1/0 Reg Bypass F’I GRP 4 4 PT Bypass GLB Reg Bypass ORP Bypass
(Input) —>| [ (Output)
Input GRP 20 PT GLB Reg ORP #48, 49
D Registerq L%aeczlar;,g XOR Delays Delay Delay
RST o> D Q
455 #2125 427, 20 434,35, 36 ™ was
" 30,31, 32 RST
— A
Reset @ #55 - #28, 3?,
Clock .
"] Distribution g_?ntrol RE
L PTs OE
[y123 #51,52, I 442, 43, CK
53,54 44
o #50 <

Derivations of tsu, th and tco from the Product Term Clock®

tsu Logic + Reg su - Clock (min)
tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
(2.0 +2.0 +8.0) + (1.0) - (2.0 + 2.0 + 3.5)
= Clock (max) + Reg h - Logic
tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#20 + #28 + #44) + (#39) - (#20 + #28 + #35)
(2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0)

Clock (max) + Reg co + Output

tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47)

19.0ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0)

-

T wm
&}
=}
w
[

o

4.0ns
tco

Derivations of tsu, th and tco from the Clock GLB1

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgep(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
55ns= (2.0+2.0+8.0)+(1.0)- (45 +2.0+1.0)
th = Clock (max) + Reg h - Logic
= (tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
40ns= (45+2.0+5.0)+(4.5)-(2.0+2.0+8.0)
tco Clock (max) + Reg co + Output

oo

tgyo(max) + tgco + tgcp(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
19.0 ns = (4.5 +2.0 +5.0) + (2.0) + (2.5 + 3.0)

1. Calculations are based upon timing specifications for the ispLSI and pLSI 1024-80.
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6~ ispLS! and pLSI 1024-60

ispLSI and pLSI 1024-80

4= ispLS! and pLSI 1024-90
2 /

0 ! L | J
4 8 12 16

GLB Loads

GRP Delay (ns)
w

0126A-80-24-isp.eps

Power Consumption

Power consumption in the ispLSI and pLSI 1024 device used. Figure 3 shows the relationship between power
depends on two primary factors: the speed at which the and operating speed.
device is operating, and the number of Product Terms

Figure 3. Typical Device Power Consumption vs fmax

200
ispLSI and pLSI 1024

150 |-

100 -

Icc (mA)

50 -

! ! | I ! I ! |
0 10 20 30 40 50 60 70 80

fmax (MHz)

Notes: Configuration of Six 16-bit Counters
Typical Current at 5V, 25°C

Icc can be estimated for the ispLS| and pLSI 1024 using the following equation:

Icc =42 + (# of PTs * 0.45) + (# of nets * Max. freq * 0.008) where:
# of PTs = Number of Product Terms used in design

# of nets = Number of Signals used in device

Max. freq = Highest Clock Frequency to the device

The Icc estimate is based on typical conditions (VCc = 5.0V, room temperature) and an assumption of 2 GLB loads on
average exists. These values are for estimates only. Since the value of ICC is sensitive to operating conditions and the
program in the device, the actual Icc should be verified.

0127A-24-80-isp
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Specifications ispLSI and pLSI 1024

In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice Semiconductor High-Density pro-
grammable Large Scale Integration (pLSI) devices. By
integrating all the high voltage programming circuitry on-
chip, programming can be accomplished by simply shifting
data into the device. Once the function is programmed,
the non-volatile E2CMOS cells will not lose the pattern
even when the power is turned off.

All necessary programming is done via five TTL level
logic interface signals. These five signals are fed into the
on-chip programming circuitry where a state machine

Figure 4. ISP Programming Interface

controls the programming. The interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 4 illustrates the block diagram of one possible
scheme for programming the ispLSI devices. For details
on the operation of the internal state machine and pro-
gramming of the device please referto the ISP Architecture
and Programming section in this Data Book.

The device identifier for the ispLSI 1024 is 0000 0010
(02 hex). This code is the unique device identifier which
is generated when a read ID command is performed.

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
ispEN
I ey
b SCLK
—4SCLK b—1SCLK
MODE MODE MODE
ispLSI ispGAL ispGDS
| SDI SDO »-SDI SbO -1SDI SDO

\

iSpEN
SCLK
MODE

SDI

ispLSI

SDO|

A

02948
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ispLSI 1024 Shift Register Layout

D D
A A
T T
A ]
Data In 119... High Order Shift Register -0
(SDi) 239... Low Order Shift Register ...120 ::_> SDo
~__sol
101
]
®
(=]
Q
o
£
<
E2CMOS Cell Array @
9
T
-
<
|
: \
0]y |
SDO

Note: Alogic "1" in the Address Shift Register bit position enables the row for programming or verification.
A logic "0" disables it.

2-89 1996 Data Book



Specifications ispLSI and pLSI 1024

PLCC and JLCC
NAME PIN NUMBERS | TQFP PIN NUMBERS DESCRIPTION

1/100-1/03 22, 23, 24, 25, 19, 20, 21, 22, Input/Output Pins - These are the general purpose /O pins used by th
1/104-1/07 26, 27, 28, 29, 23, 28, 29, 30, logic array. :
/0 8-1/0 11 30, 31, 32, 33, 31, 32, 33, 34,
1/1012-1/015 | 37, 38, 39, 40, 42, 43, 44, 45,
1/1016-1/019 | 41, 42, 43, 44, 46, 47, 48, 53,
1/020-1/023 | 45, 46, 47, 48, 54, 55, 56, 57,
1/1024-1/027 | 56, . 57, 58, 59, 69, 70, 71, 72,
1/0 28 - 1/0 31 60, 61, 62, 63, 73, 78, 79, 80,
1/032-1/035| 64, 65, 66, 67, 81, 82, 83, 84,
/1036-1/039| 3, 4, 5, 86, 92, 93, 94, 95,
/1040-1/043| 7, 8, 9, 10, 96, 97, 98, 3,

1/0 44 - 1/0 47 11, 12, 13, 14 4, 5 6 7

IN4-IN5 2, 15 91, 8 Input - These pins are dedicated input pins to the device.

ispEN*/NC 19 16 Input - Dedicated in-system programming enable input pin. This pin is
brought low to enable the programming mode. The MODE, SDI, SDO
and SCLK options become active.

SDI*/IN O 21 18 Input - This pin performs two functions. When ispEN is logic low, it
functions as an input pin to load programming data into the device.
SDI/IN 0 is also used as one of the two_control pins for the isp state
machine. It is a dedicated input pin when ispEN is logic high.

MODE*/IN 3 55 68 Input - This pin performs two functions. When ispEN is logic low, it
functions as pin to control the operation of the isp state machine. It is a
dedicated input pin when ispEN is logic high.

SDO*/IN 1 34 35 Output/Input - This pin performs two functions. When ispEN is logic low,
it functions as an output_pin to read serial shift register data. It is a
dedicated input pin when ispEN is logic high.

SCLK*/IN 2 49 58 Input - This pin performs two functions. When ispEN is logic low, it
functions as a clock pin for the Serial Shift Register. It is a dedicated
input pin when ispEN is logic high.

RESET 20 17 Active Low (0) Reset pin which resets all of the GLB and /O registers in
the device.

YO 16 9 Dedicated Clock input. This clock input is connected to one of the clock
inputs of all of the GLBs on the device.

Y1 54 67 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB on the
device.

Y2 51 60 Dedicated Clock input. This clock input is brought into the clock

distribution network, and can optionally be routed to any GLB and/or
any I/O cell on the device.

Y3 50 59 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O cell on the
device.

GND 1, 18, 35 52 14, 15, 36, 37, | Ground (GND)

61, 62, 89, 90

VCC 17, 36, 53, 68 10, 11, 40, 41, | Vo
65, 66, 85, 86

Table 2 - 0002C-24

*

ispL.SI 1024E only
cc
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Pin Configuration

3988858, 008388583
2292999292=258222022¢9°8
minininisinisininininiaisinininisl
9 87 65 4 3 2 1 6867666506463 6261
110 43 [J10 601 VO 28
0 44 11 59 [1 V027
V045 12 58 [1 1/0 26
110 46 []13 571 /025
110 47 (14 56 [ 1/0 24
IN5 []15 55 [1 IN3/MODE* ,
Yo [J16 R 54 [1 Y1
vee 17 ispLSI 1024 531 vee
GND [} 18 PLS| 1024 52 [1 GND
*ispEN/NC [] 19 . 511 vz
RESET []20 Top View 501 v3
*SDIIN 0 []21 49 [1 IN2/SCLK"
oo [j22 48] 17023
o1 []23 47 [1 110 22
102 []24 46 [1 /0 21
103 [}es 451 V0 20
104 [26 44 [1 11019
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
L O
LOM®OQZT Qg QNI RORR
9222299562009 02929
2

* Pins have dual function capability for ispLSI 1024 only (except pin 19, which is ispEN only).

0123C5p.eps

ispLSI 1024 100-Pin TQFP Pinout Diagram

100 FLINC
99 ELONC

-
(=]
NCET 1 75 ETINC
NCT 2 74 FTANC
/0 43 3 73 [T 1/0 28
110 44T 4 72 FT11/0 27
110 45 5 7110 26
1/0 46 6 70 FT 10 25
V0 4701 7 69 1/0 24
INsSCT] 8 68 IN3/MODE*
Yo 9 67 a1
vecr=] 10 66 FT vee
veer—{ 1 . 65 vee
NCET] 12 ispLSI 1024 64 EINC
NCCT 13 . 63 FTINC I
GNDLT] 14 Top View 62 FT71 GND |
GNDCT 15 61 T3 GND |
“ispENCT 16 60 Y2 |
RESETCT 17 59 Y3 i
*SDI/INOCT] 18 58 T IN2/SCLK*
/0 0= 19 57 10 23
1/0 1 20 56 1/0 22
110 2 21 55 1/0 21
110 3] 22 54 F17 1/0 20
1/0 4T 23 53 FT11/0 19
NC 24 52 FTINC
NCT 25 51 FTINC
ONDODO-NODOTNDONDDO-ANDTVLONDDDO
ANANNNOOOOOOMOMOOMFTITIIIETTT IO
SR
£%9929000555°%550000000%"
?’
*Pins have dual function 0766A-24-isp
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ispLSI and pLSI 1024 68-Pin JLCC Pinout Diagram

*ispEN/NC
RESET
*SDVIN 0
100

110 1

1102

1103

110 4

ispLSI 1024/883
pLSI 1024/883

Top View

1/O 28

1/0 27

1/0 26

/0 25

1/0 24

IN 3/MODE*
Y1

vce

GND

Y2

Y3

IN 2/SCLK*
/0 23

/0 22

1/0 21

1/0 20

* Pins have dual function capability for ispLS| 1024 only (except pin 19, which is ispEN only).

0128:24-5p/ILCC
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Specifications ispLSI and pLSI 1024

Part Number Description

(is)pLSl 1024 - XX X X X

Device Family ——:j— —[——~ Grade
Blank = Commercial
| = Industrial
Device Number —Mm———— /883 = 883 Military Process
Package
Speed J=PLCC
90 = 90 MHz fmax T=TQFP
80 = 80 MHz fmax H = JLCC
60 = 60 MHz fmax L Power
L=Low
00212-80B-isp1024
ispLSI and pLSI 1024 Ordering Information
COMMERCIAL
Family fmax (MHz) | tpd (ns) Ordering Number Package
90 12 ispLSI 1024-90LJ 68-Pin PLCC
90 12 ispLS! 1024-90LT 100-Pin TQFP
80 15 ispLSI 1024-80LJ 68-Pin PLCC
ispLSI
80 15 ispLSI 1024-80LT 100-Pin TQFP
60 20 ispLSI 1024-60LJ 68-Pin PLCC
60 20 ispLSI 1024-60LT 100-Pin TQFP
90 12 pLSI 1024-90LJ 68-Pin PLCC
pLSI 80 15 pLSI 1024-80LJ 68-Pin PLCC
60 20 pLSI 1024-60LJ 68-Pin PLCC
INDUSTRIAL
Family fmax (MHz) | tpd (ns) Ordering Number Package
ispLSI 60 20 ispLSI 1024-60LJ1 68-Pin PLCC |
pLsI 60 20 pLSI 1024-60LJ! 68-Pin PLCC
MILITARY/883
Family fmax (MHz) | tpd (ns) Ordering Number SMD # Package
ispLSl 60 20 ispLSI 1024-60LH/883 5962-9476101MXC | 68-Pin JLCC
pLS! 60 20 pLSI 1024-60LH/883 5962-9476001MXC | 68-Pin JLCC
Note: Lattice Semiconductor recognizes the trend in military device procurement towards Table 2-0041A-24-isp

using SMD compliant devices, as such, ordering by this number is recommended.

2-93 1996 Data Book



Notes

2-94 1996 Data Book



| atlice

raannsSemiconductor
== u= Corporation

ispLSI° and pLSI° 1032E

High-Density Programmable Logic

Features

¢ HIGH DENSITY PROGRAMMABLE LOGIC
— 6000 PLD Gates
— 64 1/0 Pins, Eight Dedicated Inputs
— 192 Registers
— High Speed Global Interconnect
— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.
— Small Logic Block Size for Random Logic
* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 90 MHz Maximum Operating Frequency
— 1pd = 10 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Erasable and Reprogrammable
— Non-Volatile
— 100% Tested at Time of Manufacture
— Unused Product Term Shutdown Saves Power

 ispLS| OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable™ (ISP™) 5-Volt Only
— Increased Manufacturing Yields, Reduced Time-to-
Market and Improved Product Quality
— Reprogram Soldered Devices for Faster Prototyping

* OFFERS THE EASE OF USE AND FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEXIBILITY
OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device Can Combine Glue
Logic and Structured Designs

— Enhanced Pin Locking Capability

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Programmable Output Slew Rate Control to
Minimize Switching Noise

— Flexible Pin Placement

— Optimized Global Routing Pool Provides Global
Interconnectivity

¢ ispL.Sl/pLSI DEVELOPMENT TOOLS

pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table

pDS+™ Software
— Industry Standard, Third Party Design

Environments

— Schematic Capture, State Machine, HDL
— Automatic Partitioning and Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram

Output Routing Pool
[ |[a0] ;
. \
%» Logic \
"g Array GLB , ;
£
3 /(
£|[as]
o .
L Global Routing Pool (GRP)
L
Output Routing Pool
B B

O139A(AT)isp

The ispLSI and pLSI 1032E are High Density Program-
mable Logic Devices containing 192 Registers, 64
Universal I/O pins, eight Dedicated Input pins, four Dedi-
cated Clock Input pins and a Global Routing Pool (GRP).
The GRP provides complete interconnectivity between
all of these elements. The ispLSI| 1032E features 5-Volt
in-system programmability and in-system diagnostic ca-
pabilities. The ispLSI 1032E device offers non-volatile
“on-the-fly” reprogrammability of the logic, as well as the
interconnects to provide truly reconfigurable systems. It
is architecturally and parametrically compatible to the
pLSI 1032E device, but multiplexes four input pins to
control in-system programming. A functional superset of
the ispLSI and pLSI 1032 architecture, the ispLSI and
pLSI 1032E devices add two new global output enable
pins.

The basic unit of logic on the ispLSI and pLSI 1032E
devices is the Generic Logic Block (GLB). The GLBs are
labeled AO, A1...D7 (see figure 1). There are a total of 32
GLBs in the ispLSI and pLSI 1032E devices. Each GLB
has 18 inputs, a programmable AND/OR/Exclusive OR
array, and four outputs which can be configured to be
either combinatorial or registered. Inputs to the GLB
come from the GRP and dedicated inputs. All of the GLB
outputs are brought back into the GRP so that they can
be connected to the inputs of any GLB on the device.

Copyright© 1996 Lattice Semiconductor Corp. Al brand or product names are
to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

ks or regi
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Functional Block Diagram

Figure 1. ispLSI and pLSI 1032E Functional Block Diagram

Input Bus

Output Routing Pool (ORP)
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GOE 0/IN 4
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11012
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“SDI/IN O !
*MODE/IN 1 !

Clock —%ﬁ-——»
Network —IOCLKO .
Output Routing Pool (ORP) IOCLK 1

Megablock

Input Bus

“EPENNG

eree Sxyg
2922 gg2¢g¢

*SDO/IN 2
*SCLK/IN 3

*ISP Control Funcuons tor ispLSI 1032E Only

The devices also have 64 1/O cells, each of which is
directly connected to an I/O pin. Each I/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
I/0O pin with 3-state control. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA. Each output can be programmed
independently for fast or slow output slew rate to mini-
mize overall output switching noise.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O cells by the ORP. Each ispLSI
and pLSI 1032E device contains four Megablocks.

1024

ozs
110 26
1o 27
1028
1029
/0 30
vo 31

The GRP has, as its inputs, the outputs from all of the
GLBs and all of the inputs from the bi-directional /0 cells.
All of these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSI and pLSI 1032E devices are se-
lected using the Clock Distribution Network. Four
dedicated clock pins (YO, Y1, Y2 and Y3) are brought into
the distribution network, and five clock outputs (CLK 0,
CLK 1, CLK 2, IOCLK 0 and IOCLK 1) are provided to
route clocks to the GLBs and /O cells. The Clock Distri-
bution Network can also be driven from a special clock
GLB (CO on the ispLSI and pLSI 1032E devices). The
logic of this GLB allows the user to create an internal
clock from a combination of internal signals within the
device.
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Specifications ispLSI and pLSI 1032E

Absolute Maximum Ratings 1
Supply Voltage Vg ..ooeereneneeniesiecceninne -0.5 to +7.0V
Input Voltage Applied .........c..cceevnee. -2.5t0 Vg +1.0V
Off-State Output Voltage Applied..... -2.5 to Ve +1.0V
Storage Temperature ..........ccoceevevvecernnnnne -65 to 150°C

Case Temp. with Power Applied............... -55 to 125°C
Max. Junction Temp. (T,) with Power Applied .... 150°C

1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional
operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. | UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 4.75 5.25 \Y
ViL Input Low Voltage 0 0.8 \
ViH Input High Voltage 2.0 Ve +1 \"
Table 2-0005/2000
Capacitance (T,=25°C, f=1.0 MHz)
SYMBOL PARAMETER : TYPICAL'| UNITS TEST CONDITIONS
C, Dedicated Input, I/0, Y1, Y2, Y3, Clock Capacitance 8 pf Vo= 5.0V, Vo= 2.0V
C2 YO Clock Capacitance 15 pf Vo= 5.0V, Vpy= 2.0V
1. Guaranteed, but not 100% tested. Table 2 - 0006a
Data Retention Specifications
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI Erase/Reprogram Cycles 10000 - Cycles
pLSI Erase/Reprogram Cycles 100 - Cycles

Table 2.0008A-5p.
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Specifications ispLSI and pLSI 1032E

Switching Test Conditions

Figuré 2. Test Load

Input Pulse Levels GND to 3.0V
Input Rise and Fall Time <3 ns 10% to 90% +5V
Input Timing Reference Levels 1.5V
Ouput Timing Reference Levels 1.5V Rq
Output Load See figure 2
3-state levels are measured 0.5V from Table 20003 Device » Te,St
Output Point

steady-state active level.

Output Load Conditions (see figure 2) .

H—AA—$—AA—

Ro -T- c”
I

*CL includes Test Fixture and Probe Capacitance.

0213a

TEST CONDITION Rt | R2 | cL
A \ 4700 | 390Q | 35pF
B Active High o0 390Q | 35pF
Active Low 4700 | 390Q | 35pF

. %C{',Zi'g'g(} oz w | 390Q | 5pF
af{}‘éf+'a‘?gvvt° Z 470Q | 390Q |- 5pF

Table 2.0004a

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP? | MAX. | UNITS
VoL Output Low Voltage lo.=8 mA - - 0.4 \Y
VoH Output High Voltage lon= -4 mA 2.4 - - \Y
][ Input or I/O Low Leakage Current 0V < Vin< ViL(Max.) - - -10 A
IH Input or I/O High Leakage Current 3.5V < VN< Vo - - 10 uA
liL-isp ispEN Input Low Leakage Current 0V < VNS Vi - - -150 | pA
hiL-PU 1/0O Active Pull-Up Current OV < VNS VL - - -150 HA
los' Output Short Circuit Current Vec= 5V, Voyr= 0.5V - - -200 | mA
lcc** | Operating Power Supply Current VL= 0.5V, Viy= 3.0V, forock= 1 MHz - 190 - mA

1. One output at a time for a maximum duration of one second. Vo= 0.5V was selected to avoid test problems
by tester ground degradation. Guaranteed but not 100% tested.

2. Measured using eight 16-bit counters.

3. Typical values are at Vo= 5V and Tp= 25°C.

4. Maximum | varies widely with specific device configuration and operating frequency. Refer to the Power Consumption
section of this data sheet and Thermal Management section of this Data Book to estimate maximum | .

Table 2:0007a-32-isp
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External Timing Parameters

Over Recommended Operating Conditions

4 -90 -80 -7

PARAMETER | 1E5T" | 42 DESCRIPTION! TTRETY AR TS AT ?\n | UNITS
tpd1 A 1 |Data Prop. Delay, 4PT Bypass, ORP Bypass — 10 | — 12 —_ 15 ns
tpd2 A 2 |Data Propagation Delay — [ 125] — 15 — |175] ns
fmax (int.) A 3 |Clock Frequency with Internal Feedback® 90 | — 80 | — 70 — | MHz
fmax (Ext.) — | 4 |Clock Freq. with Ext. Feedback,1/(tsu2 + tco1) 69 | — | 61 — | 56 | — | MHz
fmax (Tog.) — | 5 |Clock Frequency, Max Toggle* 126 | — | 111 | — | 100 | — | MHz
tsul — | 6 |GLB Reg. Setup Time before Clock, 4PT bypass | 75 | — | 85 | — 9 — ns
tcol A 7 |GLB Reg. Clock to Output Delay, ORP bypass — 6 — | 65| — 7 ns
th1 — 8 |GLB Reg. Hold Time after Clock, 4PT bypass 0 — 0 — 0 — ns
tsu2 — | 9 |GLB Reg. Setup Time before Clock 85 | — 10 | — 1 — ns
tco2 — | 10 |GLB Reg. Clock to Output Delay — 7 — | 75| — 8 ns
th2 — | 11 |GLB Reg. Hold Time after Clock 0 —_— 0 — 0 —_ ns
tr A 12 |Ext. Reset Pin to Output Delay — 135 — 14 — 15 ns
trw1 — | 13 |Ext. Reset Pulse Duration 65 | — 8 — 10 | — ns
tptoeen B | 14 |Product Term OE, Enable — | 15| — |165| — | 18 ns
tptoedis C | 15 |Product Term OE, Disable — | 15| — |165]| — 18 ns
tgoeen B | 16 |Global OE, Enable — 9 — | 10 | — 12 ns
tgoedis C | 17 |Global OE, Disable — 9 — | 10| — | 12 ns
twh — | 18 |Ext. Sync. Clock Pulse Duration, High 4 — | 45 | — 5 — ns
twl — | 19 |Ext. Sync. Clock Pulse Duration, Low 4 — | 45 | — 5 —_ ns
tsu3 — | 20 | /O Reg. Setup Time before Ext. Sync. Clock (Y2,Y3) | 35 | — | 35 | — 4 — ns
th3 — | 21 |1/O Reg. Hold Time after Ext. Sync. Clock (Y3, Y4) 0 — 0 —_ 0 — ns

1. Unless noted otherwise, all parameters use the GRP, 20 PTXOR path, ORP and YO0 Clock.
2. Refer to Timing Model in this data sheet for further details.

3. Standard 16-bit counter using GRP feedback.

4. Reference Switching Test Conditions section.

Timing Ext.1032E.eps
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Internal Timing Parameters!

PARAMETER | #° DESCRIPTION 90 80 70l ynits
MIN. [MAX. | MIN. MAX.| MIN. [MAX.
Inputs
tiobp 22 | 1/O Register Bypass - 103 | - ]03| - |03]| ns
tiolat 23 | /O Latch Delay 1 - 1283 | - |27| - |33 ns
tiosu 24 | 1/0O Register Setup Time before Clock 35| - 35| - | 4.0 - ns
tioh 25 | I/0 Register Hold Time after Clock 00| - 00| - 00| - ns
tioco 26 | I/O Register Clock to Out Delay - | 50 - |1 54| - | 6.1 ns
tior 27 | 1/O Register Reset to Out Delay -~ |50 | - |54] - | 60| ns
tdin 28 | Dedicated Input Delay - | 26 - 128 | - 2.8 ns
GRP
tgrpt 29 | GRP Delay, 1 GLB Load -l21 | - }22| - | 25| ns
tgrpa 30 | GRP Delay, 4 GLB Loads - |23 - |25 - |25 | ns
tgrps 31 | GRP Delay, 8 GLB Loads - 126 | - 28| - | 32| ns
torpie 32 | GRP Delay, 16 GLB Loads - |82 | - |385| - | 40| ns
tgrp32 33 | GRP Delay, 32 GLB Loads - | 44 - |48 | - | 56| ns
GLB
t4ptopc 34 | 4 Product Term Bypass Path Delay (Combinatorial) - | 57 - | 71 - 8.8 ns
taptbpr 35 | 4 Product Term Bypass Path Delay (Registered) - | 61 - | 67| - | 72| ns
t1ptxor 36 | 1 Product Term/XOR Path Delay - | 56 - | 66| - | 83| ns
t20ptxor 37 | 20 Product Term/XOR Path Delay - | 6.8 - | 78] - 8.7 ns
txoradj 38 | XOR Adjacent Path Delay® - |71 - | 82| - | 92| ns
tgbp 39 | GLB Register Bypass Delay - | 04 - |13 ] - 16 | ns
tgsu 40 | GLB Register Setup Time before Clock 02| - 05| - | 05 - ns
tgh 41 | GLB Register Hold Time after Clock 68 | - 79| - | 88| - ns
tgco 42 | GLB Register Clock to Output Delay - |29 - |1 29| - 2.9 ns
tgro 43 | GLB Register Reset to Output Delay - | 6.3 - | 64| - 6.8 ns
tptre 44 | GLB Product Term Reset to Register Delay - | 51 - | 55| — 5.8 ns
tptoe 45 | GLB Product Term Output Enable to I/O Cell Delay - | 71 - | 80| - | 90 ns
tptck 46 | GLB Product Term Clock Delay 41|53 | 45|58 | 48 | 6.2 ns
ORP
torp 47 | ORP Delay - |10 | - (10| - | 10| ns
torpbp 48 | ORP Bypass Delay - 100 - 100| - |00 | ns
1. Internal Timing Parameters are not tested and are for reference only. Table 20036321100

2. Refer to Timing Model in this data sheet for further details.
3. The XOR adjacent path can only be used by hard macros.
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Internal Timing Parameters'

-90 -80 -70
PARAMETER | # DESCRIPTION MIN. |MAX. MIN IMAX. MIN. IMAX. UNITS
Outputs
tob 49 | Output Buffer Delay - |17 = |21 | - |26 | ns
tsi 50 | Output Buffer Delay, Slew Limited Adder - |100| - [100| - [100| ns
toen 51 | 1/0 Cell OE to Output Enabled - 53| - |57 | - | 62| ns
todis 52 | I/O Cell OE to Output Disabled - | 53 - |57 | - |62 ns
tgoe 53 | Global OE - 87| - |43 | - | 58] ns
Clocks
tgyo 54 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) | 1.4 | 1.4 | 15 |15 |15 [ 15 ns
tgy1/2 55 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 24129 | 26|31 |30 |35 ns
tgcp 56 | Clock Delay, Clock GLB to Global GLB Clock Line 08 ({18 | 08|18 [08 |18 ns
tioy2/3 57 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 0.0 00 | 00|00 |00 |00 ns
tiocp 58 | Clock Delay, Clock GLB to 1/O Cell Global Clock Line 08|18 | 08|18 |08 |18 ns
Global Reset
tor | 59 ‘ Global Reset to GLB and I/O Registers | - ‘ 4.5 | - ‘ 4.5 I - I 4.6 ns

1. Internal Timing Parameters are not tested and are for reference only.

Table 2-0037-32/100
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Specifications ispLSI and pLSI 1032E

1/O Cell GRP GLB ORP I/ Cell

Feedback

[Ded. In

#28 #34  Comb 4 PT Bypass
o—»' H
<| 0 Pin> o © Rigzszpass >l e i;l;% q Reg 4:;'58ypass | o GLB R:z:ypass _ ORP#izpass |
(Input) H I/{\ (Output)
Input J_ GRP Loading 20 PT GLB Reg ORP
D RegisterQ Delay XOR Delays Delay Delay 451,52

RST > D Q Lot
#59 % -27 #29, 31-33 #36 - 38 #47

RST
Reset \ 4 #59 #40 - 43
AN
A
Cl Control  RE

lock
Distribution |~ PTs OF

>
[v1.23 #55-58 | #44-46 CK-I ——>|

0491

#54 d

[ yo

[GoE 0,1 #53

Derivations of tsu, th and tco from the Product Term Clock’

- tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) — (tiobp + tgrp4 + tptck(min))
= (#22 + #30 + #37) + (#40) — (#22 + #30 + #46)
29ns = (0.3+2.3+6.8)+(0.2) - (0.3+2.3+4.1)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptck(max)) + (tgh) — (tiobp + tgrp4 + t20ptxor)
= (#22 + #30 + #46) + (#41) - (#22 + #30 + #37)
53ns = (0.3+2.3+5.3)+(6.8)—(0.3+2.3+6.8)
tco = Clock (max) + Reg co + Output

(tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
(#22 + #30 + #46) + (#42) + (#47 + #49)
185ns = (0.3+23+5.3)+(29)+(1.0+1.7)

Derivations of tsu, th and tco from the Clock GLB 1

tsu Logic + Reg su - Clock (min)
(tiobp + tgrp4 + t20ptxor) + (tgsu) — (tgy0(min) + tgco + tgcp(min))
(#22 + #30 + #37) + (#40) — (#54 + #42 + #56)

(0.3+2.3+6.8)+(0.2) — (1.4 + 2.9 + 0.8)

nwonou

4.5ns

th Clock (max) + Reg h - Logic
(tgyO(max) + tgco + tgcp(max)) + (tgh) — (tiobp + tgrp4 + t20ptxor)
(#54 + #42 + #56) + (#41) — (#22 + #30 + #37)

(1.4+29+1.8)+(6.8)—(0.3+2.3+6.8)

3.5ns

fco Clock (max) + Reg co + Output
(tgy0(max) + tgco + tgcp(max)) + (tgco) + (torp + tob)
(H54 + #42 + #56) + (#42) + (#47 + #49)

(1.4+29+1.8)+(29)+ (1.0+1.7)

monuwn

11.7ns

Table 2-0042-82

1. Calculations are based upon timing specifications for the ispLSI and pLSI 1032E-90.
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Maximum GRP Delay vs GLB Loads

6.0 ‘
ispLSI and pLSI 1032E-70

@ 5.0 ispLS! and pLSI 1032E-80 ‘
N ispLSI and pLSI 1032E-90 ’
3 40
=]
o |
0 :
S 30 ‘

20 | | I 1

1 4 8 16 32
GLB Load

32 GRP/GLB.eps

Power Consumption

Power consumption in the ispLSl and pLSI 1032E device  used. Figure 3 shows the relationship between power
depends on two primary factors: the speed at which the  and operating speed.
device is operating, and the number of product terms

Figure 3. Typical Device Power Consumption vs fmax
350 [~

300
=< 250t ispLS| and pLSI 1032E

Icc (mA
N
o
o
1

150 |-

| | I I J
0 20 40 60 80 100

fmax (MHz)

Notes: Configuration of eight 16-bit counters
Typical current at 5V, 25°C

Icc can be estimated for the ispLSI and pLSI 1032E using the following equation:
Icc(mA) = 15 + (# of PTs * 0.59) + (# of nets * Max freq * 0.0078)

Where:
# of PTs = Number of Product Terms used in design
# of nets = Number of Signals used in device
Max freq = Highest Clock Frequency to the device (in MHz)

The Icc estimate is based on typical conditions (Vcc = 5.0V, room temperature) and an assumption of 4 GLB loads
on average exists. These values are for estimates only. Since the value of ICC is sensitive to operating conditions
and the program in the device, the actual Icc should be verified.

0127B-16-80-i5p/1032E
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Specifications ispLSI and pLSI 1032E

In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice Semiconductor high density pro-
grammable Large Scale Integration (pLSI) devices. By
integrating all the high voltage programming circuitry on-
chip, programming can be accomplished by simply shifting
data into the device. Once the function is programmed,
the non-volatile EZCMOS cells will not lose the pattern
even when the power is turned off.

All necessary programming is done via five TTL level
logic interface signals. These five signals are fed into the
on-chip programming circuitry where a state machine

Figure 4. ISP Programming Interface

controls the programming. The interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 4 illustrates the block diagram of one possible
scheme for programming the ispLSI devices. For details
on the operation of the internal state machine and pro-
gramming of the device please referto the ISP Architecture
and Programming section of this Data Book.

The Device ID for the ispLSI 1032E is 0000 1101
(0D hex). This code is the unique device identifier which
is generated when a read ID instruction is performed.

SDO
SDI 5-wire ISP
MODE Programming

SCLK Interface
ispEN
—]ispEN l_L iSpEN

—]so L—scik L—{scLk soLK

MODE MODE MODE MODE
ispLSI ispGAL ispGDS ispLSI

-1 SDI SDO -|SDI SDO »|SDI SDO | SDI SDO

A

02948
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ispLSI 1032E Shift Register Layout

D D
A A
T T
; ]
Data In > 159... High Order Shift Register -..0
(SDI) > 319... Low Order Shift Register ..160 } sbo
SDI
133
]
k7]
>
(]
o
£
o
E2CMOS Cell Array 0
o
35
S
<
0y
01828-32 SDO

Note: A logic “1” in the Address Shift Register bit position enables the row for programming or verification.

A logic “0” disables it.
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Specifications ispLSI and pLSI 1032E

PLCC PIN TQFP PIN
NAME NUMBERS | NUMBERS

/00-1/03 26, 27, 28, 29,| 17, 18, 19, 20, |!nput/Output Pins - These are the general purpose I/O pins used by the logic
/0 4-1/07 30, 31, 32, 33,| 21, 22, 23, 28,|array.

/0 8-1/0 11 34, 35, 36, 37, 29, 30, 31, 32,
/012-1/015 | 38, 39, 40, 41,| 33, 34, 35, 36,
1/1016-1/019 | 45, 46, 47, 48,| 40, 41, 42, 43,
1/020-1/023 | 49, 50, 51, 52,| 44, 45, 46, 47,
1/1024-1/027 | 53, 54, 55, 56, | 48, 53, 54, 55,
/028-1/031 | 57, 58, 59, 60,| 56, 57, 58, 59,
1/1032-1/035 | 68, 69, 70, 71,| 67, 68, 69, 70,
11036-1/039 | 72, 78, 74, 75| 71, 72, 73, 78,
/1040-1/043 | 76, 77, 78, 79,| 79, 80, 81, 82,
/O 44-1/0 47 | 80, 81, 82, 83,| 83, 84, 85, 86,
110 48-1/051 | 3, 4, 5 6, 90, 91, 92, 93,
1/1052-1/055 | 7, 8 9, 10,| 94, 95 96, 97,
1/1056-1/059 | 11, 12, 13, 14,| 98, 3, 4, 5,
11060-1/063 | 15, 16, 17, 18 6, 7, 8 9

DESCRIPTION

GOE 0/IN 4 67 66 This is a dual function pin. It can be used either as Global Output Enable for
all /O cells or it can be used as a dedicated input pin.

GOE 1/IN5 84 87 This is a dual function pin. It can be used either as Global Output Enable for
all I/0 cells or it can be used as a dedicated input pin.

IN6,IN7 2, 19 89, 10 Dedicated input pins to the device.

ispEN**/Vce 23 14 Input - Dedicated in-system programming enable input pin. This pin is
brought low to enable the programming mode. The MODE, SDI, SDO and
SCLK options become active.

SDI*/IN 0 25 16 Input - This pin performs two functions. When ispEN is logic low, it functions
as an input pin to load programming data into the device. SDV/IN 0 is also
used as one of the two_control pins for the isp state machine. It is a
) dedicated input pin when ispEN is logic high.

MODE*/IN 1 42 37 Input - This pin performs two functions. When ispEN is logic low, it functions
as pin to control the operation of the isp state machine. It is a dedicated
input pin when iSpEN is logic high.

SDOYIN 2 44 39 Output/Input - This pin performs two functions. When ispEN is logic low, it
functions as an output pin to read serial shift register data. It is a dedicated
input pin when ispEN is logic high.

SCLK*/IN 3 61 60 Input - This pin performs two functions. When iSpEN is logic low, it functions

as a clock pin for the Serial Shift Register. It is a dedicated input pin when
TSpEN is logic high.

RESET 24 15 Active Low (0) Reset pin which resets all of the GLB and I/O registers in the
device.

YO 20 11 Dedicated Clock input. This clock input is connected to one of the clock
inputs of all of the GLBs on the device.

Y1 66 65 Dedicated Clock input. This clock input is brought into the clock distribution
network, and can optionally be routed to any GLB on the device.

Y2 63 62 Dedicated Clock input. This clock input is brought into the clock distribution
network, and can optionally be routed to any GLB and/or any I/O cell on the
device.

Y3 62 61 Dedicated Clock input. This clock input is brought into the clock distribution

network, and can optionally be routed to any 1/O cell on the device.

GND 1, 22, 43, 64 | 13, 38, 63, 88 |Ground (GND)
VvCC 21, 65 12, 64 Vee
NC 1, 2 24, 25, | No connect.

26, 27, 49, 50,
51, 52, 74, 75,
76, 77, 99, 100
* ispLSI 1032E only Tablo 200024-32€
** ispEN for ispLSI 1032E; NC for pLSI 1032E, must be left floating or tied to Vi, must not be grounded or tied

to any other signal.
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Pin Configurations

ispLSl and pLSI 1032E 84-Pin PLCC Pinout Diagram

#LAlICe speciications ispLst and pLST 1032E

wn
Z
BRFRBEB33F,005823295¢88
QQQQQQRQQRQz3PQQQ00QQ00
wininininininininisinisininininininininlis
11109 8 7 6 5 4 3 2 1 84838281807978777675
o 57 12 741 V0 38
o s8 []13 731 1o 37
1059 []14 72 [ 1/0 36
11060 15 711 11035
voet1 116 70 (] /0 34
oe2 17 69 [] 110 33
1/0 63 l: 18 68 [] 10 32
IN7 19 67 [ **GOE 0/IN 4
Yo 20 . 66 |1 Y1
vee [t |SpLS| 1032E 65 [1 vce
anp [z pLSI 1032E &+ [1 ano
*ispEN/NC []23 Top View 631 Y2
RESET []24 621 Y3
*SDIINO []25 61 | *SCLK/IN 3
/oo o6 60 [ ] 110 31
101 Qo7 59 ] 1/0 30
1102 [Jo8 58 [] 1/10 29
1103 []29 57 [ 1O 28
1104 30 56 | ] 10O 27
105 31 55 |1 1/0 26
voe a2 541 11025
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

U UL L L

N 0O OO O~ Al O T 0 [m) O N O OO O m~ N M <
o N AN = - - - & N N AN A
€880000002850900000202090°

*MODE/IN 1
*SDO/IN 2

* Pins have dual function capability for ispLSI 1032E only (except pin 23, which is ispEN only).
** Pins have dual function capability which is software selectable.

0123-32-isp
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ispL:SI 1032E 100-Pin TQFP Pinout Diagram
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Z
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£2990000009=25£2992929298¢
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OSODPDOONOO DD 00D MDD DM®O®DNNNN
NCCTd 1 ™ 75 T NC
NC[TT 2 74 CTOINC
110571 3 73T 11/0 38
/0 581 4 7211037
/0591 5 71 FT1/0 36
/o601 6 70 T 1/0 35
yoe1—14 7 69 [ T11/0 34
/0621 8 68 I 1T11/0 33
/10631 9 67 [T11/032
IN7CT 10 . 66 [T **GOE 0/IN 4
Yo 11 ispLSI 1032E 65 FT1 Y1
vec—] 12 . 64 [CT1VCC
GNDCT 13 Top View 63 -1 GND
iIspENCTT] 14 62 T1Y2
RESETCT] 15 ) 61 [T1Y3
*SDI/IN0—T] 16 60 T *SCLK/IN 3
lloor—4j 17 59 [T11/0 31
/o101 18 58 [T 11/0 30
/021 19 57 I11/029
/O 31T 20 56 T 11/028
o414 21 55T 11027
/1051 22 54 T 1/0 26
1061 23 53 T 11/025
NCT 24 52 CTNC
NC[T 25 51 CT1NC
ONDVDNOTTAMTULONONRDO~ANMNMTNDONDDNO
NANANNDODDDDNOONDIITITIITITITITITD
OON®oorNeYR-00eE22RSYRIOQ
22820000005550000000009
______ 8 8________~____
p= 9

*Pins have dual function capability.
** Pins have dual function capability which is software selectable.
0766A-32E-isp
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Specifications ispLSI and pLSI 1032E

Part Number Description

(is)pLSI

Device Family

1032E ~ XX

X X X

AL
_‘:——— Grade

Blank = Commercial

. Package
Device Number J= Psl’_CC
T=TQFP
Speed Power
90 = 90 MHz fmax L=Low
80 = 80 MHz fmax o e
70 = 70 MHz fmax
ispLSI and pLSI 1032E Ordering Information
FAMILY Fmax (MHz) Tpd (ns) ORDERING NUMBER PACKAGE
90 10 ispLSI 1032E-90LJ 84-Pin PLCC
90 10 ispLSI 1032E-90LT 100-Pin TQFP
ispLSI 80 12 ispLSI 1032E-80LJ 84-Pin PLCC
80 12 ispLSI 1032E-80LT 100-Pin TQFP
70 15 ispLSI 1032E-70LJ 84-Pin PLCC
70 15 ispLSI 1032E-70LT 100-Pin TQFP
90 10 pLS! 1032E-90LJ 84-Pin PLCC
pLSI 80 12 pLSI 1032E-80LJ 84-Pin PLCC
70 15 pLSI 1032E-70LJ 84-Pin PLCC

Table 2-0041A-32/isp.eps
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Lattice

ispLSI° and pLSI° 1032

High-Density Programmable Logic

Functional Block Diagram

* HIGH-DENSITY PROGRAMMABLE LOGIC
— High Speed Global Interconnect
— 6000 PLD Gates
— 64 1/0 Pins, Eight Dedicated Inputs
— 192 Registers
— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.
— Small Logic Block Size for Fast Random Logic
— Security Cell Prevents Unauthorized Copying
* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 90 MHz Maximum Operating Frequency
— fmax = 60 MHz for industrial and Military/883 Devices
— tpd = 12 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Erasable and Reprogrammable
— Non-Volatile E2CMOS Technology
— 100% Tested

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable™ (ISP™) 5-Volt Only
— Increased Manufacturing Yields, Reduced Time-to-
Market, and Improved Product Quality
— Reprogram Soldered Devices for Faster Prototyping

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device Can Combine Glue
Logic and Structured Designs

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Provides Global
Interconnectivity

¢ ispLSI AND pLSI DEVELOPMENT TOOLS

pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table

pDS+™ Software
— Industry Standard, Third Party Design

Environments

— Schematic Capture, State Machine, HDL
— Automatic Partitioning and Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

[ Ouput Routing Pool_|
|

il
\\
N
Logic
Array
L
Fl] -

Global Routing Pool (GRP)

B oL
[ Output Routing Pool _|

[ Description

The ispLSI and pLSI 1032 are High-Density Program-
mable Logic Devices containing 192 Registers, 64
Universal I/O pins, eight Dedicated Input pins, four Dedi-
cated Clock Input pins and a Global Routing Pool (GRP).
The GRP provides complete interconnectivity between
all of these elements. The ispLSI 1032 features 5-Voltin-
system programming and in-system diagnostic
capabilities. It is the first device which offers non-volatile
"on-the-fly" reprogrammability of the logic, as well as the
interconnect to provide truly reconfigurable systems. ltis
architecturally and parametrically compatible to the pLSI
1032 device, but multiplexes four of the dedicated input
pins to control in-system programming.

The basic unit of logic on the ispLSI and pLSI 1032
devices is the Generic Logic Block (GLB). The GLBs are
labeled AO, A1 .. D7 (see figure 1). There are a total of
32 GLBsintheispLSl and pLSI 1032 devices. Each GLB
has 18 inputs, a programmable AND/OR/XOR array, and
four outputs which can be configured to be either combi-
natorial or registered. Inputs to the GLB come from the
GRP and dedicated inputs. All of the GLB outputs are
brought back into the GRP so that they can be connected
to the inputs of any other GLB on the device.
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Specifications ispLSI and pLSI 1032

»
u=uanas Corporation

Functional Block Diagram

Figure 1. ispLSI and pLSI 1032 Functional Block Diagram

110110 11010
63 62 6160

[{e][e]V[e]l/e]
59 58 57 56

VOVOUOIO OO0 VO N IN
55545352 51504948 7 6

RESET

Input Bus ]
Generic l . |
Logic Blocks Output Routing Pool (ORP)
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IN4
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VO 44

oo
o1
o2
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o9
17010
o 11
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Vo7 2l e Routing £
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£ &
vos 3l = (GRP) < 1038
< o 2
: §
=3
e
3
[e]

1o 12
10 13
1O 14
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110 35
1034
1/10 33
/0 32

*SDI/IN 0
*MODE/IN 1 |1

Megablock

Output Routing Pool (ORP)

Input Bus

*ispEN/NC

YO /O VO VO 1/O OO /O

*SDO/IN 2 —I |
*SCLK/IN 3

*ISP Control Functions for ispLSI 1032 Only

16 17 18 19 20 21 22 23

The devices also have 64 1/O cells, each of which is
directly connected to an I/O pin. Each I/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
1/0 pin with 3-state control. Additionally, all outputs are
polarity selectable, active high or active low. The signal
levels are TTL compatible voltages and the output drivers
can source 4 mA or sink 8 mA.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O cells by the ORP. The /O cells
within the Megablock also share a common Output
Enable (OE) signal. The ispLSI and pLSI 1032 devices
contain four of these Megablocks.

Y0 /01010
24 2526 27

/010 /0 VO
28 29 30 31

0139(1)-324isp

The GRP has asits inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional I/O cells. All of
these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSI and pLSI 1032 devices are selected
using the Clock Distribution Network. Four dedicated
clock pins (YO, Y1, Y2 and Y3) are brought into the
distribution network, and five clock outputs (CLK 0, CLK
1, CLK 2, IOCLK 0 and IOCLK 1) are provided to route
clocks to the GLBs and I/O cells. The Clock Distribution
Network can also be driven from a special clock GLB (CO
on the ispLSI and pLSI 1032 devices). The logic of this
GLB allows the user to create an internal clock from a
combination of internal signals within the device.
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Specifications ispLSI and pLSI 1032

Supply Voltage Ve woereerecenivarrieiereninns -0.5to +7.0V

Input Voltage Applied .........cccooeveeene -2.5t0 Ve +1.0V
Off-State Output Voltage Applied..... -2.5t0 Vg +1.0V

Storage Temperature .........ccocceveeeveerieccne -65 to 150°C

Case Temp. with Power Applied ............... -55 to 125°C
Max. Junction Temp. (Tj) with Power Applied .... 150°C
1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional

operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°C to +70°C 4.75 5.25

Vce Supply Voltage Industrial Ty = -40°C to +85°C 45 55 v 5
Military/883 T, = -55°C to +125°C 45 55

ViL Input Low Voltage 0 0.8 v

ViH Input High Voltage 2.0 Vee + 1 v

Table 2- 0005Aisp w/mil.eps

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL | PARAMETER MAXIMUM! UNITS | TEST CONDITIONS
C, . _ Commercial/industrial 8 pf V=5.0V, V,=2.0V
Dedicated Input Capacitance
Military 10 pf Ve=5.0V, V=2.0V
C, 1/0 and Clock Capacitance 10 pf V=5.0V, Vo, V,=2.0V
1. Guaranteed but not 100% tested. Table 2- 0006
Data Retention Specifications '
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI Erase/Reprogram Cycles 10000 - Cycles
pLSI Erase/Reprogram Cycles 100 - Cycles

Table 2- 00088
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Specifications ispLSI and pLSI 1032

Switching Test Conditions

Input Pulse Levels GND to 3.0V Figure 2. Test Load

Input Rise and Fall Time < 3ns 10% to 90% + 5V

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V Rq

Output Load See figure 2 Device Test
3-state levels are measured 0.5V from steady-state Output Point
active level. *

Table 2- 0003 R2 CL

I

Output Load Conditions (see figure 2) - -
*C|_ includes Test Fixture and Probe Capacitance.

Test Condition R1 R2 CL
A 470Q 390Q 35pF
B Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z ™ 390Q 5pF
C | atv,,-0.5V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL Output Low Voltage lo, =8 MA - - 0.4 \Y
VoH | Output High Voltage low =-4 MA 2.4 - - Y
M Input or I/O Low Leakage Current | OV < V,, <V, (MAX.) - - -10 HA
IH Input or I/O High Leakage Current| 3.5V <V, < V¢ - - 10 1A
liL-isp | isp Input Low Leakage Current 0V <V <V, (MAX.) - - -150 HA
liL-pu | /O Active Pull-Up Current OV<Vy<V, - - -150 HA
lost Output Short Circuit Current Voo = 5V, Voyr= 0.5V - - -200 mA
lcc2.4 | Operating Power Supply Current | V, = 0.5V, V,,= 3.0V | Commercial - 130 190 mA

frocae = 1 MHz Industrial/Military| — 135 220 mA

1. One output at a time for a maximum duration of one second.

2. Measured using eight 16-bit counters.

3. Typical values are at V= 5V and T, = 25°C.

4. Maximum | varies widely with specific device configuration and operating frequency. Refer to the Power Consumption sec-

tion of this datasheet and Thermal Management section of this Data Book to estimate maximum | . Table 2- 0007A-32-isp
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Specifications ispLSI and pLSI 1032

Over Recommended Operating Conditions

PARAMETER| TESTS|4? | DESCRIPTION' -90 80 60 lunits
MIN. |[MAX.] MIN. [MAX.| MIN. [MAX,

tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 12 - 15 - 20 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - 20 - 25 ns
fmax (Int.) A | 3 | Clock Frequency with Internal Feedback3 80| — | 60 - | MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback(mzl—w) 50 | - | 38 - | MHz ‘
fmax (Tog.) — |5 | Clock Frequency, Max Toggle* 100 | - 83 - | MHz |
tsu1 — |6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tcot A |7 | GLB Reg. Clock to Output Delay, ORP bypass - 10 - 13 ns
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass - 0 - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock 10 | - 13 | - ns
tco2 — |10| GLB Reg. Clock to Output Delay - 12 - 16 ns
th2 — |11] GLB Reg. Hold Time after Clock 0 - 0 - ns
tr A |12| Ext. Reset Pin to Output Delay - 17| - |225] ns
trw1 - |13| Ext. Reset Pulse Duration 10| - 113 -] ns
ten B |14/ Input to Output Enable - 18 | - 24 ns
tdis C (15| Input to Output Disable - (18] - | 24| ns
twh — [16| Ext. Sync. Clock Pulse Duration, High 5 - 6 - ns
twi — |17 Ext. Sync. Clock Pulse Duration, Low 5 - 6 - ns
tsus - 18] I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 | -l25] -] ns
ths - |19| I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| - 65| - |85 - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, ORP and YO clock. Table 2-0030-32/90,80,60C

2. Refer to Timing Model in this data sheet for further details.

3. Standard 16-Bit counter using GRP feedback.

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%.

5. Reference Switching Test Conditions section.
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Specifications ispLSI and pLSI 1032

> : -90 -80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. ‘MAX. MIN.WAX. MIN. |MAX.

Inputs

tiobp 20 | I/O Register Bypass - |16 - [20] - | 27] ns
tiolat 21 | I/O Latch Delay - |24 - |30] - |40] ns
tiosu 22 | I/O Register Setup Time before Clock 48 | - |55 - 173 | - ns
tioh 23 | I/O Register Hold Time after Clock 10 - 13| = | ns
tioco 24 | 1/O Register Clock to Out Delay - 1380) - |40] ns
tior 25 | 1/O Register Reset to Out Delay - |25} - |33 ns
tdin 26 | Dedicated Input Delay - | 40] - [ 53] ns
GRP

tgrp1 27 | GRP Delay, 1 GLB Load - 115] - |20] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - 20} - |27} »ns
tgrps 29 | GRP Delay, 8 GLB Loads - | 30] - | 40] ns
tarp12 30 | GRP Delay, 12 GLB Loads - | 38) - |50] ns
tgrpi6 31 | GRP Delay, 16 GLB Loads - | 45] - | 60] ns
tgrp32 32 | GRP Delay, 32 GLB Loads - |1 80| - |[106] ns
GLB

t4ptbp 33 | 4 Product Term Bypass Path Delay w52 - | 65] - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - 857} - 1701 - | 93] ns
tooptxor 35 | 20 Product Term/XOR Path Delay i 70] - | 80] - |106] ns
txoradj 36 | XOR Adjacent Path Delay3 - 195 - [127] ns
tgbp 37 | GLB Register Bypass Delay - 101 - | 13] ns
tgsu 38 | GLB Register Setup Time before Clock - 10| - 13| -] ns
tgh 39 | GLB Register Hold Time after Clock 45| - 160 | - ns
tgco 40 | GLB Register Clock to Output Delay - |20] - | 27] ns
tor 41 | GLB Register Reset to Output Delay =120 - {25 - {33} ns
tptre 42 | GLB Product Term Reset to Register Delay - | 80| - [100] - |133] ns
tptoe 43 | GLB Product Term Output Enable to I/0 Cell Delay - | 78] - [ 90| - [12.0] ns
tptck 44 | GLB Product Term Clock Delay 28 | 6.0 35| 75146 |99 ns
ORP

torp 45 | ORP Delay - 124) - |25] - | 33] ns
torpbp 46 | ORP Bypass Delay - 104 - jo0o5) - |07] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR adjacent path can only be used by hard macros.
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Specifications ispLSI and pLSI 1032

Internal Timing Parameters?

) -90 -80 -60
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.| MIN. [MAX | MIN. [MAX]
Outputs P
tob 47 | Output Buffer Delay o ea] - [so] - [a0] ns
toen 48 | 1/O Cell OE to Output Enabled =0 ] - |s0] - [e7] ns
todis | 49 | /O Cell OE to Output Disabled rslld0] - |50)] - [67] ns
Clocks 03 &
tayo 50 | Clock Delay, YO0 to Global GLB Clock Line (Ref. clock) 36 6]45| 45]160 | 60 ns
tay1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 28 {44 135|55)46 | 73] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line é@ 10|10 |50] 13|66 ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 2,8 4135|5546 |73 ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 0.8{[4.0]1.0|50]13]|66] ns
Global Reset L.
tor | 55 | Global Reset to GLB and I/0 Registers | - [82] - [9o] - [120] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
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ispLSl and pLSI 1032 Timing Model
/O Cell GRP GLB ORP 1/O Cell
Feedback
[Ded. In 26
70 Pin /0 Rig:ypass b IR i::4 B 4P'|;F :;/pass »le GLB R:;Bypass N OF!P#i;/pass ol
(Input) ——l (\ (Output)
Input j GRP 20 PT GLB Reg ORP #48, 49
D RegisterQ LoDaclhng XOR Delays Delay 4 Delay
RST >
#55 #21-25 #27, 29 ¢ #34, 35, 36 b a #45
N 30,31, 32 RST
Reset L4 #55 > ”3‘,‘3 2?
Clock -
Distribution Sontrel he
[vi23 > 451,52, [ #42, 43, CK
53, 54 44

#50

[ yo

" Derivations of tsu, th and tco from the Product Term Clock’

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t2optxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
55ns= (2.0 +2.0+8.0) +(1.0)- (2.0 + 2.0 + 3.5)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptek(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35)
40ns= (2.0 +2.0+7.5)+(45)-(2.0+2.0 +8.0)
tco = Clock (max) + Reg co + Output

tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47)
19.0 ns = (2.0+ 2.0 +7.5) + (2.0) + (2.5 + 3.0)

Derivations of tsu, th and tco from the Clock GLB!

tsu Logic + Reg su - Clock (min)
tiobp + tgrpa + t2optxor) + (tgsu) - (tgyo(min) + tgco + tgep(min))
#20 + #28 + #35) + (#38) - (#50 + #40 + #52)

(2.0 +2.0+8.0) + (1.0) - (4.5 +2.0 + 1.0)

Clock (max) + Reg h - Logic
tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
(4.5+2.0 +5.0) + (4.5) - (2.0 + 2.0 + 8.0)

Clock (max) + Reg co + Output

étgyO(max) +tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)

19.0ns = (4.5 +2.0 +5.0) + (2.0) + (2.5 + 3.0)

o onn

5.5ns
th

o

>
[=)
>
2]
I

tco

oo

1. Calculations are based upon timing specifications for the ispLSI and pLSI 1032-80.
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Maximum GRP Delay vs GLB Loads

ispLSl and pLSI 1032-60

ispLSI and pLSI 1032-80 .

ispLSI and pLSI 1032-90

GRP Delay (ns)

0 | | ] ]
4 8 12 16

GLB Loads

0126A-80-32-isp

Power Consumption

Power consumption in the ispLS! and pLSI 1032 device used. Figure 3 shows the relationship between power
depends on two primary factors: the speed at which the ~ and operating speed.
device is operating, and the number of Product Terms

Figure 3. Typical Device Power Consumption vs fmax
250
200 |-
150 |-
100

ispLSI and pLSI 1032

lcc (mA)

| I I I ! I ! I
0 10 20 30 40 50 60 70 80

fmax (MHz)

Notes: Configuration of eight 16-bit Counters
Typical Current at 5V, 25°C

Icc can be estimated for the ispLSI and pLSI 1032 using the following equation:

lcc =52 + (# of PTs * 0.30) + (# of nets * Max. freq * 0.009) where:
# of PTs = Number of Product Terms used in design

# of nets = Number of Signals used in device

Max. freq = Highest Clock Frequency to the device

The Icc estimate is based on typical conditions (Vcc = 5.0V, room temperature) and an assumption of 2 GLB loads on
average exists. These values are for estimates only. Since the value of IcC is sensitive to operatlng conditions and the

program in the device, the actual Icc should be verified.
0127A-32-80-isp
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In-System Programmability

The ispLSl devices are the in-system programmable
versions of the Lattice Semiconductor High-Density pro-
grammable Large Scale Integration (pLSI) devices. By
integrating all the high voltage programming circuitry on-
chip, programming can be accomplished by simply shifting
data into the device. Once the function is programmed,
the non-volatile E2CMOS cells will not lose the pattern
even when the power is turned off.

All necessary programming is done via five TTL level
logic interface signals. These five signals are fed into the
on-chip programming circuitry where a state machine

Figure 4. ISP Programming Interface

controls the programming. The interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 4 illustrates the block diagram of one possible
scheme for programming the ispLSt devices. For details
on the operation of the internal state machine and pro-
gramming of the device please referto the ISP Architecture
and Programming section in this Data Book.

The device identifier for the ispLSI 1032 is 0000 0011
(03 hex). This code is the unique device identifier which
is generated when a read ID command is performed.

SDO
SDI 5-wire ISP
MODE Programming

SCLK Interface
ispEN
L lisrEn FSPEN

= s

MODE MODE
ispLSI ispGAL ispGDS ispLSI

1 SDI SDO |SDI SDO »-|SDI SDO 1 SDI SDO

A

0294E
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22 Semiconductor
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ispLSI 1032 Shift Register Layout

D D
A A
T T
; ]
Data In 159... High Order Shift Register 0 >
(SDI) 319.. Low Order Shift Register _ .160| » "~ SP°
SDI
107
]
@
)
()
(4
E
7
E2CMOS Cell Array @
g
T
T
<
0]y
SDO

Note: Alogic "1" in the Address Shift Register bit position enables the row for programming or verification.
A logic "0" disables it.

2-121 1996 Data Book




| Specifications ispLSI and pLSI 1032

Name PLCC Pin Numbers Description
/100-1/03 26, 27, 28, 29, Input/Output Pins - These are the general purpose I/0 pins used by the
/0 4-1/107 30, 31, 32, 33, logic array.
170 8-1/0 11 34, 35, 36, 37,
/0 12-1/0 15 38, 39, 40, 41,
1/0 16 -1/0 19 45, 46, 47, 48,
1/0 20 -1/0 23 49, 50, 51, 52,
/0 24-1/027 53, 54, 55, 56,
1/0 28 - 1/0 31 57, 58, 59, 60,
1/032-1/0 35 68, 69, 70, 71,
1/0 36 - 1/0 39 72, 73, 74, 75,
1/0 40 - 1/0 43 76, 77, 78, 79,
1/0 44 - 1/0.47 80, 81, 82, 83
1/0 48 - 1/0 51 3, 4, 5, 6,
1/0 52 - 1/0 55 7, 8, 9, 10,
1/0 56 - 1/0 59 11, 12, 18, 14,
1/0 60 - /O 63 15, 16, 17, 18
IN4-IN7 67, 84, 2, 19 Dedicated input pins to the device.
ispEN*/NC 23 Input — Dedicated in-system programming enable input pin. This pin

is brought low to enable the programming mode. The MODE, SDI,
SDO and SCLK options become active.

SDI*/INO 25 Input—This pin performs two functions. Itis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as an input
pin to load programming data into the device. SDI/IN 0 also is used as
one of the two control pins for the isp state machine.

MODE/IN 1 42 Input— This pin performs two functions. Itis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as a pin to
control the operation of the isp state machine.

SDO™IN 2 44 Input/Output — This pin performs two functions. It is a dedicated input
pin when ispEN is logic high. When ispEN is logic low, it functions as
an output pin to read serial shift register data.

SCLK*/IN 3 61 Input — This pin performs two functions. It is a dedicated input when
ispEN is logic high. When ispEN is logic low, it functions as a clock pin
for the Serial Shift Register.

RESET 24 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

YO0 20 Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.

Y1 66 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB on the
device.

Y2 . 63 . Dedicated: Clock input. This clock input is brought into the clock
o - | - distribution network, and can optionally be routed to any GLB and/or
any /O cell on the device.

Y3 . 62 . . Dedicated Clock input. This clock input is brought into the clock
) ' ‘ distribution network,.and can optionally be routed to any I/O cellon the
device.
GND 1, 22, 43, 64 Ground (GND)
Vce 21, - 65 Ve
* For ispLS] 1032 Only Table 2-0002A-32-isp
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Pin Description

Name TQFP Pin Numbers Description

/100-1/03 17, 18, 19, 20, Input/Output Pins - These are the general purpose I/O pins used by the

1/04-1/07 21, 22, 23, 28, logic array.

/0 8 - 1/0 11 29, 30, 31, 32

/0 12-1/0 15 33, 34, 35 36,

/016 -1/O0 19 40, 41, 42, 43,

1/0 20 - 1/0 23 44, 45, 46, 47,

/0 24 - 1/0 27 48, 53, 54, 55

1/0 28 - I/0 31 56, 57, 58, 59,

1/0 32 -1/0 35 67, 68, 69, 70,

1/0 36 - 1/0 39 71, 72, 73, 78,

1/0 40 - 1/0 43 79, 80, 81, 82,

1/0 44 - 1/0 47 83, 84, 85 86,

1/0 48 - 1/0 51 90, 91, 92, 93

1/0 52 - 1/0 55 94, 95, 96, 97,

1/O 56 - 1/0 59 98, 3, 4, 5,

1/0 60 - I1/0 63 6, 7, 8, 9

IN4-IN7 66, 87, 89, 10 Dedicated input pins to the device.

ispEN*/NC 14 Input — Dedicated in-system programming enable input pin. This pin
is brought low to enable the programming mode. The MODE, SDI,
SDO and SCLK options become active.

SDI*/IN O 16 Input —This pin performs two functions. Itis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as an input
pin to load programming data into the device. SDI/IN 0 also is used as
one of the two control pins for the isp state machine.

MODE/IN 1 37 Input — This pin performs two functions. Itis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as a pin to
control the operation of the isp state machine.

SDO*/IN 2 39 Input/Output — This pin performs two functions. It is a dedicated input
pin when ispEN is logic high. When ispEN is logic low, it functions as
an output pin to read serial shift register data.

SCLK*IN 3 60 Input — This pin performs two functions. It is a dedicated input when
ispEN is logic high. When ispEN is logic low, it functions as a clock pin
for the Serial Shift Register.

NC 1, 2, 24, 25, These pins are not used.

26, 27, 49, 50,
51, 52, 74, 75
76, 77, 99, 100

RESET 15 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

YO 11 Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.

Y1 65 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB on the
device.

Y2 62 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB and/or
any 1/O cell on the device.

Y3 61 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O cell on the
device.

GND 13, 38, 63, 88 Ground (GND)
Vce 12, 64 Ve

* For ispLSI 1032 Only

Table 2- 0002B-32-isp
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Pin Description
Name CPGA Pin Numbers . Description

/00-1/03 F1, H1, H2, J1, Input/Output Pins - These are the general purpose /O pins used by the
104-107 K1, J2, L1, K2 logic array.
/0 8 -1/0 11 K3, L2, L3, K4,
/0 12 -1/0 15 L4, J5, K5, L5,
/0 16 - 1/O 19 L7, K7, Le6, L8,
/0 20 - 1/0 23 K8, L9, L10, K9,
/0 24 - 1/0 27 L11, K10, Ji10, K11,
1/O 28 - 1/0 31 J11, H10, H11, F10,
I/0 32 - 1/0 35 E9, D11, Dio, C1f,
1/0 36 - 1/0 39 B11, C10, A11, B10,
1/0 40 - 1/0 43 B9, A10, A9, BS,
/O 44 - 1/0 47 A8, B6, B7, A7,
1/O 48 - 1/0 51 A5, B5, C5 A4,
1/0 52 - 1/O 55 B4, A3, A2, B3
1/0 56 - 1/0 59 A1, B2, C2, Bi,
1/0 60 - 1/O 63 Ci, D2, D1, E3
IN4-IN7 E10, C7, A8, E2 Dedicated input pins to the device.
ispEN*/NC G3 Input — Dedicated in-system programming enable input pin. This pin

is brought low to enable the programming mode. The MODE, SDI,
SDO and SCLK options become active.

SDI*/IN 0 G2 Input—This pin performs two functions. Itis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as an input
pin to load programming data into the device. SDI/IN O also is used as
one of the two control pins for the isp state machine.

MODE®IN 1 K6 Input—This pin performs two functions. Itis a dedicated input pin when
iSpEN is logic high. When ispEN is logic low, it functions as a pin to
control the operation of the isp state machine.

SDO*/IN 2 J7 Input/Output — This pin performs two functions. It is a dedicated input
pin when ispEN is logic high. When ispEN is logic low, it functions as
an output pin to read serial shift register data.

SCLK*/IN 3 G10 Input — This pin performs two functions. It is a dedicated input when
ispEN is logic high. When ispEN is logic low, it functions as a clock pin
for the Serial Shift Register.

RESET G1 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

YO E1 Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.

Y1 E11 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB on the
device.

Y2 G9 Dedicated Clock input. This clock input is brought into the clock

distribution network, and can optionally be routed to any GLB and/or
any 1/O cell on the device.

Y3 G11 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O cell on the
device.

NC G3 This pin should be left floating or tied to V
This pin should never be tied to GND.

GND Ccé6, F3, F9, J6 Ground (GND)

Vce F2, F11 Ve

Table 2-0002-32/883
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Pin Configuration

ispLSI and pLSI 1032 84-Pin PLCC Pinout Diagram

11057 [
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110 59 []
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11061 []
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11063
IN7 [
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vee O
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1100 q
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ispLSI 1032
pLSI 1032

74
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7
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—_

e

*Pins have dual function capability for ispL.SI 1032 only (except pin 23, which is ispEN only).

0123-32-isp
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Pin Configuration

ispLSI and pLSI 1032 100-pin TQFP Pinout Diagram

CUOUITNN=O DD NOLYTNA-OD
LLLOODOTY EQKLIIIITIITO
Q0QQ00Q000=25222092090¢0%2

100 =LINC
99 FIINC

98 11

NC 1 75 ETINC
NCC 2 74 ETINC
Vo 57 3 730 38
/0 58 4 72 ED 037
/0 59 5 71 B3 10 36
110 60— 6 70 E3 10 35
V0 61 7 69 E=3 110 34
10 62 8 68 -1 1/0 33
/0 63 9 67 E3 110 32
N7 10 . 66 FT1IN 4
yo— 11 ispLSI 1032 65 1 Y1
vee 12 64 - vee
__aNo] 13 pLSI 1032 63 |F3 GND
S ] 1 Top View 6 B va
*SDIIN 0= 16 60 1 IN 3/SCLK*
oo 17 59 13 1/0 31
10 1 18 58 -1 1/0 30
10 2 19 57 E3 10 29
10 3 20 56 -1 1/0 28
10 4 21 55 E3 110 27
110 s 22 54 FT3 110 26
110 6 23 531025
NCL— 24 52T NC
Qor oo NeTRoONerRRR L NRRO0
88800000055£000000000
______ 8 8___.__.._._—__
= 1

*Pins have dual function capability for ispLSI 1032 only (except pin 14, which is ispEN only).

0766A-32-isp
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Pin Configuration

ispLSI and pLSI 1032/883 84-Pin CPGA Pinout Diagram

no0 s s 7 & s 4 3 2 4
(=) () () ) ) () @) ) ) () )
() () () (=) () () (=) (=) (=) (=) (=)
IO, H®E @
IO, () )
OI0IO, ispLSI 1032/883 OJ010
© il OLO)
OO ®®E
(=) ) (=) (=)
=) (=) @ ) ) IO,
H@EEEEEEE®E

*Pins have dual function capability for ispLSI 1032/883 only (except pin G3, which is ispEN only).

0488A-32-isp/883

PIN A1
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Part Number Description

(isjpLSl 1032 - XX X X X

Device Family j —L— Grade
Blank = Commercial
| = Industrial
Device Number —M /883 = 883 Military Process
Package
J=PLCC
Speed T=TQFP
90 = 90 MHz fmax G = CPGA
80 = 80 MHz fmax Power
60 = 60 MHz fmax L = Low

0212-80B-isp1032

ispLSI and pLSI 1032 Ordering Information

COMMERCIAL
Family | fmax (MHz) | tpd (ns) Ordering Number Package
920 12 ispLSI 1032-90LJ 84-Pin PLCC
90 12 ispLSI 1032-90LT 100-Pin TQFP
ispLSI 80 15 ispLSI 1032-80LJ 84-Pin PLCC
80 15 ispLSI 1032-80LT 100-Pin TQFP
60 20 ispLSI 1032-60LJ 84-Pin PLCC
60 20 ispLSI 1032-60LT 100-Pin TQFP
90 12 pLSI 1032-90LJ 84-Pin PLCC
90 12 pLSI 1032-90LT 100-Pin TQFP
80 15 pLSI 1032-80LJ 84-Pin PLCC
pLs! 80 15 pLSI 1032-80LT 100-Pin TQFP
60 20 pLSI 1032-60LJ 84-Pin PLCC
60 20 pLSI 1032-60LT 100-Pin TQFP
INDUSTRIAL
Family | fmax (MHz) | tpd (ns) Ordering Number Package
ispLSI 60 20 ispLSI 1032-60LJI 84-Pin PLCC
pLSI 60 20 pLSI 1032-60LJI 84-Pin PLCC
MILITARY/883
Family | fmax (MHz) | tpd (ns) Ordering Number SMD Number Package
ispLSI 60 20 ispLSI 1032-60LG/883 5962-9308501MXC| 84-Pin CPGA
pLSI 60 20 pLSI 1032-60LG/883 5952-9466801MXC 84-Pin CPGA
Note: Lattice Semiconductor recognizes the trend in military device procurement towards Table 2- 0041A-32-isp

using SMD compliant devices, as such, ordering by this number is recommepded.
®
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ispLSI° and pLSI° 1048E

High-Density Programmable Logic

Features

* HIGH DENSITY PROGRAMMABLE LOGIC
— 8,000 PLD Gates
— 96 I/0 Pins, Twelve Dedicated Inputs
— 288 Registers
— High-Speed Global Interconnects
— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc.
— Small Logic Block Size for Random Logic
¢ HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 90 MHz Maximum Operating Frequency
— tpd = 10 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Eraseable and Reprogrammable
— Non-Volatile
— 100% Tested at Time of Manufacture

* ispLS|I OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable™ (ISP™) 5-Volt Only
— Increased Manufacturing Yields, Reduced Time-to-
Market and Improved Product Quality
— Reprogram Soldered Devices for Faster Prototyping
* OFFERS THE EASE OF USE AND FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEXIBILITY
OF FIELD PROGRAMMABLE GATE ARRAYS
— Complete Programmable Device Can Combine Glue
Logic and Structured Designs
— Enhanced Pin Locking Capability
— Four Dedicated Clock Input Pins
— Synchronous and Asynchronous Clocks
— Programmable Output Slew Rate Control to
Minimize Switching Noise
— Flexible Pin Placement
— Optimized Global Routing Pool Provides Global
Interconnectivity
¢ ispLSl and pLSIDEVELOPMENT TOOLS
pDS® Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table
pDS+™ Software
— Industry Standard, Third Party Design Environ-
ments
— Schematic Capture, State Machine, HDL
— Automatic Partitioning and Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram

Output Routing Pool

EEEREEEE

B [TED [
Output Routing Pool

EEEREERE

Logic

Global Routing Pool (GRP) Array

REEERERER

B Ffplbdedededed

0139G1A-isp

The ispLSI and pLSI 1048E are High-Density Program-
mable Logic Devices containing 288 Registers, 96
Universal I/O pins, 12 Dedicated Input pins, four Dedi-
cated Clock Input pins, two dedicated Global OE input
pins, and a Global Routing Pool (GRP). The GRP pro-
vides complete interconnectivity between all of these
elements. The ispLSI 1048E features 5-Volt in-system
programmability and in-system diagnostic capabilities.
The ispLSI 1048E offers non-volatile “on-the-fly”
reprogrammability of the logic, as well as the intercon-
nect to provide truly reconfigurable systems. It is
architecturally and parametrically compatible to the pLSI
1048E device, but multiplexes four of the dedicated input
pins to control in-system programming. A functional
superset of the ispLSI and pLSI 1048 architecture, the
ispLSI and pLSI 1048E devices add two new global
output enable pins and two additional dedicated inputs.

The basic unit of logic on the ispLSI and pLSI 1048E
devices is the Generic Logic Block (GLB). The GLBs are
labeled A0, A1...F7 (see figure 1). There are a total of 48
GLBs in the ispLSI and pLSI 1048E devices. Each GLB
has 18 inputs, a programmable AND/OR/Exclusive OR
array, and four outputs which can be configured to be
either combinatorial or registered. Inputs to the GLB
come from the GRP and dedicated inputs. All of the GLB
outputs are brought back into the GRP so that they can
be connected to the inputs of any other GLB on the
device.

Copyright© 1996 Lattice Semiconductor Corp. Al brand or product names are

to change without notice.

LATTICE SEMICONDUCTOR CORP,, 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

orregistered

of their respective holders. The specifications and information herein are subject

1996 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037; http://www.latticesemi.com
2-129



152 Semiconductor
»n Corporation

iLattice

Specifications ispLSI and pLSI 1048E

Functional Block Diagram

Figure 1. ispLSI and pLSI 1048E Functional Block Diagram
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*ispLSI 1048E Only

The devices also have 96 /O cells, each of which is
directly connected to an 1/0O pin. Each I/O cell can be
individually programmed to be a combinatorial input,
registered input, latched input, output or bi-directional
I/0 pin with 3-state control. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA. Each output can be programmed
independently for fast or slow output slew rate to mini-
mize overall output switching noise.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal 1/O cells by the ORP. Each ispLSl
and pLSI 1048E device contains six Megablocks.

N SCLK*/ 10 /O /O /O
4 IN5 3233 34

OO0 OOHOIO /OO IO VO

35 363738030 40414243 44 45 46 47 01392y 48B1sp

The GRP has, as its inputs, the outputs from all of the
GLBs and all of the inputs from the bi-directional I/O cells.
All of these signals are made available to the inputs of the
GLBs. Delays through the GRP have been equalized to
minimize timing skew.

Clocks in the ispLSI and pLSI 1048E devices are se-
lected using the Clock Distribution Network. Four
dedicated clock pins (YO, Y1, Y2 and Y3) are brought into
the distribution network, and five clock outputs (CLK 0,
CLK 1, CLK 2, IOCLK 0 and IOCLK 1) are provided to
route clocks to the GLBs and 1/O cells. The Clock Distri-
bution Network can also be driven from a special clock
GLB (DO on the ispLSI and pLSI 1048E devices). The
logic of this GLB allows the user to create an internal
clock from a combination of internal signals within the
device.

2-130
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Supply Voltage Vec. .oovveveereeriienieiiee s -0.5to +7.0V

Input Voltage Applied.........cccceeuenneee. -2.5to Vgg +1.0V
Off-State Output Voltage Applied..... -2.5to Vgg +1.0V

Storage Temperature .........cccecveveveviinrneennn -65 to 150°C

Case Temp. with Power Applied................ -55 to 125°C
Max. Junction Temp. (T,) with Power Applied .... 150°C
1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional

operation of the device at these or at any other conditions above those indicated in the operational sections of this specification
is not implied (while programming, follow the programming specifications).

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 4.75 5.25 Vv
ViL Input Low Voltage 0 0.8 Y,
VIH Input High Voltage 2.0 Vec+1 v
Table 2 - 0005/2000
Capacitance (T,=25°C, f=1.0 MHz)
SYMBOL PARAMETER TYPICAL' | UNITS TEST CONDITIONS
C1 Dedicated Input, I/0, Y1, Y2, Y3, Clock Capacitance 8 pf Vec= 5.0V, Vpiy= 2.0V
C, Y0 Clock Capacitance 15 pf Vig= 5.0V, Vo= 2.0V
1. Guaranteed, but not 100% tested. Table 2-00062/1048C
Data Retention Specifications
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - Years
ispLSI Erase/Reprogram Cycles 10000 - Cycles ‘
pLSI Erase/Reprogram Cycles 100 - Cycles :
!

‘Table 2-0008A-isp
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Switching Test Conditions |

Input Pulse Levels GND to 3.0V
Input Rise and Fall Time <3 ns 10% to 90%
Input Timing Reference Levels 1.5V

Ouput Timing Reference Levels 1.5V
Output Load See figure 2

3-state levels are measured 0.5V from
steady-state active level.

Table 2-0003

Output Load Conditions (see Figure 2)

TEST CONDITION R1 R2 CL
A 470Q | 390Q | 35pF
B Active High oo 390Q | 35pF
Active Low 470Q | 390Q | 35pF
Active High to Z
o LatVo.-05V = | 3%0Q | 5pF
Active Low to Z
at Vi, +0.5V 470Q | 390Q 5pF

Table 2-0004a

Figure 2. Test Load

+5V
%m
Device . _ Test
Output l’_ " Point
Ro ,_l\ C|_*

*C|_ includes Test Fixture and Probe Capacitance.

0213a

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP? | MAX. | UNITS
VoL Output Low Voltage lo.= 8 mA - - 0.4 \
VOH Output High Voltage loy= -4 mA 2.4 - - Vv
[ Input or /O Low Leakage Current 0V < Vin< Vi (Max.) - - -10 uA
IH Input or I/O High Leakage Current 3.5V < VnE Voo - - 10 HA
||L-isp ispEN Input Low Leakage Current OV < VnSViL - - -150 LA
liL-PU 1/0 Active Pull-Up Current OV < VNS VL - - -150 UA
los’ Output Short Circuit Current Vo= 5V, Vpur= 0.5V - - -200 | mA
lcc** | Operating Power Supply Current ViL= 0.0V, Viy= 8.0V felock = 1 MHz - 175 - mA
1. One output at a time for a maximum duration of one second. Vour= 0.5V was selected to avoid test problems TesemanmeEe
by tester ground degradation. Guaranteed but not 100% tested.
2. Measured using twelve 16-bit counters.
3. Typical values are at Vec= 5V and Ty= 25°C.
4. Maximum Ic¢ varies widely with specific device configuration and operating frequency. Refer to Power Consumption
section of this data sheet and Thermal Management section of this Data Book to estimate maximum ¢ .
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External Timing Parameters

Over Recommended Operating Conditions

TEST?| ,» 1 -90 -70 -50
PARAMETER # DESCRIPTION UNITS
COND. MIN.| MAX.| MIN. | MAX.| MIN. [MAX.

tpd1 A 1 | Data Propogation Delay, 4PT Bypass, ORP Bypass | - | 10.0| - |15.0| - |20.0 ns ‘
tpd2 A 2 | Data Propogation Delay, Worst Case Path - |125| - |185 | - |245 ns
fmax (Int.) A 3 | Clock Frequency with Internal Feedback ® 909| - |70.0| - |500]| - MHz
fmax (Ext) | — | 4 |Clock Frequency with External Feedback (gis1) | 71.0 | — [56.0 | - [420| - | MHz
fmax (Tog.) | - 5 | Clock Frequency, Max. Toggle ( m) 125.0f - [100.0 — |77.0| - MHz
tsut - 6 | GLB Reg. Setup Time before Clock,4 PT Bypass 65| - |90 | - (120 - ns
tcot A 7 | GLB Reg. Clock to Output Delay, ORP Bypass - |65 - |70 - |95 ns
thi - 8 | GLB Reg. Hold Time after Clock, 4 PT Bypass 00| - |00 | - 0.0 | - ns
tsu2 - 9 | GLB Reg. Setup Time before Clock 75| - [(110] - [145]| - ns
tco2 — |10 | GLB Reg. Clock to Output Delay - |75 - |90 | - |120]| ns
th2 - 11 | GLB Reg. Hold Time after Clock 00| - |00 | - 00 | - ns
tr1 A 12 | Ext. Reset Pin to Output Delay - 1135| - [|160 | <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>