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pLSI and ispLSI Product Index

Density [
PART # Pins (PLD Tpd (ns) Fmax (MHz) (mA) Description Page
Gates)
pLSlI/ispLSI 1016 4 2000 10, 12, 15, 20 110, 90, 80, 60 150 64 Macrocell High-Density PLD 2-61
pLSI/ispLSI 1024 68 4000 12,15, 20 90, 80, 60 190 96 Macrocell High-Density PLD 2-81
pLSI/ispLSI 1032 84 6000 12, 15,20 90, 80, 60 195 128 Macrocell High-Density PLD 2-97
pLSI/ispLSI 1048 120 8000 15,18, 24 80, 70, 50 235 192 Macrocell High-Density PLD 2-117
pLSI/ispLSI 1048C 128 8000 18,24 70, 50 235 192 Macrocell High-Density PLD 2-133
pLSI/ispLSI 2032 4 1000 7.5,10, 15 135, 110, 80 — 32 Macrocell High-Density PLD 2-151
pLSI/ispLSI 3256 160 11000 15,17,23 80, 70, 50 - 256 Macrocell High-Density PLD | 2-169
PART # Pins Tpd (ns) Fmax (MHz) lcc Isb Description Page
(mA) (uA)
GAL16V8 20 5,7.5,10, 15,25 166, 100, 62.5, 41.6 55,90, 115 - Universal 20-Pin PLD 3-5
GAL16V8Z/ZD 20 12,15 83.3,62.5 55 100 | Zero-Power 20-Pin PLD 3-29
GAL16VP8 20 15,25 80, 50 115 — 64mA High Output Drive 16V8 3-49
GAL18V10 20 15,20 62.5 115 —_ 22V10 Subset 3-67
GAL20RA10 24 10, 15, 20, 30 71.4,50,41.7,25 100 — | Asynchronous — 10 Prog. Clocks | 3-79
GAL20V8 24 5,75, 10, 15,25 166, 100, 62.5, 41.6 55, 90, 115 — Universal 24-Pin PLD 3-97
GAL20V8Z/ZD 24 12,15 83.3,62.5 55 100 | Zero-Power 24-Pin PLD 3-121
GAL20VP8 24 15,25 80, 50 115 —_ 64mA High Output Drive 20V8 3-141
GAL20XV10 24 10, 15, 20 100, 83.3,71.4 N0 —_ 24-Pin XOR PLD 3-159
GAL22V10 24 |5,67510,1525 | 290 18%6?’3’1;;?’ 105, | 55,90, 115%0’ 140, | | Universal 24-Pin PLD 3173
ispGAL22V10 8 75,10, 15 111, 105, 83.3 140 —_ In-System Programmable 22V10 | 3-193
GAL26CV12 8 7.5, 10, 15, 20 142.8, 105, 83.3, 62.5 130 — | 22v10 Superset 3213
GAL6001 24 kY] 27 150 — | FPLA Architecture 3231
GAL6002 24 15,20 75, 60 135 — | FPLA Architecture 3249

PART # Pins Tpd (ns) Fmax(MHz) (:::) Description Page ||
ispGDS14 20 75 50 40 7 x 7 Programmable Switch Matrix 45 .
ispGDS18 24 75 50 40 9 x 9 Programmable Switch Matrix 45 !
ispGDS22 2 75 50 40 11 x 11 Programmable Switch Matrix 45 1




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

This data book includes our industry standard GAL® product line and our new
High-Density PLDs, the pLSI®and ispLSI™ 1000, 2000, and 3000 families. The
pLSI and ispLSI families combine the performance and ease of use of PLDs
with the density and flexibility of FPGAs.

Lattice Semiconductor, the worldwide leader in E2CMOS PLDs, is committed

to supplying you with the optimal solution to all of your programmable logic
requirements.

Sincerely,

Steven A. Laub
Vice President and General Manager
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Introduction

Background

Lattice Semiconductor Corporation, founded in 1983
and based in Hillsboro, Oregon, has completed its tenth
year of supplying innovative solutions for the high perfor-
mance system design needs of its customers. Through
its pioneering efforts at applying E2CMOS® technology
to programmable logic, Lattice has established the GAL®
family of products as the industry standard worldwide.
With the introduction of the high-density programmable
Large Scale Integration (pLSI®) devices and in-system
programmable Large Scale Integration (ispLSI™) devices,
Lattice has become the world’s largest supplier of low-
density CMOS PLDs and the fastest growing supplier of
high-density CMOS PLDs.

Lattice has recently introduced two new low-density in-
system programmable devices: the ispGAL22V10 and
ispGDS™. The ispGAL22V10 brings on-the-fly system
logic reconfigurability to the industry standard GAL22V10.
The ispGDS (in-system programmable Generic Digital
Switch) family further extends Lattice's programmable
technology beyond logic to board interconnect and signal
routing. ispGDS opens new possibilities for system
designers and is just the first of a number of application
specific programmable solutions which willbe addressed
by Lattice in the future.

The Lattice 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

Programmable devices support end-product differen-
tiation through proprietary feature enhancements. This
is particularly true when a system utilizes the non-volatile
ISP™ (In-System Programmable) technology pioneered
by Lattice.

Inventory Reduction

A single standard part type can be used in multiple,
diverse applications. Just 5 GAL architectures replace
virtually all bipolar PAL® architectures (see figure 1).

The Lattice 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

- 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

High Density: pLSI and ispLSI Families
- 1,000 - 14,000 Gates (World's Largest)

- World’s Fastest High-Density PLDs (HDPLDs)

- Superior HDPLD Architecture (Flexible, Predictable
Performance)

- Pioneering Non-volatile In-System Programmability (ISP)
- Range of Effective Development Tool Options

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

16V8

20v8

20RA10

20XV10*

22V10
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 162 16R4 18H4  20H8  20R6  20X4"
12L6 14P4 16L6 16R6  18L4 2012 20R8  20X8*
12P6 14P8 16L8 16R8  18P4 208 20RP4  20X10°
22vi0

* GAL20XV10 replaces 20110, 20X10, 20X8 and 20X4
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Introduction

Lattice Product Features

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

E2CMOS Technology

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

Lattice 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, Lattice 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 has
also introduced PLD families which address other logic
design concerns such as 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's products is technology and architectural
innovation. Lattice's most far-reaching innovation 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 “1st
Revolution in PLD design.”

Lattice innovation also started the “2nd Revolution in
PLD design” with the introduction of the first non-volatile

in-system programmable high-density PLD family —
ispLSl, as well as the ispGAL22V10 and ispGDS.

The ISP concept, and the ispLSI, ispGAL and ispGDS
families in particular, dramatically impact system devel-
opmentand manufacturing. Lattice ISP solutions deliver:

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

Reconfigurable Systems: A single generic board can
be “personalized” to one of many system configurations
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, no inventory headaches keep-
ing 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.). It eliminates bent
leads and unreliable solder joints by programming devices
in-system.

Lattice, the leader in E2CMOS PLDs, is committed to
providing its customers with industry-leading program-
mable solutions. We realize that your system design
requirements and time-to-market pressures will only get
tougher in the future. Lattice is committed to supporting
you with state-of-the-art products with the performance,
architecture, quality and reliability to meet your needs.

1-2
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Introduction to

pLSI° and ispLSI" Families

The Lattice pLSI and ispLSI Families

The Lattice programmable Large Scale Integration (pLSI)
and in-system programmable Large Scale Integration
(ispLSl) 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 135
MHz system speed, and up to 14000 PLD gates, they’re
the world’s fastest and highest density programmable
logic devices!

There are three pLSI and ispLSI families to fit your
specific application needs. Lattice’s premier pLSI and
ispLSI 1000 family implements high integration functions
such as controllers, LANs and encoders at high speeds.
The high performance pLSI and ispLSI 2000 family with
its large number of I/Os handles timers, counters as well
as timing critical interfaces to high speed RISC/CISC
microprocessors. The highest density pLS| and ispLSI
3000 family integrates complete system logic, DSP func-
tions, and entire encryption or compression logic into a
single package, while delivering superior performance.

The ispLSI 1000, 2000 and 3000 families pioneer non-
volatile, in-system programmability, a technology that
allows real-time programming, less expensive manufac-
turing and end-user system reconfiguration.

All the development tools you need are available from
Lattice - tools ranging from Lattice’s own entry level
software to higher level, third-party design environments.
With these tools, you'll be completing your circuit designs
in hours instead of weeks or months.

Lattice's pLSI and ispLSI Families

pLSI and ispLSI 1000: The Premier High
Density Family

Q 110 MHz system performance

Q 10 ns pin-to-pin delay (maximum)
1 2000-8000 PLD gates

Q 44-pin to 128-pin packages

pLSI and ispLSI 2000: Unparalleled System
Performance

Q 135 MHz system performance (world’s fastest!)
Q 7.5 ns pin-to-pin delay (maximum)

Q 1000-4000 PLD gates

0 44-pin to 128-pin packages

Q High I/O to Logic Ratio

pLSI and ispLSl 3000: Density with
Performance

1 110 MHz system performance

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

Q 8000-14000 PLD gates (world’s largest!)
Q 128-pin to 208-pin packages

Q Boundary scan for enhanced testability
(IEEE 1149.1)

Applications
* Address Decoders
* State Machines
160 | « Counters/Timers New pLSl/ispLSI i
* Glue Logic 3000 Series 14,000 !
* Processor Buses/ Ga‘tes }
128 - New | 1O Requirements 8000 |
Applications pLSl/ispLSI |+ Pentium System Gates Applications
. Il)xeddreﬂss 2000 Series L_Pertormance * VLSI Chips |
ss_l . coders 4000 « Graphics/DSP
State Machines 8000 Functions
VOs * Counters/Timers Gates G « Cache Controllers
ates
* Glue Logic * Encryption/Decryption
64 - Amcagor:s e « Compression
1000 pLSVispLSI |. A O Encoders !
M //DMA Controlle i !
2 o 215, 1000 Series | Graphie Subtunctions | e Logic
* Interrupt Controllers
,GAL R 2000 Gates * Data Packet Encoders |
0 Product Line * Glue Logic !
T T T T T T T T L T I
L) 32 64 96 128 192 256 320 {

Density (Macrocells)




Introduction to pLSI and ispLSI

Family Overview

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

With PLD gate densities ranging from 1,000 to 14,000,
the pLSI and ispLSI devices provide the range of pro-
grammable logic solutions you need to meet design
requirements today and tomorrow.

Table 1. pLSI and ispLSI Family Attributes

Density
(PLD Gates)

Speed:
Fmax (MHz)

Speed:
Tpd (ns)

Macrocells
Registers
Inputs & I/Os

Pins/Package

Each device contains multiple Generic Logic Blocks
(GLBs), architectured to maximize system flexibility and
performance. And a generous supply of registers and
1/0 cells provides the optimum balance of internal logic
and external connections. A global interconnect scheme
ties everything together, enabling high logic utilization .

pLSI and ispLSI 1000

1/2/3000-2A
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Introduction to pLSI and ispLSI/

pLSI and ispLSI Architecture O Low power

The pLSI and ispLSI architecture was constructed with U Flexible architecture

real system design requirements in mind. Figure 1
shows the representation of the pLSI 3256 architecture.
This architecture provides the designer with the following 0 Design portability across all the families
advantages.

Q Easy to use

Q Non-volatile in-system programmable (ispLSI)
Q High Speed

Q0 Advanced Global Clock Network
Q Predictable performance
QO Boundary Scan (3000 Family)

pLSI and ispLSI 2000 pLSI and ispLSI 3000

1/2/3000-3A
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Introduction to pLSI and ispLSI

The Giobal Routing Pool

Central to the pLSI and ispLSI 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 predictable delays. This unique interconnect
scheme consistently provides high performance and
allows effortless implementation of complex designs.

Figure 1. pLSI 3256 Functional Block Diagram

The Output Routing Pool (ORP)

The Output Routing Pool (ORP) is a unique pLSI and
ispLSI 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.

e
[ Input Bus { Input Bus Fs]
[ Output Routing Pool (ORP) | [ Output Routing Pool (ORP) | Bogggﬁfv ]
[ H3 ][ H2 " Ht || Ho | res ]rez er J[ eoJ Ha

| Output Routing Pool (Oﬂm
RN e

(GRP)

[ Output Routing Pool (ORP) |

Gilobal Routing Pool

Fa || &
L_l|o]
3
F2 (| ©
g
E GLB-
Fle Generic
— ‘g- Logic
Block
Fo g

GRP-
Global
Routing
Pool

ORP-
Output
Routing
Pool

CLK~
Clock
Distribution
Network

[ Output Routing Pool (ORP) |

[colfcr|ca]fcs]

EI IR

| Output Routing Pool (ORP) |

[ Output Routing Pool (ORP) |

Input Bus

Generic Logic Block (GLB)

The key element in the pLSI and ispLS| 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 pLSI and ispLSl
1000 and 2000 families feature 18 inputs which drive an
array of 20 Product Terms (PTs). These product terms
feed four outputs which effectively handle both wide and
narrow gating functions. The pLS| and ispLSI 3000 family

0849

utilizes a Twin GLB which delivers wider logic functional-
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 pLSI and ispLSI GLB,
combined with its optimum input-to-output ratio, allows
the GLB to implement virtually all 4-bit and 8-bit MSI
functions.

2-4
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Introduction to pLSI and ispLSI

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.

Figure 2. pLSl and ispLSl 1000 and 2000 Family GLB

The OLMC allows each GLB output to be configured as
either combinatorial or registered. Combinatorial mode is
available as AND-OR or Exclusive-OR. Registered mode
is available as D, T or J-K.

The power of the GLB is further enhanced by a flexible
clock distribution network. This network provides a choice
of clock signals to each GLB: global synchronous clock
signals or internally generated asynchronous product
term clock signals.
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Figure 3. pLSI and ispLSI 3000 Family "Twin GLB"
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Introduction to pLSI and ispLSI

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

Security Cell

A security cell is provided in the pLS! and ispLSI 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

pLSI and ispLSI devices can be programmed using a
Lattice-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
onthe circuitboard using Lattice programming algorithms
and standard 5V system power.

Latch-up Protection

pLSI and ispLSI 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

Lattice's ispLSI devices (in-system programmable) are
the industry’s only high-density programmabile logic fam-
ily offering non-volatile, in-system reconfigurability.

ispLSI devices are available in all three families: 1000,
2000 and 3000. The ispLSI 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
ispLSI 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 ispLSI, 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 on a p.c. board. You can now implement mul-
tiple hardware configurations with the same circuit board
design. Avariety 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 ispLSI 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-
inventorying multiple device types. Eliminating socketing
further improves quality and reduces board cost. Figure
6 shows the enhanced manufacturing with the ispLSI
device.
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Figure 5. In-System Programmable Graphics Board
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Allnecessary programming is achieved viafive 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

Draw Parts From Stores

using popular third-party logic programmers.

(One PIN)
i Figure 7. In-System Programming Interface (Multi-
Chip Solution)
Board Assembly
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* Final Programming
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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 pLSI and ispLSI 3000 family offers
dedicated IEEE 1149.1 boundary scan support for all test
functions required by the standard. By using pLSI and
ispL S| devices you not only eliminate expensive "bed-of-
nails" testers but also simplify testing of surface-mount
boards, multi-layer boards and boards using fine-pitch
packages. Boundary scan is ideal wherever tight board
layout limits access to logic signals.

It only takes 4 pins to implement the boundary scan
interface. The ispLSI 3000 devices share the four bound-
ary scan signals with the in-system programming pins.
This enhances the testability of system designs allowing
logic to be reconfigured to improve controllability and
observability.

Lattice Development Systems

The Lattice pLSl/ispLSI Development System (pDS)
software is used toimplement designs in pLSl and ispLSI
devices. Design alternatives can be quickly implemented
using Lattice'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.

pLSVispLSI Development System (pDS)

Features

0 High-Performance, Low-Cost Development
Environment

Supports pLSI and ispLSI 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 Viewlogic™ Viewsim™

0 000 o0 o0 0o

JEDEC File Download Direct to Programmer or
ispLSI Device

General Description

AllpLSlandispLSlfamilies are supported by Lattice'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 pLS| and ispLSI
quick and straightforward (see figure 8).

Figure 8. pDS Design Flow
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\
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* 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 Lattice Place and Route software assigns pins and
critical speed paths while routing the design.

Qﬁick compilation speeds the design, debug and rework
process dramatically. Incremental design techniques are
also supported.
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Timing and functional simulation is available from Lattice,
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.

pLSl/ispLSI Development System Plus (pDS+)

Features

Q Supports pLSI and ispLSI 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
ispLSI Device

000C00D

General Description

- For higher level design entry environments, Lattice 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 Viewdraw™
and Data I/O's ABEL.

Running on IBM compatible (386/486/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 simulation tools.

Third Party Programming Support

The pLSI and ispLSI 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

pLSlandispLS! 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
Lattice 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
Alipro 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's
isp Engineering Kit Model 100 for PCs and Model 200 for
Sun workstations. The kit is designed for engineering
purposes only and is notintended for production use. By
connecting an 8 wire cable to the parallel printer port of
a PC, JEDEC files can be easily downloaded into the
ispLSI device. Additionally, this cable can be connected
directly to the circuit board facilitating on-board in-system
programming.
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1000 Family

Architectural Description

pLSI and ispLSI 1000 Family Introduction

The basic unit of logic for the pLS| and ispLS| families is
the Generic Logic Block (GLB). Figure 1 illustrates the
pLSI 1032 with its 32 GLBs labelled A0, A1 .. D7. Each
GLB has 18 inputs, a programmable AND/OR/XOR ar-
ray, and four outputs which can be configured to be either
combinatorial or registered. Inputs to the GLB come from
the Global Routing Pool (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.

As an example, the pLSI 1032 has 64 |/O cells, each of
which is directly connected to an I/O pin. Each /O cell
can be individually programmed to be a combinatorial
input, registered input, latched input, output or bi-direc-
tional /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.

The I/O 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).

Figure 1. pLSI 1032 Functional Block Diagram

DWW DO DOV 10K
6362 6160 59565756 65545352 51

Eight GLBs, 16 /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 /O cells by the ORP. Each Megablock shares
a common Output Enable (OE) signal. The pLSI 1032
device, shown in figure 1 contains four Megablocks.

The GRP hasasits inputs the outputs fromall 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 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 l/Ocells. The Clock Distribution Network can also be
driven from a special GLB (CO on the pLSI and ispLSI
1032 device). 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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1000 Family Architectural Description

Generic Logic Block

The Generic Logic Block (GLB) is the standard logic
block of the Lattice high-density pL.Sl and ispL S| devices.
A GLB has 18 inputs, four outputs and the logic neces-
sary 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 sum of any
ofthe 18 GLBinputs. Sixteen of the inputs come fromthe
Global Routing Pool, and are either feedback signals
from any of the GLBs or inputs from the external [/O cells.
The two remaining inputs come directly from two dedi-
cated input pins. These signals are available to the
product terms in both the logical true and the comple-
mented 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
four, four, five and seven product terms each (see figure

Figure 2. GLB: Product Term Sharing Array Example

inputs From Dedicated
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——
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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 concern is 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 inthe
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. Eachregisteroutput is brought back into the
Global Routing Pool and is also brought to the I/O cells
via the Output Routing Pool. Reconfigurable registers
are not available when the four product term bypass is
used.
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Figure 3. GLB: Four Product Term Bypass Example
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Generic Logic Block (continued)

The PTSA is 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
productterms with all of the product terms from the seven
Product Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB
outputs are driven from the Control Functions (see figure
5). The clockforthe registers can come from any of three
sources developed in the Clock Distribution Network
(see Clock Distribution Network section) orfrom a product
term within the GLB. The Reset Signal for the GLB can
come from the Global Reset pin (RESET) or from a

Figure 5. GLB: Mixed Mode Configuration Example

product term within the block. 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
foruseasalogicterm. Refertothe Product Term Sharing
Matrix (table 1) to determine which logic functions are
affected.

There are many additional features in a GLB which 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.
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Product Term Sharing Matrix

This matrix shows 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
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

Table 1. Product Term Sharing Matrix

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
is notusedin the logic, thenitis available for use as either

the Asynchronous Clock signal or the GLB Reset signal. m

Product | Standard Configuration Four Product Term Single Product Term XOR Function Alternate
Term # Output Number Bypass Output Number Qutput Number Output Number Function

3 2 1 0 3 2 1 0 3 1 0 3 3.2 2 1 1 0 O

0 | I I I | ] n

1 | I B B ] | ]

2 " B ER n ]

3 L I B ] ] ]

4 A R R R n n

5 [ I B ] ] ]

6 H R H N | n

7 " B RN ] | ]

8 " A ER ] n ||

9 n B En n n

10 " E RR ] n

1 " B RN ] ]

12 E R ER ] MCLK/Reset

13 [ I I B ] ] |

14 [ I B ] n

15 [ B I e ] n

16 "R AR u ]

17 " B ER n

18 [ B I n

19 | I B B W | B OE/Reset

The Megablock

A Megablock consists of eight GLBs, an ORP, 16 I/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 pLSI
and ispLSI families combine from one to eight 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

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

Because of the shared logic within the Megablock, signals
which share a common function (counters, busses, etc.)
should be grouped within a Megablock. This will allow the
user to obtain the best utilization of the logic within the
device and eliminate routing bottlenecks.
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Table 2. Device Resources

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

Figure 6. The Megablock Block Diagram
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Input Routing

Signal inputs are handied 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.

The Output Routing Pool

The ORP routes signals from the GLB outputs to I/O cells
configured as outputs or bi-directional 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/0 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
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I/O Cell

The 1/O cell (see figure 9) is used to route input, output
or bi-directional signals connected to the /O pin. The two
logic inputs come from the ORP (see figure 9). One
comes from the ORP, and the other comes from the
faster ORP bypass. A pair of multiplexers select which
signal will be used, and its polarity. The Output Enable
of the I/0 cell is 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 Giobal
Reset (RESET) signal is driven by the active low chip
reset pin. This reset is always connected to all GLB and
1/0 registers. Each I/0 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 1/0 cell can be configured as
an input, an output, a 3-stated output or a bi-directional
1/0. 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 /O cell configurations possible.

There is an active pull-up resistor on the I/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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1000 Family Architectural Description

Figure 9. 1/0 Cell Architecture
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1000 Family Architectural Description

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 I/O
cells within that Megablock (see figure 11). This OE
signal can simultaneously control all of the 16 I/O cells
which are used in 3-state mode. Individual I/O cells also
have independent control for permanently enabling or

Figure 11. Output Enable Control for a Megablock

disabling the output buffer (refer to the 1/O cell section).
Only one OE signal is allowed per Megablock for 3-state
operation. The advantage to this approach is that the OE
signal can be generated in any GLB within the Megablock
which happens to have an unused OE product term. This
frees up the other OE product terms for use as logic.
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1000 Family Architectural Description

Global Routing Pool .

The GRP is a Lattice proprietary interconnect structure
which offers fast predictable speeds with complete con-
nectivity. The GRP allows the outputs from the GLBs or
the I/O 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 I/O pin is available

as an input to all of the GLBs. Because of the uniform
architecture of the pLSI and ispLSI devices, the delays
through the GRP are both consistent and predictable.
However, they are slightly affected by GLB loading as
shown in the example pLSI 1032-80 GLB Loading Delay
graph (see figure 12).

Figure 12. Example Graph of GRP Delay vs GLB Loading
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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 O,
CLK 1 and CLK 2 are used for clocking all the GLBs in the
device. Similarly, (IOCLK 0and IOCLK 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 pLSI and ispLSI 1016 (YO, Y1, Y2), which can be
directed to any GLB or any 1/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 pLSI 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 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 |/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, are brought to all the I/
O cells and the user programs the 1/O cell to use one of
the two.

2-20

1994 Data Book
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Figure 13. Clock Distribution Networks
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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 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
various delays together (figure 15). Critical timing paths

Figure 14. pLSI and ispLS! Timing Model’

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
parameters are tested and guaranteed on every device).
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*Note: Y1 and Y2 only for the pLSI and ispLSI 1016.
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Figure 15. pLSI and ispLSI Timing Model Examples’

Combinatorial Paths

tpdt = tiobp + tgrp4
#1 = #20 + #28
tpd2 = tiobp + tgrp4
#2 = #20 + #28

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

tsut = (tiobp + tgrp4
#6 = (#20 + #28
th1 = tgyO(max) + tgh
#8 = #50 + #39
tcol =tgyo(max) +  tgco
#7 = #50 + #40
tsu2 = (tiobp + g4
#9 = (#20 +  #28
th2 =tgyo(max) + tgh
#11 = #50 + #39
tco2 = tgyo(max) +  tgco
#10 = #50 + #40

+ +

+ +

+ +

+

+ o+
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#33 +
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#36 +
Clock(min)
Logic
Output
taptop) +
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(tiobp  +
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(#46 +
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#36) +
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(torp  +
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torp
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tgsu
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+
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1. The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets.

Circuit Timing Example

Figure 16. Timing Calculation Example

Adesignrequires two logic levels (each uses the 20PTXOR path). The design then uses a GLB register before exiting
the device using the ORP bypass. Calculate tsu, th and tco.

Logic Level Logic Level ORP
@——» #1 > #2 »| GLB Reg > Bypass -—>
20PTXOR 20PTXOR
OPTXO| OPTXO! R
Y
| YO >
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Figure 16. Timing Calculation Example (continued)

tsu

19.5ns

th

-14.0ns

tco

10.0 ns

= Logic +Reg su - Clock (min)

(tiobp + tgrp4 + t20ptxor + tgop + tgrp4 + t2optxor) + tgsu - tgyo(min)
(#20 + #28 + #35 + #37 + #28 + #35) + #38 - #50
(20+2.0+8.0+1.0+2.0+8.0)+1.0-45

Clock (max) + Reg h - Logic

tgyo(max) + tgh - (tiobp + tgrp4 + t20ptxor + tgbp + tgrp4 + t20ptxor)
#50 + #39 - (#20 + #28 + #35 + #37 + #28 + #35)
45+45-(20+2.0+8.0+1.0+2.0+8.0)

Clock (max) + Reg co + Output
tgyo(max) + tgco + (torpbp + tob)
#50 + #40 + (#46 + #47)
45+2.0+(0.5+3.0)

1. The delay values used are for a pLSI 1032-80 device.
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2000 Family

Architectural Description

pLSI and ispLSI 2000 Family Introduction

The basic unit of logic of the pLSI and ispLS1 2000 family
is essentially the same as that of the pLSI| and ispLSI
1000 family. However, there are some specific architec-
tural differences: Global clock structure, I/O Cell and OE
structure, and ORP structure. Afunctional block diagram
of the 2032 device is shown in figure 1. These architec-
tural differences are described in detail below.

Global Clock Structure

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

Figure 1. pLSI 2032 Functional Block Diagram

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 finally 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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I/O Cell and OE Structure

The reconfigurable input register or latch has been re-
moved to simplify the /O cell architecture. Each I/O cell
can be individually programmed to be a combinatorial
input, combinatorial output, or a bi-directional I/O pin with
3-state control. With the simplified 1/O cell architecture,
the I/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 isillustrated in figure 5. The 2032 device
has one GOE, and the 2064 and 2096 devices each have
2 GOEs.

Figure 4. pLSIl and ispLSI 2000 Family )/O Cell Architecture
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Figure 5. pLSI and ispLSI 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. Inthe 1000 family, the

32 GLB outputs feed only 16 associated I/O celis. In this
device family, 32 GLB outputs of a megablock can feed
32 1/O cells. Output routability has doubled. This is
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. pLSI and ispLSI 2000 Family Output Routing Pool
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Timing Model

The task of determining the timing through the device is are showninfigure 8, using data sheet parameters. Note
simple and straightforward. A device timing model is that the Internal timing parameters are given for refer-
shown infigure 8. To determine the time that it takes for ence only, and are nottested. (Externaltiming parameters
data to propagate through the device, simply determine are tested and guaranteed on every device).

the path the data is expected to follow, and add the
various delays together (figure 8). Critical timing paths

Figure 8. pLSI and ispLSI 2032 Timing Model
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Control R 448, 49
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[ GoEo

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp + t2optxor) + (tgsu) - (tiobp + tgrp + tptck(min))
= (#24 + #28 + #35) + (#38) - (#20 + #28 + #44)

22ns = (1.0+1.3+4.7)+(0.8)-(1.0+ 1.3+3.3)

th = Clock (max) + Reg h - Logic
= (tiobp + tgrp + tptck(max)) + (tgh) - (tiobp + tgrp + t20ptxor)
= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35)

16ns = (1.0+1.3+33)+(3.0)-(1.0+1.3+4.7)

tco Clock (max) + Reg co + Output

tiobp + tgrp + tpteck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47
88ns= (1.0+1.3+33)+(0.7) +(1.3+1.2)

049142032

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

Architectural Description
differences: Boundary Scan, Megablock and GLB struc-

ture, Global clock structure, and I/O cell structure. A
The basic unit of logic of the pLSI and ispLSI 3000 family ~functional block diagram of the ispLSI 3256 device is
is closely related to that of the pLSI and ispLSI 1000 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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Generic Logic Block

The Twin GLB is the standard logic block of the Lattice
pLS! and ispLSI 3000 Family. This Twin GLB has 24
inputs, eight outputs and the logic necessary to imple-
ment 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
GLBs or inputs from the external I/O Cells. All Twin GLB

Figure 2. Twin GLB: Product Term Sharing Array

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. However, only 16 out of the 32 outputs feed to 16
I/0 cells. The Megablock structure is shown in figure 3.

Figure 3. pLSI and ispLSI 3000 Family Megablock Block Diagram
GLB GLB GLB GLB
A0 A1 A2 A3
YYYYVYVYYY YYVYVYVYVYYVY FYYVYYYYY \AAAAAAR
Output Routing Pool
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Cell{|Celi||Cell[|Cell{| Cell||Cell|[Cell|{[Cell|| Cell]| Cell| | Cell | | Cell || Cell| |Cell || Cell | | Cell
0 1 2 3 4 5 6 7 8 9 10 || 11 12 |1 13 |] 14 || 15

Global Clock Structure

The global clock structure is made up of five global clock
input pins, YO, Y1,Y2,Y3,and Y4. Thisis showninfigure
4. Three of the clock pins are dedicated for GLB clocks
and the remaining two clock pins are dedicated for 1/0
register clocks. The clock GLB generation network which

0028A/3256

is designed into the 1000 device family has been re-
moved 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.

Figure 4. pLSl and ispLSI 3000 Family Global Clock Structure

YO | > CLK 0
Y1 | » CLK 1
v | » CLK 2
Y3 | » IOCLK 0
Y4 [ » IOCLK 1

0163A/3266
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/0 Cells

The VO cell structure architecture remains nearly the
same as the 1000 Family as illustrated in figure 5. Each
I/O cell now contains Boundary Scan Registers as shown
in figure 8. An input pin has only one scan register as
shown in figure 9. A global test OE signal is hardwired to

all l/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 term OE is shared between two
Megablocks resulting in twice the GLBs being able to use
a single OE signal. The Megablock OE signal and global
OE signals are fed to an OE multiplexer. The OE signals,
with the exception of the test OE, have inversion capabil-
ity after going through the OE multiplexer as shown in
figure 6.

Figure 5. pLSI and ispLSI 3000 Family /O Cell Architecture

Test OE
Global OE0 — A
Global OE1 — MUX ——{Z MUX S Programmable
Megablock OE0 — Pull
98 = Enable =P
From ORP — "= "S--éo"d""
| ee Boundary 1
From MUX MUX 1 ! Scan For Details !
ORP Bypass | , '
S = = ; Ko
___________________ ]
: P!
To Global MUX ~N
Routing Pool J
i —Q D
IOCLK 0
IOCLK 1 MUX p AL '3
Note: 0138473266
ﬁ Represents an E2CMOS Cell.
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Figure 6. pLSI and ispLSI 3000 Family Output Enable Controls

16:1 MUX

To Other
/0 Cells

To Other

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, TCLK, 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, TCLK corresponds to the SCLK pin, TMS corre-

Figure 7. Boundary Scan Block Diagram

© 1O Cells

of IO
Cell 31:

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, TCLK, TMS, TDO, and
TRST options become active for boundary scan testing
of the device. The boundary scan block diagram is
shown in figure 7. TDI is the test data serial input, TCLK
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 finally TRST is the reset signal pin.

0134A/3256

Test Data input (TDI)

Test Mode Select (TMS)

Boundary Scan Enable (BSCAN)

Boundary Scan CLK (TCLK)

Reset Signal (TRST)

Boundary Scan >

Test Data Output (TDO)

To /O Cell Boundary
Scan Registers

0846
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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 celis are shown
in figure 8. As illustrated in the figure, each 1/O cell
contains 3 registers, 2 latches and 5 multiplexers to

Figure 8. Boundary Scan Registers for I/O Cells

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

The Boundary Scan Registers required for an input only
cell are showninfigure 9. Aninputonly 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 are
connected in the following order: TDI to 1063 thru 1032
to Y4, Y3, Y2, Y1, Reset, TOE, GOE1, GOEQ, Y0, I031
thru 100 to 1064 thru 10127 to TDO.

u D Q D Q M
fi i X
SCAN IN (from previous pad) GLB g
OE
- -
EXTEST
M
u D Q D Q
X /) N\
ae_|Y KO Pin)
Output
Shift DR ! b—
|
M
3 D Q SCANOUT (to next pad)
Clock DR — Update DR
/O IN
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Figure 9. Boundary Scan Registers for an input Only Cell

[ioput >— w
U D Q SCANOUT
Scan In — X (to next pad)
(from previous pad)
Shift DR Clock DR —
0848
Table 1. Boundary Scan Instruction Codes
Instruction Name Code Description
SAMPLE/ PRELOAD 10 Loads and shifts data into BScan registers
EXTEST 00 Drives external I/O with BScan registers
BYPASS 1 Bypasses registers of selected device(s)
Note: LSB shifts in 1st. Table 10-0006

Timing Model

The task of determining the timing through the device is  various delays together (figure 11). Critical timing paths
simple and straightforward. A device timing model is are shown in figure 10, using data sheet parameters.
shown infigure 10. To determine the time thatittakesfor Note that the Internal timing parameters are given for
data to propagate through the device, simply determine reference only, and are not tested. (External timing
the path the data is expected to follow, and add the parameters are tested and guaranteed on every device).

Figure 10. pLSI and ispLSI 3256 Timing Model

/0 Cell GRP GLB ORP 1O Cell
Feedback
#26 L’ |
70 Pi>—e I/OR;: :ypau f;:P 4P1"zpuu [ a GLB R:::ypnt ] OHP‘ZM |
(e L [ _I-q.l | 20PT GLB ORP S
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D ReguterQ XOR Delays AR Deley 48,49
RST > D Q|
#55 K -25 434,35, 36 #45
RST
Reset _ ’ #55 »l d% ‘ui
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Control  RE
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Figure 11. Timing Calculation Example

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

Logic + Reg su - Clock (min)

(obp + tgipa + t20pixor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
z#24+ #31+ #39) + (#42) - (#24+ #31+ #48)
(2+4+85)+(1.5)-(2+4+35)

Clock (max) + Reg h - Logic
tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#24+ #31+ #48) + (#43) - (#24+ #31+ #39)
(2+4+75)+(9)-(2+4+8.5)

Clock (max) + Reg co + Output

tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#24 + #31 + #48) + (#44) + (#49 + #51)

20ns= (2+4+75)+(1.5)+(2+3)

tsu

6.5 ns
th

8ns
tco

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

Programming

ispLSI Programming Information

The following general programming information on the
ispLSlI (in-system programmable Large Scale Integration)
devices describes how the internal state machine is imple-
mented for programming and how to use the five
programming interface signals to step through the state
machine. The device specific information, such as timing
and pin-outs, can be found in the individual data sheets.
The programming information given in this section applies
to all ispL Sl devices.

Programming Overview

To distinguish between normal operation and program-
ming, two modes are defined: normal mode and edit
mode. Once the device is in edit mode, the entire program-
ming operation of the device is controlled by the internal
ISP state machine. The in-system programming enable
(ispEN) signal controls the device operation modes.

Figure 1. ispLSI Programming Interface

ispLSI

1032

The programming is controlled by the on-chip state machine
via five programming interface signals. The ispEN signal
is used to enable and disable the four programming control
signals which include Serial Data In (SDI), Mode (MODE),
Serial Data Out (SDO) and Serial Clock (SCLK). Whenthe
device is in normal mode, the four programming control
signal pins can be used as normal Dedicated Input Pins.
Figure 1 illustrates one such possible configuration for
programming multiple ispLSI devices. With this scheme
the ispENsignalforindividual devicesis enabled separately
and one device is placed in the edit mode at atime. Since
the otherdevicesare inthe normalmode, they can continue
to perform normal system functions. This simple scheme
requires connecting all four programming control signal
pins together and precludes their use as dedicated inputs
fornormal systemfunctions. ispEN isthe only programming
interface signal that is dedicated to a pin.

ispLSI

1016

&

N

ISP-Enable » D

R
5-Pin ISP Interface

o

><«—— serial Data In
Serial Data Out
N4 ISP-Mode
ISP-Clock
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Normal Mode

In Normal Mode the four programming control pins become
Dedicated Input pins. By multiplexing the programming
control pins, these programming control pins can have a
normal input function during Normal Mode. Figures 2
illustrates how to utilize the four programming control
signal pinsfor performing normal systemfunctions. Intemal
to the device, the programming functions are completely
isolated from the normal operating functions when the
device is in Normal Mode. Keeping the ispEN signal high
puts the device in Normal Mode. For simplicity, the four
programming control pins can be left unused for normal
input functions. These pins can be reserved for ISP by
using the ISP switch in the development tools. By leaving
these pins unused, the programming interface is simplified
when the programming signals and the Normal Mode input
signals are not multiplexed.

Edit Mode

Programming circuitry is enabled by driving the ispEN
signal low which puts the device in Edit Mode. In Edit
Mode, all the functional /O pins and input pins that are not
used during programming are 3-stated. With the exception
of the SDO signal, the remainder of the programming
interface signals are input signals. When multiplexing the
programming interface signals, the input driving the SDO
pin must be 3-stated to make sure that there is no signal
contention. All programming is accomplished in the Edit
Mode by controlling the programming state machine with
the MODE and SDI signals. SCLK is used to clock
programming data in and out through SDI and SDO pins.
SDI has a dual role as one of the two control signals for the
state machine and as the serial data input. To avoid any
interal register data contentions, Lattice recommends
that the device Reset pin be pulled to ground when the
device is in Edit Mode.

Programming Interface

The five programming interface pins are ispEN, SDI,
MODE, SDO and SCLK. Oncein Edit Mode, programming
is controlled by SDI, MODE, SDO and SCLK signals. In
Normal Mode, the programming control pins can be used
as dedicated inputs to the device.

ispEN is an active low, dedicated enable pin, which en-
ables the four programming control pins when it is driven
low (Vi) and disables the programming control pins when
itis driven high (V). All other /O pins are 3-stated during
Edit Mode and pulled up by the internal active pull-up
resistors (equivalent to 100KQ ).

SDI performs two different functions. First, as the input to
the serial shift registerand second, as one of the two control
pins for the programming state machine. Because of this
dual role, SDI's function is controlled by the MODE signal.
When MODE is low SDI is the serial input to the shift
registers and when MODE is high SDI becomes the control
signal. Internal to the device, the SDI is multiplexed to
address shift register, high order data shift register and low
order data shift register. The different shift instructions of
the state machine determine which of these shift registers
gets the input of the SDI.

The MODE signal combined with the SDI signal controls
the programming state machine. This signal connects in
parallel to all ispLS| devices.

SCLK is the serial shift register clock that is used to clock
the internal serial shift registers. A low-to-high (positive)
clock transition clocks the state machine. It also connects
in parallel to all ispLSI devices. Similar to SDI, the shift
instructions determine which of the shift registers are
clocked for the data input from SDI.

SDOisthe output of the serial shift registers. The selection
of the shift register is determined by the state machine’s
shift instruction. In the flow through instruction and when
MODE is driven high, SDO connects directly to SDI, and
bypasses the device’s shift registers. Since this is the only
output pin for the Edit Mode, this signal will drive the
external devices that are connected to this pin.
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Programming Details

Programming is completely controlled by the state machine,
once the device is in the Edit Mode. The state machine
consists of three states, in which all programming related
operations are performed. In order to run these program-
ming operations, five bit instructions are defined (see table
2). Each instruction is then shifted into the device in one of
the three states and executed in another state. The initial
state of the state machine is used when the device is idle
during edit, or to shift out the eight bit device identification
code.

The following sections describe the general information
about the critical timing parameters, state machine, state
machine instructions, and device layout that apply to all the
ispLSI devices. Any device specific information like the
size of the shift registers and the device specific timing
information can be found in the individual device data
sheets.

Figure 2. The Scan and Multiplex Programming Mode

There are various ways of programming the ispLS| devices.
The easiest is to dedicate the ISP programming pins only
for the programming functions. With dedicated ISP pins,
one can either program the devices in a serial daisy chain
configuration (figure 1) or in a parallel programming
configuration where the programming signals are
multiplexed. The parallel multiplexed programming method
gives the user another advantage of being able to use the
programming pins for system functions. Figure 2iillustrates
a multiplexing scheme which allows the user to control the
ISP programming through multiple ispEN signals. The
multiple ispEN signals not only control the ispEN inputs of
the ispLSI devices, but also is the control signal for
multiplexing the functional signals and the ISP programming
signals. The ISP programming signals MODE, SDI and
SCLK function as inputs for normal functional mode as well
as the ISP programming mode. SDO, however, functions
as an input in normal functional mode and as an output in
ISP programming mode. Figure 2 also shows the difference
in controlling these different programming signals.

System System
Input 1 | | 1 Input
Signals ] | | 1] [ Signals

21 2:1 211 211 2:1 2:1 i
Muxl MUX 1 MUX 1 F MUX I MUX IMUX
YT Y

A Y Y \ 4
SDO MODE SDI SCLK MODE SDI SCLK SDO
\
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Gge3 8
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2-41 1994 Data Book




ispLSI Architecture and Programming

Critical Timing Parameters

When programming ispLSI devices, there are several
critical timing parameters that must be met to ensure
proper programming. The two most critical parameters are
the programming pulse width (towp) and the bulk erase
pulse width (t,ew). These pulse widths determine the
programming and erasing of the E2 cells. Figure 4 shows
these critical program and erase timing specifications.

Along with the two programming and erasing specification,
the following timing specifications must also be met.

Specifies the time it takes to get into the ISP mode
after ispEN signal is activated or the time it takes
to come out from the ISP mode after the ispEN
becomes inactive.

tisp -

Figure 4. Program, Verify & Bulk Erase Timing

tsu -  Setuptime of the control signals before the SCLK
or the set up time of input signals against other
control signals where applicable.

t, - Hold time of the control signal after the SCLK. It
also applies to the same input signals from the set
up time.

tow, - Minimum clock pulse width.

toikn

tow~  Verify or read pulse width. The minimum time
requirement from the rising clock edge of verify/
load instruction execution to the next rising clock
edge (see figure 4).

Power on reset timing requirement. tg must
elapse after power up before any operations are
performed on the device.

bt -

All the programming timing parameters are summarized in
the timing diagram (see figure 5).

Execute State (Program, Verify or Bulk Erase Instruction)

MODE ¥
Id— towp, thew, or tpwv
! tou [ th 4
-e— tclkh —»‘ tsu "l
SCLK

F—— tolkl

Figure 5. ISP Programming Timing Requirements
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Figure 6. Programming State Machine

Idle State
(Normal
Operation)

Note:
Control signals: MODE, SDI

State Machine Operation

The state machine has three states to control programming
and uses the MODE and SDI signals as inputs for each
state. Based on these input signals, the state machine
makes decisions to either stay in the same state or to
branch to another state. The three states are Idle/ID State,
Command Shift State and Execute State. The programming
state machine diagram in figure 6 shows the three states
and the logic levels of the control signals needed to force
each transition state.

Idle/ID State

The Idle/ID state is the first state which is active when the
device gets into the Edit Mode. The state machineisinthe
Idle/ID state when the device is idle, in the Edit Mode, or
when the user needs to read the device identification. The
eight bit device identification is loaded into the shift register
by driving MODE high, SDI low and clocking the state
machine with SCLK. Once the ID is loaded, it is read out
serially by driving MODE low. Notice that when reading the
device ID serially, SDI can either be high or low (don’t care)
and the state machine needs only seven clocks to read out
eight bits of ID. The default state for the control signals is
MODE high and SDI low. State transition to Command
Shift State occurs when both MODE and SDI are high while
state machine gets a clock transition. Table 1 lists the eight
bit device 1D’s for all the ispLSI devices. As with most shift
registers the Least Significant Bit (LSB) of the ID gets
shifted out from the SDO first.

Command Shift State

This state is strictly used for shifting in the command
instructions into the state machine. The entire five-bit
instruction set is listed in the next section. When MODE is
low and SDI is don’t care in the Command Shift State,

Shift State
(Load
Commands)

Load Execute
Command

Command

LX

Execute State
(Execute
Command)

Table 1. ispLS! Device ID Codes

Device MSB LSB
ispLSI 1016 00000001
ispLSI 1024 00000010
ispLSI 1032 00000011
ispLS| 1048 00000100
ispLSI 1048C 00000101
ispLSI 2032 00010101
ispLSI 3256 00100010

SCLK shifts the instruction into the state machine. Once
the instruction is shifted into the state machine, the state
machine must transition to the Execute State to execute
the instruction. Driving both MODE and SDI high and
applying the clock will transfer the state machine from the
Command Shift State to Execute State. If needed, the state
machine can move from Command Shift State to Idle/ID
State by driving MODE high and SDI low.

Execute State

In the Execute State, the state machine executes instruc-
tions that are loaded into the device in the Command Shift
State. For some instructions, the state machine requires
more than one clock to execute the command. Anexample
of this multiple clock requirement is the address or data
shift instruction. The number of clock pulses required for
these instructions depends on the device shift register
sizes (refer to the ISP programming section of the data
sheet). When executing instructions such as Program,
Verify or Bulk Erase, the necessary timing requirements
must be followed to make sure that the commands are
executed properly. For specific timing information refer to
the individual data sheets.
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To execute a command, the MODE is driven low and SDI
is "don't care." For multiple clock instructions the control
signals must remain in the same state throughout the
duration of the execution. MODE high and SDI high will
take the state machine back to the Command Shift State
and MODE high and SDI low will take the state machine to
the Idle/ID State.

Instructions

Table 2 lists the instructions that can be loaded into the
state machine in the Command Shift State and then
executed in the Execute State. Notice that reading the

device identification is done during the Idle/ID State and
does not require an instruction.

While it is possible to erase the individual arrays of the
device, it is recommended that the entire device be erased
(UBE) and programmed in one operation. This Bulk Erase
operation should precede every programming cycle as an
initialization.

When adevice is secured by programming the security cell
(PRGMSC), the on-chip verify and load circuitry is dis-
abled. Securing of the device should be done as the last
procedure after all the device verifications have been
completed. The only way to erase the security cell is to

perform a bulk erase on the device.

Table 2. State Machine Instruction Set

Instruction Operation Description

00000 NOP No operation performed

00001 ADDSHFT echli{less Register Shift: Shifts address into the address shift register from

00010 DATASHFT Data Register Shift: Shifts data into or out of the data serial shift register.

00011 UBE User Bulk Erase: Erase the entire device.

00100 GRPBE Global Routing Pool Bulk Erase: Bulk erases the GRP array only.

00101 GLBBE Generic Logic Block Bulk Erase: Bulk erases all the GLB array only.

00110 ARCHBE Architecture Bulk Erase: Bulk erases the architecture array and /O
configuration only.

00111 PRGMH Program High Order Bits: The data in the data shift register is pro-
grammed into the addressed row's high order bits.

01000 PRGML Program Low Order Bits: The data in the data shift register is pro-
grammed into the addressed row's low order bits.

01001 PRGMSC Program Security Cell: Programs the security cell of the device.

01010 VER/LDH Verify/Load High Order Bits: Load the data from the selected row's high
order bits into the data shift register for verification.

01011 VER/LDL Verify/Load Low Order Bits: Load the data from the selected row's low
order bits into the data shift register for verification.

01100 GLBPRLD Generic Logic Block Preload: Preloads the registers in the GLB with the
data from SDIN. All registers in the GLB form a serial shift register. Refer
to device layout section for details.

01101 |IOPRLD I/0 Preload: Preloads the I/O registers with the data from SDIN. All
registers in the /O cell form a serial shift register (the same order as GLB
registers).

01110 FLOWTHRU Flow Through: Bypasses all the internal shift registers and SDOUT be-
comes the same as SDIN.

10010 VE/LDH Verify Erase/Load High Order Bits: Load the data from the selected row's
high order bits into the data shift register for erased verification.

10011 VE/LDL Verify Erase/Load Low Order Bits: Load the data from the selected row's
low order bits into the data shift register for erased verification. -
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Device Layout

The purpose of knowing the device layout is to be able to
translate the JEDEC format programming file into the serial
data stream format for programming ispLSI devices. Two
main factors determine how the translation isimplemented:
the length of the address shift register and the length of the
data shift register. The length of the address shift register
indicates how many rows of data are to be programmed
into the device. The length of the data shift register
indicates how many bits are to be programmed in each row.
Both registers operate on the First In First Out (FIFO) basis
where the Least Significant Bit (LSB) of the data or address
is shifted in first and the Most Significant Bit (MSB) of the
data or address is shifted in last. For the data shift register,
the low order bits and the high order bits are separately
shifted.

Each ispLSI device has a predefined number of address
rows and data bits needed to access its E2CMOS® cells
during programming. The data bits span the columns of the
E2 array. From this information the number of program-
ming cells (or fuses) are determined. Table 3 highlights the
address and data shift register (SR) sizes for all ispLSI
devices. The JEDEC file for these ispLSI devices will
reflect the number of cells (fuses) seen in table 3. The total
number of cells becomes critical if the programming pat-
terns are to be stored in an on-board memory storage of
limited capacity such as EPROM or PROM.

The L fieldin the JEDEC programming file indicates the first
cell number of each row. The JEDEC standard requires
that there is at least the beginning cell number LO000O.
L fields of the subsequent lines are optional. From this
reference cell location all other cell locations can be deter-
mined. Zero in the cell location indicates that the E2 cell in
that particular location is programmed (or has a logic
connection equivalent to a metal fuse being intact). A one
(1) in the cell location indicates that the cell is erased
(equivalent to a blown fuse). The fusemap operation in the
Lattice software generates this JEDEC standard
programming file.

Fuse Map to Device Conversion

One of the major elements needed to program an ispLSI
device is the JEDEC fuse map in which the specific logic
implementation is stored. While the ispCODE software
takes care of these details, it is important to understand
how this JEDEC fuse map is mapped onto the physical
ispLSI device during programming. The physical layout of
the fuse pattern begins with Address Row 0 and ends with
the maximum Address Row N and is determined by the
length of the Address SR as described in table 3. Spanning
the Address Rows are the outputs of the High-Order Data
SR and Low-Order Data SR, as described in table 4.
Programming fuses on a given row are enabled by a "1"
within the Address Shift Register for the appropriate row
and the use of state machine instructions that selectively
operate on the High-Order Data SR or the Low-Order Data
SR. For example, the PRGMH instruction programs the
High-Order data bits within the device for the selected
Address Row and the PRGML instruction programs the
Low-Order data bits (table 2 lists the ISP state machine
instructions). Referringtofigure 7, the starting cell (L0O0000)
of the JEDEC fuse map shifts into the device at the physical
location corresponding to Address Row 0, High-Order
Data SR bit0. nand min the figure refer to the Address SR
length and the Data SR length, respectively, of the device
(refer to table 3). A series of sequential shifts eventually
results in the last cell location (Total # of Cells - 1) of the
JEDEC fuse map shifting into Address Row (n-1), Low-
Order Data SR bit (m-1) on the actual device.

The ispCODE Software routines make use of a bit packed
data format, called ispSTREAM™, to transfer data be-
tween the JEDEC fuse map and the physical device
locations. The JEDEC fuse map can be translated into
ispSTREAM using the isp_jedtoisp function and the
ispPSTREAM format can be translated into a JEDEC fuse
map using the isp_isptojed function.

Command Stream

The first step of programming the ispLSI devices is to
determine the type of device to be programmed. This can
be done by reading the eight-bit device ID of all the devices.

Table 3. ispLSl Address and Data Shift Register and Total Cell Summary

ispLS1 1016 ispLSI 1024 ispLSl 1032 ispLSI 1048 ispLSI 2032 ispLSI 3256
Address SR Length 96 102 108 120 102 180
Data SR Length/Address 160 240 320 480 80 676
Total Number of Cells 15,360 24,480 34,560 57,600 8,160 121,680
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Table 4. Summary of Data Shift Register Bits

Data SR Bits ispLSI 1016 ispLSI 1024 ispL.Sl 1032 ispL.Sl 1048
High Order Data SR LSB 0 0 0 0
High Order Data SR MSB 79 119 159 239
Low Order Data SR LSB 80 120 160 240
Low Order Data SR MSB 159 239 319 479
Data SR Size (Bits) 160 240 320 480

Figure 7. ispLSI Device to Fuse Map Translation
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[(m/2)-1] ... High Order Shift Register ...0 I—_:I'_' SDOUT
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By keeping the SDI to a known level (either high or low), the
ID shift can be terminated when a sequence of eight ones
or eight zeros is read. From the device ID the serial bit
stream for programming can be arranged. A typical
programming sequence is as follows:

1) ADDSHFT command shift

2) Execute ADDSHFT command

3) Shift address

4) DATASHFT command shift

5) Execute DATASHFT command

6) Shift high order data

7) PRGMH command shift

8) Execute PRGMH

9) DATASHFT command shift

10) Execute DATASHFT command

11) Shift low order data

12) PRGML command shift

13) Execute PRGML

14) Repeat from 1) until all rows are programmed.
Diagnostic Register Preload

This section explains how to preload all of the buried
registers and I/O registers to a known state to test the logic
function of a device. The process of loading the register will

reduce the time necessary to test a function that is deeply
embedded in the logic of an ispLSI device.

To preload a device the ISP state machine is used with the
same five pins that are used for programming ispEN, SDI,
MODE, SDO and SCLK. Two state machine commands

Table 6. Preload Shift Registers

preload all of the registers: GLBPRLD and IOPRLD. These
two commands enable two different shift registers and
enable data to be loaded into the device. The process of
loading data into the device is:

1. Enter the ISP programming mode by driving ispEN pin
to Vil.

2. Load command GLBPRLD and execute command (wait
one tclk).

3. Clock in the GLB preload data.

4. Load the command IOPRLD and execute the command
(wait one tclk).

5. Clock in the I/O preload data.

6. Return to the normal mode by driving the ispEN pin to
Vih.

7. Execute the vectors.

When preloading a device it is important to keep the
dedicated input pins (RESET, YO, Y1, Y2 and Y3) in the
same state as the previous vector. If the state of these pins
is switched during the preload sequence the register may
not load correctly and the results cannot be guaranteed.

The preload feature is not recommended on designs which
use product term resets. The asynchronous nature of
these resets can cause registers to be reset unexpectedly,
therefore the results cannot be guaranteed.

There are two shift registers used to preload an ispLSI
device, the GLB shift register and the I/O shift register (see
table 6). The data formatforboth devicesis showninfigure
9. The GLB registers are listed with their outputs (i.e. (A7
00) indicating output 0, of GLB A7).

Device GLB Shift Reg. Length 1/0 Shift Reg. Length
ispLSI 1016 64 bits 32 bits
ispLSI 1024 96 bits 48 bits
ispLSI 1032 128 bits 64 bits
ispLS| 1048 192 bits 96 bits
ispLS| 2032 32 bits N/A
ispLS! 3256 256 bits 128 bits
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Figure 9. GLB Shift Register and I/O Shift Register Format

GLB Shift Register Format
1016 GLB Register Preload Format
Datain __of x700) (A7 O1)..(AD O2) (A0 03) (BOOO) (BO O1)..(B7 O2) (B7 03) —» Datalut
()} (SDO)
1024 GLB Register Preload Format
Data In | Data Out
o) (B3 00)...(B0 03) (A7 00)...(A0 03) (B4 00)...(B7 03) (CO 00)...(C7 03) |—» (5D0)
1032 GLB Register Preload Format
Dggll)" —| (87 00)...(B0 03) (A7 00)..(A0 03) (CO00)...(C7 03) (DO O0)...(D7 03) —* D(""s‘gg)‘"
1048 GLB Register Preload Format
Dggl')" —{ (C7 00)..(CO 03) (B7 00)...(B0 08) (A7 00)...(A0 O3) (continued)
(continued) (DO O0)...(D7 O3) (E0 00)...(E7 03) (FO 00)..(F7 03) —» D(as‘aog)”‘
2032 GLB Register Preload Format
Data In Data Out
(SDI) —| (A3 00)...(A0 03) (A4 00)...(A7 03) —> (SDO)
3256 GLB Register Preload Format
Dggll)" —| (D7 00)...(D0 083) (C7 00)...(CO 03) (B7 00)...(BO 03) (A7 00)...(A0 03) (continued)
(continued) (E0 00)...(E7 03) (FO 00)...(F7 083) (GO 00)..(G7 03) (HO 00)...(H7 03)}—» D(as'gg;"
I/0 Shift Register Format
1016 1/0 Register Preload Format
D(gtgl')" —|(1/0 15) (/O 14) (/O 13)...(O 1) (/O 0) (/O 16) (O 17)...(/O 29) (/O 30) (/O 31)[— D(astaog;"
1024 1/0 Register Preload Format
D(gtgll)n —| (/0 23) (I/0 22) (I/0 21)...(1/O 1) (/O 0) (I/O 24) (/O 25)...(1/O 45) (/O 46) (I/O 47)|—» D(astaog)ut
1032 I/O Register Preload Format
[g'g")“ —| (/0 31) (/0 30) (/O 29)...(/O 1) (1/O 0) (/O 32) (/O 33)...(I/O 61) (/O 62) (/O 63)—> Dggg)‘"
1048 I/0 Register Preload Format
D(astgl')" —{ (/10 47) (/O 46) (O 45)...(1/O 1) (O 0) (O 48) (/O 49)...(O 93) (/O 94) (O 95)|— D(a,ofgg)‘"
3256 1/0 Register Preload Format
Data In Data Out
(SDI) —{ (1/0 63) (/O 62) (/O 61)...(/O 1) (/O 0) (/O 64) (1O 65)...(/O 125) (/O 126) (I/O 127) — (SDO)
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ISP Programming Support

To assist users in implementing the ISP programming,
Lattice provides the isp Engineering Kit hardware and
ispCODE C language software routines which implement
the basic ISP functions for programming. The Lattice ISP
programming support uses the PC parallel port to program
the devices.

isp Engineering Kit Hardware Definition

Lattice provides both a PC-based (Model 100) and a Sun
Workstation-based (Model 200) isp Engineering Kit. PC-
based, parallel I/O port programming interface
implementation is explained in this section. For details on
the Model 200 refer to the Model 200 isp Engineering Kit
datasheet. The main function of this ispLSI programming
interface is to provide four properly timed programming
signals and the ispEN signal to the device. The PC parallel
port is used in the isp Engineering Kit to provide these
programming signals. The signals driven by the parallel
port can be used either by the Lattice isp Programming
Module (part of isp Engineering Kit Model 100) or on the

system board if the circuit board is built with provisions to
connect the ISP programming signals to the appropriate
traces.

In the case of users using the PC serial port as the 1/0 port
for programming, the serial data must be converted by
additional circuitry into the appropriate programming sig-
nals. There must also be timing circuitry that translates the
serial instructions into timed ISP programming signals.
This sectiononly discuss the parallel portinterface. Lattice's
isp Engineering Kit Model 200 supports serial port pro-
gramming.

In order to use the PC parallel port, the parallel port
operation must be defined properly. After defining the port,
it is just a matter of developing the programming software
to read and write from the parallel port. To guarantee the
signal integrity and drive capability, a 74HC367 buffer
should be directly connected at the parallel port's DB25
connector. Figure 11 defines the paraliel port DB25 pins
and the associated ISP programming signals. The global
RESET signal is also provided to ensure a proper register
reset after programming.

Figure 10. Configuring an ispLSI Device from a Remote System

ispLSI
Control
Software

Parallel Port
Connection

End-Product P.C. Board

ispLSI
Device
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The buffer then drives the cable that connects the output of
the buffer to the ISP pins of the device. It is important to
keep the cable length to a minimum to reduce the loading
on the signal drivers. Since ispEN, SDI, SCLK and MODE
are inputs to the ispLS| device, they are being driven by the
buffer connected to the parallel port. SDO, on the other
hand, is an output signal which the ispLSI device has to
drive. Ifthe load onthe SDO signalis more than aminimum
length cable and the parallel port input, it is recommended
that the user provide a buffer on the circuit board to ensure
signal integrity.

Forthe parallel portinterface, the software mustaccess the
proper parallel port address. Once the port is defined, the
data transfer is accomplished by simply reading from the
port and writing to the port. The software must also
guarantee proper timing between the ISP programming
signals. When the programming software is executed,
most of the shorter hardware timing requirements are
automatically met due to the relatively long instruction
execution times. The programming pulse width (tpwp) and
bulk erase pulse width (tbew), which are in the 40ms to
200ms range, are the hardware timings that typically
require wait states in the software. The example functions
in the ispCODE illustrates reading of the computer's timer
chip to generate these wait states.

Based on the programming pulse width requirement, the
total programming time can be estimated. Since the
shifting the address and data is relatively small compared
to the programming time, the total programming time can
be estimated by the following formula.

Total Programming Time = Address SR Length X 2 X tpwp

Assuming that the programming pulse width (tpwp) is
100ms, the total programming time for the ispLSI 1048 is
approximately 24 seconds.

Microprocessor-Based Programming

Similar to PC-based I/O port controlled programming, a
processor or a microprocessor can be used to directly
supply the ISP programming signals with minimum decod-
ing logic and an optional storage device (see figure 12).
The discussion in this section pertains to the implementa-
tion of ISP programming on a circuit board with a
microprocessor. The discussion is based on the assump-
tion that the patterns and the code are stored in EPROMs.
Since an efficient use of storage is desirable, the bit packed
ispSTREAM format will use the least amount of storage.
The basic requirement here, again, is to supply properly
timed ISP programming signals.

Figure 11. PC Parallel Port Buffer & RJ45 Connector Definition

DB25 Parallel Port

Connector Pins | 74HC367 ': isp Interface
)
DI6  Pin10 Dt SDOUT
! H
1 1
! )
| i
DOO Pin2 1 ! SDIN
1
) : E ; 560pF
1
; \ 1 100 ohm
DO1 Pin3 % SCLK
1 H 560pF
— PT
) ! H 100 ohm
DO2 Pin4 = : : A MODE
: [
10K ]
' ! 100 ohm _
DO3 Pin5 ;-'r_ﬁ—i-\/\/\—» ispEN I
H |
Voo ! T 560pF | g ;é 5 —TspEN
: 1 g; 6—SDI
10K ! tL oo | 7-8DO
DO4 Pin6 ! | o A A—» RESET 8-Vec -
]
1
: I 560pF

bos P!n 8 I— Port Sense
DI5 Pin12

DI3  Pin 15 - Vcc Sense
GND Pin 20 - GND
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Hardware Configuration

There are several ways to define the ISP programming
hardware depending on the type of storage device and how
the ispLSI devices are to be programmed. The hardware
configuration showninfigure 13 uses an 8-bitwide EPROM
to store the fuse maps and code. The patterns are then
read from the EPROM by the microprocessor and con-
verted into serial stream format. The ISP signals are driven
from the decoder and I/O port which decodes the proper
ISP read/write address space similar to the 1/O port defini-
tion of the previous setup. Similarly, fuse map memory
addresses must also be defined to be properly read from
the EPROM.

Programming pattern storage requirements are directly
dependent upon the ispLSI device type and which ISP
functions must be executed by the microprocessor. As-
suming the bitpackedispSTREAM format for the fuse map,
the number of bytes required for each ispLSI device is
simply the total number of cells divided by eight. Inthe case
of ispLSI 1048, 7.2K bytes is required to store the JEDEC
fuse map.

Similar to the parallel port interface, most hardware timing
requirements can be satisfied by the software instruction
execution time. Only the program, verify and bulk erase
times requires the software to have wait cycles. Many
microprocessor boards will not have a timer chip totime the
wait states. However, the instruction execution times
typically can be accurately estimated. Therefore, timing
loops must be inserted into the instructions control critical
hardware timing.

Software support for this case is very similar to the previ-
ous. Within the software, however, address spaces for the
ISP read/write locations and the EPROM read locations
must be defined. The storage space requirement for the
code must also be determined if the code is going to reside
in the storage device. Based on the ispCODE functions,
the object code which is capable of executing basic ISP
functions typically does not exceed 8K byte of memory.
This memory requirement is directly proportional to the
amount of ISP and user interface functions.

ISP Software Interface

In addition to the hardware interface, the ispCODE C
language routines take care of the ispLSI programming
software interface. The software interface mustimplement
routines to read and write from the parallel port, to translate
the JEDEC fusemap to and from the stream file format, and
to toggle the ISP hardware signals connected at the output
port. Predefined routines for these functions such as
isp_program, isp_read, isp_verify, etc. are provided with
the ispCODE. The ispLSI user only needs to integrate
these routines into their overall system software.

The ispCODE routines makes use of the ispSTREAM bit
packed data format to transfer data between the JEDEC
fuse map and the physical device location. The JEDEC
fuse map can be translated into ispSTREAM using the
isp_jedtoisp function and the ispSTREAM format can be
translated into a JEDEC fuse map using the isp_isptojed
function. In addition to the fuse map translation routines,
the ispCODE provides functions to check the device ID, to
read and write the User Electronic Signature (UES), and to

Figure 12. Configuring an ispLSI Device from an On-Board Microprocessor

ispSTREAM
rn:

5-Pin Programming
Interface

ispLSI
Device
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keep track of the program cycle counter. Refer to the
ispCODE User Manual for more details.

ispL Sl Device Special Features

In addition to transfering the fuse pattern into the ispLSI
device with proper ISP timing, there are a few administrative
functions that can make device programming more effi-
cientwhenimplementedinthe ISP programming algorithm.

All ispLSI devices have hardwired device identification
codes. These ID codes should be used to identify proper
device and fuse map compatibility. The ID check should be
run as the very first procedure before any device program-
ming procedures. The ispCODE routines provided by
Lattice include the isp_get_id function to facilitate this
process.

The ispLSI devices also provide several programmable
locations forthe UES and program cycle counter. The UES
can be used to identify which pattern is programmed into

Figure 13. Microprocessor Board Configuration

the device. This is a very useful way of electronically
identifying the devices and their programs, especially
when the devices are secured. A 16-bit program cycle
counter can be implemented within the reserved loacation,
similar to the UES, to keep track of the number of program
cycles which the device experiences to avoid exceeding
the maximum programming cycle limit. UES and program
cycle counter routines are provided as part of Lattice’s
ispCODE software.

One of the diagnostic features of the ispLSI devices is
register preload. GLB and I/O registers become serial shift
registers during the register preload command execution.
Data can either be shifted into or out of these shift registers
for system diagnostic functions. Special attention must be
paid to the GLB and I/O clocks in order to use the register
preload features properly. One must drive all GLB or all
1/0 clocks high throughout the execution of the GLB or I/O
preload commands. This means that when defining the
test pattern that uses the preload commands all GLB or all
1/0 clock polarities must be the same.
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Boundary Scan

The Lattice 3000 family of devices supports the IEEE
1149.1 Boundary Scan specifications. The following
sections explain in detail how to interface to the devices
through the Test Access Port (TAP), how the boundary
scan registers are implemented within the devices, andthe
boundary scan instructions that are supported by the pLSI
and ispLSI 3000 family

Test Access Port (TAP)

The test access port of the boundary scan is accessed
through six interface signals. These interface signals have
dual functions in the case of ispLSI 3000 family and are
used for Boundary Scan interface and in-system
programming interface signals. For the pLSI 3000 family
the six interface signals are only used for the boundary
scan TAPinterface. Table 7 describes the interface signals.

The above mentioned six signals are dedicated for Boundary
Scan use for the pLSI family of devices. Since ISP
programming is accomplished through the same pins, five
of the six signals have both Boundary Scan interface and
ISP functions on the ispLSI devices. The TRST is the only
signal that does not have a dual function. Itis only used to
resetthe TAP controller state machine. The sequencing of
test routines are governed by the TAP controller state
machine. The state machine uses the TMS and TCK
signals as its inputs to sequence the states. Figure 14Ais
the IEEE1149.1 specified state machine where the condition
for the state transtion is the state of the TMS input condition
before TCK within a given state. The timing specification
is also shown on figure 14B.

Table 7. Boundary Scan Interface Signals

The main features of the TAP controller state machine
consists of Test-Logic-Reset state to reset the controlier
and the Run-Test states. Two main components of the
Run-Test states are Data Register (DR) control states and
Instruction Register (IR) control states. Both of these
register control states are organized in a similar manner
where one can capture the registers, shift the register
string, or update the registers. Capturing the DRs simply
loads the DR with the data from the corresponding functional
input, output, orl/O pins. The IR capture, on the otherhand,
loads the IRs with the previously executed instruction bits.
Shift register states serially shifts the DR and IR. In the
case of DR shift, the data is shifted according to the order
of the inputs, outputs, and 1/Os defined in the Boundary
Scan section of each device data sheet. The IRs are shifted
out from the least significant bit first. During update
registers states, the DRs update the latches to drive the
external pins and IRs update the instruction bits with the
instruction that is to be executed.

Boundary Scan Registers

In order to support Boundary Scan, two types of data
registers are defined for the ispLSI/pLSI devices -- 1/O cell
registers and input cell registers. The main purpose of
these registers is to capture test data from the appropriate
signals and shift data to either drive the test pins or examine
captured test data.

Figure 15 describes the registerforthe I/O cell. The I/Ocell,
by definition, must have three components. One register
component captures the output enable (OE) signal, the
second component captures the output data and the third

pLS!I 3_000 ispLSI ?000 Pin Function Description
Family Family

Active high signal on this pin selects the Boundary Scan function while active low signal

BSCAN BSCAN/ispEN | selects the ISP function on the ispLSI devices. Internal pullup on this pin drives the
signal high when the external pin is not driven.

TCK TCK/SCLK Test Clock function for Boundary Scan and serial clock for the ISP function.

TMS TMS/MODE Test Mode Select for Boundary Scan and MODE control for ISP function.
Test Data Input for Boundary Scan and Serial Data Input for ISP pin functions as serial

TDI TDI/SDI . . .
data input pin for both interfaces.

TRST TRST Test Resgt Input is an asynchronous signal to initialize the TAP controller to
Test-Logic-Reset state.

TD0 TDO/SDO Tes} Data Output fqr Boundary Scan and Serial Data Output for ISP pin functions as
serial data output pin for both interfaces.
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Figure 14A. TAP Controller State Machine
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Figure 15. Boundary Scan I/O Cell

captures the input data. These components make up the
three registers that are part of the shift register string for
each of the I/O pins. Only parts of the 1/0 cell registers will
have valid data when /O pins are configured as input only
or output only and the test routines must be able to monitor
the appropriate register bits. The update registers are used
mainly to store data that is to be driven onto the 1/0 pins.
The multiplexer controls are driven by the signal from the
TAP controller at appropriate states.

The function of an input cell register is much simpler than
that of an I/O cell. Figure 16 illustrates the single input
register cell. The purpose of the I/O cell is to capture the
input test data and shift the data out of the shift register
string.

/0 Pin

SCANIN
(from previous

cell) >

[®)

— SCANOUT
(to next cell)

Shit DR Clock DR

Figure 16. Boundary Scan Input Cell
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Boundary Scan Instructions

Lattice pLSl andispLSI devices support the three mandatory
instructions defined by the Boundary Scan definition. The
following paragraphs describe each of the instructions and
its instruction code. A two bit long shift register is defined
withinthe devices toimplement the instruction shift register.

The SAMPLE/PRELOAD (Instruction Code - 01) instruction
is used to sample the pins that are to be tested. During
Capture-DR state, while executing this instruction, the DRs
are loaded with the state of the pins which can then be
examined after shifting the data through TDO. The
PRELOAD part of this instruction is simply loading the DRs
during Shift-DR state with the desired condition for each of
the pins.

Figure 17. Bypass Register

From TDI —

& D Ql— ToTDO
Shift DR —

Clock DR ——>

The EXTEST (Instruction Code - 00) instruction drives the
external pins with the previously updated values from the
DR during Update-DR state.

The BYPASS (Instruction Code - 11) instruction is used to
bypass any device that is not accessed during any part of
the test. The definition of BYPASS instruction allows the
TDI not to be driven during Shift-IR state. In order to shift
in the correct instruction code the TDI pin has an internal
pull-up to drive a logic high. A bypassed boundary scan
device has a single bypass register as shown in figure 17
below.
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pLSI° and ispLSI" 1000 Family

Introduction to pLSl/ispLSI 1000 Family

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

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

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

The ispLSI devices have also pioneered non-volatile, in-
system programmability, a technology that allows real-time
programming, less expensive manufacturing and end-
user feature reconfiguration.

Lattice’s EZCMOS technology features reprogrammabil-
ity, the ability to program the device again and again to
easily incorporate any design modifications. This same
capability allows full parametric testability during manu-
facturing, which guarantees 100 percent programming
and functional yield.

All necessary development tools are available from Lat-
tice and third-party vendors. Development tools offered
range from Lattice'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.

pLSI and ispLSI Product 1000 Family
110 MHz System Performance

10 ns Pin-to-Pin Delay

Deterministic Performance

High Density (2,000-8,000 PLD Gates)
44 Pin to 128 Pin Package Options
Flexible Architecture

Easy-to-Use

0000000

In-System Programmabile (ispLSl)

pLSI and ispL Sl Technology

Q UltraMOS E2CMOS — the PLD Technology of
Choice

Q Electrically Erasable/Programmable/
Reprogrammable

Q 100% Tested During Manufacture
Q 100% Programming Yield

Q Fast Programming

pLSI and ispLSI Development Tools

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

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

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

Q Timing and Functional Simulation

Q PC and Workstation Platforms
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1000 Family Overview

The pLS! and ispLSI 1000 family of high-density devices
address high-performance system logic needs, ranging
from registers, to counters, to multiplexers, to complex
state machines.

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

Table 1. pLSI and ispLSI 1000 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.

* pLSVispLSI 1048C Only

Family Member 1016 1024 1032 1048/1048C
Density (PLD Gates) 2,000 4,000 6,000 8,000
Speed: fmax (MHz) 110 90 90 80
Speed: tpd (ns) 10 12 12 15
GLBs 16 24 32 48
Registers 96 144 192 288
Inputs + I/O 36 54 72 106/110*
44-pin PLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP
Pin/Package 44-pin TQFP 68-pin JLCC 100-pin TQFP 128-pin PQFP*
44-pin JLCC 84-pin CPGA
Table 1-0003A
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Figure 1. 1000 Family Packages ‘
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=] attice pLSI® and ispLSI” 1016

E =n High-Density Programmable Logic

Functional Block Diagram

* PROGRAMMABLE AND IN-SYSTEM PROGRAMMABLE
HIGH DENSITY LOGIC
— High-Speed Global 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 5-Volt Only
— Change Logic and Interconnects "On-the-Fly" in

Seconds Y
— Reprogram Soldered Device for Debugging Description

+ COMBINES EASE OF USE AND THE FAST SYSTEM ' . .
SPEED OF PLDs WITH THE DENSITY AND FLEX- ;he Lamcebf"f' "?‘“cl'j ispLSI 1016. are g;:_;'gp? D.e't’s'ty
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS rogrammable Logic Devices containing Y6 hegisters,
— Complete Programmable Device Can Combine Glue 32 Universal I/O pins, four Dedicated Input pins, three
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Logic and Structured Designs Dedicated Clock Input pins and a Global Routing Pool

— Three Dedicated Clock Input Pins (GRP). The GRP provides complete interconnectivity
— Synchronous and Asynchronous Clocks between all of these elements. The ispLSI 1016 features
— Flexible Pin Placement 5-Volt in-system programming and in-system diagnostic
— Optimized Global Routing Pool Provides Global capabilities. It is the first device which offers non-volatile
Interconnectivity “on-the-fly" reprogrammability of the logic, as well as the

* pLSl/ispLSI DEVELOPMENT SYSTEM (pDS®) interconnect to provide truly reconfigurable systems. ltis
pDS Software architecturally and parametrically compatible to the pLSI

— Easy to Use PC Windows™ Interface 1016 device, but multiplexes four input pins to control in-

— Boolean Logic Compiler

— Manual Partitioning system programming.

— Automatic Place and Route The basic unit of logic on the pLSI and ispLSI 1016
— Static Timing Table devices is the Generic Logic Block (GLB). The GLBs are ‘
pDS+™ Software labeled A0, A1 ..B7 (seefigure 1). There are a total of 16 ‘
— Industry Standard, Third Party Design GLBs in the pLSI and ispLSI 1016 devices. Each GLB
Environments has 18 inputs, a programmable AND/OR/XOR array, and
— Schematic Capture, State Machine, HDL four outputs which can be configured to be either
— Automatic Partitioning combinatorial or registered. Inputs to the GLB come from
— Automatic Place and Route the GRP and dedicated inputs. All of the GLB outputs are

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms brought back into the GRP so that they can be connected

to the inputs of any other GLB on the device.

Copyright © 1994 Lattice Semiconductor Corp. All brand or product names are or regi 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. 1994 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037
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Specifications pLSI and ispLSI 1016

Functional Block Diagram

Figure 1. pLSI and ispLSI 1016 Functional Block Diagram
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* ISP Control Functions for ispLSI 1016 Only

The devices also have 32 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
1/0 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
a set of 16 universal I/O cells by the ORP. The pLSl and
ispLSI 1016 devices contain two of these Megablocks.

vo JE—
o **Note: Y1 and RESET
v are multiplexed

*SCLK/Y2 on the same pin

0139B(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/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 pLSI and ispLSI 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, IOCLK 0 and IOCLK 1) are provided to route clocks to
the GLBs and 1/O cells. The Clock Distribution Network
can also be driven from a special clock GLB (BO on the
pLSI and ispLSI 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.

2-62
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| attice Specifications pLSI and ispLSI 1016

Absolute Maximum Ratings 1

Supply Voltage Vgg. . .. ..o oo viii i nn -0.5to +7.0V
Input Voltage Applied. . . ............ -2.5to Voo +1.0V
Off-State Output Voltage Applied . . . . .. -2.5to Vgg +1.0V
Storage Temperature . .. ............... -65 to 150°C
Case Temp. with Power Applied . . . .. ... -55 to 125°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 55 v
Military/883 T, = -55°C to +125°C 4.5 55
ViL Input Low Voltage ) 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/lndustrial 8 f V;=5.0V, V,=2.0V
! Dedicated Input Capacitance P ¢ w
Military 10 pf Vee=5.0V, V=2.0V
C, I/0 and Clock Capacitance 10 pt V(o=5.0V, V,q, V,=2.0V
1. Guaranteed but not 100% tested. Table 2- 0006
Data Retention Specifications
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
ispL.SI Erase/Reprogram Cycles 1000 - CYCLES
pLSI Erase/Reprogram Cycles 100 - CYCLES
Table 2-0008A-isp
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Specifications pLSI and ispLSI 1016

Switching Test Conditions

<

_ Test

Figure 2. Test Load
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 Device
Output

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

active level.

Output Load Conditions (see figure 2)

Tahla 2- 0003

H—AAM—4—AAM

Rz -T- c*
I

" Point

*CL 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 Highto Z o0 390Q 5pF

C | atV,,-0.5vV
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
Voo Output Low Voltage lo. =8 MA - - 0.4 \Y
Vou Output High Voltage loy =-4 mA 2.4 - - \'

I, Input or I/O Low Leakage Current | OV <V, <V, (MAX.) - - -10 pA
I Input or I/O High Leakage Current | 3.5V < Vjy < V¢ - - 10 pA
I -isp isp Input Low Leakage Current 0V <V <V, (MAX) - - -150 pA
1,-PU | /O Active Pull-Up Current oVsVysVy - - -150 uA
los! Output Short Circuit Current Veg =5V, Vour= 0.5V -60 - -200 mA
lec? Operating Power Supply Current | Vi, = 0.5V, V= 3.0V | Commercial - 100 | 150 mA

frogee = 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.

Table 2-0007A-16 w/mil
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Specifications pLSI and ispLSI 1016

External Timing Parameters ‘

Over Recommended Operating Conditions

PARAMETER ggﬁ}f #2| DESCRIPTION' 110 90 lunirs
MIN. MAX.] MIN. |MAX|

tpdt 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 A |3 | Clock Frequency with Internal Feedback3 111 | - 909 - | MHz |
fmax (Ext.) — | 4 | Clock Frequency with External Feedback(mzl—w(ﬂ) 701} - }58.8| — | MHz
fmax (Tog.) — | 5| Clock Frequency, Max Toggle* 125§ - J125| - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 45 | - 6 - ns
tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass - 7 - 8 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — |9 | GLB Reg. Setup Time before Clock 75| - 9 - ns
tco2 — [10] GLB Reg. Clock to Output Delay - [85 - [10] ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - 0 - ns
tr A |12 Ext. Reset Pin to Output Delay - |14} - 115] ns
trwi — |13] Ext. Reset Pulse Duration 10| -J10] - ns
ten B |14 Input to Output Enable - |15 -115] ns
tdis C [15| Input to Output Disable - |15 - |15] ns
twh — |16] Ext. Sync. Clock Pulse Duration, High 4 1 -1T4 - ns
fwi — |17 Ext. Sync. Clock Pulse Duration, Low 4 - 4 - ns
tsus — |18] I/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) 5561 - 165 — ns

. 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.

OB WN =

Table 2-0030-16/110,90C
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External Timing Parameters

Over Recommended Operating Conditions

-80 -60
PARAMETER ggﬁg’s #°| DESCRIPTION' UNITS
: MIN. MAX.|MIN. |MAX||
tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 15 ] - 20 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - 120 - | 25 ns
fmax A | 3 | Clock Frequency with Internal Feedback® 80 | — | 60 - | MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback(‘—ﬁz—la:a) 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
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 10 | - 13 - ns
tco2 — [10] GLB Reg. Clock to Output Delay - 12 - 116] 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| - |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 - - ns
tsus — |18} /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

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%.

5. Reference Switching Test Conditions Section.
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Internal Timing Parameters! |

2 -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 - 1 17]) - [20] ns
tiosu 22 | I/O Register Setup Time before Clock 41| - |45 | - ns
tioh 23 | /0 Register Hold Time after Clock 18 - 120 | - ns
tioco 24 | 1/0 Register Clock to Out Delay - |17 - |20 ns
tior 25 | 1/0 Register Reset to Out Delay - 121 - |25]| ns
tdin 26 | Dedicated Input Delay - |17 - |20 ns
GRP

tgrpt 27 | GRP Delay, 1 GLB Load - lo06] - |07] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - {08 - |10] ns
tgrps 29 | GRP Delay, 8 GLB Loads - |15 - | 18] ns
tgrp12 30 | GRP Delay, 12 GLB Loads - |21 - |26] ns
tgrpi6 31 | GRP Delay, 16 GLB Loads - (28] - [34] ns
GLB

taptop 33 | 4 Product Term Bypass Path Delay - | 53} - |65 ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - (611 - 170 ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - |66] - [80] ns
txoradi 36 | XOR Adjacent Path Delay® - 182] - |95] ns
tabp 37 | GLB Register Bypass Delay - 105] - |05] ns
tgsu 38 | GLB Register Setup Time before Clock 03| - 110 | - ns
tgh 39 | GLB Register Hold Time after Clock 29| - |35 | - ns
tgco 40 | GLB Register Clock to Output Delay - | 18] - |15] ns
tor 41 | GLB Register Reset to Output Delay - 121] - |25 ns
ptre 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
ptck 44 | GLB Product Term Clock Delay 28 | 6235 |75 | ns
ORP

torp 45 | ORP Delay - |20} - |25] ns
torpbp 46 | ORP Bypass Delay - |04} - |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 Lattice Hard Macros.
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Internal Timing Parameters’

5 -110 -90
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX.| MIN. |MAX.
Outputs
tob 47 | Output Buffer Delay - 121] - | 25] ns
toen 48 | 1/0O Cell OE to Output Enabled - | 383] - | 40] ns
todis 49 | 1/O Cell OE to Output Disabled - |83 - | 40] ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 29| 29)135| 35} ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 21| 38] 25| 45 ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 08| 42| 10| 50] ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to 1/O Cell Global Clock Line 21| 381 25| 45 ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 08| 42110 | 50| ns
Global Reset
tor ‘ 55 I Global Reset to GLB and I/O Registers 1 - ] 7.9 [ - I 75 r 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 | I/O Register Bypass - 20] - | 27] ns
tiolat 21 | I/O Latch Delay - 130) - | 40] ns
tiosu 22 | 1/0O Register Setup Time before Clock 55| - 173 - ns
tioh 23 | I/O Register Hold Time after Clock 10| - |13 | - ns
tioco 24 | 1/O Register Clock to Out Delay - | 30}) - | 40] ns
tior 25 | /O 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 - ]20] - | 27] ns
torps 29 | GRP Delay, 8 GLB Loads - | 80| - | 40 ns
tgrp12 30 | GRP Delay, 12 GLB Loads - | 38) - | 50] ns
torpi6 31 | GRP Delay, 16 GLB Loads - |45 - | 60] ns
GLB

taptbp 33 | 4 Product Term Bypass Path Delay - |65] - | 86| ns
tiptxor 34 | 1 Product Term/XOR Path Delay - 170] - | 93] ns
tooptxor 35 | 20 Product Term/XOR Path Delay - | 80} - | 106} ns
txoradj 36 | XOR Adjacent Path Delay® - 195] - [127] ns
tgbp 37 | GLB Register Bypass Delay - 110} - | 13]) ns
tgsu 38 | GLB Register Setup Time before Clock 10| - 13| - | ns
tgh 39 | GLB Register Hold Time after Clock 45| — |60| - | ns
tgco 40 | GLB Register Clock to Output Delay - 120) - | 27] ns
tor 41 | GLB Register Reset to Output Delay - |25 - | 33} ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0}] - |1383] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - |90} - | 120} ns
tptck 44 | GLB Product Term Clock Delay 3575146 | 99] ns
ORP

torp 45 | ORP Delay - |25 - | 83| 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 Lattice Hard Macros.
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Internal Timing Parameters’

5 -80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. |[MAX.| MIN. |MAX,
Outputs
tob 47 | Output Buffer Delay - (80 - |40] ns
toen 48 | /O Cell OE to Output Enabled - |50} - | 67] ns
todis 49 | 1/O Cell OE to Output Disabled - |50 - | 67] ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 45 ({45160 (60| ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 55|46 | 73] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10{50]13|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( 50113 |66) ns
Global Reset
tor | 55 I Global Reset to GLB and I/O Registers J - | 9.0 [ - —l 12.0[ 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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Lattice

pLSI and ispLSI 1016 Timing Model

1/O Cell GRP GLB ORP 1/O Cell
Feedback
I Ded. In 726 J Lj
1/0 Reg Bypass ’—>| GRP 4 4 PT Bypass GLB Reg Bypass ORP Bypass
Vo Pin-¢ #gzo ~ * #28 #3;p ~+e #27 = ~ #4tysp w47
(Input) ->l I/A (Output)
(nput J GRP 20 PT GLB Reg ORP #48, 49
D Register Q L%aé.}har;/g XOR Delays Delay Delay
RST > D Q
- #27, 29, #34, 35, 36 #45
#55 #21-25 $42% RS
—_— \
Reset \ 4 #55 » #38: 3?’
[
Clock -
Distribution g?.;nml gE
[vi2 > #5152 [ #42, 43, CK
53, 54 44
L Yo #50 -

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

tsu

5.5ns
th

3.0 ns
tco

o onon

o

Logic + Reg su - Clock (min)
tiobp + tgrp4 + t2optxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
#20 + #28 + #35) + (#38) - (#20 + #28 + #44)

(1.0 + 1.0+ 8.0) + (1.0) - (1.0 + 1.0 + 3.5)

Clock (max) + Reg h - Logic
tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#20 + #28 + #44) + (#39) - (#20 + #28 + #35)
(1.0+1.0+7.5)+(3.5)-(1.0+ 1.0 + 8.0)

Clock (max) + Reg co + Output
(tiobp + tgrpa + 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

5.0 ns
th

3.5ns
tco

wowonou

o

Logic + Reg su - Clock (min)
tiobp + tgrp4 + t2optxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
(1.0+1.0+8.0)+(1.0)- (3.5 + 1.5+ 1.0)

Clock (max) + Reg h - Logic

(tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
(#50 + #40 + #52) + (#39) - (#20 + #28 + #35)

(35+1.5+5.0) + (3.5) - (1.0 + 1.0 + 8.0)

Clock (max) + Reg co + Output
(tgyo(max) + tgco + tgcp(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 specs for the ispLSI 1016-90.
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Figure 3. Typical Device Power Consumption vs fmax

150r

pLSI and ispLSI 1016

l L ! l L ! l 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 pLS| and ispLSI 1016 using the following equation:

lcc =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 (VG = 5.0V, room temperature) and an assumption of 2 GLB loads on
average exists. These values are for estimates only. Since the value of IgC is sensitive to operating conditions and the
program in the device, the actual Igc should be verified.

0127A-16-80-isp.eps

Figure 4. Maximum GRP Delay vs GLB loads

pLSI and ispLSI 1016-60

®
c
g pLS!I and ispLSI 1016-80
©
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1

0 ] ] | J
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GLB Loads
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In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice High-Density programmable 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.

Figure 5. ISP Programming Interface

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 interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 5 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 refer to the in-system
programming section in this Data Book.

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
ispEN
| l_|:
ispLSI ispGAL —ispGDS

ispLSI

0294B
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ISP Programming Voltage/Timing Specifications'

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcep Programming Voltage 4.75 5 5.25 \"
Iccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High ispEN = Low 2.0 - | Veer v
VILP Input Voltage Low 0 - 0.8 v
hip Input Current - 100 | 200 17}
VOHP Output Voltage High low=-3.2 mA 2.4 - Vcep v
VoLp Output Voltage Low loo= 5 mA 0 - 05 v
tr, t Input Rise and Fall = _ 0.1 s
tispen ispEN to Output 3-State Enabled - 2 10 us
tispdis ispEN to Output 3-State Disabled - 2 10 Ws
tsu Setup Time 0.1 0.5 - us
tco Clock to Output 0.1 0.5 - ps
th Hold Time 0.1 0.5 - us
telkh, telki Clock Pulse Width, High and Low 0.5 1 - us
tpwy Verify Puise Width 20 30 - ps
towp Programming Pulse Width 40 - 100 ms
tbew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vccp 45 - - us

1. ISP Programming is guaranteed for T, = 0°C to 70°C Operation only.

Table 2- 0029 isp-C

2-74

1994 Data Book



1 attice Specifications pLSI and ispLSI 1016

Figure 6. Timing Waveforms for In-System Programming (ispLS| 1016)
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Figure 7. Program, Verify & Bulk Erase Waveforms (ispLSI| 1016)
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Figure 8illustrates the address and data shift registerbits  the Device Layout discussion in the pLSI and ispLSI
for the ispLSI 1016. For a detailed explanation refer to  Architectural Description section of this Data Book.

Figure 8. ispL.Sl 1016 Shift Register Layout
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Data In 79... High Order Shift Register -0 SDO
(SDI) 159... Low Order Shift Register ...80
___sbi

95

g

@

)

Q

o

E

7]

E2CMOS Cell Array a

g

-]

°

<

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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Pin Description |

TQFP PLCC JLcC .
Name |pi; Numbers|Pin Numbers|Pin Numbers Description

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

IIO8-1/O11 |19, 20, 21, 22,|25, 26, 27, 28, | 25, 26, 27, 28,
110 12-1/0 15 | 23, 24, 25, 26,|29, 30, 31, 32, | 29, 30, 31, 32,
I/O16-1/0 19 | 31, 32, 33, 34,|37, 38, 39, 40, | 37, 38, 39, 40,
I/020-1/0 23 | 35, 36, 37, 38,41, 42, 43, 44, | 41, 42, 43, 44,
1/024-1/027 | 41, 42, 43, 44,|3, 4, 5, 6, |3, 4, 5, 6,
/028-1/031|1, 2, 3 4 |7, 8 9 107 8 9 10

IN3 40 2 2 Dedicated input pins to the device.

iSpEN* 7 13 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 0 8 14 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 | 30 36 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 18 24 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 27 33 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 cellonthe device. WhenispEN islogic low,
it functions as a clock pin for the Serial Shift Register.

YO 5 11 11 Dedicated Clock input. This clock input is connected

to one of the clock inputs of all of the GLBs on the

device. i
Y1/RESET 29 35 35 This pin performs two functions: !

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

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

GND 17, 39 1, 23 1, 23 Ground (GND)
Vce 6, 28 12, 34 12, 34 Voo l
* For ispLSI 1016 Only Table 2 - 0002C-16-isp
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Pin Configuration :

pLSI and ispLSI 1016 44-Pin PLCC Pinout Diagram

11028 7 39[110 18

110 29 QB 38[11/017

11030 OJo 37[1vo 16

110 31 [J10 361 IN 2/MODE*
Yo [ 11 pLSI 1016 35[7 Y1/RESET

vee 12 and 34[1vce

*ispEN/NC []13 33| Y2/SCLK*

*SDI/IN 0 d 14 isPLSI 1016 3211015

|/ooE15 31110 14
101 16 3011013
|/02E‘17 29[11/0 12
18 19 20 21 22 23 24 25 26 27 28
L O
N T O NAQ T~ OO 9 =
QQQR09QF2R82c0
le) ==
[a)]
»

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

pLSI and ispLSlI 1016 44-Pin JLCC Pinout Diagram Or2aisp1016

INEE <
o N N(')
QQQQz

o287 o 18

020 g 1017

V030 [T 1O 16

10 31 10 36" IN 2/MODE*
voro;:| pLSI1016/883 Y1/RESET

VCC [ J12 and vce
*ispEN/NC [ ]13 N Y2/SCLK*
-souno 14| 1SPLSI 1016/883 1015
YOO 115 /0 14
10116 /013
o2 117 11012

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

0123-16-isp/JLCC
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Pin Configuration

pLSI and ispLSI 1016 44-Pin TQFP Pinout Diagram

minininininininininlis]
44 43 42 41 40 39 38 37 36 35 34
110 28 1 330 o 18
1029 [J2 3201017
1030 3 31[J 1o 16
11031 4 301 IN2/MODE*
vo 5 pLSI 1016 29[ Y1/RESET
vce [Je and 2g8[]vce
YispEN/NC []7 . 27| Y2/SCLK*
*SDIIN 0 [ 8 'sPLSI 1016 26[1 110 15
oo 9 25[1 1/0 14
o1 10 24[11/0 13
o2 1 23[71/0 12
12 13 14 15 16 17 18 19 20 21 22
L O
O T O O N~NQ - 0O 9 :
QQQQQ25229550
le) ==
[a]
g

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

0851-16/TQF
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Specifications pLSI and ispLSI 1016

Part Number Description

XXXX (XX) 1016 - XXX X X X

Device Family ———’— —I_— Grade
pLSI Blank = Commercial
ispLSI | = Industrial
Device Number —MMMM—— /883 = 883 Military Process
Package
Speed J=PLCC
110 = 110 MHz fmax T=TQFP
90 = 90 MHz fmax H=JLCC
80 = 80 MHz fmax ——— Power
60 = 60 MHz fmax L=Low

00212-80B-isp1016

pLSI and ispLSI 1016 Ordering Information

COMMERCIAL
Family fmax (MHz) | tpd (ns) Ordering Numb Packag!
110 10 pLSI 1016-110LJ 44-Pin PLCC
110 10 pLSI 1016-110LT 44-Pin TQFP
90 12 pLSI 1016-90LJ 44-Pin PLCC
pLSI 90 12 pLSI 1016-90LT 44-Pin TQFP
80 15 pLSI 1016-80LJ 44-Pin PLCC
80 15 pLSI 1016-80LT 44-Pin TQFP
60 20 pLSI 1016-60LJ 44-Pin PLCC
60 20 pLSI 1016-60LT 44-Pin TQFP
110 10 ispLSI 1016-110LJ 44-Pin PLCC
110 10 ispLSI 1016-110LT 44-Pin TQFP
90 12 ispLSI 1016-90LJ 44-Pin PLCC
ispLS! 90 12 ispLSI 1016-90LT 44-Pin TQFP
80 15 ispLSI 1016-80LJ 44-Pin PLCC
80 15 ispLSI 1016-80LT 44-Pin TQFP
60 20 ispLSI 1016-60LJ 44-Pin PLCC
60 20 ispLSI 1016-60LT 44-Pin TQFP
INDUSTRIAL
Family fmax (MHz) | tpd (ns) Ordering P: g
pLSI 60 20 pLSI 1016-60LJI 44-Pin PLCC
ispLSl 60 20 ispLSI 1016-60LJI 44-Pin PLCC
MILITARY/883
Family fmax (MHz) | tpd (ns) Ordering b P: g
pLSIt 60 20 pLSI 1016-60LH/883 44-Pin JLCC
ispLSl 60 20 ispL.S| 1016-60LH/883 44-Pin JLCC

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

High-Density Programmable Logic

Functional Block Diagram

* PROGRAMMABLE AND IN-SYSTEM PROGRAMMABLE
HIGH DENSITY LOGIC
— High-Speed Global Interconnect
— 4000 PLD Gates
— 48 /O 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 ne Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Erasable and Reprogrammable
— Non-Volatile E2CMOS Technology
— 100% Tested

* ispLS| OFFERS THE FOLLOWING ADDED FEATURES

— In-System Programmable 5-Volt Only

— Change Logic and Interconnects "On-the-Fly" in
Seconds

— Reprogram Soldered Device for 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

« pLSVispLS| DEVELOPMENT SYSTEM (pDS®)

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
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Description

The Lattice pLSI and ispLSI 1024 are High-Density
Programmable Logic Devices containing 144 Registers,
48 Universal /O pins, six Dedicated Input pins, four
Dedicated Clock Input pins and a Global Routing Pool
(GRP). The GRP provides complete interconnectivity
between all of these elements. The ispLS| 1024 features
5-Volt in-system programmability and in-system diag-
nostic 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 compat-
ible 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 pLSI and ispLSI 1024
devices is the Generic Logic Block (GLB). The GLBs are
labeled AO, A1 .. C7 (see figure 1). There are a total of
24 GLBs in the pLSl and ispL Sl 1024 devices. Each GLB
has 18 inputs, aprogrammable 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 backinto the GRP so that they can be connected
to the inputs of any other GLB on the device.

ion herein are

Copyright © 1994 Lattice Semiconductor Corp. All brand or product names are
subject to change without notice.

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

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037

of their respective holders. The ifications and i
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Specifications pLSI and ispLSI 1024

Functional Block Diagram

Figure 1.pLSI and ispLSI 1024 Functional Block Diagram

RESET
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10 44
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1/0 38
1037
110 36

Input Bus
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11034
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11015 ! K
A = Al
*SDUINO |1 o
*SDO/N 1 [} 7 —l
H  —— 7
Ko
CLK 1
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Megablock IOCLK 0
9 [ Output Routing Pool (ORP) | Network  1—5erk

Input Bus

*ispEN/NC

/0 1/0 1/0 110
16 17 18 19

/0 /0 1/0 1/0

*SCLK/IN 2 — |
*MODE/IN 3 20 21 22 23

*ISP Control Functions for isp1024 Only

The devices also have 48 I/O cells, each of which is
directly connected to an I/O pin. Each /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. 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
toasetof 16 universal /O cells by the ORP. The I/O cells
within the Megablock also share a common Output
Enable (OE) signal. The pLSI and ispLSI 1024 devices
contain three of these Megablocks.

/0 1/01/01/0
24 25 26 27

110 1/0 110 1/0
28 29 30 31

o<
-=<
o<
w =<

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/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 pLSI and ispLSI 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 pLSI and ispLSI 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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Specifications pLSI and ispLSI 1024

Absolute Maximum Ratings 1

Supply Voltage Vee. . oo oo oevviiieia el -0.5to +7.0V
Input Voltage Applied. .............. -2.5to Vgg +1.0V
Off-State Output Voltage Applied . . . . .. -2.5to Vgg +1.0V
Storage Temperature .. . ............... -65 to 150°C
Case Temp. with Power Applied .. ... ... -55 to 125°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
Vee Supply Voltage Industrial Ta=-40°C to +85°C 4.5 55 Vv
Military/883 T = -55°C to +125°C 4.5 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
(o Commercial/Industrial 8 f V,=5.0V, V,=2.0V
! Dedicated Input Capacitance P o L
Military 10 pf Vo=5.0V, V,=2.0V
C, I/0 and Clock Capacitance 10 pt V=5.0V, V,q, V,=2.0V
1. Guaranteed but not 100% tested. Table 2- 0006

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
ispLS! Erase/Reprogram Cycles 1000 - CYCLES
pLS| 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 < 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.
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 Highto Z oo 390Q SpF
C | atV,,-05V
Active Lowto Z 470Q 390Q 5pF
atV, +0.5V
Table 2- 0004A

Figure 2. Test Load

Device
Output

_ Test
* Point

*CL includes Test Fixture and Probe Capacitance.

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
VoOH | Output High Voltage loy =-4 MA 2.4 - - v
L Input or I/O Low Leakage Current | OV <V <V, (MAX.) - - -10 HA
IH Input or I/O High Leakage Current | 3.5V < V\y < V¢ - - 10 HA
liL-isp | isp Input Low Leakage Current 0V <V <V, (MAX)) - - -150 HA
liL-pu | VO Active Pull-Up Current oVsVy<sVy - - -150 A
lost | Output Short Circuit Current Ve = 5V, Vour= 0.5V -60 - | -200 mA
lcc2 Operating Power Supply Current | V, = 0.5V, V= 3.0V |Commercial - 130 190 mA

frocee = 1 MHz Industrial/Military | - 135 220 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.

Table 2-0007A-24 w/mil
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Specifications pLSI and ispLSI 1024

External Timing Parameters i

Over Recommended Operating Conditions

PARAMETER|TESTS|4%| DESCRIPTION' -90 -80 60 lunits
MIN. [MAX.] MIN. MAX.IMIN. |MAX
tpdi A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 121 - 15 - 20 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - |17 -]20| - | 25 ns
fmax A | 3 | Clock Frequency with Internal Feedback® 909| — | 80 | -~ ] 60| - | MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback(m) 588| — 150 | - 13| - | MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* 125 — J100| - 83 - | MHz
tsu1 — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 - ns
tco1 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 | - fJ10] -113] - ns
fco2 — [10] GLB Reg. Clock to Output Delay -1} -112] -116] ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - 0 - 0 - ns
tr1 A [12] Ext. Reset Pin to Output Delay - |15 - |17 ] - |225]) ns
trwi — |13| Ext. Reset Pulse Duration 10| - 10| - 13| - ns
ten B [14] Input to Output Enable - ]1s5] -118] -1]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
twl — [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 | —= 25| -] ns
ths — [19] /O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| — |65| - |85 - ns
Table 2-0030-24/90,80,60C

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%.

5. Reference Switching Test Conditions Section.
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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 | /O Latch Delay - (24| - | 30| - |40] ns
tiosu 22 | I/0O Register Setup Time before Clock 48 | - |55 - |73 | - ns
tioh 23 | I/0O Register Hold Time after Clock 21 - 110} - }13]| - ns
tioco 24 | 1/O Register Clock to Out Delay - |24] - |30] - |40] ns
tior 25 | I/O Register Reset to Out Delay - | 28] - |25] - | 33 ns
tdin 26 | Dedicated Input Delay - 182 - 40| - | 53] ns
GRP

torp1 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 - 124 - |30 - |40 ns
tgrp12 30 | GRP Delay, 12 GLB Loads - | 30)] - |38] - | 50] ns
tgrpie 31 | GRP Delay, 16 GLB Loads - | 36| - |45} - | 60 ns
tgrp24 32 | GRP Delay, 24 GLB Loads - |50 - | 63| - | 83] ns
GLB

taptop 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® - 182) - |95 - [127] ns
tgbp 37 | GLB Register Bypass Delay - |08 - |10] - | 13] ns
tgsu 38 | GLB Register Setup Time before Clock 12| - |10]| - 113} - 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
tgr 41 | GLB Register Reset to Output Delay - |20] - |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/O Cell Delay - | 78) - |90} - [120] ns
tptck 44 | GLB Product Term Clock Delay 28 | 6035|7546 | 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 Lattice Hard Macros.
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Internal Timing Parameters’

2 -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 - |40] - |50 - |67] ns
todis 49 | 1/O Cell OE to Output Disabled - (40 - |50] - |67} ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 36| 36|45|45]60]| 60| ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 28 | 4413555146 | 73| ns
tgcp 52.| Clock Delay, Clock GLB to Global GLB Clock Line 08| 40f10|50]13|66] ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 28 | 44|35 55|46 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 08| 4010|5013 |66] ns
Global Reset
tor [ 55 Jgobal Reset to GLB and I/O Registers I - l 8.2 l - l 9.0 l - ] 12.0| ns

1. Intemal 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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Specifications pLSI and ispLSI 1024

pLSI and ispLSI 1024 Timing Model

1/O Cell GRP GLB ORP 1/0 Cell
Feedback
I Ded. In 426 )
I/O Reg Bypass ’_’i GRP 4 4 PT Bypass GLB Reg Bypass ORP Bypass
J/O Pin)-¢ #920 > > #28 = #3;') ¢ #1937 = >I #4?) >‘ #a7
(Input) —>| | A (Output)
Input J—- GRP 20 PT GLB Reg ORP #48, 49
D RegisterqQ L%aeclllar;g XOR Delays Delay Delay
RST > Ll
#55 #21-25 #27, 29, S #34, 35, 36 D a #45
30, 31, 32 RST
— A
Reset & #55 »l #ig: 3?,
Clock -
Distribution g?g'w' SE
[Y123 > 51,50, | #42, 43, CK
53, 54 44
v #50 >

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

tsu

5.5 ns
th

4.0 ns
tco

Logic + Reg su - Clock (min)

}tiobp + tgrp4 + t2optxor) + (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+75) + (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)

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

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

tsu

55ns
th

Logic + Reg su - Clock (min)

}tiobp +tgrpd + t20ptxor{ + (tgsu) - (tgyo(min) + tgco + tgcp(min))
#20 + #28 + #35) + (#38

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

Clock (max) + Reg h - Logic
tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#50 + #40 + #52) + (#39) - (#20 + #28 + #35)

- (#50 + #40 + #52)

40ns= (45+20+50)+(45)-(20+20+8.0)

tco

Clock (max) + Reg co + Output
tgyo(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)

1. Calculations are based upon timing specs for the pLSI and ispLSI 1024-80.
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Specifications pLSI and ispLSI 1024

Figure 3. Typical Device Power Consumption vs fmax

200 - :
pLSI and ispLSI 1024

150

100

Icc (mA)

I IS WA N NN SR N
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 pLSI and ispLSI 1024 using the following equation:

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

0127A-24-80-isp

Figure 4. Maximum GRP Delay vs GLB Loads

pLSI and ispLSI 1024-60

6
w
c 5 .
- pLSI and ispLSI 1024-80 {
> ‘
S 4 pLSI and ispLSI 1024-90 |
o \
o 3 :
4 |
¢ 2 ‘
'r |
0 I ! | ] |
4 8 12 16 ;
GLB Loads

0126A-80-24-isp.eps
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Specifications pLSI and ispLSI 1024

In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice High-Density programmable 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.

Figure 5. ISP Programming Interface

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
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 5 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 refer to the in-system
programming section in this Data Book.

ispLSI

A4

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
ispEN
ispLSI ispGAL | | —TispcDS

02948
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Laﬂlce Specifications pLSI and ispLSI 1024

HH
amm ‘
I
|
SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS 1
Vcecp Programming Voltage 4.75 5 5.25 Vv i
Iccp Programming Supply Current - 50 100 mA ‘
VIHP Input Voltage High ispEN = Low 20 - | Vcer v
ViLP Input Voltage Low 0 - 0.8 \"
2] Input Current - 100 200 HA
VOHP Output Voltage High lon = -3.2 MA 2.4 - Veer v
VoLrP Output Voltage Low lo= 5 mMA 0 - 0.5 \
tr, t¢ Input Rise and Fall - - 0.1
tispen ISP?‘ to Output 3-State Enabled - 2 10 us
tispdis m to Output 3-State Disabled - 2 10 us
tsu Setup Time 0.1 0.5 - s
tco Clock to Output 0.1 0.5 ~ ps
th Hold Time 0.1 0.5 - us
tcikh, telki Clock Pulse Width, High and Low 0.5 1 - ps
tpowv Verify Pulse Width 20 30 - s
tpwp Programming Pulse Width 40 - 100 ms
tbew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vgcp 45 - - us
1. ISP Programming is guaranteed for T, = 0°C to 70°C Operation only. Table 2- 0029 isp-C
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Lattlce Specifications pLSI and ispLSI 1024

Figure 6. Timing Waveforms for In-System Programming (ispLSI 1024)

vCC

(

trst

et m 777777 R
i 22225y L
— ispen
ispEN N\ /1

f

MODE

tsu th
th y-\ tispdis —

DI L/ LA RN XK K

— tckkh |‘_ tsu th
SCLK /7 \L j,
Vi tsup——th yoy teo Je—
DO < /{/////////////// L K Valid X
IL oL =

Z Don't Care
m Undefined State

Figure 7. Program, Verify & Bulk Erase Waveforms (ispLS| 1024)

Execute State (Program, Verify or Bulk Erase Instruction)

\
MODE N
tpwp, tbew, or tpwv
N /

SDI e — N
e— toikh *tsu

|<— telkl —>|

N—
N—

SCLK
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EEELaﬂlﬁe Specifications pLSI and ispLSI 1024

Figure 8illustrates the address and data shift register bits the Device Layout discussion in the pLS| and ispLSl
for the ispLSI 1024. For a detailed explanation refer to  Architectural Description section of this Data Book.

Figure 8. ispLSI 1024 Shift Register Layout

D D
A A
T T
i ]
Data In 119... High Order Shift Register .0
(SDI) 239... Low Order Shift Register ___...120 [ }—>s0o
~_sDI
101
8
7}
=]
Q
o«
%
E2CMOS Cell Array o
e
°
©
<
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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Specifications pLSI and ispLSI 1024

Pin Description

N PLCC and JLCC .

ame Pin Numbers Description

1/00-1/03 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/O pins used by the
110 4-1/07 26, 27, 28, 29, logic array.

1/0 8 -1/0 11 30, 31, 32, 33,

1/012-1/0 15 37, 38, 39, 40,

1/0 16 - 1/0 19 41, 42, 43, 44,

1/0 20 - 1/0 23 45, 46, 47, 48,

1/0 24 - 1/0 27 56, 57, 58, 59,

1/0 28 - 1/0 31 60, 61, 62, 63,

1/0 32 -1/0 35 64, 65 66, 67,

1/0 36 - 1/0 39 3, 4, 5, 6,

1/0 40 - 1/0 43 7, 8, 9, 10,

I/O 44 - 1/0 47 11, 12, 13, 14

IN4-IN5 2, 15 Dedicated input pins to the device.

iSpEN*/NC 19 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 Input— This pin performs two functions. ltis 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 3 55 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 1 34 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 2 49 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 20 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

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

Y1 54 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 Dedicated clock input. This clock input is brought into the clock

distribution network, and can optionally be routed to any GLB and/or
any /0 cell on the device.

Y3 50 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 Ground (GND)

Vce 17, 36, 53, 68 Ve

*For ispLSI 1024 Only

Table 2- 0002B-24-isp
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Specifications pLSI and ispLSI 1024

Pin Configuration

pLSl and ispLSI 1024 68-Pin PLCC Pinout Diagram

¢F28386 ,o8358858&
292229855 2002020¢20¢Q
987 6 54 3 2 1696708656463 6261
1o 43 10 eo[Jvozs
o 44 1t so[] vo27
o 45 12 ss[] voz2e
o 48 E 13 s7flvoz2s
W47 14 56 [] vO 24
INs [J15 55 [ INSMODE*
Yo Ot s4flv
vee O pLSl 1024 s vee
GND []18 and 52 E GND
“WpENNC [J 10 5111 v2
i ispLSI 1024 b =
*sDUN 0 [J21 49 [ IN2/SCLK
wo Oz s vos
w1 = 47§|/022
w2 [ 461 vo21
w3 2 451 vo20
wa [ 4[] Vo9
27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43
OOoogooooogoooooog
LeoenR22r-gygeQyeene
92292990%5852292222¢
[=]
0w

* Pins have duai function capability for ispL.SI 1024 only (except pin 19, which is ispEN only).

pLSI and ispLSI 1024 68-Pin JLCC Pinout Diagram

0123C-ispops

10 43 110 28
10 44 o 27
100 45 110 26
10 46 1025
100 47 100 24
NS IN 3MODE*
Yo Y1
Voo pLSI 1024/883 Vo
GND and GND
T ispLSI 1024/883 v2
AESET Y3
*SDVIN O IN 2/SCLK*
o0 1023
o1 1o 22

170 21
110 20
11019

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

0123-24-8pLCC
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Specifications pLSI and ispLSI 1024

Part Number Description

(is)pLSI 1024 - XX X X X
Device Family —L—— Grade
Blank = Commercial
I = Industrial
Device Number /883 = 883 Military Process
Package
o J-rLoo
80 = 80 MHz fmax
60 = 60 MHz fmax P°L":'Low
00212.808-ep1024
pLSI and ispLSI 1024 Ordering Information
COMMERCIAL
Family | fmax (MHz) | tpd (ns) Ordering Number Package
90 12 pLSI 1024-90LJ 68-Pin PLCC
pLsl 80 15 pLSI 1024-80LJ 68-Pin PLCC
60 20 pLSI 1024-60LJ 68-Pin PLCC
90 12 ispLSI 1024-90LJ 68-Pin PLCC
ispLSlI 80 15 ispLSI 1024-80LJ 68-Pin PLCC
60 20 ispLSI 1024-60LJ 68-Pin PLCC
INDUSTRIAL
Family fmax (MHz) | tpd (ns) | Ordering Number Package
pLsi 60 20 pLSI 1024-60LJI 68-Pin PLCC
ispLSl 60 20 ispLSI 1024-60LJi 68-Pin PLCC
MILITARY/883
Family fmax (MHz) | tpd (ns) Ordering Number Package
pLSI 60 20 pLSI 1024-60LH/883 68-Pin JLCC
ispLsi 60 20 ispLSI 1024-60LH/883 68-Pin JLCC

Table 2-0041A-24-isp
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High-Density Programmable Logic

Functional Block Diagram

* PROGRAMMABLE AND IN-SYSTEM PROGRAMMABLE
HIGH DENSITY LOGIC
— High Speed Global Interconnect

: (GSSOI;)OP;.:]SC:‘- aEti(:;sht Dedicated Inputs .

— 192 Registers —

—
— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc. =il A1 cells
— Small Logic Block Size for Fast Random Logic ng_ AN 303
— Security Cell Prevents Unauthorized Copying o Logic . o
« HIGH PERFORMANCE E2CMOS® TECHNOLOGY = Array GLB £
— fmax = 90 MHz Maximum Operating Frequency E L ,§_—’
— fmax = 60 MHz for Industrial and Military/883 Devices 5 7 5
— tpd = 12 ns Propagation Delay % L’ %
— TTL Compatible Inputs and Outputs 3 o)
— Electrically Erasable and Reprogrammable .
— Non-Volatile E2CMOS Technology || Global Routing Pool (GRP)

— 100% Tested

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES . cL
— In-System Programable 5-Volt Only | Output Routing Pool |
— Change Logic and Interconnects "On-the-Fly" in [ ] B ]
— Reprogram Soldered Device for Debugging Description

Seconds
* COMBINES EASE OF USE AND THE FAST SYSTEM

|

SPEED OF PLDs WITH THE DENSITY AND FLEX- The Lattice pLSI and ispLSI 1032 are High-Density
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS Programmable Logic Devices containing 192 Registers,
— Complete Programmable Device Can Combine Glue 64 Universal /O pins, eight Dedicated Input pins, four

Logic and Structured Designs Dedicated Clock Input pins and a Global Routing Pool
— Four Dedicated Clock Input Pins (GRP). The GRP provides complete interconnectivity
— Synchronous and Asynchronous Clocks between all of these elements. The ispLSI 1032 features

— Flexible Pin Placement
— Optimized Global Routing Pool Provides Global
Interconnectivity

5-Volt in-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
pLSlispLSI DEVELOPMENT SYSTEM (pDS") interconnect to provide truly reconfigurable systems. Itis
pDS Software architecturally and parametrically compatible to the pLSI

— Easy to Use PC Windows™ Interface 1032 device, but multiplexes four of the dedicated input
— Boolean Logic Compiler

M = pins to control in-system programming.
— Manual Partitioning
— Automatic Place and Route The basic unit of logic on the pLSI and ispLSI 1032
— Static Timing Table devices is the Generic Logic Block (GLB). The GLBs are
pDS+™ Software labeled AQ, A1 .. D7 (see figure 1). There are a total of
— Industry Standard, Third Party Design 32 GLBs in the pLSl and ispLSI 1032 devices. Each GLB
Environments has 18 inputs, a programmable AND/OR/XOR array, and

— Schematic Capture, State Machine, HDL four outputs which can be configured to be either combi-
— Automatic Partitioning and Place and Route

— Comprehensive Logic and Timing Simulation natorial or registered. Inputs to the GLB come from the

—PC ar':d WOrksmiog Platforms 9 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 © 1994 Lattice Semiconductor Corp. All brand or product names are or regi 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. 1994 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037
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Lattice

Functional Block Diagram

Figure 1. pLSI and ispLS! 1032 Functional Block Diagram

Specifications pLSI and ispLSI 1032

/oo 1100
63 62 61 60

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

/011010110
55 54 53 52

/OO /0O IN IN
51 504948 7 6

Input Bus

Generic I
Logic Blocks
(GLBs)

Output Routing Pool (ORP)

IN5
IN4

/0 47
/0 46
110 45
/0 44

110 43

o
o
& <X 10 42
:;g ; g 3 V0 41
106 =1 Global o /0 40
g Routing S
o7 £
0 % Pool E} 1039
£ © /0 38
vos 3 P 3 1037
109 4 £ 1036
5 [¢]
2
3
o

/0 35
1034
/033
1032

*SDI/IN 0
*MODE/IN 1
'

CLKO
CLK 1
CLK2

Output Routing Pool (ORP)

—=ts .
10CLK 0
10CLK 1

IS S

[ “Input Bus

*ispEN/NC

/O /0 110 1/0
16 17 18 19

/o] [e]V/e]](e}
20212223

*SDO/IN 2 —I
*SCLK/IN 3

*ISP Control Functions for ispLSI 1032 Only

The devices also have 64 1/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
1/0 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 celis, 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 I/O cells
within the Megablock also share a common Output
Enable (OE) signal. The pLSI and ispLS! 1032 devices
contain four of these Megablocks.

/0 /010 11O

/0110110 1/0 YYYY
24 25 26 27 0123

28 29 30 3t
0139(1)-32-isp

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 pLSI and ispLSI 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 pLSI and ispLSI 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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Laﬂlce Specifications pLSI and ispLSI 1032

Absolute Maximum Ratings 1

Supply Voltage Vee. . .o o ov e -0.5t0 +7.0V
Input Voltage Applied. . ............. -2.5t0 Vgg +1.0V
Off-State Output Voltage Applied . . . . .. -2.5 to Vgg +1.0V
Storage Temperature .. ................ -65 to 150°C
Case Temp. with Power Applied ... .. ... -55 to 125°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 55 v
Military/883 T = -55°C to +125°C 4.5 5.5
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 Ve =5.0V, V,;=2.0V
Dedicated Input Capacitance
Military 10 pf V¢e=5.0V, V=2.0V
C, I/O and Clock Capacitance 10 pf Ve=5.0V, V4, Vy=2.0V
1. Guaranteed but not 100% tested. Table 2- 0006
PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
ispLS| Erase/Reprogram Cycles 1000 - CYCLES
pLSI Erase/Reprogram Cycles 100 - CYCLES

Table 2-0008A-isp
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Specifications pLSI and ispLSI 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. -

Tsble 2- 0003 R2 I CL

Output Load Conditions (see figure 2)
*CL 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 oo 390Q 5pF
C | atV,, -05V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
VoL Output Low Voitage lo, =8 MA - - 0.4 \
VoH Output High Voltage low =-4 MA 24 - - v
he Input or /O Low Leakage Current | OV <V, <V, (MAX.) - - -10 HA
hH Input or /O High Leakage Current| 3.5V <V, <V - - 10 HA
liL-isp isp Input Low Leakage Current 0V <V, <V, (MAX)) - - -150 HA
liL-Pu | VO Active Pull-Up Current OV<SVysV, - - -150 pA
lost Output Short Circuit Current Vee = 5V, Vour= 0.5V -60 - -200 mA
lcc2 Operating Power Supply Current | V, =0.5V, V,,=3.0V | Commercial - 130 | 190 mA

troaee = 1 MHz Industrial - 135 | 220 mA

1. One output at a time for a maximum duration of one second.
2. Measured using eight 16-bit counters.
3. Typicalvalues are at V., =5V and T, = 25°C.

Table 2- 0007A-32-isp
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Specifications pLSI and ispLSI 1032

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| TESTS\4?| DESCRIPTION! -90 80 60 lunits
MIN. [MAX.] MIN. [MAX.] MIN. |MAX. ‘

tpdt A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - |12 - 115} - | 20] ns

tpd2 A | 2 | Data Propagation Delay, Worst Case Path - {171 -120] - |25} ns

fmax A |3 | Clock Frequency with Internal Feedback® 909 - Jso | - 60| - IMHz !
fmax (Ext.) — | 4 | Clock Frequency with External Feedback('.uzlwoi) 588| - | 50 | - | 38 | - | MHz ‘
fmax (Tog.) [ - |5 [ Clock Frequency, Max Toggle* 126 - J100| - } 83 | - } MHz

tsu1 — | 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| -1 =113 -1 ns

tco2 -~ [10] GLB Reg. Clock to Output Delay - (1o -112] -116] ns

th2 — |11]| GLB Reg. Hold Time after Clock 0| - 0| - 0 - ns

tr1 A [12] Ext. Reset Pin to Output Delay - 115} - [17] - |225] ns

trwi — |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] - (18] - | 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 - j25| - ns

ths — |19| I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) | 65| -~ 65| - ]85 - ns

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

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

. Standard 16-Bit 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.

[EIENE AN L
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Laﬂlce Specifications pLSI and ispLSI 1032

aEEEs :
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 | /O Latch Delay - |24 - [ 80| - {40] ns
tiosu 22 | I/O Register Setup Time before Clock 48| - 55| - 73| - ns
tioh 23 | I/O Register Hold Time after Clock 2.1 - j10! - 13| - ns
tioco 24 | 1/0 Register Clock to Out Delay - |24] - |30} - | 40| ns
tior 25 | I/O Register Reset to Out Delay - |28 - |25] - | 33] ns
tdin 26 | Dedicated Input Delay - 132 - |40] - | 53] ns
GRP
tgrp1 27 | GRP Delay, 1 GLB Load - (12 - {158] - | 20] ns
torp4 28 | GRP Delay, 4 GLB Loads - |16 - |20 - |27] ns
tgrps 29 | GRP Delay, 8 GLB Loads - |24 - |30)] - |40]) ns
tgrp12 30 | GRP Delay, 12 GLB Loads - |80 - (38] - | 50] ns
tgrpi6 31 | GRP Delay, 16 GLB Loads - |36} - |45] - | 60] ns
tgrp32 32 | GRP Delay, 32 GLB Loads - | 64] - (80] - |106] ns
GLB
taptop 33 | 4 Product Term Bypass Path Delay - 152] - | 65] - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |57 - |70 - [ 93] ns
tooptxor 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 - 160 - ns
tgco 40 | GLB Register Clock to Output Delay - |16} - |20}) - |27 ns
tor 41 | GLB Register Reset to Output Delay - |20 - |25 - | 83} ns
tptre 42 | GLB Product Term Reset to Register Delay - | 80] - |10.0] - [133] ns
{ptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - (781 - |90} - |120] ns
tptck 44 | GLB Product Term Clock Delay 28| 6035|7546 | 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 Lattice Hard Macros.
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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 | 1/O Cell OE to Output Enabled - 140] - |50] - |67] ns
todis 49 | 1/0 Cell OE to Output Disabled - |40y - |50} - | 67 ns
Clocks
tayo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 36 |36|45| 45|60 60| ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 28 | 4413555146 |73 ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 08| 40110 (50113 (66] ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 28 | 44135 |55})46 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to /O Cell Global Clock Line 084010 50]13 | 66 ns
Global Reset
tor | 55 | Global Reset to GLB and 1/ 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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il attice Specifications pLSI and ispLSI 1032

sEEEER
EEEEER
Esmuns
pLSI and ispLSI 1032 Timing Model
1/O Cell GRP GLB ORP 1/0 Cell
Feedback
l Ded. In 726 'P_,I l_,,{
RP B
70 Pin>—e- [l{e} Fl;g2 (I)?.ypass | e C;:: 4 | 4 P'I;:;/pass |l a GLB R::gnBypass | o] M:pass |
(Input) —>| Y (Output)
Input _]— GRP 20 PT GLB Reg ORP #48, 49
D Register @ L%aecll;lr;,g XOR Delays Delay Delay
RST > D Q L
- #27, 29 #34, 35, 36 #45
# R-2 30, 31,32 RST
= e 3 #55 »l #38.90,
A
> Clock |
Distribution g?g""' gg

[v1,23 > 51,52, [ #4243, CK
53, 54 44

I Yo #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)
55ns= (2.0 +2.0+8.0)+ (1.0)- (2.0 + 2.0 + 3.5)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35)
40ns= (2.0+2.0+7.5)+(4.5)-(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)
19.0ns = (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 + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
55ns= (2.0 +2.0 +8.0)+(1.0)- (4.5+2.0 + 1.0)
th = Clock (max) + Reg h - Logic
= (tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t2optxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
40ns= (45+20+5.0)+(4.5)-(2.0+2.0+8.0)
tco Clock (max) + Reg co + Output

tgyo(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)

1. Calculations are based upon timing specs for the pLSI and ispLSI 1032-80.
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Figure 3. Typical Device Power Consumption vs fmax

250

200 k- pLSI and ispLSI 1032
<
E 150
8 100}

50
| | | | | I 1 l
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 pLSI and ispLSI 1032 using the following equation:

Icc =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 operating conditions and the
program in the device, the actual Icc should be verified.

Figure 4. Maximum GRP Delay vs GLB Loads

GRP Delay (ns)

0 | | 1 J
4 8 12 16

GLB Loads

0126A-80-32-isp

pLS! and ispLSI 1032-60

pLSI and ispLSI 1032-80

pLSI and ispLS! 1032-90

0127A-32-80-isp
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Specifications pLSI and ispLSI 1032

In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice High-Density programmable 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.

Figure 5. ISP Programming Interface

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 interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 5 illustrates the block diagram of one possible
scheme for programming the ispLS! devices. For details
on the operation of the internal state machine and pro-
gramming of the device please refer to the in-system
programming section in this Data Book.

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
iSpEN
ispLSI ispGAL —lispGDS

ispLSI

A

02948
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Laﬂlce Specifications pLSI and ispLSI 1032

ISP Programming Voltage/Timing Specifications’

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
vcerp Programming Voltage 475 5 | 525 v
lccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High ispEN = Low 2.0 - | Vecer V]
VIiLP Input Voltage Low 0 - 0.8 \"
P Input Current - 100 200 HA
VOHP Output Voltage High low = -3.2 MA 2.4 - Vcep \'
VoLpr Output Voltage Low lo. =5 MA 0 - 0.5 v
tr, Input Rise and Fall - - 0.1
tispen ispEN to Output 3-State Enabled - 2 | 10 us
tispdis ispEN to Output 3-State Disabled - 2 10 us
tsu Setup Time 0.1 0.5 - s
tco Clock to Output 0.1 0.5 - us
th Hold Time 0.1 0.5 - us
fcikh, telki Clock Pulse Width, High and Low 0.5 1 - us
towv Verify Pulse Width 20 30 - us
towp Programming Pulse Width 40 — 100 ms
tbew Bulk Erase Pulse Width 200 - _ ms
rst Reset Time From Valid Vocp 45 s - s

1. ISP Programming is guaranteed for T, = 0°C to 70°C Operation only. Table 2- 0029 isp-C
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Figure 6. Timing Waveforms for in-System Programming (ispLSI 1032)
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Figure 7. Program, Verify & Bulk Erase Waveforms (ispL Sl 1032)
Execute State (Program, Verify or Bulk Erase Instruction)
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Specifications pLSI and ispLSI 1032

Figure 8 illustrates the address and data shift registerbits the Device Layout discussion in the pLSI and ispLSlI
for the ispLSI 1032. For a detailed explanation refer to  Architectural Description section of this Data Book.

Figure 8. ispLSI 1032 Shift Register Layout

> - >0

Ole—>» >0

Data In 159... High Order Shift Register
(SDI) 319..  Low Order Shift Register  ..160 J>spo

E2CMOS Cell Array

Address Shift Register

10y
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 PLCC Pin Numbers Description
1/100-1/03 26, 27, 28, 29, Input/Output Pins - These are the general purpose /0 pins used by the
/0 4-1/07 30, 31, 32, 33, logic array.
/0 8-1/0 11 34, 35 36, 37,
/0 12-1/0 15 38, 39, 40, 41,
/0 16 - /0 19 45, 46, 47, 48,
/0 20-1/0 23 49, 50, 51, 52,
I/0 24 -1/0 27 53, 54, 55, 56,
1/0 28 - 1/0 31 57, 58, 59, 60,
/0 32-1/0 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,
/O 44 -1/0 47 80, 81, 82, 83,
1/O 48 - 1/0 51 3, 4, 5, 6,
1/0 52 - 1/0 55 7, 8, 9, 10,
1/O 56 - 1/0 59 11, 12, 13, 14,
1/0 60 - 1/0 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*/IN 0 25 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*/IN 1 42 Input~This pin performs two functions. ltis 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.

YO 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

distribution network, and can optionally be routed to any GLB and/or
any 1/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/0 cellon the
device.

GND 1, 22, 43, 64 Ground (GND)

Vece 21, 65 Ve

* For ispLSI 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
1104-1/07 21, 22, 23, 28, logic array.
1/08-1/0 11 29, 30, 31, 32
/012 -1/0 15 33, 34, 35 36,
1/0 16 -1/0 19 40, 41, 42, 43,
1/0 20 - 1/0 23 44, 45, 46, 47,
1/0 24 - 1/0 27 48, 53, 54, 55
1/0 28 - 1/0 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/O 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,
1/0 56 - 1/O 59 98, 3, 4, 5,
1/0 60 - /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- 00028-32-5p l
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Pin Description

Name CPGA Pin Numbers Description

1/00-1/03 F1, H1} H2, J1, Input/Output Pins - These are the general purpose I/O pins used by the

/04-1/107 K1, J2, L1, K2 logic array.

/0 8-1/0 11 K3, L2, L3, K4,

/10 12-1/0 15 L4, J5, K5, LS,

/016 - /O 19 L7, K7, Le, L8,

/0 20-1/0 23 K8, L9, L10, Ko,

110 24 - /O 27 L11, K10, J10, Ki1,

/O 28 - /O 31 J11, H10, H11, F10,

/0 32 - /O 35 E9, D11, D10, C1,

/O 36 - VO 39 B11, C10, A11, B10,

I/0 40 - /O 43 B9, A10, A9, BSs,

/O 44 - VO 47 A8, B6, B7, A7,

I/0 48 - /O 51 A5, B5, C5 A4,

/O 52 - 1/O 55 B4, A3, A2, B3,

1/O 56 - /0 59 A1, B2, C2 B1,

1/0 60 - /O 63 c1, D2, D1, ES

IN4-IN7 E10, C7, A6, 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*/INO G2 Input - This pin performs two functions. Itis a dedicated input pin when
lspEN is logic high. When ispEN is logic low, it functions as an input
pin to load programming data into the device. SDI/INO alsois used as
one of the two control pins for the isp state machine.

MODE"/IN 1 Ke Input—This pin performs two functions. Itis a dedicated input pin when
SPEN 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 ln% = 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 /O cell on the device.

Y3 G11 Dedicated Clock input. This clock input is brought into the clock
distribution network, and canoptionally 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 c6, F3, F9, J6 Ground (GND)

Vce F2, F1 Ve

Table 2-0002-32/883
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Pin Configuration

pLSI and ispLSI 1032 84-Pin PLCC Pinout Diagram

mininininininisisininisisinininininininlis
11109 8 7 6 5 4 3 2 184838281807978777675
11057 12 74 /0 38 ‘
o058 []13 73[1 110 37
11059 []14 721 /O 36
11060 []15 710 VO 35
1oet [J16 701 /O 34
moe2 17 69[1 11033
11063 18 68 |1 1/0 32
IN7 []19 671 IN4
Yo 20 pLS| 1032 66 [1 Y1
vce [at and 65 [1 vCcC |
GND []22 . 64 [1 GND
“iSPENNG [ 23 ispLSI 1032 63[d vz
RESET []24 621 Y3
*SDI/INO []25 61 [ IN 3/SCLK*
1100 [26 60 [] 1/0 31
101 27 59 [ 110 30
1102 [Jo2s 58] 1/0 29
1103 [J29 571 /O 28
/04 30 56 |1 1/0 27
1105 31 : 551 1/0 26
1106 a2 541 110 25
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

NSNS NS RN ERE )R ..
Srspre-overes
2229090000585 000000202¢9°
Q [a]
o )
S ¢

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

0123-32-isp
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Pin Configuration

pLSI and ispLSI 1032 100-pin TQFP Pinout Diagram
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220000900909=2522090099L89%>
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/105713 3 73ET11/0 38
/105811 4 7211 11/037
/105913 5 711310 36
/0601 6 70 ET11/0 35
oe1—13 7 69T 11/0 34
/10621 8 68T 11/033
/0631 9 67 [T 11/0 32

IN7C1T] 10 66 T 1IN4

Yor—T 11 pLSI 1032 65T Y1
vcCcr] 12 I"Id 64 T 1VCC
GNDC 13 a 63 F1 GND

*ispEN/NC[T] 14 = 62T 1Y2
RESETCT] 15 ispLSI 1032 61 Fva
*SDI/IN 0T 16 60 [T IN 3/SCLK*

oo 17 59 [T1/0 31
/o011 18 58 I T11/0 30
/021 19 57 F1T11/0 29
1/0 31} 20 56 T11/0 28
/0 41 21 55 T11/0 27
/0 51 22 54 FT11/0 26
/061 23 53 110 25

NCL] 24 52 T TINC

N 2 1 N

NNNN@@M@OQMM@M?*V#’#V#V#ﬁ'lﬂ
QQRPOOrANT00NOrRRSTNRT QY
88800000055£000000000
______ 8 8—._..__..__.___.
p= N

*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 ‘

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

PIN A1

’ n

-
-

OOOOOOOOOO®
DOOOOOOOOO®O
OO

1/048

0l0),

OO

BOOF
OOO)
OO

OO

DOO QOO

pLSI 1032/883
and
ispL Sl 1032/883
BOTTOM VIEW

QOOOOHOOOOOO
VOOOOOOOOOG

*Pins have dual function capability for ispLSI 1032/883 only (except pin 63, which is ispEN only).

0488A-32-isp/883
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Part Number Description

(s)pLSI 1032- XX X X X

Device Family —_I_ —I_—— Grade
Blank = Commercial
| = Industrial
Device Number ——MMMm@ /883 - 883 Military Process
Package
J=PLCC
Speed T=TQFP
90 = 90 MHz fmax G=CPGA
80 = 80 MHz ;max Power
60 = 60 MHz fmax L = Low
00212-80B-iep1032
pLSI and ispLSI 1032 Ordering Information
COMMERCIAL
Family | fmax (MHz)| tpd (ns) Ordering Number Package
90 12 pLSI 1032-90LJ 84-Pin PLCC
90 12 pLSI 1032-90LT 100-Pin TQFP
LS| 80 15 pLSI 1032-80LJ 84-Pin PLCC
p
80 15 pLSI 1032-80LT 100-Pin TQFP
60 20 pLSI 1032-60LJ 84-Pin PLCC
60 20 pLSI 1032-60LT 100-Pin TQFP
90 12 ispLS| 1032-90LJ 84-Pin PLCC
90 12 ispLSI 1032-90LT 100-Pin TQFP
80 15 ispLS| 1032-80LJ 84-Pin PLCC
ispLSl
80 15 ispLSI 1032-80LT 100-Pin TQFP
60 20 ispLSI 1032-60LJ 84-Pin PLCC
60 20 ispLS| 1032-60LT 100-Pin TQFP
INDUSTRIAL
Family | fmax (MHz)| tpd (ns) Ordering Number Package
pLSI 60 20 pLSI 1032-60LJI 84-Pin PLCC
ispLSi 60 20 ispLS! 1032-60LJI 84-Pin PLCC
MILITARY/883
Family | fmax (MHz) | tpd (ns) Ordering Number SMD Number Package
pLSl 60 20 pLSI 1032-60LG/883 5962-9466801MXC| 84-Pin CPGA
ispLSI| 60 20 ispLSI 1032-60LG/883 5962-9308501MXC| 84-Pin CPGA

Table 2- 0041A-32-sp
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' LSI° and ispLSI” 1048
E E E :Eattl c e p i::-Den’sfﬁrogrammable Logic

Functional Block Diagram

* PROGRAMMABLE AND IN-SYSTEM PROGRAMMABLE

HIGH DENSITY LOGIC .
— High-Speed Global Interconnects FllFelFeFalleelleilfre]  [Ereelfes]fedfeslfefed]feol
— 8000 PLD Gates

— 96 1/0 Pins, Ten Dedicated Inputs

— 288 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

i Logic Iﬂ A
Global Routing Pool (GRP) Array GLB

— fmax = 80 MHz Maximum Operating Frequency
— fmax = 50 MHz for Industrial Devices B O

— tpd = 15 ns Propagation Delay
— TTL Compatible Inputs and Outputs

— Electrically Eraseable and Reprogrammable Description

— Non-Volatile E2CMOS Technology

— 100% Tested The Lattice pLS| and ispLSI 1048 are High-Density
« ispLS! OFFERS THE FOLLOWING ADDED FEATURES Programmable Logic Devices which contain 288 Regis-
— In-System Programmable 5-Volt Only ters, 96 Universal I/O pins, ten Dedicated Input pins, four
—-C;hangz Logic and Interconnects "On-the-Fly" in Dedicated Clock Input pins and a Global Routing Pool
econds

(GRP). The GRP provides complete interconnectivity
between all of these elements. The ispLSI 1048 features
5-Volt in-system programming and in-system diagnostic

— Reprogram Soldered Device for Debugging

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX-

IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS E:apabilitief. Itis the first dey_ice which offers non-volatile
— Complete Programmable Device Can Combine Glue .on-the-fly reprogrammability of the logic, as well as the
Logic and Structured Designs interconnect to provide truly reconfigurable systems. Itis
— Four Dedicated Clock Input Pins architecturally and parametrically compatible to the pLSI
— Synchronous and Asynchronous Clocks 1048 device, but multiplexes four of the dedicated input
— Flexible Pin Placement pins to control in-system programming.
— Optimized Global Routing Pool Provides Global
Interconnectivity The basic unit of logic on the pLSI and ispLSI 1048
« pLSl/ispLSI DEVELOPMENT SYSTEM (pDS®) devices is the Generic Logic Block (GLB). The GLBs are
pDS Software labeled AO, A1 .. F7 (see figure 1). There are a total of 48
— Easy to Use PC Windows™ Interface GLBs in the pLSI and ispLSI 1048 devices. Each GLB
— Boolean Logic Compiler has 18 inputs, a programmable AND/OR/XOR array, and
— Manual Partitioning four outputs which can be configured to be either combi-
— Automatic Place and Route natorial or registered. Inputs to the GLB come from the
— Static Timing Table GRP and dedicated inputs. All of the GLB outputs are
pDS+™ Software brought back into the GRP so that they can be connected
— Industry Standard, Third Party Design to the inputs of any other GLB on the device.

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

Copyright © 1994 Lattice Semiconductor Corp. All brand or product names are or regi 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. 1994 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037
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Specifications pLSI and ispLSI 1048

Functional Block Diagram

Figure 1. pLSI and ispLSI| 1048 Functional Block Diagram
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*ISP Control Functions for ispLSI 1048 Only

The devices also have 96 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/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 (one
dedicated input in Megablock B and E) 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 pLSI and ispLSI
1048 devices contain six of these Megablocks.

IN SCLK*/ /O 1/O VOO OO0 I0 O OIOIO VOO /0 1/O

Yvyyvyy
4 IN5 32333435 36373839 40414243 444546 47 0123

0139F(1)-48-isp

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 inthe pLSlandispLSI 1048 devices are selected
using the Clock Distribution Network. Four dedicated
clockpins (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 1/0 cells. The Clock Distribution
Network can also be driven from a special clock GLB (DO
on the pLSI and ispLSI 1048 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 pLSI and ispLSI 1048

Absolute Maximum Ratings 1

Supply Voltage Vee. . ..o vovovv it -0.5 to +7.0V
Input Voltage Applied. . ............. -2.5to Vg +1.0V
Off-State Output Voltage Applied . . . . .. -2.5to Vgg +1.0V
Storage Temperature . .. ............... -65 to 150°C
Case Temp. with Power Applied . .. ... .. -55 to 125°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 Ta =-40°C to +85°C - 45 5.5
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee + 1 \Y

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM! UNITS TEST CONDITIONS
C, Dedicated Input Capacitance 8 pf Ve=5.0V, V,=2.0V
C, I/0 and Clock Capacitance 10 pf Vee=5.0V, Vip, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS

Data Retention 20 - YEARS
ispLSI Erase/Reprogram Cycles 1000 - CYCLES
pLS| Erase/Reprogram Cycles 100 - CYCLES

Table 2-0008A-isp.eps
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Specifications pLSI and ispLSI 1048

Switching Test Conditions

Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Time < 3ns 10% to 90%
Input Timing Reference Levels 1.5V v
Output Timing Reference Levels 1.5V %91
See fi
Output Load ee figure 2 Device . ~ Test
3-state levels are measured 0.5V from steady-state Output = Point
active level. Tabie2. 000 .
R2 I CL
Output Load Conditions (see figure 2) = =
* " .
Test Condition " R2 oL CL includes Test Fixture and Probe Capacitance.
A 470Q 390Q 35pF
B | Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q 5pF
C | atVv,,-05V
Active Lowto Z 470Q 390Q 5pF

atV, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION | MIN. [ TYP3 | MAX. UNITS
VoL Output Low Voltage lo, =8 MA - - 0.4 v
VOH Output High Voltage low =-4 MA 2.4 - - Vv
IR Input or I/O Low Leakage Current | OV <V, <V, (MAX.) - - -10 HA
IiH Input or I/0 High Leakage Current | 3.5V < Vi < V¢ - - 10 A
liLisp | isp Input Low Leakage Current 0V <V <V, (MAX) - - -150 nA
liL-pu | VO Active Pull-Up Current ovVsVy<V, - - -150 RA
lost? Output Short Circuit Current Vee = 5V, Vour= 0.5V -60 - -200 mA
Icc2 Operating Power Supply Current | V, = 0.5V, Vjy= 3.0V | Commercial - 165 235 mA

froee = 1 MHz Industrial - 165 260 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 twelve 16-bit counters.

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

Table 2- 0007A-48-isp
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Specifications pLSI and ispLSI 1048

External Timing Parameters v i
|

Over Recommended Operating Conditions

PARAMETER| TESTS 42| DESCRIPTION -80 70 0 lunirs
MIN.|MAX.{ MIN. | MAX.] MIN.| MAX,|
tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 15 - 18 - 24 ns
tpd2 A | 2 | Data Propagation Delay, Worst Case Path - 20 - 23 - 130.7]) ns ]
fmax A | 3| Clock Frequency with Internal Feedback? 80| - ]71.4] - |536| - | MHz ; ‘
fmax (Ext.) — | 4 | Clock Frequency with External Feedback(m‘:mo 50| - §41.7] - |3813] - | MHz ‘
fmax (Tog.) - | 5 | Clock Frequency, Max Toggle? 100 - 83 - 714 - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - 12 - ns
tcot A |7 | GLB Reg. Clock to Output Delay, ORP bypass - 0] - 2] - 16 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 10| - 12| - 16 - ns
tco2 — |10| GLB Reg. Clock to Output Delay - 12] - 14 ) - [18.7] ns
th2 — [11]| GLB Reg. Hold Time after Clock o -1o]| -1]o0 - ns
tr A 12| Ext. Reset Pin to Output Delay - 171 - 17} - [227] ns
trw1 — |13] Ext. Reset Pulse Duration 10| -1t -f13] -] ns
ten B {14/ Input to Output Enable -1 18} - 12} - [267] ns
tdis C |15] Input to Output Disable -1 18 -2} - |26.7] ns
twh — {16 Ext. Sync. Clock Pulse Duration, High 5 - 6 - 7 - ns
twi — [17] Ext. Sync. Clock Pulse Duration, Low 5] 16 -17] -1 ns
tsus — |18] /O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3)] 2 - 2 - 127 - ns
ths — |19] /O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| — |65 - |87 - ns

. 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.

A WN =

Table 2- 0030A-48/80,70,50
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Specifications pLSI and ispLSI 1048

Internal Timing Parameters’

5 -80 -70 -50
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX]MIN. [MAX | MIN. [MAX|

Inputs

tiobp 20 | /O Register Bypass - |25} - |30] - |40} ns
tiolat 21 | /O Latch Delay - |83} - {40] - | 53] ns
tiosu 22 | I/O Register Setup Time before Clock 53| - 60| - |81 - ns
tioh 23 | I/0 Register Hold Time after Clock 15| - 05| - 109 | - ns
tioco 24 | 1/O Register Clock to Out Delay - |25 - |30 - |39]) ns
tior 25 | I/O Register Reset to Out Delay - |29 - |35] - |46] ns
tdin 26 | Dedicated Input Delay - | 50] - |60] - |80] ns
GRP

tgrpt 27 | GRP Delay, 1 GLB Load - |21 - | 25] - | 33] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - 125 - |30} - |40] ns
torps 29 | GRP Delay, 8 GLB Loads - |33} - |40) - | 53] ns
tgrp12 30 | GRP Delay, 12 GLB Loads - | 42) - | 50] - |67} ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |50 - [60] - |80] ns
tgrp4s 32 | GRP Delay, 48 GLB Loads - [133] - [16.0] - [|21.3] ns
GLB

t4ptbp 33 | 4 Product Term Bypass Path Delay - | 54] - |65] - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - {65 - |70] - | 93] ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - |76 - | 75| - |10.0] ns
txoradj 36 | XOR Adjacent Path Delay® - |84 - |95] - [127] ns
tgbp 37 | GLB Register Bypass Delay - (o8] - [10] - | 13] ns
tgsu 38 | GLB Register Setup Time before Clock 08| - 115| - ]20| - | ns
tgh 39 | GLB Register Hold Time after Clock 50| - }60| - 180 | - ns
tgco 40 | GLB Register Clock to Output Delay - |21 - [ 25) - |33} ns
tor 41 | GLB Register Reset to Output Delay - |21 - [25] - | 33] ns
tptre 42 | GLB Product Term Reset to Register Delay - | 83] - (100] - |13.3] ns
tptoe 43 | GLB Product Term Output Enable to /O Cell Delay - | 881 - [ 90] - |11.9} ns
tptck 44 | GLB Product Term Clock Delay 29 [ 63}135(75)146 |99 ns
ORP

torp 45 | ORP Delay - |82} - 185] - |47] ns
torpbp 46 | ORP Bypass Delay - |13 - |15] - | 20] 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 Lattice Hard Macros.
Table 2- 0036A-48/80,70,50.eps
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LR am
EmEEEw
Internal Timing Parameters'
I
, -80 70 -50 |
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.| MIN. [MAX.| MIN. [MAX.
Outputs
tob 47 | Output Buffer Delay - 125 - [30)] - |40] ns
toen 48 | I/O Cell OE to Output Enabled - |42 - |50)] - |67] ns
todis 49 | I/O Cell OE to Output Disabled - |42 - | 50] - | 67] ns
Clocks
tgyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 42 | 42150 (50167 |67] ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 33| 50]140|60]53|80] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 08| 42110 |50]13|66]| ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 33| 50140 |{60]53|80}] ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 08| 42|10 |50] 13| 6.6 ns
Global Reset
tor | 55 I Global Reset to GLB and I/O Registers I - | 9.2 I - [ 8.0 L - T1 0.6[ 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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pLSI and ispLSI 1048 Timing Model

1/0 Cell GRP GLB ORP 1/O Cell
Feedback
| Ded. In #26 J '_.'
1/0 Reg B '-.l GRP 4 4PTB GLB Reg B ORP Bypax
10 P> iio = * #28 > #agfpass e :27 = #4;‘) =
(Input) —»I | l/u (Output)
Input J— GRl 20 PT GLB Reg ORP #48, 49
D Register @ L%agllar;/g XOR Delays Delay Delay
RST o> L
#55 #21-25 #27, 29, #34, 35, 36 b a #45
= 30, 31,32 RST
— A
Reset —@- #55 »| #38: :2&1?,
[
Clock
> Distribution [~ Sontol ne
Y1,2,3 > #51,52, #42, 43, CK
l 53,54 h 44

#50

[ vo

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)
55ns= (3.0+3.0+75)+(15)- (30+30+35)
th = Clock (max) + Reg h - Log
= (tiobp + tgrp4 + tptck(max)) (tgh) - (tiobp + tgrp4 + tooptxor)
= (#20 + #28 + #44) + (#39) - (#20 + #28 + #35)
8.0ns= (3.0+3.0+7.5)+(6.0)-(3.0+3.0+7.5)
tco Clock (max) + Reg co + Output

itiobp +tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47)
225ns= (3.0 + 3.0 +7.5) + (2.5) + (3.5 + 3.0)

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t2optxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
65ns= (3.0+3.0+7.5)+(15)-(50+25+1.0)
th = Clock (max) + Reg h - Logic
= (tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
50ns= (5.0+2.5+5.0)+(6.0)-(3.0+3.0+7.5)
tco Clock (max) + Reg co + Output

étgyO(max) +tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
215ns= (5.0 +2.5+5.0) + (2.5) + (3.5 + 3.0)

1. Calculations are based upon timing specs for the pLSI and ispLSI 1048-70.
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Figure 3. Typical Device Power Consumption vs fmax

250 - pLSI and ispLSI 104
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fmax (MHz)

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

Icc can be estimated for the pLSI and ispL.SI 1048 using the following equation:

Icc =73 + (# of PTs * 0.23) + (# of nets * Max. freq * 0.010) 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 IcG is sensitive to operating conditions and the

program in the device, the actual Icc should be verified.
0127A-48-80-isp

Figure 4. Maximum GRP Delay vs GLB Loads
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Specifications pLSI and ispLSI 1048

In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice High-Density programmable 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 celis will not lose the pattern even when
the power is turned off.

Figure 5. ISP Programming Interface

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 interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 5 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 refer to the in-system
programming section in this Data Book.

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
ispEN
ispLSI ispGAL —1ispGDS

ispLSI

A

0294B
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Specifications pLSI and ispLSI 1048

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcerp Programming Voltage 475 5 5.25 v
Iccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High ispEN = Low 20 - | Veer v
ViLP Input Voltage Low 0 - 0.8 Vv
hp Input Current - 100 | 200 pA
VOHP Output Voltage High low = -3.2 mA 2.4 - Vcep Vv
voLp Output Voltage Low lo. =5 mMA 0 - 0.5 \Y}
tr, tf Input Rise and Fall - - 0.1
tispen ispEN to Output 3-State Enabled - 2 10 us
tispdis ispEN to Output 3-State Disabled - 2 10 us
tsu Setup Time 0.1 0.5 - us
tco Clock to Output 0.1 0.5 - us
th Hold Time 0.1 0.5 - us
teikh, telki Clock Pulse Width, High and Low 0.5 1 - us
towv Verify Pulse Width 20 30 - us
towp Programming Pulse Width 40 - 100 ms
tbew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vccp 45 - - us

1. ISP Programming is guaranteed for T, = 0°C to 70°C Operation only. Table 2- 0029 isp-C
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Figure 6. Timing Waveforms for In-System Programming (ispL-SI 1048)

vee '
—4 trst

N

oo AL AIIID,
Unused HI-Z
Output
tispen
ispEN \\ //—_ —

tsu th
th /_4‘—.\.' tispdis —» —

MODE

SOl L/ N RNalid X R

—| telkh It. tsu th
SCLK /7 N\ ]&
Vin tsue=e—th yoy teo o
SDO < /{////////////////////////X valid X
L oL o1e18

Figure 7. Program, Verify & Bulk Erase Waveforms (ispLSI 1048)
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Figure 8illustrates the address and data shift register bits  the Device Layout discussion in the pLSI and ispLSl
for the ispLSI 1048. For a detailed explanation refer to  Architectural Description section of this Data Book. |

Figure 8. ispLSI 1048 Shift Register Layout
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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 PQFP Pin Numbers Description

/00-1/05 20, 21, 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/O pins used by the

1/06 - 1/0O 11 26, 27, 28, 29, 30, 31, logic array.

/012 -1/0 17 32, 33, 34, 35, 36, 37,

/018 - 1/0 23 38, 39, 40, 41, 42, 43,

/0 24 - 1/0 29 49, 50, 51, 52, 53, 54,

1/030-1/0 35 55, 56, 57, 58, 59, 60,

1/0 36 - 1/O 41 61, 62, 63, 64, 65, 66,

I/O 42 - 1/0 47 67, 68, 69, 70, 71, 72,

1/0 48 - 1/0 53 80, 81, 82, 83, 84, 85,

1/O 54 - 1/0 59 86, 87, 88, 89, 90, 91,

1/O 60 - 1/O 65 92, 93, 94, 95, 96, 97,

1/0 66 - 1/0 71 98, 99,100,101,102,103,

/072 -1/077 109,110,111,112,113,114,

/078 - 1/O 83 115,116,117,118,119,120,

1/0 84 - 1/0 89 1, 2, 3, 4 5 6,

/0 90 - 1/O 95 7, 8 9 10, 11, 12

IN 4 48, Dedicated input pins to the device. (IN 2 and IN 9 not available)

IN6-IN 11 79,104,105, — 108, 13

iSpEN*/NC 17 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 19 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 44 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 3 47 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 5 73 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 18 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

YO 14 Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.

Y1 78 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 75 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 74 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 46, 76,106, 16 Ground (GND)

Vce 15, 45, 77,107 v,

cc

*For ispLSI 1048 Only

Table 2- 0002C-48-isp

2-130

1994 Data Book



Specifications pLSI and ispLSI 1048

Pin Configuration |

pLSI and ispLSI 1048 120-Pin PQFP Pinout Diagram

90 [T 1/0 58
89 [T 11/057
88 [T11/0 56

©CONOOAWND =

pLSI 1048
15 and
7 ispLSI 1048

*SDI/IN 0T
11001

70 T3 1/0 45 !
69 [CT11/0 44
68 [[T11/0 43
67 [LT1/0 42
66 ((T11/0 41
/O 40
64 T11/039
63 [T31/0 38
62 T 1/0 37
61 [T11/036

* Pins have dual function capability for ispLSI 1048 only (except pin 17, which is ispEN only).

0124 -48-isp
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Specifications pLSI and ispLSI 1048

Part Number Description

(is)pLSI 1048 - XX X X X
Device Family ——-—:l_ —r— Grade

Blank = Commercial

| = Industrial
Device Number Package
Q= PQFP
Speed Power
80 = 80 MHz fmax L=Low
70 = 70 MHz fmax
50 = 50 MHz fmax
0212-80B-isp1048
pLSI and ispLSI 1048 Ordering Information
COMMERCIAL

Family |fmax (MHz) | tpd (ns) Ordering Number Package
80 15 pLSI 1048-80LQ 120-Pin PQFP
pLSl 70 18 pLSI 1048-70LQ 120-Pin PQFP
50 24 pLSI 1048-50LQ 120-Pin PQFP
80 15 pLSI 1048-80LQ 120-Pin PQFP
ispLSl 70 18 ispLS| 1048-70LQ 120-Pin PQFP
50 24 ispLSI 1048-50LQ 120-Pin PQFP

INDUSTRIAL

Family |fmax (MHz)| tpd (ns) Ordering Number Package
pLsI 50 24 pLSI 1048-50LQl 120-Pin PQFP
ispLSI 50 24 ispLSI 1048-50LQl 120-Pin PQFP

Table 2- 0041A-48-isp
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La-“ice pLSI° and ispLSI™ 1048C

High-Density Programmable Logic

* HIGH-DENSITY PROGRAMMABLE LOGIC
— High-Speed Global Interconnects
— 96 /O Pins, 12 Dedicated Inputs, 2 Global Output
Enables
— 288 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 = 70 MHz Maximum Operating Frequency 4
— fmax = 50 MHz for Industrial Devices p Y -
— tpd = 18 ns Propagation Delay
— TTL Compatible Inputs and Outputs
— Electrically Eraseable and Reprogrammable
— Non-Volatile E2CMOS Technology
— 100% Tested at Time of Manufacture

* ispLSI OFFERS THE FOLLOWING ADDED FEATURES
— In-System Programmable 5-Volt Only
— Change Logic and Interconnects "On-the-Fly" in
Seconds
— Reprogram Soldered Device for Debugging P
* COMBINES EASE OF USE AND THE FAST
SPEED OF PLDs WITH THE DENSITY AND
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS
— Complete Programmable Device bi ’yé
Logic and Structured Design 4
— Four Dedicated Clock In

Output Routing Pool

R Zczzzzacfl

Output Routing Pool

HEEEEEER

0139G1A-isp

3t~and ispLS| 1048C are High-Density
swLogic Devices containing 288 Registers,
40 pins, 12 Dedicated Input pins, two global
bles (GOE), four Dedicated Clock Input pins and
Routing Pool (GRP). The GRP provides com-
nterconnectivity between all of these elements. The
LS| 1048C features 5-Volt in-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 parametri-
— Synchronous and Asyny cally compatible to the pLSI 1048C device, but multiplexes
— Flexible Pin P'ace"! four of the dedicated input pins to control in-system pro-

— Optimized G'°b ides Global gramming. Compared to the pLSI and ispLSI 1048, the
Interconnecti

pLS! and ispLSI 1048C offers two additional dedicated
. PLSViSPLS% EN‘:} YSTEM (pDS®) inputs and two new global output enable pins.
pDS S e . . . .
— ™ The basic unit of logic on the pLSI and ispLSI 1048C
—_ Ef,f,‘,’ean o Ccvi'i:slc;:vrs Interface devices is the Generic Logic Block (GLB). The GLBs are
— Manual Pgrtitioning labeled A0, A1 .. F7 (see figure 1). There are a total of 48
— Automatic Place and Route GLBs in the pLSI and ispLSI 1048C devices. Each GLB
— Static Timing Table has 18 inputs, a programmable AND/OR/XOR array, and
pDS+™ Software four outputs which can be configured to be either combina-

. . torial or registered. Inputs to the GLB come from the GRP
— Industry Standard, Third P: Di . X
Eml,‘ifor:me:?s ar ird Party Design and dedicated inputs. All of the GLB outputs are brought
— Schematic Capture, State Machine, HDL back into the GRP so that they can be connected to the
— Automatic Partitioning and Place and Route inputs of any other GLB on the device.
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Copyright © 1994 Lattice Semiconductor Corp. All brand or product names are trademarks or regi d 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. 1994 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037
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Specifications pLSI and ispLSI 1048C

Functional Block Diagram

Figure 1. pLSI and ispLSI 1048C Functional Block Diagram

/010 /OO VOKONOWO 1O
87

85

9594 9392 91908988

oo Vo IIo 10

ool VOUOONO OO0 N IN
7978 7776 75747372

7170 69 68 67 66 65 64 9

Generic

Logic Blocks
(GLBs)

IN7
IN6

Output Routing Pool (ORP)

Routing

0 63
/0 62
o 61
/0 60

/059
110 58
o 57
/0 56

Gilobal

10 55
/0 54
/0 53
o s2

Pool

10 51
/0 50
VO 49
1o 48

|

—| B
*ispEN | fid

IN2 SDO*/ /O /O 1010 VO VOIO I
IN3 16 17 1819 20 21 22

utput or bi- dlrectlonal
2 ddltlonally, all outputs are
ablel activé’high or active low. The signal
mpajible voltages and the outputdrivers

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
a set of 16 universal I/O cells by the ORP. The pLSI and
ispLSI 1048C devices contains six of these Megablocks.

o 1o 1o
45 46 47

235

0139F(2)-48B-isp

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.

Clocksinthe pLSlandispLSI 1048C devices are selected
using the Clock Distribution Network. Four dedicated
clock pins (Y0, 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 (DO
on the pLSI and ispLSI 1048C devices). The logic of this
GLB allows the user to create an internal clock from a
combination of internal signals within the device.

2-
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Laﬂlce Specifications pLSI and ispLSI 1048C

|
Supply Voltage V. . .. oo ool -0.5to +7.0V |
Input Voltage Applied. . .. ........... -2.5to Vgg +1.0V

Off-State Output Voltage Applied . . . . .. -2.5to Vgc +1.0V

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

Case Temp. with Power Applied . . . .. ... -55 to 125°C

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

DC Recommended Operating Conditions

SYMBOL | PARAMETER &, Whe, T MAx UNITS
vee Supply Voltage Commercial T.= 0°Cto ﬁ:@ww‘ . ,‘ng‘ 5.25 v
Industrial Ta= 5.5
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee + 1 \

MAXIMUM? UNITS TEST CONDITIONS
8 pf Vee=5.0V, V,,=2.0V
10 pf Vee=5.0V, Vjp, Vi=2.0V

Data Retention Specifications

PARAMETER &

MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
ispLS| Erase/Reprogram Cycles 1000 - CYCLES
pLSI Erase/Reprogram Cycles 100 - CYCLES

Table 2-0008A-isp
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Specifications pLSI and ispLSI 1048C

Switching Test Conditions

Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Time < 3ns 10% to 90%
Input Timing Reference Levels 1.5V vV
Output Timing Reference Levels 1.5V %91
See fi 2
Output Load ee figure Device . ~ Test
3-state levels are measured 0.5V from steady-state Output * Point
active level.
Table 2- 0003
Output Load Conditions (see figure 2) =
CL includes Test Fi
Test Condition R1 R2 cL L Incltdes Test
A 470Q | 390Q 35pF
B | Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q 5pF
C | atV,,-0.5V
Active Lowto Z 470Q 390Q
atV, +0.5V

ded Operating Conditions

SYMBOL CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL Output L lo. =8 MA - - 0.4 \'
VoH , _ lon =-4 MA 2.4 = - v
m IpBat of/g 0V < VsV, (MAX) = Z -10 nA
™ Bt G0 Hig 35V Vn< Voo = = 10 HA
liLisp ' Leakage Current | OV < Vpy <V, (MAX) - 1950 [ pA
he-pu | /O Active Pull-Up Current oV VsV, - - -150 RA
lost Output Short Circuit Current Vee =5V, Vour= 0.5V -60 - -200 mA
lcc2 Operating Power Supply Current | V, = 0.5V, V4= 3.0V | Commercial - 165 235 mA

frocae = 1 MHz Industrial - 165 260 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 twelve 16-bit counters.
3. Typical values are at V. = 5V and T, = 25°C.

Table 2- 0007A-48-isp
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Specifications pLSI and ispLSI 1048C

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| TEST® 4| DESCRIPTION' 70 50 lunirs
MIN.| MAX.| MIN. | MAX.

tpd1 A |1 | Data Propagation Delay, 4PT bypass, ORP bypass - {18.0] - |24.0] ns
tpd2 A | 2 | Data Propagation Delay - |205] - |27.0] ns
fmax A | 3 | Clock Frequency with Internal Feedback® 714 - 1541 - | MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback('s—uz—‘—“m) 465 - ¥B851| - | MHz
fmax (Tog.) | — |5 | Clock Frequency, Max Toggle* 83.3| 2 %2.5 — | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass %g_o - ns
tcot A |7 | GLB Reg. Clock to Output Delay, ORP bypass f{{:\ A1.0[N=1 145] ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass %’k_ y - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock ( \5 - |140| - | ns
tco2 — [10[ GLB Reg. Clock to Output Delay 2 U ¥ 120] - [155] ns
th2 — [11| GLB Reg. Hold Time after Clock i\ 0 - 0 - ns
tr A |12| Ext. Reset Pin to Output Delay é;f" - {15.0}] - | 20.0] ns i
trwi —~ [13]| Ext. Reset Pulse Duration 10.0 - }13.0] - ns ‘
tptoeen B [14] Input to Output Enable gi’ J — |200] - |265] ns
tptoedis C |15/ Input to Output Disable . \ d - 1200} - |26.5] ns
tgoeen B |16| Global OE Output Ena}g@&\;\‘X P - |15.0] - |20.0] ns
tgoedis C [17] Global OE Output Diabld, N\ - [150] - [200] ns
twh — |20] Ext. Sync. Clogls Pulse DyrationgHigh 60| - |80] - | ns
twi — |21 Ext. Sync %QNulsek@%n, Low 60 - | 80| - ns
tsus - |22[voR p Fmdpeldfe Ext. Sync. Clock (Y2, Y3) 20| - l25] - | ns
ths - o3 |/@»‘§\§{,§1(§g§%@«after Ext. Sync. Clock (Y2, Y3) 65 - |85 - | ns

1. Unless noted otherwi h 4$€'a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO0 clock.
2. Refer to Timing Megtle js‘da “for further details.
3. Standard 16-Bjsoa 4 using GRP feedback.
ey ¢ légs /(twh + twl). This is to allow for a clock duty cycle of other than 50%.
g Test\Coriditions Section.

\ \ﬁ Table 2- 0030-48B/70, 50
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Specifications pLSI and ispLSI 1048C

Internal Timing Parameters’

PARAMETER| #? | DESCRIPTION 70 -50 UNITS
MIN. |MAx. MIN. [MAX]

Inputs
tiobp 24 | /0 Register Bypass - |81] - |41} ns
tiolat 25 | 1/0 Latch Delay - |40 - | 53] ns
tiosu 26 | I/0 Register Setup Time before Clock 65| — 185 - ns
tioh 27 | /0 Register Hold Time after Clock 01| - L&t | - ns
tioco 28 | I/0 Register Clock to Out Delay - | 34 T 41 ns
tior 29 | /O Register Reset to Out Delay — 1084 | \ 45] ns
tdin 30 | Dedicated Input Delay s 5.4 y 472 ns
GRP OV
tgrp1 31 | GRP Delay, 1 GLB Load = y‘s - [ 60] ns
torp4 32 | GRP Delay, 4 GLB Loads > 149] - |65] ns
tgrps 33 | GRP Delay, 8 GLB Loads - |58 - {77} ns
tgrpi2 34 | GRP Delay, 12 GLB Loads - |67] - |89] ns
tgrpie 35 | GRP Delay, 16 GLB Loads - |76 - |101] ns
tgrp48 36 | GRP Delay, 48 GLB Loads . - |165] - |22.0] ns
GLB )
taptop 37 | 4 Product Term Bypass Paﬁela\ & - |50] - |67] ns
t1ptxor 38 | 1 Product Term/XOR Pathm\ - |58)] - |78] ns
t20optxor 39 | 20 Product Term/&(@@Path D&N - |65} - |87] ns
txoradj 40 | XOR Adjacenﬂ;@l?{imax(3 g - |80] - |107] ns
tgop 41 | GLB Registéf Bypass Delay” —1o9] - |12] ns
tgsu 42 ﬁ }'@befcre Clock 14 - |19 = | ns
tgh 43 ’ eﬁine after Clock 53| -~ |71 | - | ns
tgco *Clock to Output Delay - |15} - | 18] ns
tor o {5 @L&Eﬁpter Reset to Output Delay - |21 - | 28] ns
tptre A}’ ¥GLB Pfoduct Term Reset to Register Delay - {86 ] - |115] ns
tptoe %\ LB Product Term Output Enable to I/O Cell Delay - |70} - |92 ns
tptck 48”] GLB Product Term Glock Delay 30|65]|40|87] ns
ORP
torp 49 | ORP Delay - |25] - |30] ns
torpbp 50 | ORP Bypass Delay - |15]) - | 17] 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 Lattice Hard Macros.

Table 2- 0036-48B/70, 50
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Specifications pLSI and ispLSI 1048C

Internal Timing Parameters’

-70 -50
PARAMETER| #° | DESCRIPTION UNITS
MIN.JMAX. MIN. [MAX|
Outputs
tob 51 | Output Buffer Delay - |26 - {35]) ns
toen 52 | 1/0 Cell OE to Output Enabled - 150) - |67 ns
todis 53 | /O Cell OE to Output Disabled - |50] - ]67] ns
Clocks Al
tgyo 54 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 5.44.5.4 k.z 7.2 ns
tgy1/2 55 | Clock Delay, Y1 or Y2 to Global GLB Clock Line L ?&‘Q\b 86 | ns
tacp 56 | Clock Delay, Clock GLB to Global GLB Clock Line \Qf; 58} 5|73 ns
tioy2/3 57 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line & E‘”ﬂt 6.0 | 8.6 ns
tiocp 58 | Clock Delay, Clock GLB to I/O Cell Global Clock Line 1, @ 55125(73] ns
S AR
Global Reset N\ WV
tor ' 59 l Global Reset to GLB and /0 Registers R4 o I - | 7.8 | - T10.3| ns
1. Internal Timing Parameters are not tested and are for reference onlyg;f
2. Refer to Timing Model in this data sheet for further details. &

Table 2- 0037-48C/70, 50
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Specifications pLSI and ispLSI 1048C

pLSI and ispLSI 1048C Timing Model

1/O Cell GRP GLB ORP 1O Cell
Feedback
[Ded. In e ] L‘
1/0 Reg B S »i GRP 4 4 PT Bypass GLB Reg Bypass ORP Bypass
V0 Pin)—¢ #24ypas ~r e #32 > #3;/;: e #31 =] #53p st
(Input) L —>| IA; (Output)
input _J_ GRP 20 PT GLB R ORP #52, 53
D Register Loading XOR Delays Delex;?g Delay
RST #3[:elaa§ > #38, 39, 40 b
#55 %-29 3 55%6 » 39,
Reset @ #59 »
Clock 1
Distribution gg's“"" gé
[v123 > #5556, [ 46, 47, CK
57,58 48
Vo #54
[coEo, 1

SU

Su v (tiobp + tgrp4 + tptck(min))
4 + #32 + #48)

. b % (max ) (tgh) - (tiobp + tgrp4 + t2optxor)
Wapy + (#43) - (#24 + #32 + #39)

 (mak)
#tgrpa + tptek(max)) + (tgeo) + (torp + tob)

URIT + #32 + #48) + (#44) + (#49 + #51)

+3.0 +7.5) + (2.5) + (3.5 + 3.0)

D rlvatlons of tsu, th and tco from the Clock GLB!

Logic + Reg su - Clock (min)
tiobp + tgrpa + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgep(min))
#24 + #32 + #30) + (#42) - (#54 + #44 + #56)

6.5ns= (3.0 +3.0+7.5)+(1.5)- (5.0 +25 +1.0)

th

5.0ns
tco

Clock (max) + Reg h - Logic
tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#54 + #44 + #56) + (#43) - (#24 + #32 + #39)

(5.0 + 2.5+ 5.0) + (6.0) - (3.0 + 3.0 + 7.5)

Clock (max) + Reg co + Output

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

#54 + #44 + #56) + (#44) + (#49 + #51)

21.5ns= (5.0 +2.5+5.0) + (2.5) + (3.5 + 3.0)
1. Calculations are based upon timing specs for the pLSI/ispLS| 1048C-70.
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Specifications pLSI and ispLSI 1048C |

Figure 3. Typical Device Power Consumption vs fmax

250 -
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50 -

pLSI and ispLSI 1048C

<
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L L L ! ! ! ! L
0 10 20 30 40 50 60 70 80

fmax (MHz)

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

Icc can be estimated for the pLSI and ispLSI 1048C using the following equatio »

Icc =73 + (# of PTs * 0.23) + (# of nets * Max. freq * 0.010) 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

re) and an assumption of 2 GLB loads on

The Icc estimate is based on typical conditions (VoG = Q
CC is sensitive to operating conditions and the

average exists. These values are for estimates only. Sm ¢

program in the device, the actual Icc should be ve i 0127A-48C-80-isp

Figure 4. Maximum GRP Delay vs GL,B Loatis\
pLSI and ispLSI 1048C-50

pLSI and ispLSI 1048C-70

GLB Loads

0126A-48B-80-isp
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Specifications pLSI and ispLSI 1048C

In-System Programmability

The ispLS| devices are the in-system programmable
versions of the Lattice High-Density programmable Large
Scale Integration (pLSl) 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.

Figure 5. ISP Programming Interface

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface

ispEN

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 interface signals are isp
Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 5 illustrates the block diagram of one possible
scheme for programming the ispLS| devices. For details
on the operation of the internal state machine and pro-

gramming of the device please referAb the in-system
programming section in this Data ;ﬁ

‘ii\g\@
9\

ispLSI

02048
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ISP Programming Voltage/Timing Specifications?

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vccp Programming Voltage 475 5 5.25 v
Iccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High iSpEN = Low 2.0 - | Vcer Y
ViLP Input Voltage Low 0 - 0.8 v
hp Input Current A
VOHP Output Voltage High low = -3.2 MA \
VoLpP Output Voltage Low lo. = 5 MA \
tr, tt Input Rise and Fall us
tispen @Eﬁ to Output 3-State Enabled us
tispdis »sp?l to Output 3-State Disabled us
tsu Setup Time us
tco Clock to Output us
th Hold Time us
telkh, telkl Clock Pulse Width, High and Low us
towv Verify Pulse Width 20 30 - us
towp Programming Pulse Width 40 - 100 ms
tbew Bulk Erase Pulse Width . 200 - - ms
trst Reset Time From Valid Vogi , 45 = - s

1. ISP Programming is guaranteed for T, = 0°C to 70'0“6{;9%90 on
A g

A Ny

X i

Table 2- 0029 isp-C

2-143

1994 Data Book




Laﬂlce Specifications pLSI and ispLSI 1048C

Figure 6. Timing Waveforms for In-System Programming

VCCP
— tTSt le— \
U“:'r'fpelﬁ /////A/// ispLS| Pins are 3-Stated During Programming //././"// /" \\
Unused ~_ HI-Z
Output m./
—> l<— tispen

ispEN \

N

jtsu«— th ‘-’
MODE b / N\,

SDI

SCLK

Vi tsu

sDO //,
ViL

fwka‘s& } A

Figure 7. Program, Verify & Bulk Erase Waveforms %\%\ %% yj’

4&59%%&@'" Verify or Bulk Erase Instruction)
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Laﬂlce Specifications pLSI and ispLSI 1048C

Figure 8illustrates the address and data shift registerbits the Device Layout discussion in the pLSI and ispLSl
for the ispL.SI1 1048C. For a detailed explanation referto  Architectiural Description section of this Data Book. ]

Figure 8. ispLSI 1048C Shift Register Layout

D D
A A
T T
] ]
Data In »239... High Order Shift Register -0 SDO
(SDI) > 479... Low Order Shift Register ...240
SDI
]
7]
o
(]
o«
«ESCMOS Cell Array @
g
©
©
<
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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Pin Description

Name PQFP Pin Numbers Description
1/100-1/05 21, 22, 23, 24, 25, 26 Input/Output Pins - These are the general purpose I/O pins used by the
1106 -1/0 11 27, 28, 29, 30, 31, 32 logic array.

VO12-1/017 | 34, 35, 36, 37, 38, 39
1/018-1/023 | 40, 41, 42, 43, 44, 45

1/10 24 - 1/0 29 52, 53, 54, 55, 56, 57
/0 30-1/0 35 58, 59, 60, 61, 62, 63
1/0 36 - 1/O 41 66, 67, 68, 69, 70, 71
1/0 42 - 1/0 47 72, 73, 74, 75, 76, 77 N
1/0 48 - 1/0 53 85, 86, 87, 88, 89, 90 f’&g
1/0 54 - 1/0 59 91, 92, 93, 94, 95, 96, ﬁQ‘\
/0 60 - 1/0 65 98, 99,100,101,102,103, \N\i
/066 - 1/0 71 104,105,106,107,108,109, M«?“N
11072-1/077 117,118,119,120,121,122 \ ! f}
/078 - /O 83 123,124,125,126,127,128, e §\ 24
VO 84 - /O 89 23 4 5 6 7 \J‘};
1/0 90 - /0 95 8, 9, 10, 11, 12, 13 A
<
GOEO, GOE1 64, 114 Global output enables T&&I/ﬁ\e s
{,,f
IN2,IN 4 47, 51 Dedicated mput Whe&\é
IN6-IN 11 84,110,111, 115,116, 14
iSpEN* 18 : Jedicate m-&é\:ﬁn programming enable input pin. This pin
i a e programming mode. The MODE, SDI,
igrs become active.
SDI*/IN 0 20

fgh. When ispEN is logic low, it functions as an input
ramming data into the device. SDVIN 0 also is used as

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

SDO*YIN 3 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*/IN5 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.

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

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

Y1 83 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 80 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 79 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, 17, 33, 49, 65, 81, Ground (GND)

97, 112
Voo 16, 48, 82, 113 Ve
“For ispLS| 1048C Only Table 2- 0002C-480
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Pin Configuration

pLSl and ispLSI 1048C 128-Pin PQFP Pinout Diagram

NN ODONOWTONS T BN !
o N NN Y S0 ©
Q9900909999 0zzq 299999

[1]]

0T

S

&

96 [T11/059

©CONOO O A WN =

2 T
pLsit0asc < |

SN &\
and <& . )/
N MWW\»“
* ispEN/NC c .
RESET o T IN 6/SCLK*
*SDI/IN O PO 77 Fmvo 47
1/0 0 e 76 1046
1101 WA 75 =110 45 ‘
/0 2 & 74 T30 44 .
1/0 3 73 F1043 ;
/0 4 72 E1T1/0 42

/05
/0 6
1107
/0 8
/09
/0 10
/0 11

T11/0 41
[T 1/0 40
T 1/039

*Pins have dual function capability for ispLS| 1048C only (except pin 18, which is ispEN only).

0124-48C
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Part Number Description

(is)pLSI 1048C— XX X

X X
Device Family ————I —r— Grade
Blank = Commercial
| = Industrial

Device Number

Speed
70 = 70 MHz fmax
50 = 50 MHz fmax

pLSl and ispLSl 1048C Ordering Information

COMMERCIALS,

Family | fmax (MHz) &?ﬁ\fm‘g Wer Package
pLsI 70 18,8 W@&Jom 128-Pin PQFP
50 | A pusito4scsola 128-Pin PQFP
ispLSl 180\ IspLs! 1048C-70LQ | 128-Pin PQFP
ispLSI 1048C-50LQ | 128-Pin PQFP

INDUSTRIAL

Ordering Number Package
pLSI 1048C-50LQ 128-Pin PQFP
ispLSI 1048C-50LQ | 128-Pin PQFP

Table 2- 0041A-48C-isp
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Introduction to

pLSI° and ispLSI”" 2000 Family

Introduction to pLSI and ispLSI 2000 Family

Lattice Semiconductor’s pLSI (programmable Large Scale
Integration) and ispLSlI (in-system programmable Large
Scale Integration) 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 Lattice pLSI and ispLSI 2000 Families are I/O inten-
sive, programmable logic devices that combine high
performance and ease of use of PLDs with the density
and flexibility of FPGAs.

The pLSI and ispLSI 2000 families are ideal for designs
needing high performance in conjunction with high I/O
requirements.

The ispLSI devices have also pioneered non-volatile, in-
system programmability, atechnology thatallows real-time
programming, less expensive manufacturing and end-
user feature reconfiguration.

Lattice’s E2CMOS technology features reprogrammabil-
ity, the ability to program the device again and again to
easily incorporate any design modifications. This same
capability allows full parametric testability during manu-
facturing, which guarantees 100 percent programming
and functional yield.

All necessary development tools are available from Lat-
tice and third-party vendors. Development tools offered
range from Lattice's low cost pDS® software, featuring
Boolean entry in a graphical Windows™ based environ-
ment, to the pDS+™ family of fitters that interfaces 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.

pLSI and ispLSI Product 2000 Family
O 135 MHz System Performance

7.5 ns Pin-to-Pin Delay

Deterministic Performance

High Density (1,000-4,000 PLD Gates)
44 Pin to 128 Pin Package Options
Flexible Architecture

Easy-to-Use

In-System Programmable (ispLSl)

00000000

Ideal for I/O Intensive Designs

pLSI and ispLSI Technology

Q UltraMOS E2CMOS — the PLD Technology of
Choice

Q  Electrically Erasable/Programmable/
Reprogrammable

QO 100% Tested During Manufacture
Q 100% Programming Yield

Q Fast Programming

pLSI and ispLSI Development Tools

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

Q0 Boolean Equations and Macro Input

O

HDL and Schematic Capture Entry

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

Q Timing and Functional Simulation

Q PC and Workstation Platforms
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Introduction to pLSI and ispLSI 2000 Family

2000 Family Overview

The pLSI and ispLSI 2000 families of high-density de-
vices address high-performance system logic needs,
implementing logic functions ranging from registers, to
counters, to multiplexers, to complex state machines.

With PLD density ranging from 1,000 to 4,000 gates, the
pLSI and ispLSI 2000 Families provide a wide range of
programmable logic solutions which meet tomorrow’s
design requirements today.

Table 1. pLSI and ispLSI 2000 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 /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 2032 2064 2096
Density (PLD Gates) 1,000 2,000 4,000
Speed: fmax (MHz) 135 135 110
Speed: tpd (ns) 7.5 75 10
Macrocells 32 64 96
Registers 32 64 96
Inputs + /O 34 68 102
Pin/Package 44-pin PLCC 84-pin PLCC 128-pin PQFP
44-pin TQFP 100-pin TQFP
Tab 1-0003A-2000
Figure 1. 2000 Family Packages
pLSI 2064 pLSI 2096
& &
""S'&2°32 ispLSI 2064 ispLSI 2096
ispLSI 2032
44-Pin PLCC 84-Pin PLCC 128-Pin PQFP
pLSI 2064
&
P'-S'&z°32 ispLSI 2064
ispL.Sl 2032
44-Pin TQFP 100-Pin TQFP 02882000
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pLSI° and ispLSI” 2032

High Density Programmable Logic

Functional Block Diagram

* HIGH DENSITY PROGRAMMABLE LOGIC

— High Speed Global Interconnect

— 1000 PLD Gates

— 32 1/0 Pins, Two Dedicated Inputs

— 32 Registers

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

— Small Logic Block Size for Random Logic

* HIGH PERFORMANCE E>*CMOS® TECHNOLOGY

— fmax = 135 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

* ispL.SI OFFERS THE FOLLOWING ADDED FEATURES

— In-System Programmable 5-Volt Only

— Change Logic and Interconnects "On-the-Fly" in
Seconds

— Reprogram Soldered Devices for Debugging

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

— Complete Programmable Device Can C
Logic and Structured Designs
— Three Dedicated Clock Input Pin@gf?

Global Routing Pool
(GRP) H
&

ys"

A3
1,
Y

GLB Array

Output Routing Pool (ORP)

| Output Routing Pool (ORPﬂ

S| and ispLSI 2032 are High Density
ble Logic Devices. The devices contain 32
rs, 32 Universal 1/O pins, two Dedicated Input
three Dedicated Clock Input Pins, one dedicated
lobal OE input pin and a Global Routing Pool (GRP).
The GRP provides complete interconnectivity between

7
&

— Synchronous and Asynchronods,Clacks §\ all of these elements. The ispLSI 2032 features 5-Voltin-

— Flexible Pin Placement y% g@ﬁ“& system programmability and in-system diagnostic

— Optimized Global Routir Poal Provide f §ba| capabilities. The ispLSI 2032 offers non-volatile "on-the-

Interconnectivity gfox\ég\i\§@&§ fly" reprogrammability of the logic, as well as the
- . . )

* pLSlispLSI DEVELO T y‘&i@@,@ps@) interconnects to provide truly reconfigurable systems. It

pDS Software @ : Lo f‘f is architecturally and parametrically compatible to the

) \ IRdOWS™ Intertace pLSI 2032 device, but multiplexes four input pins to

— Easy to.l
— Bogj\&%: control in-system programming.
— Yanbal Pppitiohjng’

_ ml The basic unit of logic on the pLSI and ispLSI 2032
— Statie.Timi devices is the Generic Logic Block (GLB). The GLBs are

o labeled AO, A1 .. A7 (see figure 1). There are a total of
eight GLBs in the pLSI and ispLSI 2032 devices. Each
GLB is made up of four macrocells. Each GLB has 18

Environments

— Schematic Capture, State Machine, HDL inputs, a programmable AND/OR/Exclusive OR array,
— Automatic Partitioning and Place and Route and four outputs which can be configured to be either
— Comprehensive Logic and Timing Simulation combinatorial or registered. Inputs to the GLB come from
— PC and Workstation Platforms the GRP. 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 © 1994 Lattice Semiconductor Corp. All brand or product names are or reg 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. 1994 Data Book

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037
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Specifications pLSI and ispLSI 2032

Functional Block Diagram

Figure 1. pLSI and ispLSI 2032 Functional Block Diagram

_

Output Routing Pool (ORP)

Global Routing Pool
(GRP)

*ispLS! 2032 Only Eny

drivers can Squiesy4 mA or sink 8 mA.

Eight GLBs, 32 1/0 cells, two dedicated inputs and two
ORPs are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
asetof 32 universal /O cells by the ORP. EachpLSland
ispLSI 2032 devices contain one Megablock.

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

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 pLSI and ispLSI 2032 devices are selected
using the dedicated clock pins. Three dedicated clock
pins (YO, Y1, Y2) or an asynchronous clock can be
selected on a GLB basis. The asynchronous or Product
Term clock can be generatedin any GLB forits own clock.
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Specifications pLSI and ispLSI 2032

Absolute Maximum Ratings 1

Supply Voltage Vg, . - oo ovoveviiii il -0.5 to +7.0V
Input Voltage Applied. . ............. -2.5to Ve +1.0V
Off-State Output Voltage Applied . . . . .. -2.5to Vgg +1.0V
Storage Temperature ... ............... -65 to 125°C
Ambient Temp. with Power Applied . ... . ... -55 to 125°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 is specification
is not implied (while programming, follow the programming specifications).

D Reco ended Opera ® onditio
G o,y
SYMBOL | PARAMETER My [N Cwaxe’ | unirs
TA Ambient Temperature y E‘?«,& e %@3«’?0 °C
Vce Supply Voltage 4 5.25 v
ViL Input Low Voltage 0.8
VIH Input High Voltage 2.0 Veec+ 1

Capacitance (T,=25°C,f=1.0 MHz)

SYMBOL | PARAMETER
C, Dedicated Input Capacigfi

C, VO and Clock Capgétanbe ™, %, 2

MAXIMUM! | UNITS | TEST CONDITIONS
8 pt Ve=5.0V, V,=2.0V
10 pt Ve=5.0V, V,q, Vy=2.0V

Table 2- 0006A

MINIMUM MAXIMUM UNITS
Data Retehfioh, 20 - YEARS
ispLS! Erase/Refrogram Cycles 1000 - CYCLES
pLS! Erase/R‘éprogram Cycles 100 - CYCLES

Table 2-0008A-2032-isp
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Lattice Specifications pLSI and ispLSI 2032

Switching Test Conditions

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

Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V

Device _ Test

+5V
% i

Output Load See figure 2 Output -T_ > point
% N

3-state levels are measured 0.5V from steady-state
active level.

Table 2- 0003

Output Load Conditions (see figure 2)

C|_ includes Test Fixture an

Test Condition R1 R2 cL
A 470Q 390Q 35pF
B | Active High oo 390Q 35pF

Active Low 470Q 390Q 35pF

Active Highto Z oo 390Q 5pF
C | atV,,-0.5V

Active Lowto Z 470Q 390Q 5pF

atV, +0.5V

DC Electrical Characteristics ,
)perating Conditions

SYMBOL PARAMETE }f’\\ ? <’  CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL [Output Low Volta m lo.=8 MA - - 0.4 v
VOH  [Output High Volfdde “pmy 3\)«?" lon =-4 MA 2.4 - - v
m o [ OV <V <V, (MAX) - - 10 | pA
IH 35V V< Ve, - - 10 HA
|IL-isp oVsVsV - - -150 LA
hiL-p VsV Vy - - -150 kA
los! Voo = 5V, Vogr= 0.5V 60 Z | 200 | mA
lcc2 V,=0.5V, V,=3.0V - 40 - mA

frocae = 1 MHz

-t

. 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 two 16-bit counters.

3. Typical values are at V. = 5V and T, = 25°C. Table 2- 0007isp/2032
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Over Recommended Operating Conditions

5(42 -135 -110 -80
PARAMETER &E)f‘}) DESCRIPTION! UNITS
. MIN. |MAX.|MIN.| MAX. | MIN. [MAX.
tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORPbypass | — | 75| — |10.0| - |15.0| ns
tpd2 A | 2 | Data Propagation Delay - (10.0] - |133] - [200] ns
max A | 3 | Clock Frequency with Internal Feedback® 137 - p10.7] - 80 - | MHz

fmax (Ext.) — | 4 | Clock Frequency with External Feedback(mzlm‘) 100| - ]79.2| - 50 | — | MHz
fmax (Tog.) | — |5 | Clock Frequency, Max Toggle? 167 | - 100 | - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 4 - - ns
tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass - | 45 ._‘ii 100] ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass o | - ,.EQM.,.Q “\& - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock 55| - 10. - ns
tco2 ~ [10[ GLB Reg. Clock to Output Delay - [557 12.0| ns
th2 — |11] GLB Reg. Hold Time after Clock 0¥ o | - ns
tr1 A [12] Ext. Reset Pin to Output Delay ‘i% - |17.0] ns
trw1 - [13] Ext. Reset Pulse Duration 5 | 1 100 - | ns
tptoeen B [14] Input to Output Enable A{:; “WV - 1180 ns
tptoedis C [15] Input to Output Disable // g - T"12.0 - |18.0] ns
tgoeen B [16] Global OE to Output Enable j/}{* \\ 6.0 - |95 ns
tgoedis C [17] Global O to Output Disable %, & B - Teo0 - 95| ns
twh - [18] External Synchronous ClogK Putsg Biurati gh | 30| - 50 - | ns
twi — |19] External Synchronoug«Gfock Rulse E%aﬁdﬁ, Low | 30| - 50 - | ns

1. Unless noted otherwise, all parameters use 20 P* oRP.

2. Refer to Timing Model in this data sheet fog

3. Standard 16-Bit loadable counter using &HE,

4, fmax (Toggle) may be less than 1/(twl# for a clock duty cycle of other than 50%.

5. Reference Switching Test Conditje

Table 2 - 0030A/2032-135

J
1
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Internal Timing Parameters?

Over Recommended Operating Conditions

PARAMETER| #2 | DESCRIPTION 135 110 80 luns
MIN. |MAX.| MIN.|MAX. | MIN. | MAX.
Inputs
tiobp 20 | /O Register Bypass - [10f-[13]- [20 ns
tdin 26 | Dedicated input Delay - |26 - [35 ] - |40 ns
GRP
torp | 28 lGRP Delay I - l 1.3 I - | 1.7 | I 2.0 Lns
GLB N
t4ptbp 33 | 4 Product Term Bypass Path Delay - 132} - L&«» ;—zﬁ 6.5 ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - | a0 ms} %] 76 ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - | 47 F"é\ Qéﬁ; 8.0 ns
txoradj 36 | XOR Adjacent Path Delay® - Mk— 7Rl — |95 ns
tgbp 37 | GLB Register Bypass Delay I % R M - 1.0 ns
tosu 38 | GLB Register Setup Time before Clock F"‘%‘% i - 1.0 - ns
tgh 39 | GLB Register Hold Time after Clock w% d"“‘ b45 | - a5 | - ns
tgco 40 | GLB Register Clock to Output Delay jx{{ i =@ | - [o2 | - [20 | ns
tor 41 | GLB Register Reset to Output Delay ﬁvx\‘\ 11 - |15 - |25 ns
tptre 42 | GLB Product Term Reset to Reglster Dala, & wgf - (44| - [59 [ - 00| ns
tptoe 43 i - |65 - |72 |- |90 | ns
tptck 44 W b 33| 334444 |35 (35 | ns
ORP ‘}jz
torp 45 | ORP Delay 4 &X% - |13} - |17]- |25 ns
torpbp 46 | ORP BypasgBsldy, %,  } %% - o3l -loa |- Jos5] ns
Outputs ' ENIRNY 4
tob 47 | Outpl ﬁ‘e{@‘&aﬁﬁ’" - [12]-T16]- T30 ns
toen 48 Mé}l O&l‘%ﬁt Enabled - |22 -143]- Is0 | ns
todis JE: 6] IQLR Mo Output Disabled — |22 - 143 |- [50 ] ns
Clock % NN
tgyo/ 50 | Cigek Delay, YO0 to Global GLB Clock Line (Ref. clock) [ 2.3 [ 23 [3.1 [31 45 [45 | ns
Global Resets
tor }225’%' | Global Reset to GLB - |64] - |85 ]| - |90 ns
1. Intemal Timing Parameters are not tested and are for reference only. Table 2- 0036A-16/135/110

2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
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pLSI and ispLSI 2032 Timing Model

/O Cell GRP GLB ORP VO Cell
A AN N A

Feedback

Lm/.a'Lj

- 10 Delay GRP L.I Reg 4 PT Bypass | _ GLB Reg Bypass ORPBypass | >
@ #20 | 8 | #33 o Piny
(Input)

20 PT
XOR Delays

#37 #46 M herrr
GLB Reg ORP
Delay Delay
#34, 35,36 o a > :

RST
I Roset #55 »l '28: 3?,
ya
Control RE

L»{PTs  OE

#42“43, CK -l

[NXED, 50 > w‘*jg
#56,57 %,
[GoEo : P e
N7
B

o oy )
f‘i& %égﬂw"m»#w

*Note: Y1 and Y2 only for pLSI end ispLSI 1016 &#(;,: ’»;z“"%% \?,, 5 A"‘w;;; 049172002
QY N %‘*ﬁ“ '
S i 'Nﬁ 2&*‘”
Derivations of tsu, thsahd tcg:{r h’é Product Term Clock!
tsu K Jrhin

)
+ (tgsu) - (tiobp + tgrp + tptck(min))
) (#20 +#28 + #44)

ackymé )+Regh-Loglc

A Lo+ torp + tptck(max)) + (tgh) - (tiobp + tgrp + t20ptxor)
R50 + #28 + #44) + (#39) - (#20 + #28 + #35)

(1.0+1.3+3.3)+(3.0)-(1.0+ 1.3+ 4.7)

Clock (max) + Reg co + Output

tiobp + tgrp + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47
(1.0+1.3+3.3)+(0.7) +(1.3+1.2)

Note: Calculations are based upon timing specifications for the pLS| and ispLS| 2032-135L.
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Power Consumption

Power Consumption in the pLSI and ispLSI 2032 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
90+
80 -
70
60
50

40 | L L ! I L L
0 20 40 60 80 100 120 14

fmax (MHz)

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

pLSI and ispLSI 2032

Icc (mA)
T 1

Icc can be estimated for the pLSI and ispLSI 2032 using the folloy

lcc =23 + (# of PTs * 0.33) + (# of nets * Max freq * 0.011)
# 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 conditigﬁé’ C

average exists. These values are for estim e value of IcC is sensitive to operating conditions and the

0127A-16-80-isp/2000
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In-System Programmability

The ispLSI devices are the in-system programmable
versions of the Lattice high density programmable 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.

Figure 4. ISP Programming Interface

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 inter-
face 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 of the programming interface for
the ispLSI devices. For details on the operation of the
internal state machine and programming of the device
please refer to the in-system programn;jﬁ?section in this
Data Book. A\
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Laﬂlce Specifications pLSI and ispLSI 2032

ISP Programming Voltage/Timing Specifications’

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcep Programming Voltage 4.75 5 5.25 Y;
Iccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High iSpEN = Low 20 - | Veep v
ViLP Input Voltage Low 0 - 0.8 v
lip Input Current - 100 | 200 pA
VOHP Output Voltage High lon = -3.2 MA 24 - | Vcep v
VoLpr Output Voltage Low lo.=5mA 0 - 5 v
tr, tr Input Rise and Fall VL
tispen ispEN to Output 3-State Enabled - Aa WN, us
tispdis ispEN to Output 3-State Disabled »° | s
tsu Setup Time | 0T %0 - s
tco Clock to Output R 1[4 05 _ us
th Hold Time 0.5 - s
telkh, telki Clock Pulse Width, High and Low 1 - ps
towv Verify Pulse Width 30 - us
towp Programming Pulse Width - 100 ms
tbew Bulk Erase Pulse Width AR 200 - - me
trst Reset Time From Valid Vocp PP, B3 Y, 45 - = us

Table 2- 0029 isp-C

1. ISP Programming is guaranteed for T, = 0°C to 70°G+43
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Figure 5. Timing Waveform for In-System Programming |
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Figure 7. ispLSI 2032 Shift Register Layout
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Note: A logic "1" in the address shift register enables the row for programming or verification.

A logic "0" disables it.
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Pin Description

Name PLCC Pin Numbers Description
/00-1/03 15, 16, 17, 18, Input/Output Pins - These are the general purpose I/O pins used by the
1/104-1/07 19, 20, 21, 22, logic array.
/0 8 - 1/0 11 25, 26, 27, 28,
/012 -1/0 15 29, 30, 31, 32
/016 - 1/0 19 37, 38, 39, 40,
/020 -1/0 23 41, 42, 43, 44, ‘
I/O 24 - 1/0 27 3, 4 5 6 |
/0 28 - 1/O 31 7 8 9 10 T :
GOE 0 2 Global Output Enable input pin. @f&“&\
YO 11 Dedicated Clock input. This clock inp e ec';a\@ of the

clock inputs of all the GLBs in the d
Y1/RESET 35 This pin performs two functions:

’ clock inputs of all the . B
2. Active Low (0) Res Bi h

ispEN*/NC 13 dfamming enable pin. this pin is
progra ming mode. When low, the MODE,
me active.
MODE"/NC 36 WSH controls operation of ISP state-machine.
SDI*/INO 14 _Ahis p » tions:
I pin when not in ISP mode
put when in ISP mode
SDO*/IN1 24 ; |
Deditated input pin when not in ISP mode. !
ial data output when in isp mode.
SCLK*/Y2 33 is pin performs two functions:

1. Dedicated Clock input. This clock input is connected to one of the
clock inputs of all the GLBs in the device.

2. Input - When in ISP mode, functions as a clock pin for the Serial
Shift Register.

Ground (GND)
Vv,

cC

Table 2- 0002A-08isp/2000
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Pin Description

Name TQFP Pin Numbers Description
/00-1/03 9, 10, 11, 12, Input/Output Pins - These are the general purpose I/O pins used by the
/104-1/07 13, 14, 15, 16, logic array.
1/08-1/0 11 19, 20, 21, 22,
/1012 -1/0 15 23, 24, 25, 26,
/016 -1/0 19 31, 32, 33, 34,
1/0 20 - 1/0 23 35, 36, 37, 38,
/024 -1/0 27 41, 42, 43, 44,
1/0 28 - 1/0 31 1, 2, 3, 4
GOE 0 40 Global Output Enable Input Pin. f*‘"‘\ s
&

ispEN*/NC 7 Input — Dedicated in-system progral t pin. This pin
is brought low to enable the pro gramm e MODE, SDI,
SDO and SCLK options beco ) s

SDI*/INO 8 Input—This pin performs4# dedicated input pinwhen
|spEN is logic high. W | ‘- , it functions as an input

pin to load prograpami

MODE*/NC 30 Whet & de, controls operation of ISP state-machine.

SDOYIN 1 18
fiperforms two functions. It is a dedicated clock input
NS logic high. This clock input is brought into the Clock
SCLK*/Y2 27 I etwork and can ogtlonally be routed toany GLB and/or

indor he Serial Shlft Register.

%edicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.

Yo This pin performs two functions:
_— — Dedicated clock input. This clock input is brought into the Clock
Y1/RESET A Distribution Network, and can optionally be routed to any GLB
o and/or I/O cell on the device.
& — Active Low (0) Reset pin which resets all of the GLB and 1/0
\ registers in the device.
GND X 17, 39 Ground (GND)
Vce 6, 28 Ve
* For ispLSI 2032 Only Table 2000262032
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Pin Configuration ;
|

pLSI and ispLSl 2032 44-pin PLCC

RNER8ITRYIR2
0200235220999
minisinininisinisinis) :
6 5 4 3 2 1 444342 41 40 ‘
1o 28 7 39[Jv0 18
1029 8 38[J1v0 17
y0 30 [Jo 37[]1/0 16
/0 31 []10 36 ] NC/MODE*
Yo []11 pLSi 2032 351 Y1/RESET §
__vcc Qe and 4[] vee ﬁQi
*ispEN/NC Ij 13 |$pLSI 2032 331 Y2/SCLK" e \
*SDI/INOEM 32]!/0153 \ v
oo s 3114 /A eﬂ**
I/01E16 so[d1o1
o2 17 NQ\E\”
18 19 20 21

0123B3/2000

lp 1 1/0 18
2 32[110 17
3 31[J1/0 16
4 30[] NC/MODE*
5 pLSI 2032 29[ Y1/RESET
\Q& 6 and 28[] vCC i
) *ispEN/NC []7 . 27[1 Y2/SCLK*
v *spiIN o [ s ispL.Sl 2032 26110 15
oo 0o 2511 1/0 14
Vo110 24[171/013
o2 11 23110 12
12 13 14 15 16 17 18 19 20 21 22
L
QRRRLFZ22c0
o ==
a
n
* ispLSI 2032 Only * oss1-2032
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Specifications pLSI and ispLSI 2032

Part Number Description

(is)pLSI 2082 -XXX X X

XX X

Device Family —I

Device Number

T

Speed
135 = 135 MHz fmax
110 = 110 MHz fmax

80 = 80 MHz fmax

pLSI and ispLSI 2032 Ordering Information

Grade

Blank = Commercial
Pin Count

44 = 44 Pins
Package

Device Family |fmax (MHz) Package
135 Ll $2032-135L 44 44-Pin PLCC
pLSI 2032-135LT44 44-Pin TQFP
pLSI 2032-110LJ44 44-Pin PLCC
pLSI > pLS| 2032-110LT44 44-Pin TQFP
G pLSI 2032-80LJ44 44-Pin PLCC
15 pLSI 2032-80LT44 44-Pin TQFP
135 75 ispLSI 2032-135LJ44 44-Pin PLCC
135 75 | ispLSI2032-135.T44 44-Pin TQFP
110 10 ispLSI 2032-110LJ44 44-Pin PLCC
110 10 ispLSI 2032-110LT44 44-Pin TQFP
80 15 ispLSI 2032-80LJ44 44-Pin PLCC
80 15 ispLSI 2032-80LT44 44-Pin TQFP

Table 2- 0041A-08isp/2000
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pLSI° and ispLSI” 3000 Family

Introduction to pLSI and ispLSI 3000 Family

Lattice Semiconductor’s pLSI (programmable Large Scale
Integration) and ispLSl (in-system programmable Large
Scale Integration) 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 Lattice pLSI and ispLSI 3000 Families are the third
generation to combine the performance and ease of use
of PLDs with the density and flexibility of FPGAs.

The pLSI and ispLSI 3000 Family is ideal for high density
designs, where integration of complete logic sub-sys-
tems into a single device is necessary.

The ispLSI devices have also pioneered non-volatile, in-
system programmability, a technology that allows real-time
programming, less expensive manufacturing and end-
user feature reconfiguration.

Lattice’s E2CMOS technology features reprogrammabil-
ity, the ability to program the device again and again to
easily incorporate any design modifications. This same
capability allows full parametric testability during manu-
facturing, which guarantees 100 percent programming
and functional yield.

All necessary development tools are available from Lat-
tice and third-party vendors. Development tools offered
range from Lattice’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. pDS+ sys-
tems support schematic capture, state machine, Boolean,
and HDL Design entry. Designs can now be completed
in hours as opposed to days or weeks.

pLSI and ispLSl Product 3000 Family
Q 110 MHz System Performance

10 ns Pin-to-Pin Delay

Deterministic Performance

High Density (8000 - 14,000 PLD Gates)
Flexible Easy-to-Use Architecture
In-System Programmable (ispLSl)
Boundary Scan (IEEE 1149.1)

0O 0000 0o

pLSI and ispLSI Technology

Q UltraMOS E2CMOS — the PLD Technology of
Choice

Q Electrically Erasable/Programmable/
Reprogrammable

Q 100% Tested During Manufacture

O

100% Programming Yield

Q Fast Programming

pLSI and ispLSI Development Tools

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

Q HDL Boolean Equation and Schematic Capture
Entry

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

Q Timing and Functional Simulation

Q PC and Workstation Platforms
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3000 Family Overview

The pLSI and ispLSI 3000 family of high-density devices
address high-performance system logic designs imple-
menting logic functions, ranging from registers, to
counters, to multiplexers, to complex state machines.

With up to 14,000 PLD gates density, the pLSl and ispL S|
3000 Family provides a wide range of programmable
logic solutions which meet tomorrow's design require-
ments today.

Table 1. pLSI and ispLSI 3000 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 /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 3192 3256 3320

Density (PLD Gates) 8,000 11,000 14,000
Speed: fmax (MHz) 110 80 80
Speed: tpd (ns) 10 15 15
Macrocells 192 256 320
Registers 288 384 480
Inputs + /O 96 128 160

Pir/Package 128-pin PQFP }g‘;jg!',“ S 28?:2}’; pas

Figure 1. 3000 Family Packages

pLSI 3192
&

pLSI 3256
&

ispLSi 3192 IspLSI 3256

Table 1- 0003A-3000

pLS13320
&

ispLSI 3320

128-Pin PQFP 160-Pin MQFP 208-Pin MQFP
pLSI 3256 pLS13320
& &
ispL.SI 3256 ispLSl 3320
- |
167-Pin CPGA
207-Pin CPGA
0288-1608-3000
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pLSI° and ispLSI™ 3256

High Density Programmable Logic

Functional Block Diagram

* HIGH DENSITY PROGRAMMABLE LOGIC

— High Speed Gilobal Interconnect

— 128 1/0 Pins

— 11000 PLD Gates

— 384 Registers

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

— Small Logic Block Size for Random Logic

¢ HIGH PERFORMANCE E2CMOS® TECHNOLOGY

— fmax = 80 MHz Maximum Operating Frequency
— tpd = 15 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 5-Volt Only

— Change Logic and Interconnects "On-the-Fly" in
Seconds

— Reprogram Soldered Devices for Debuggmgx’»

* 100% IEEE 1149.1 BOUNDARY SCAN COMP

* OFFERS THE EASE OF USE AND FA STE
SPEED OF PLDs WITH THE DENSI N FLE
OF FIELD PROGRAMMABLE G

— Synchronous a
— Flexible Pin
— Optimize,
Interc ci &
* pLSl/ispLSI D I-fkggMENT SYSTEM (pDS®)
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

ool Provides Global

AND Array

OttFlt

Description

&& The Lattice pLSI and ispLSI 3256 are High Density
Programmable Logic Devices which contain 384 Regis-
ters, 128 Universal 1/O pins, five Dedicated Clock Input
Pins, eight Output Routing Pools (ORP), and a Gilobal
Routing Pool (GRP) which allows complete inter-con-
nectivity between all of these elements. The ispLSI 3256
features 5-Voltin-system programmability and in-system
diagnostic capabilities. The ispLSI 3256 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 compat-
ible to the pLSI 3256 devices, but multiplexes four input
pins to control in-system programming.

The basic unit of logic on the pLSI and ispLSI 3256
devices is the Twin Generic Logic Block (Twin GLB)
labelled A0, A1...H3. There are a total of 32 of these Twin
GLBs in the pLSI and ispLSI 3256 devices. Each Twin
GLB has 24 inputs, a programmable AND array and two
OR/Exclusive-OR Arrays, and eight outputs which can
be configured to be either combinatorial or registered. All
Twin GLB inputs come from the GRP.

ive holders. The ifications and i ion herein are

Copyright © 1994 Lattice Semiconductor Corp. All brand or product names are
subject to change without notice.

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

Tel. (503) 681-0118; 1-800-LATTICE; FAX (503) 681-3037

or regi of their resp

1994 Data Book
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Specifications pLSI and ispLSI 3256

Functional Block Diagram

Figure 1. pLSI and ispL.Sl 3256 Functional Block Diagram
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Description (continued)

All local logic block outputs are brought back into the
GRP so they can be connected to the inputs of any other
logic block on the device. The device also has 128 1/0
cells, each of which is directly connected to an I/O pin.
Each /O cell can be individually programmed to be a
combinatorial input, a registered input, alatched input, an
output or a bidirectional I/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.

The 128 I/O Cells are grouped into eight sets of 16 bits.
Each of these I/O groups is associated with a logic
Megablock through the use of the ORP. These groups of
16 1/0 cells share one Product Term Output Enable and
two Global Output Enable signals.

Four Twin GLBs, 16 /O Cells and one ORP are con-
nected together to make a logic Megablock. The
Megablock is defined by the resources thatitshares. The
outputs of the four Twin GLBs are connected to a set of

16 I/O cells by the ORP. The pLSI and ispLSI 3256 f

Device contains eight of these Megablocks.

The GRP has as its inputs the outputs from all of the
GLBs and all of the inputs from the bidirection.
All of these signals are made available to the ifputs
Twin GLBs. Delays through the GRP have been‘gq
ized to minimize timing skew and | i

Clocks in the pLS! and ispLS| 3256 devices are provided
through five dedicated clock pins. The five pins provide
three clocks to the Twin GLBs and two clocks to the /O
cells.

The table below lists key attributes of the device along
with the number of resources available.

An additional feature of the pLSI and igp}
Boundary Scan capability, which igx

Key Attributes of the pLS! and ispLS| 3256

\Eﬁeﬂce ispplfl.ssllasnzdse
\ ¢~ Twin GLBs 32
Registers 384
I/O Pins 128
Global OE 2
Test OE 1

Table 1- 0003Aisp/3256
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Absolute Maximum Ratings !

Supply Voltage V. . oo vvvcvvv it -0.5 to +7.0V

Input Voltage Applied. . ............. -2.5to Vgc +1.0V

Off-State Output Voltage Applied . . . . .. -2.5 to Vgg +1.0V

Storage Temperature . . . ............... -65 to 125°C

Ambient Temp. with Power Applied . . . .. ... -55 to 125°C

1. Stresses above those listed under the “Absolute Maximum Ratings” may cause permanent damage $ device. Functional
operation of the device at these or at any other conditions above those indicated in the operational =:6f this specification

is not implied (while programming, follow the programming specifications). i

D Reco ended Opera 0 onditio
- '

SYMBOL | PARAMETER L W max UNITS
TA Ambient Temperature X ‘ 70 o
Vvce Supply Voltage 4.75 5.25 \
ViL Input Low Voltage 0 0.8 \
ViH Input High Voltage 2.0 Vee + 1 \

Capacitance (T,=25°C,f=1.0 MHz)

1
SYMBOL PARAMW A\W MAXIMUM UNITS | TEST CONDITIONS

C, Dedicatef ThpitBapapishte 8 pf Ve=5.0V, V,=2.0V
C, VQErE.Clbok Bapagitance 10 pf Voe=5.0V, Vi, Vy=2.0V

Data R'e'ierijtibn‘ Sp)e'cifications

jry

. Guaranteed

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
ispLS| Erase/Reprogram Cycles 1000 - CYCLES
pLSI Erase/Reprogram Cycles 100 - CYCLES
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mEE
mEm
LA
Switching Test Conditions i
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
Output Load See figure 2 Device Test
3-state levels are measured 0.5V from steady-state Output Point |
active level.
Table 2- 0003
Output Load conditions (figure 2)
Test Condition R1 R2 CcL

*CL includes Test Fixture

A 470Q 390Q 35pF
B Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z o 390Q 5pF

C | atV,, -05V

Active Low to Z 470Q 390Q
atV, +0.5V

DC Electrical Characteristics

fimended Operating Conditions

SYMBOL CONDITION MIN. [ TYP.3 | MAX. | UNITS
VoL |Output [tag8, lo. =8 MA - - 0.4 \
VOH [Ouwpdf f}}v&%g‘? loy =-4 MA 2.4 - - V
e Inpmﬁ Low'Eeakage Current oV <V <V, (MAX) - - -10 HA
IH Input @igh Leakage Current 35V V< Voo - = 10 pA
liL-isp Bscan/%ﬁlnput Low Leakage Current | OV < Viy <V, - - -150 nA
liL-pu |VO Active Pull-Up Current oV<V,<V, - - 150 RA
lost! |Output Short Circuit Current Vee =5V, Vour= 0.5V -60 - -200 mA
IcCc2 |Operating Power Supply Current V.= 0.5V, V,=3.0V - 150 - mA

frocaie = 1 MHz

pury

. 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 sixteen 16-bit counters.

3. Typical values are at V., =5V and T, = 25°C. Tatde 2- 0007Iapi8256

2-173 1994 Data Book



Specifications pLSI and ispLSI 3256

External Switching Characteristics!: 2,3

Over Recommended Operating Conditions

sl 2 -806 -70 -50
PARAMETER| TEST® 4°| DESCRIPTION! UNITS
Conp. MIN. [MAX.| MIN. [MAX] MIN. [MAX

tpd1 A | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 5] - 17 - | 28 ns
tpd2 A | 2 | Data Propagation Delay - - a ns
fmax A | 3 | Clock Frequency with Internal Feedback® go| - |70 N’ o] - | MHz
fmax (Ext) | - |4 [Clock Frequency with External Feedback (1) - 1= - | MHz
fmax (Tog.) | - |5 [Clock Frequency, Max Toggle? - - T - | MHz
tsu1 - | 6 |GLB Reg. Setup Time before Clock, 4PT bypass ,& M@V _ ns
tcot A | 7 | GLB Reg. Clock to Output Delay, ORP bypass - o Sy e - ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 4 o | r% - ns
tsu2 -~ | 9 | GLB Reg. Setup Time before Clock {'\a\ - - | ns
fco2 — |10] GLB Reg. Clock to Output Delay | o, - - ns
th2 — |[11] GLB Reg. Hold Time after Clock - - ns
tr1 A |12[Ext. Reset Pin to Output Delay " ’\ % - - - ns
trw1 — |13] Ext. Reset Pulse Duration i \ \‘y - - -1 ns
tptoeen B [14[Input to Output Enable M\\\ﬁé‘” - - - ns
tptoedis C |15] Input to Output D|sabl9»°g m‘k&f - - - ns
tgoeen B |16 Global OE Output \;& \gi@ - - - ns
tgoedis C [17]Global OE O Dlsalﬁé\‘ - = = ns
ttoeen - [18[Test OE @ﬁt t Bgable} %i¢ - - - ns
ttoedis - [ 19| Test@E Rttput Rjsablg - - - ns
twh - |20 Eﬁ?ﬁfﬁpﬁy‘%@ﬁe Duration, High - | - - - | ns
twi - SWﬁqulse Duration, Low - | = - - ns
tsu3 % w»etup Time before Ext. Sync. Clock (Y3,Y4)] - - - - ns
tha P #Q fxe§. Hold Time after Ext. Sync. Clock (Y3,Y4) | - | - - — 1 ns

1. Unless fdted oiaéfvise, 4 ‘f;rameters use 20 PTXOR path and ORP. Table 2 -0030A/3256

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

3. Standard 16-B% cdgiiter using GRP feedback.

4. fmax (Toggle) @ay 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.

6. Contact factory for additional information.
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Internal Timing Parameters? |

Over Recommended Operating Conditions 3

. -80* 70 -50 |
PARAMETER| #° [ DESCRIPTION UNITS ‘
MIN. [max.| miN.|MAX] MIN. [MAX]

Inputs

tiobp 24 | 1/O Register Bypass - - 2 ) A27] ns

tiolat 25 | I/O Latch Delay - - 34 4 [41] ns

tiosu 26 | I/O Register Setup Time before Clock - 9 a3 1@\\2\ - ns

tion 27 | /0 Register Hold Time after Clock - LA a2l ns

tioco 28 | 1/0 Register Clock to Out Delay - \ = ] 271 ns

tior o9 | /0 Register Reset to Out Delay -] N3l - [47] ns

GRP RN

tgrp l 31 [GRP Delay QQMN[D;SN “\4 ~ | 4 | - | 5.4 I ns

GLB AN\

taptop 37 | 4 Product Term Bypass Path Delay Q@‘%“ w5 - | 65 - | 88 ns

t1iptxor 38 | 1 Product Term/XOR Path Delay i\ ] - - 7 - 195 ns

tooptxor 39 | 20 Product Term/XOR Path DeIay,»’ &&* - - 8.5 - | 115 ns

txoradi 40 | XOR Adjacent Path Delay® 2 %@"f - - 10 - | 135] ns

tgbp 41 | GLB Register Bypass Deldy™\ N - - 1 - | 14| ns

tgsu 42 | GLB Register Setup,:{gme befo\C\e@" - |15 - 2| -1 ns

tgh 43 | GLB Register Holt"\jme, after Clagk’ - f9o | - f122] - | ns

tgco 44 | GLB Hegis}%ﬁ%@& tNlM{i@ﬁelay - - 115 - 2] ns

tor 45 | GLB Register'@eset 10\Qufput Delay - - |os] - |34] ns

tptre 46 G@&é@uc&&ﬁéﬁet to Register Delay - - 10 - | 135] ns

tptoe 47 Y/GLB PrdduetJerh Output Enable to /O Cell Delay - - 9] - |122] ns

tptck e \§\,§Q§w’rerm Clock Delay 35 | 75| 47 | 101] ns

ORP ¢ v &

torp Xg @RP Delay - - 2 - 1271 ns

torpbp 5@+ ORP Bypass Delay - - |los] - ]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 Lattice Hard Macros.

4

. Contact factory for additional information.
Table 2- 0036A/3256

i
|
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Internal Timing Parameters!

Over Recommended Operating Conditions

) -80° -70 -50
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.| MIN. |MAx. MIN. |MAX.
Outputs
tob 51 | Output Buffer Delay - - | 3 ] |41] ns
toen 52 | 1/0 Cell OE to Output Enabled - - | B¢ |68] ns
todis 53 | 1/O Cell OE to Output Disabled - - & 5™ 6.8 | ns
Clocks ay e
tgyor1/2 54 | Clock Delay, YO or Y1 or Y2 to Global GLB Clock Line 84 @ 1141 ] ns
(Ref. clock) ¢ \
tioys/4 56 | Clock Delay, Y3 or Y4 to I/O Cell Global Clock Line b \Y “ 1 14114 ns
Global Reset e
tor | 57 | Global Reset to GLB and /0 Registers Z1-178] - [101] ns
1. Internal Timing Parameters are not tested and are for reference on
2. Refer to Timing Model in this data sheet for further details. Table 2- 0037A/3256
3. Contact factory for additional information.
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i
pLSI and ispLSI 3256 Timing Model |

VO Cell GRP GLB ORP /O Cell
N A P~ A N
-~ ~ - ~ — -~ ~
Feedback
70 Pir>—e VOR:ngypass ‘(::P o 4P‘I;::pass _| a GLB R:?naypass | ORP,:;PESS |
(Input) _l——l I = =R lﬂl (Output)
Input 20 GL ORP
D Regigbro XOR Delays Dala;g Delay 448, 49
[.RSTﬁ_% 1 o4, 35,36 D Q o P
A
Resel )@ 455
var N
Control RE
| PTs OE
#42, 43, CK
44
|Y0,1,2 )— #50
|GOEO.1 >
TOE

Derlvations of th an &1ch frotrthe Product Term Clock!

glogk (min)
2#0ptxor) + (tgsu) - (tiobp + tgrpa + tptck(min))
) + (#42) - (#24+ #31+ #48)
BY+(15)-(2+4+35)
'max) + Reg h - Logic
p + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgmp4 + t2optxor)
(#24+ #31+ #48) + (#43) - (#24+ #31+ #39)
§= (2+4+75)+(9)-(2+4+8.5)
= Clock (max) + Reg co + Output

?iobp +tgpa + tptck(max)) + (tgeo) + (torp + tob)

#24 + #31 + #48) + (#44) + (#49 + #51)
20ns= (2+4+7.5)+(1.5)+(2+3)

Note: Calculations are based on timing specs for the ispLSI 3256-70L.
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Power Consumption
Power Consumption in the pLSI and ispLSI 3256 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 pLSI and ispLSI 3256

Lo
«‘;ﬁf §g

/7
.f*’&i}\\,
,«*‘"‘%}?\\‘ s
™3

)

| | | | | |

4
0 10 20 30 40 50 \%23, vl
fmax (MHz), .\ ﬁfgéﬁ
- C—m\N

The Icc estimate is based »
average exists. These valy ates only. Since the value of I is sensitive to operating conditions and the
) uld be verified.

0127A-16-80-isp/3000
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Specifications pLSI and ispLSI 3256

In-System Programmability

The ispLSl devices are the in-system programmable
versions of the Lattice high density programmable 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.

Figure 4. ISP Programming Interface

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 inter-
face 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 of the programming interface for
the ispLSI devices. For details on the¢.dperation of the

frraifg of the device
pgection in this

ispLSI

SDO
SDI 5-wire ISP
MODE Programming
SCLK Interface
ispEN
|~ /
& v
‘ S ispGAL ispGDS
@f&%ﬁ\ f*’ p

A/

02948
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Specifications pLSI and ispLSI 3256

ISP Programming Voltage/Timing Specifications

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcep Programming Voltage 475 5 5.25 \
Iccp Programming Supply Current - 50 100 mA
VIHP Input Voltage High ispEN = Low 2.0 - | Veep v
ViLp Input Voltage Low 0 - 0.8 \%
P Input Current - 100 | 200 HA
VOHP Output Voltage High loy = 3.2 MA 24 | a*fiveer v
VoLp Output Voltage Low lo= 5 MA 0 e, 105 v
tr, tf Input Rise and Fall =Sy 0 | ps
tispen ispEN to Output 3-State Enabled T y 10 us
tispdis ispEN to Output 3-State Disabled {N’%% - \% % 10 us
tsu Setup Time ﬁ %%» 0t 0.5 - ps
tco Clock to Output m}é& %,,« , 01 0.5 - s
th Hold Time AT o1 [ o5 | - us
teikh, telki Clock Pulse Width, High and Low AN N 0.5 1 _ us
towy Verify Pulse Width AR 20 [ 30 [ - ps
towp Programming Pulse Width N 80 - 160 ms
thew Bulk Erase Pulse Width 200 - - ms
trst 45 - - s

Table 2- 0029 isp-3256

2-180
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Figure 5. Timing Waveform for ISP Operation
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Data In
(SDI)

Note:

D D
A A
T T
! {
> 337... High Order Shift Register -0
> 675 Low Order Shift Register 338 }>spo
. SDI
49
2
>
]
D
&
[4)
s
E
L
[72]
[7/]
(7]
o
T
T
g
0y
SDO

0182A/3256

A logic "1" in the address shift register enables the row for programming or verification.
A logic "0" disables it.
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Boundary Scan

Lattice offers support for the IEEE 1149.1 Boundary The TAP is controlled using the test control lines: Test
Scan specification on the 3000 Family of devices. Data IN (TDI), Test Data Out (TDO), Test Mode Select

. o (TMS), Test Reset (TRST) and Test Clock (TCK).
The userinterfaces to the boundary scan circuitry through

the Test Access Port (TAP). The TAP consists of a The timing specifications for Boundary Scan are listed
control state machine, instruction decoder and instruc- below. The waveforms are shown in figure 9.
tion register.

|
|
‘
|

Boundary Scan Timing Specifications

SYMBOL PARAMETER CONDITION UNITS
Vcc Supply Voltage Y,
trst Reset Time from Valid Vg o~ us
tsu Setup Time us
th Hold Time us
tco Clock to Output us

Table 2 -0028Aisp/3256
Figure 8. Boundary Scan Waveforms

AN

X vaid N\

0181A.eps
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Specifications pLSI and ispLSI 3256

Pin Description

Name CPGA Pin Numbers Description
/100-1/0 4 G1, G2, G3, E1, F2, [Input/OutputPins-Thesearethegeneralpurposel/O pinsusedbythe
1/105-1/09 F3, C1, E2, E3, D2, Iogic array.
/010 - 1/O 14 D3, B2, C3, C4, B3,

/0 15-1/0 19 B1, B4, C5 A3, B5,
/0 20 - I/0 24 Cé6, A4, B6, A5 C7,
1/0 25 - 1/0 29 A6, A7, C8, B8, B9,
1/0 30 - /O 34 C9, A9, A10, B10, A11,
1/0 35 - 1/0 39 B11, A12, C11, A13, Bi2,
1/0 40 - 1/O 44 At14, A15, A16, C13, Bi4,
/0 45 - 1/0 49 B15, C14, B16, C15, D15,
1/0 50 - I/O 54 A17, D16, E15, B17, C17,
1/0 55 - 1/0 59 E16, F15, D17, E17, F17,
1/0 60 - I/O 64 G16, G17, H15, H16, L16,
1/0 65 - 1/0 69 M17, N17, M16, P17, R17,
/0 70 - /O 74 N16, S17, N15, P16, P15,
/0 75-1/0 79 S16, R15, R14, S$15, T17,
1/0 80 - I/O 84 S14, R13, T15, S13, R12,
1/0 85 - 1/0 89 T14, S12, T13, R11, Ti12,
1/0 90 - /0 94 T11, R10, S10, S9, R9,
1/0 95 - 1/0 99 T9, T8, 88, T7, §7,
1/0 100 - 1/0 104 T6, R7, T5, S6, T4,
/O 105 - 1/0 109 T3, T2, R5 S84, S3,
/0110 - /O 114 R4, S2, R3, P3, Ti, &
1/0 115 - 1/O 119 P2, N3, S1, R1, N2,
1/0 120 - I/0 124 M3, P1, N1, M1, L2,
1/0 125 - /O 127 L1, K3, K2 A

GOEO and GOE1 J17 and J15 Glokal O B

TOE J16 P tenghf

RESET J3 N ¢ 3 @(6) Reset pin which resets all of the GLB and I/O registers
ifYe Jevice.

YO, Y1 and Y2 K1, J2, K15 Detli€ated Clock inputs. These clock inputs are connected to one of

clock inputs of all the GLBs on the device.

Y3 and Y4 K16, K17 Dedicated Clock inputs. These clock inputs are connected to one of

A the clock inputs of all the 1/O cells in the device.

BSCAN/ispEN* J1 >/ Boundary Scan Enable. 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.

TDI/SDI*

Input - This pin performs two functions. It is the Test Data 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. SDl is also used
as one of the two control pins for the isp state machine.

Input - This pin performs two functions. It is the Test Clock input pin
when ispEN is logic high. When ispEN is logic low, it functions as a
clock pin for the Serial Shift Register.

H3 Input - This pin performs two functions. Itis the Test Mode Selectinput
pin when ispEN is logic high. When ispEN is logic low, it functions as
pin to control the operation of the isp state machine.

TRST H17 Input - Test Reset, active low to reset the Boundary Scan State
Machine.

TDO/SDO* L17 Output - This pin performs two functions. When ispEN is logic low, it
functions as the pinto read the isp data. WhenispEN is high it functions
as Test Data Out.

GND F1, C2, A2, B7, C10,|Ground(GND)
B13, C16, F16, L15, RI16,
Ti6, S11, S5, R8, R2,
M2
vCC D1, A8, Gi5, C12, M15,|V
T10, L3, 6

* ispLSI 3256 Only

Table 2- 0002isp/3256
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Pin Description ‘

Name MQUAD Pin Numbers Description

1/00-1/0 4 25, 26, 28, 29, 30, |Input/OutputPins-Thesearethegeneralpurpose /O pinsusedbythe |
1/105-1/09 32, 33, 34, 35, 36, Iogic array. |
/010 -1/0 14 37, 38, 39, 40, 41, |
/015 -1/0 19 42, 43, 44, 46, 47,

1/0 20 - 1/O 24 48, 49, 50, 52, 53,

1/0 25 - 1/0 29 54, 55, 56, 57, 58,

1/0 30 - I/O 34 59, 60, 61, 62, 64,

1/0 35 - 1/0 39 65, 66, 67, 68, 69,

1/0 40 - 1/O 44 70, 72, 73, 74, 75,

1/0 45 - 1/0 49 76, 77, 78, 79, 80

1/0 50 - I/O 54 82, 83, 84, 85 86,

1/0 55 - 1/0 59 87, 88, 89, 90, 92

1/0 60 - I/O 64 93, 94, 95 96, 105,

1/0 65 - 1/0 69 106, 108, 109, 110, 112,

I/0 70 - I/O 74 113, 114, 115, 116, 117,

/075 -1/1079 118, 119, 120, 121, 122,

1/0 80 - I/0 84 123, 124, 126, 127, 128,

1/0 85 - 1/0 89 129, 130, 132, 133, 134,

1/0 90 - 1/0 94 135, 136, 137, 138, 139,

1/0 95 - 1/0 99 140, 141, 142, 144, 145,

1/0 100 - 1/O 104 146, 147, 148, 149, 150,
1/0 105 - 1/0 109 152, 153, 154, 155, 156,
/0 110-1/0 114 157, 158, 159, 160, 2,
/0 115-1/0 119 3, 4, 5, 6, 7,
1/0 120 - 1/0 124 8 9 11, 13,

.9 14, N~
I0125-1/0127 | 15, 16, 17, (\(\ &
GOEO and GOE1 | 100 and 99 &Gw@ﬁﬁ tp le input pins.
TOE 98 .l %Q ut le pin.

RESET 20 Actve Low (0) Reset pin which resets all of the GLB and I/O registers
in t vice.

Y0 and Y1 18,19 k&lcated Clock inputs. These clock inputs are connected to one of

e clock inputs of all the GLBs on the device.
Y2, Y3 and Y4 108, 102, Dedicated Clock inputs. These clock inputs are connected to one of
{\ o the clock inputs of all the I/O cells in the device.
BSCAN/ispEN* Boundary Scan Enable. Input - Dedicated in-system programming
enable input pin. This pin is brought low to enable the programming
é mode. The MODE, SDI, SDO and SCLK options become active.

TDI/SDI* Input - This pin performs two functions. It is the Test Data input pin

when ispEN is logic high. When ispEN is logic low, it functions as an

O input pin to load programming data into the device. SDI is also used

< as one of the two control pins for the isp state machine.
TCLK/SCLK Input - This pin performs two functions. It is the Test Clock input pin

when ispEN is logic high. When ispEN is logic low, it functions as a
clock pin for the Serial Shift Register. |
TMS/MODE* 24 Input - This pin performs two functions. It is the Test Mode Select input |
pin when ispEN is logic high. When ispEN is logic low, it functions as
pin to control the operation of the isp state machine.

TRST 97 Input - Test Reset, active low to reset the Boundary Scan State
Machine.

TDO/SDO* 104 Output - This pin performs two functions. When ispEN is logic low, it
functions as the pin to read the isp data. WhenispEN is high it functions
as Test Data Out.

GND 1, 10, 27, 45, 63, |Ground (GND)
81, 107, 125, 143
vce 12, 31, 51, 71, 91, |V
111, 131, 151
* ispLSI 3256 Only Table 2- 0002Bisp/3256
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pLSl and ispLSl 3256 167-pin CPGA Pinout Diagram

Pin Configuration

2
GEOOOOEDOOOOOOO®|

0]610,906/6/6/¢006060066)
@@Q@@QOOOQ@QOQCQQ
1@OEC GO®
1®O® OO®
1®O® ®OO
1®O® OO®
1 ®O® ®O®
1®O® 000
1®O® P2 ®O®
1®O® CON 000
m@@@ 000
MQOO ,Pf@
3000000@00@000@@@@
1[616/06/6/010/6/0/0/0/0/06/6'6.0

m &
1 DOOOOOOOOOBEOHOOOO®
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Pin Configuration

pLSI and ispLSI 3256 160-Pin MQUAD Pinout Diagram

160 [ VO 113
159 [ VO 112

158 [ VO 111
157 3 VO 110

GND
Vo 114 o, 6
#0115 /6 75
10116 4 “vo7a
1o 117 ) ¢ Vo 73
/0118 ) 5 Vo 72
1o 119 SN A Vo 71
0 120 Vo 70
0 121 3 ! 110 69

GND vee
10 122 10 68

vee e \ Vo 67
0 123 V0 66
V0 124 i Sy GND
V0 125 5 Y Vo 65
1/0 126 b L0, V0 64

*IspEN/BSCAN GOEO

*SDVTDI GOE1
*SCLK/TCLK TOE

*MODE/TMS TRST

¥
100 X X 10 63
o1 . ! 10 62
GND N g 10 61

o3 V0 59

TY2INeS SRR R BB NBIBBEBBRINRIRRRRRS
JO000oo0ouooououoooogoto oo oooouououn
IPero22R 8RN RRB58323885833859939¢522
2222629292292>222222228228252288222>228888888
160-MQF P/3256
*ispLSI 3256 Only
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Part Number Description

XXXX(XX) 3256 — XX X X XXX X

-
Device Family ————] Grade
pLSI Blank = Commercial
ispLSI
Device Number P|r1\ gognt »
Speed

80 = 80 MHz fmax
70 = 70 MHz fmax
50 = 50 MHz fmax

0212Aisp/3256

Ordering Information

JMIME
Family | fmax (MHz) t;@:\(ﬁl M‘%ﬁg Number Package
N
80 f"? 15 \ﬁgfgl 3256-80LM160 160-Pin MQUAD
1% pLSI 3256-80LG167 167-Pin CPGA

O A7 pLSI 3256-70LM160 160-Pin MQUAD

LSl
Pf{@ E \(&:}4}"’} 17 pLSI 3256-70LG167 167-Pin CPGA
%
0

< 23 pLSI 3256-50LM160 160-Pin MQUAD
® 50 23 pLSI 3256-50LG160 167-Pin CPGA
80 15 ispLSI 3256-80LM160 160-Pin MQUAD
80 15 ispLSI 3256-80LG167 167-Pin CPGA
. 70 17 ispLSI 3256-70LM160 160-Pin MQUAD
tspLS! 70 17 ispLSI 3256-70LG167 167-Pin CPGA
50 23 ispLSI 3256-50LM160 160-Pin MQUAD
50 23 ispLSI 3256-50LG167 167-Pin CPGA

Table 2- 0041A-08isp/3256
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Introduction to

Generic Array Logic

Overview

Lattice, the inventor of the Generic Array Logic (GAL®)
family of low density, E2CMOS PLDs is the leading
supplier of low density CMOS PLDs inthe world. Features
such as industry leading performance, low power
E2CMOS technology, 100% testability and 100%
programming yields make the GAL family the preferred
choice among system designers.

The GAL family contains 14 product architectures with a
variety of performance levels specified across commercial,
industrial and military (MIL-STD-883) operating ranges
to meet the demands of any system logic design.

These GAL products can be segmented into two broad
categories:

Base Products — Aimed at providing a superior design
alternative to the bipolar PLD, these five architectures
replace over98% of all bipolar PAL devices. The GAL16V8
and GAL20V8 replace 42 different PAL devices. The
GAL22V10, GAL20RA10 and GAL20XV10 round out the
Base products. These GAL devices meet, and in most
cases beat bipolar PAL performance specifications while
consuming significantly lower power and offering higher
quality and reliability via Lattice's electrically
reprogrammable E2CMOS technology.

Extension Products — These products build upon the
Base GAL product features to provide enhanced
functionality including innovative architectures
(GAL18V10, GAL26CV12, GAL6001/6002), 64mA high
output drive (GAL16VP8 & GAL20VP8), "Zero power"
operation (GAL16V8Z/ZD & GAL20V8Z/ZD) and in-
system programmability (ispGAL22V10).

A PRODUCT FOR ANY SYSTEM DESIGN NEED

Lattice GAL products have the performance, architec-
tural features, low power, and high quality to meet the
needs of the most demanding system designs.

The GAL16V8 and GAL20V8

» Performance ranges from the industry's fastest, at
5ns Tpd to popular 25ns versions

* Low power consumption with Low Power versions
rated at 75mA typical and Quarter Power versions
at 45mA typical

¢ 8 Powerful Output Logic Macrocells (OLMCs) with
8 Product Terms each

e Standard 20-pin (DIP and PLCC) and 24/28-pin
(DIP/PLCC) packages

The GAL22V10

* Available inindustry leading 5ns/200MHz versions
through 25ns versions

¢ Low power consumption with Low Power versions
at 90mA and Quarter Power versions at 45mA
typical

¢ 10 OLMCS with variable Product Terms per OLMC
ranging from 8 to 16 for increased logic capability

¢ Standard 24-pin DIP and 28-pin PLCC packages

The GAL18V10

10 Outputs in a 20-pin Package
* 20-pin space-saving subset of the popular
GAL22V10
¢ 8-10 Product Terms per OLMC
¢ |deal for p.c. board area constrained designs
¢ Only 10 output, 20-pin PLD in the market

The GAL26CV12

Expanded Logic Density in a 28-pin DIP/PLCC
Package

* 28-pin superset of the popular GAL22V10

* World's fastest 28-pin PLD at 7.5ns

e 26 inputs, 12 outputs

* Flexible 22V10 OLMC

e Fully utilized 28-pin PLCC package give added
functionality over the 22V10 at no space premium!




Introduction to Generic Array Logic

The GAL20RA10

High Performance Asynchronous Logic

* 10 OLMCs
* 10 Independently programmable clocks

* Each macrocell has an independent product term
clock

* Fast 10ns Tpd performance
 Faster and lower power than bipolar PAL
* Available in 24/28-pin DIP/PLCC packages

The GAL20XV10

Perfect for Fast Counters, Decoders or Comparators
e Utilizes powerful XOR function for efficient
implementation of arithmetic functions

* Replaces: PAL20L10, 20X10, 20X8 and 20X4,
12L10

*10ns/100MHz performance significantly outperforms
bipolar PALs

¢ Perfect for video, multimedia and graphics
applications

* Available in 24/28-pin DIP/PLCC packages

The GAL16VP8 and GAL20VP8

Ide