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pLSI and ispLSI Product Index

Commercial Grade Devices

pLSI Family - programmable Large Scale Integration

DEVICE tpd fmax DESCRIPTION PAGE
pLSI 1016 15,20 | 80,50 44-pin programmable Large Scale Integration Device 2-31
pLSI 1024 15,20 | 80,50 68-pin programmable Large Scale Integration Device 2-53
pLSI 1032 15,20 | 80, 50 84-pin programmable Large Scale Integration Device 2-1
pLSI 1048 20 70 120-pin programmable Large Scale Integration Device 2-75

ispLSI Family - in-system programmable Large Scale Integration

DEVICE tpd fmax DESCRIPTION PAGE

ispLSI 1016 | 15,20 80,50 | 44-pinin-system programmable Large Scale Integration Device | 2-129

ispLS1 1024 | 15,20 80,50 | 68-pinin-system programmable Large Scale Integration Device | 2-155

ispLS1 1032 | 15,20 80,50 | 84-pin in-system programmable Large Scale Integration Device | 2-95

ispL.SI 1048 20 70 120-pin in-system programmable Large Scale Integration Device | 2-181




Errata Sheet
1992 pLSI and ispLSI
Data Book and Handbook

The NC pin Description should add:
"This pin should never be tied to GND".

The DC Electrical Characteristics table should have the following line added:

SYMBOL | PARAMETER CONDITION MIN.| TYP.| MAX.|UNITS
liL-isp ispEN input low current | OV <V <V (MAX) | — — |-150 uA

recti -

ts, should read 6ns for -10 and 8ns for -15.

fmax (Maximum Clock Frequency with External Feedback, 1/(tsu + tco)) should read
76.9 MHz for -10 and 62.5 MHz for -15.

4-
Instructions 01100 (GLBRLD) and 01101 (IOPRLD) are not supported at this time.

The Source Code listing is not complete, the correct version can be obtained on the
pLSI Support BBS by registered users.

Correction to page §-37
The last sentence in the Conclusion should read:
"The following section lists the Lattice Design File (LDF) with Boolean Equations and pinout
for the ispLSI 1032".

Effective Date: February 1992

'






Thank you for your interest in our high density pLSI™ and ispLSI™ product families.

As the inventor and world wide market leader of the GAL® devices and E2CMOS®
PLDs, we at Lattice are dedicated to supporting you with the fastest, highest quality
and most innovative solutions to your programmable logic needs. We are reaffirming
our commitment by offering our new high density product families of pLSI and ispLSlI
devices.

In this 1992 pLSI and ispLSI Data Book and Handbook, we have substantially
broadened our product line by adding the world’s highest performance and most
flexible high density programmable logic devices.

We look forward to satisfying all of your programmable logic requirements.

Vice President and General Manager
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Introduction to

pLSI™ and ispLSI™

Introduction to pLSI and ispLSI

Lattice Semiconductor's pLSI (programmable Large Scale
Integration) and ispLS! (in-system programmable Large
Scaleintegration) are two families of high density and high
performance E2CMOS® programmable logic devices (see
figure 1-1). They provide design engineers with a superior
system solution for integrating high speed logic features
on a single chip.

The Lattice pLSI and ispLSI families are the first
programmable logic devices to combine the performance
and ease of use of PLDs with the density and flexibility of
FPGAs.

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

Lattice's E2CMOS technology features reprogrammability,
the ability to program the device again and again to easily
incorporate any design modifications. This same capability
allows full parametric testability during manufacturing,
which guarantees 100 percent programming and functional
yield.

All the necessary development tools are available from
Lattice and leading third-party companies. Utilizing a
Windows-based graphical user interface, it is possible to
complete a circuit design in hours, as opposed to weeks
or months.

Figure 1-1. pLSI and ispLSI Device Families

pLSI and ispLSl Product Families
O 80 MHz System Performance
15 ns Pin-to-Pin Delay
Deterministic Performance
High Density (2,000-8,000 PLD Gates)
Flexible Architecture
Easy to Use

in-system programmable (ispLSl)

0O 0 000 o0 0o

Low Power Consumption

pLSl and ispLSl Technology
O E2CMOS — the PLD Technology of Choice

Q Proven UltraMOS-IV Technology (0.8 micron)
Feature Size

Q Electrically Erasable/Programmable/Reprogram-
mable

QO 100% Tested During Manufacture

Q 100% Programming Yield

pLSI and ispLSI Development Tools
Q Easy-to-Use Graphical Interface (Windows 3.0)
QO Boolean Equations and Macro Input

Q Industry-Standard Third-Party Design Environ-
ment and Platforms

: pLSI 1024
pLSI 1016 ispLS! 1024
ispLSI 1016

44-Pin PLCC 68-Pin PLCC

pLSI 1032 pLSI 1048
ispLSI 1032 ispLSI 1048
84-Pin PLCC 120-Pin PQFP

1-1




Introduction to pLSI and ispLSI

Family Overview

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

With PLD gate densities ranging from 2,000 to 8,000, the
pLSlandispL Sl families provide a range of programmable
logic solutions to meet design requirements for today’s
and tomorrow’s needs.

Each device contains muiltiple logic blocks (GLBs),
architected 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 globalinterconnect scheme ties everything
together, enabling utilization of more than 80% of available
logic. Table 1-1 describes the family attributes.

The pLSI and ispLSI Architecture

The pLSI and ispLSI architecture was constructed with
actual system design requirements in mind. This
architecture provides the designer with the following
advantages. Figure 1-2 shows the pLSI 1032 architecture.

Q High Speed

Predictable Performance

Integration of Multiple Logic Functions
Asynchronous Designs

Flexible Logic Paths

0 0O 0O 0 O

Advanced Global Clock Network

Table 1-1. pLSI and ispLSI Family Attributes

The Global Routing Pool (GRP)

Central to the pLSI and ispLSI architecture is the Global
Routing Pool, 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 connection scheme consistently
provides high performance and allows effortless
implementation of complex designs.

The Output Routing Pool (ORP)

Pin assignment flexibility is maximized via the Output
Routing Pool (ORP), which provides the connections
between the GLB outputs and the output pins.

Figure 1-2. pLSI 1032 Architecture

Qutput Routing Pool
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| Output Routing Pool |
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Family Member 1016 1024 1032 1048
Density 2,000 4,000 6,000 8,000
Speed: fmax (MHz) 80 80 80 70
Speed: tpd (ns) 15 15 15 20
GLBs 16 24 32 48
Registers 96 144 192 288
110 36 54 72 106
Pin/Package 44-pinvPLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP
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Introduction to pLSI and ispLSI

Generic Logic Block (GLB)

Thebasic logic element inthe pLSIandispLSl architecture
is the Generic Logic Block. This powerful logic element
provides an input-to-output ratio greaterthan 4:1. With 18
inputs driving an array of 20 product terms (PTs) —which
in turn feed four outputs — the GLB efficiently handles
both wide and narrow gating functions. Figure 1-3describes
the GLB functionality.

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

The architecture flexibility of the GLB, combined with its
optimuminput-to-outputratio, allows the GLB toimplement
virtually all 4-bit MSI functions.

Each of the four. outputs from the PTSA feeds into a
flexible Output Logic Macrocell (OLMC), consisting of a
D-type flip-flop with an Exclusive-OR gate on the input.
The OLMC allows each GLB output to be configured
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 GLB canbe clocked synchronously orasynchronously.
Global clocks from external pins or internally generated,
provide all GLBs and I/O Cells with synchronous clock
signals with selectable polarity. This provides multiple
synchronous clock phases to all GLBs and I/Os.

Figure 1-3. Simplified Generic Logic Block Functionality

20 Product 4 Output Logic
Terms Macro Cells
| \\
\ Registered
or
omC | Combinatorial
Product * Combinatorial ] Outputs
Logic Term AND-OR-XOR A
—_——- y ' e
18 Array 20 | Sharing | "4 Reai d 4
Inputs Array * Registere Outputs
From GRP D, T, J-K to GRP,
Synch/Asynch ORP or /O
Clocking
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Introduction to pLSI and ispLSI

Q Bypasses the PTSA and the Internal Exclusive-

The GLB has several configuration options for each
OR Gate of the OLMC

Output Logic Macrocell (OLMC). These can be mixed with
each GLB. The configurations are described as standard,

high-speed bypass, XOR and multi-mode configuration. Q  Provides Four Product Terms Per Qutput

XOR Configuration

Standard Configuration Q Utilizes Powerful Exclusive-OR Architecture

. ?é'?ng Utputs Comprise of 4,4,5 or 7 Product Q Powerful for.Counters, Comparators and ALU
Functions

Q The PTSA Can Combine up to 20 PTs per GLB
Output to Meet the Needs of Both Wide and

Multi-Mode Configuration
Narrow Logic Functions.

0O Individual Outputs are Independently Configu-
High-Speed Bypass Configuration rable
Q For Speed-Critical Timing Paths Q PTSA Allows Flexibility on the Number and
Selection of Product Terms Per Output
Q Enables Design of Fast Address Decoders
Figure 1-4. GLB: Multi-Mode Configuration
Inputs From Dedicated
Global Routing Pool Inputs Reconfigurable
0123456780101 121318 5w g,:gﬁ:‘,;’,{:;';‘ D e
X A A A 3 X X A 3 PT's and
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Sl el
4 14 PT Byp u T
7 D QHIXH>-02 e
5 e,
" 00! al
3% 4 Single PT :_': Outp ut
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PT Reset
RESET
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Introduction to pLSI and ispLSI

in-system programmability

The in-system programmable Large Scale Integration
(ispLSl) family is the industry’s only high-density
programmable logic family offering non-volatile in- system
reconfigurability.

The ispLSI family is 100 percent functionally and
parametrically compatible with the pLSI family, with the
added ability of 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 multiple ispLS! chip solutions
is easily achieved through a proprietary in-system erase/
program/verify technique.

In-system programmability can revolutionize the way
boards are designed, manufactured and serviced (see
figure 1-5).

Prototype board designs - in-system programming allows

the programming and modification of logic designs “in-
system” without removing the device(s) from the board.

Figure 1-5. in-system programmable “Generic” Board

This accelerates the system and board-level debug
process and enables definition of board layout earlier in
the design process.

Beconfigurable systems - The options foraccommodating

changes are greatly increased when you have the ability
to change the functionality of devices already soldered on
a board. Multiple hardware configurations can be
implemented with the same circuit board design. Multiple
protocols or multiple system interfaces can be defined on
ageneric board as the last step inthe manufacturing flow.

Diagnostic Capability - Using the ispLSI device, the
diagnostic capability of the system can be enhanced. A
test pattern can be programmed into the ispLSI device at
board-test, enabling the logic to control and observe
specific nodes of the entire board. After the diagnostic
testing is complete, the functional pattern can be
programmed into the device for normal system operation.

Easier field updates - With software reconfigurable

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

Memory

ispLSI
Memory
Control

Memory

(o]

Memory

ispLSI ispLSI
Graphic Vector
Control Manipulation
R

Transceiver

Memory

Decode Micro
Processor

{ Timing I—

Control
Transceiver

Memory

L

Multiple ispLSI devices can be reconfigured through
multiplexed signals interfaced via an edge connector,
5-post connector, microcontrolier, or microprocessor.
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Introduction to pLSI and ispLSI

A powerful 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 stepsare reduced, in this case, tho$e associated
with programming, labeling and re-inventorying multiple
device types. Eliminating socketing furtherimproves quality
and reduces board cost. Figure 1-6 shows the enhanced
manufacturing with the ispLSI device.

Figure 1-6. Manufacturing Flow Comparison

Standard Flow Enhanced Flow

All necessary programming is achieved via five TTL-level
logic interface signals (see figure 1-7). These five signals
control the on-chip programming circuitry, which is securely
protected against inadvertent reprogramming via on-chip
state machines. TheispLSI family can also be programmed
using popular third-party logic programmers.

Figure 1-7. in-system programming Interface (Multi-
Chip Solution)

Using PLDs/FPGAs Using ispLSI Devices
Draw Parts From Stores Draw Parts From Stores ispLSI ispLSI ispLSI
(One P/N) (One PIN) 1032 1048 1016
P
Ea’gg’;‘::‘ Board Assembly
Label Each Board Test l
Programmed Part « Diagnostics Using ispLS|
l « Final Programming MUX — Serial Data In
+ Final Board Test ~ Serial Data Out
Hen(:br‘nu;:r'? g;'it;xes isp-Enable C? - l(s)/llz;?;( Control
! 1
Draw Parts from
Stores to Assembly
——
‘ 5-pin
isp Interface
Board Assembly
Board Test




Introduction to pLSI and ispLS|

pLSl/ispLSI Development System (pDS'')

Both the pLSI and ispLSI families are supported by
Lattice’s pLSl/ispLSI Development System. It runs on
IBM-compatible (386/486) PCs with Microsoft® Windows
version 3.0.

The easy-to-use graphical-user interface (see figure 1-8)
with familiar mouse and pull-down menus, combined with
Boolean Equations entry (using ABEL®-like syntax) allows
immediate design productivity with pLSI and ispLSI
devices.

The Windows graphical user interface makes design-
entry easy, using pull-down menus, intuitive point-and-
clickcommands and self-explanatory instructions. Without
any up-front training, designs can be completed in hours
instead of weeks or months.

Figure 1-8. pDS Software Graphical User Interface

pLSI Development System V1.00.24 11/23{91 File: cnt8.lif

The pDS Software supports over 200 Macros to help
speed the design process. These Macros covermost TTL
functions, from gate primitives to 16-bit counters. Lattice
pDS Software also supports user-definable Macros, which
can be modifications of existing Macros or custom
creations.

The Lattice Place and Route allows assignment of pins
and critical speed paths, and ensures optimized 100%
routability at 80% utilization.

Quick compilation speeds the design, debug and rework
process dramatically. pDS software also supports
incremental design techniques.

Timing and functional simulation is also available from
Lattice, using Viewlogic’s Viewsim® simulation software.
The design flow with the pDS Software is described in
figure 1-9.

File Design Cell Macro Library Zoom Search Message Help
] CLITTITITITTIITTIT LI
|D?|n51n5[n4|n3|nz|m|nn| B
A0 o] H
Al o |
A2 c5 E
A3 ca | M EI
A G| H
A5 c2 E
A6 a| H
A7 co 5
E [Bu|Bl]BﬂB3]BA]B§|BsTB7“ clock |

L1 [ [ T T T T [T

[ T T T T T T ICT T 11 +

= Messages v ]~

Edit Clear

[Welcome To pLSI Development System!
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Introduction to pLSI and ispLSl

Figure 1-8. pDS Design Flow

Logic Design
Entry

!

Verification

!

Place and Route

!

Simulation

!

Programming

* Boolean Equations
* Macros (>200)
* “ABEL"-Like Syntax

* Logic Minimization
* Checks for Signal Availability

* Automatic
* Optimized
* Fast

* Viewsim™
* EDIF Compatible

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

Table 1-2. Programming Support

Programmer Vendor Model
Pilot GL/U40
Advin Systems
Pilot U84
BP Micro © PLD1128
2900
Data I/O 3800
Unisite 40/48
Allpro 32/40
Logical Devices
Allpro 88
SMS Microsystems Sprint Expert
Stag ZL30A
System General Turpro 1

Programming Support Key pLSI and ispLSI Features

The pLSI and ispLSI families are supported by popular

third-party logic programmers including Data I/O, Logical

Devices, Stag, System General, SMS Microcomputer
and Advin. Table 1-2 describes each vendor's specific

programmer model that support the pLSI and ispLSI

devices. No proprietary, expensive, high pin-count
programmers are required. Additionally, the ispLSI family
can be programmed on the board (in-system), which

eliminates the need for a stand-alone programmer.

Q Predictable High-Speed System Performance
* 80 MHz System Speed
* 15ns tpd
O High Density (2,000 to 8,000 PLD Gates)
Q Flexible, Powerful Architecture
* Glue Logic to Counters to State Machines
QO in-system programmability and Reprogramma-
bility
Q Easy-to-Use Development Software
e Familiar (ABEL-Like)
¢ Fast (Minutes)
¢ Automatic (No Manual Intervention Required)
* 100% Routing With Greaterthan 80% Utilization
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pLSI and ispLSl Product Index

Commercial Grade Devices

pLSI Family — programmable Large Scale Integration

DEVICE tpd fmax DESCRIPTION PAGE
pLSI 1016 15,20 | 80, 50 44-pin programmable Large Scale Integration Device 2-31
pLSI 1024 15,20 | 80, 50 68-pin programmable Large Scale Integration Device 2-53
pLSI 1032 15,20 | 80,50 84-pin programmable Large Scale Integration Device 2-1
pLSI 1048 20 70 120-pin programmable Large Scale Integration Device 2-75

ispLSI Family - in-system programmable Large Scale Integration

DEVICE tpd fmax DESCRIPTION PAGE

ispLSI 1016 | 15,20 80,50 | 44-pin in-system programmable Large Scale Integration Device | 2-129

ispLSI 1024 | 15,20 80,50 | 68-pin in-system programmable Large Scale Integration Device | 2-155

ispLSI 1032 | 15,20 80,50 | 84-pin in-system programmable Large Scale Integration Device | 2-95

ispLSI 1048 20 70 120-pin in-system programmable Large Scale Integration Device | 2-181
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Lattice

pLSI” 1032

programmable Large Scale Integration

* PROGRAMMABLE HIGH DENSITY LOGIC

— Member of Lattice’s pLSI Family

— High Speed Global Interconnects

— 64 /O Pins, Eight Dedicated Inputs

— 192 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 E*CMOS® TECHNOLOGY

— fmax = 80 MHz Maximum Operating Frequency
— tpd = 15 ns Propagation Delay

— Low Power Consumption (Icc 135mA Typ.)

— TTL Compatible Inputs and Outputs

— Electrically Erasable and Re-Programmablie

— 100% Tested

* 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

— 100% Routable at 80% Utilization

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Global
Interconnectivity

* pLSlispLSI™ DEVELOPMENT SYSTEM (pDS™)

— Boolean Logic Compiler

— Automatic Place and Route

— Manual Partitioning

— PC Platform

— Easy to Use Windows Interface

* ADVANCED pLSVispLSI DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Environments
— Schematic Capture

— Fully Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

Functional Block Diagram
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The Lattice pLSI 1032 is a High Density Programmable
Logic Device which contains 192 Registers, 64 Universal
I/O pins, eight Dedicated Input Pins, four Dedicated Clock
Input Pins and a Global Routing Pool (GRP). The GRP
provides complete interconnectivity between all of these
elements.

i

The basic unit of logic on the pLSI 1032 device is the
Generic Logic Block (GLB). The GLBs are labeled AQ,
A1..D7, (seefigure 1). There are a total of 32 GLBs in the
pLSI 1032 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
which can be configured to be either combinatorial or
registered. Inputs to the GLB come from the GRP. Allof 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 © 1991 Lattice Semiconductor Corp. GAL®, E2CMOS®, and UitraMOS® are

of Lattice

Logic™ are track of Lattice Corp. The i and
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ion herein are subject to change without notice.
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Specifications pLSI 1032

Functional Block Diagram

Figure 1. pLSI 1032
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Description (continued)

The device also has 64 1/0 Cells, each of which is directly
connected to an I/0 pin. Each I/O cell can be individually
programmed to be a combinatorial input, registered input,
latched input, output or bi-directional I/O pin with 3-state.
The signal levels are TTL compatible voltages and the
output drivers can source 4 mA or sink 8 mA.

The 64 1/0 Cells are grouped into four sets of 16 each as
shown in figure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 1/0 Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal I/O cells
by the ORP. The pLSI 1032 Device contains four of these
Megablocks.

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 and logic glitching.

Clocks in the pLSI 1032 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YOto'Y 3)are broughtinto the distribution network, andfive
outputs (CLK 0 to CLK 2 and IOCLK 0, 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 GLB (CO on the pLSI 1032 device). The logic of this
GLB allows the user to create an internal clock from a
combination of internal signals within the device.

The pLSI 1032 device is part of Lattice's programmable
Large Scale Integration (pLSI) family. This family contains
arange of devices from the pLSI 1016, with 96 registers, to
the pLSI 1048 with 288 registers. The pLSI Family Product
Selector Guide below lists key attributes of the devices
along with the number of resources available.

pLSI Family Product Selector Guide

DEVICE pLSI 1016 pLSI 1024 pLSI 1032 pLSI 1048
GLBs 16 24 32 48
Registers 96 144 192 288

/O Pins 32 48 64 96
Dedicated Inputs 4 6 8 10

Pin Count 44 68 84 120

Ordering Information

pLSI 1032 -XX X X X

Device Number ————j— i —r— Grade

Blank = Commercial

Speed Package
-80 = 80 MHz fmax J=PLCC
-50 = 50 MHz fmax Power

L =Low

2.3 . 1/92. Rev. A
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~ Specifications pLSI 1032

Pin Description

Name PLCC Pin Numbers Description

100-1/03 26, 27, 28, 29, Input/Output Pins - These are the general purpose I/O pins used by the

1o 4-107 30, 31, 32, 33 logic array.

/1o 8-1/0 11 34, 35 36, 37,

1/1012-1/0 15 38, 39, 40, 41,

/10 16-1/0 19 45, 46, 47, 48,

/0 20-1/0 23 49, 50, 51, 52,

/0 24-1/0 27 63, 64, 55, 56,

1/O 28 - 1/0 31 57, 58, 59, 60,

/0 32-1/0 35 68, 69, 70, 71,

/O 36 - 1/0 39 72, 73, 74, 75,

/0 40-1/0 43 76, 77, 78, 79,

/O 44 - 1/0 47 80, 81, 82, 83

I/O 48 - 1/0 51 3, 4, 5, 6,

/O 52 - /0 55 7, 8 9, 10,

/O 56 - 1/0 59 11, 12, 13, 14,

1/0 60 - 1/0 63 15, 16, 17, 18

INO-IN3 25, 42, 44, 61 Dedicated input pins to the device.

IN4-IN7 67, 84, 2, 19

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 I/O Cell on the device. .

Y3 62 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O Cell on the
device.

NC ; 23 This is a factory test pin and it should be left floating or tied to V.,

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

Vce 21, 65 Ve,

2.4 1/92. Rev. A
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Absolute Maximum Ratings !

Supply Voltage Vee. .« o cvveeeeeeennns, -0.5to +7.0V |

Input Voltage Applied. .............. -2.5to Vgg +1.0V
Off-State Output Voltage Applied... ... . -2.5to Vg +1.0V
Storage Temperature .................. -65 to 125°C

Ambient Temp. with Power Applied........-55t0 125°C

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

DC Recommended Operating Condition

SYMBOL PARAMETER MIN. MAX. UNITS
TA Ambient Temperature 0 70 °C
Vce Supply Voltage 475 5.25 '
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee \

Capacitance (T,=25°C,f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM! UNITS TEST CONDITIONS
C1 Input Capacitance 8 pf Ve=5.0V, V\=2.0V
C, /O, Y Capacitance 10 pf V=5.0V, VI/O, Y=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications ,

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 100 CYCLES

1/92. Rev. A
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Switching Test Conditions

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 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.

Output Load Conditions (see figure 2)
Test Condition R1 R2 CL
1 470Q 390Q 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q SpF
3 | atv,,-05V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

Figure 2. Test Load
vVce
Ry
Device . Test
Output ~ Point
R2 c*

<+

*CL Indicates Test Fixture and
Probe Total Capacitance

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage lo. =8 MA, - - 0.4 v
VoH Output High Voltage low =4 MA. 2.4 - - v
I Input or I/O Low Leakage Current 0V <V, <V, (MAX.) - - -10 MA
IiH Input or I/O High Leakage Current Viu S Vin < Vo - - 10 uA
lost Output Short Circuit Current Ve = 5V, Vour = 0.5V -60 - 200 | mA
Icc2 Operating Power Supply Current V=05V, V,,=3.0V - 135 195 mA
Frogate = 20 MHz
1. One output at a time for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using eight 16-bit counters.

1/92. Rev. A



Lattlce Specifications pLSI 1032

pLSI 1032-80

Over Recommended Operating Conditions

PARAMETER | oeon | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 15 ns
tpd2 1 2 Data Propagation Delay - | 151 20 | ns
tcots 1 3 External Clock to Output Delay, ORP bypass - 8 11 | ns
tco2s 1 4 External Clock to Output Delay - 9 | 14 | ns
tco3 1 5 Internal Synch. Clock to Output Delay - 156 | 20 | ns
tcod 1 6 Asynchronous Clock to Output Delay - 13 [ 20 | ns
tr 1 7 External Pin Reset to Output Delay - 13 | 20 | ns
tr2 1 8 Asynchronous PT Reset to Output Delay - 15 | 22 | ns
ten 2 9 Input to Output Enable - {13 ]2 | ns
tdis 3 |10 Input to Output Disable - 13 | 20 | ns

External AC Recommended Operating Conditions?1. 2,3 pLSI 1032-80

Over Recommended Operating Conditions

PARAMETER  |T5ST% # | DESCRIPTION MIN. | TYP. | MAX.| UNITS
fmax4 1 1 Clock Frequency with Internal Feedback - | 100 | 80 | MHz
fmax (External) 1 12 | Clock Frequency with External Feedback - 70 | 50 | MHz
tsu1 - 13 Setup Time before External Synch. Clock, 4PT bypass 9 6 - ns
tsu2 - 14 | Setup Time before External Synch Clock 12 8 - ns
tsu3 - 15 | Setup Time before Internal Synch. Clock 9 3 - ns
tsud - 16 | Setup Time before Asynchronous Clock 9 4 - ns
thi - 17 | Hold time after External Synchronous Clock, 4PT bypass 2 -1 -~ ns
th2 - 18 | Hold time after External Synchronous Clock 2 -1 - ns
th3 - | 19 | Hold time after Internal Synchronous Clock 8 2 - | ns
thsa - 20 | Hold time after Asynchronous Clock 8 1 - ns
trwi ~ | 21 | External Reset Pulse Duration 10 | 8 - | ns
trw2 -~ | 22 | Asynchronous Reset Pulse Duration 10 8 - | ns
twhi, twit — |23,24| External Synchronous Clock Pulse Duration, High, Low 5 - | ns
twh2, twi2 - |25,26| Asynchronous Clock Pulse Duration, High, Low 6 5 -~ | ns |

. External Parameters are tested and guaranteed.

. See Timing Technical Note for further details.

. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section. 1

[A
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Switching Characteristics! 2.3 ' pLSI 1032-80

Using VO Cell
TEST* .
PARAMETER COND.| # DESCRIPTION MIN. | TYP. |MAX.| UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 0 - ns
tsue - 28 | Setup Time before Intemal Synchronous Clock 0 -3 - ns
ths - 29 | Hold Time after External Synchronous Clock 8 4 - ns
the - 30 | Hold Time after Internal Synchronous Clock 15 | 11 - ns
twh3, twia - |31,32| Clock Pulse Duration, High, Low 6 5 | — | ns
1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
1/92. Rev. A
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External Switching Characteristics' 2 3 pLSI 1032-50

Over Recommended Operating Conditions

PARAMETER  |@eot’| # | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpdt 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 | ns
tpd2 1 2 Data Propagation Delay, ORP . - 19 | 25 | ns
tco15 1 3 | Extemal Clock to Output Delay, ORP bypass - | 12|16 | ns
tco25 1 4 | External Clock to Output Delay - | 15|20 | ns
tco3 1 5 Internal Synch. Clock to Output Delay - 21 28 | ns
tcod 1 6 Asynchronous Clock to Output Delay - 21 28 | ns
tr1 - 7 | External Pin Reset to Output Delay - | 21 | 28| ns
tr2 - 8 Asynchronous PT Reset to Output Delay - 24 | 30 | ns
ten 2 9 | Inputto Output Enable - | 21| 28 | ns
tdis 3 | 10 | Inputto Output Disable - | 21 | 28 | ns

pLSI 1032-50

Over Recommended Operating Conditions

PARAMETER Test® # | DESCRIPTION MIN. | TYP. | MAX.[UNITS
fmax4 1 11 Clock Frequency with Internal Feedback - 70 | 50 | MHz
fmax (External) 1 12 | Clock Frequency with External Feedback - 45 | 33 | MHz
tsu1 - 13 | Setup Time before External Synch. Clock, 4PT bypass 14 10 - ns
tsu2 - 14 Setup Time before External Synch Clock 17 13 - ns
tsu3 - 15 | Setup Time before Internal Synch. Clock 13 9 - ns
tsus |- 16 Setup Time before Asynchronous Clock 13 9 - ns
th1 - 17 | Hold time after External Synchronous Clock, 4PT bypass 7 3 - ns
th2 - 18 | Hold time after External Synchronous Clock 7 3 - ns
th3 - 19 | Hold time after Internal Synchronous Clock 1 5 - ns
the - 20 Hold time after Asynchronous Clock 1 5 - ns
trwi - 21 External Reset Pulse Duration 15 13 - ns
trw2 - 22 | Asynchronous Reset Pulse Duration 15 13 - ns
twhi, twit - |23,24| External Synchronous Clock Pulse Duration, High, Low 10| 8 - | ns
twh2, twi2 - |25,26| Asynchronous Clock Pulse Duration, High, Low 10 8 - ns

. External Parameters are tested and guaranteed.

. See Timing Technical Note for further details.

. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

. Standard 16-bit counter implementation using GRP feedback.

Clock to output specifications include a maximum skew of 2 ns.

. Refer to Switching Test Conditions section.

WN -
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Switching Characteristics1,2 3 pLSI 1032-50

Using VO Cell
PARAMETER Teer| # | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tsus - 27 Setup Time before External Synchronous Clock 10 5 - ns
tsue - 28 Setup Time before Internal Synchronous Clock 0 -5 - ns
ths - 29 Hold Time after External Synchronous Clock 12 6 - ns
the - 30 | Hold Time after Intemal Synchronous Clock 20 | 15 - ns
twh3, twi3 — 131,32| Clock Pulse Duration, High, Low 10 | 8 - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.

1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density pLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany of the 32 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
to the four GLB outputs. There are four OR gates, with four,
four, five and seven product terms (see figure 3). The

Figure 3. GLB: Product Term Sharing Array

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). 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 Exclusive OR Gate onthe input. The Exclusive
OR gate in the GLB can be used either as a logic element
or to reconfigure the D-type flip-flop to emulate a J-K, or
T-type flip-flop (see figure 5). This greatly simplifies the
design of counters, comparators and ALU type functions.
The registers can be bypassed, if the user needs a combi-
natorial output. Each register output 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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RESET:
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Architectural Description

Figure 4. GLB: Four Product Term Bypass
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Architectural Description

The 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 shown in figure 6, Output Three (O3) is configured
using the XOR Gate and Output Two (02) is configured
usingthe four Product Term Bypass. OutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developedinthe Control Function section. The clock forthe
registers can come from any of three sources developedin
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. 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 for use as a logic term. Refer to the following
table to determine which logic functions are affected.

There are many additional features in a GLB which allow
implementation of logic intensive functions. These fea-
tures are accessible using the hard Macros from the
software and require no intervention on the part of the user.
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Architectural Description

Product Term Sharing Matrix

Product
Term #

Standard Configuration
Output Number

3 2 1 0

Four Product Term
Bypass Output Number

3 2 1 0

Single Product Term
Output Number

3 2 1 0

XOR Function
Output Number

3 3 2 2 1 1

Alternate
Function

NO O WN -0

R23ow

M CLK/Reset

[ G G G gy
OND G AW

pry
©

W OE/Reset

This matrix shows how each of the product terms are used
inthe various modes. As an example, Product Term 12 can
be used as aninputto the five input OR gate inthe standard
configuration. This OR gate under standard configuration
canbe routed to any of the four GLB outputs. Product Term

12 is notused inthe four product term bypass mode. When

GLB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.

2-14
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Architectural Description

The Megablock

The pLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/O Cells. Each of these will be explained in
detailinthe following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
pLSI family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs withinthe Megablock share two dedicated input pins.
These dedicatedinput pins are notavailable to GLBs inany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signalis generated within the
Megablock and is common to all sixteen of the I/O Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (see the following section on the Output
Enable Multiplexers).

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.

DEVICE MEGABLOCKS GLBs VO CELLS
pLSI 1016 2 16 32
pLSI 1024 3 24 48
pLS! 1032 4 32 64
pLSI 1048 6 48 96
Figure 7. The Megablock
» GLB H GalB H GLBB {4 GLB H GlBB H GLB H GLB H GLB
A H a1t H a2 H a3 AA H a5 H ae H A7
(e T P P PPt Prr TPl Jr
Output Routing Pool
S+ + +r 1+ 1+ + 1 1 1 {1 { [ [ [ [ |
Voo o ffvotjiojjvojjvojvojvojjvojjvo oot} o i) Vo i 1o
N Cell|{Cell||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
Note: The inputs from the I/O Cell are not shown in this figure, they go directly to the GRP.
1/92. Rev. A
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the 1/O Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 I/O cells which are used in 3-state mode. Individual
I/0 cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (refer to the I/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.

A0 Al
OE OE

A5
OE

A6
OE

A7
OE

) S S—

o

Vol O} |VOf |VO| |/O] | VO
8 9 10 11 12 13 14 15
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Specifications pLSI 1032

Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to 1/O Cells configured as
outputs or bi-directional pins (see figure 9). The purpose
of the ORP is to allow greater flexibility when assigning
/O pins. It also simplifies the job for the routing software
which results in a higher degree of utilization.

By examining the programmable switch matrix in figure 9,
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 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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 10) further
increase the flexibility of the device. The ORP bypass
connect specific GLB outputs to specific I/O Cells ata faster
speed. The bypass path tends to restrict the routability of
the device and should only be used for critical signals.

A0 Al A2 A3 A4 A5 A6 A7
0123 0123 0123 0123 0123 0123 0123 0123
Y Y Y Y Y YY Y Y YYY _ YYYY _YYYY _YYYY _ _YYVYY_ _YVYYY.
! 3 T% - . lels -
] 4 . &—5 b—
) 1T —

ORP—>15 = =
e |
= =

L ,
Voo jjofojjvojjvoljojivojvoljvotjrojrvoliivoljrvotjio|jro
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 || 15

/0 l[e} l[e}

S
5

o || vo ol |wo||vo
10l 11|12 13]]1a]]| 15

o

©5]
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Specifications pLSI 1032

Architectural Description

/O Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logic inputs come from the ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. /O Cell Architecture

Using the multiplexers, the /0 Cell can be configured as an
input, an output, a 3-stated output or a bidirectional 1/O.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
/O cell configurations possible.

There is an Active Pullup resistor on the I/O pins which is
automatically used when the pin is not connected. This
prevents the pin from floating and inducing noise into the
device or consuming additional power.

OE

MUX

Output
Enable

F]g‘*lr'

,,j

From Output
Routing Pool

MUX MUX

Active
Pull Up

From Output
Routing Pool =]

Bypass é

To Global
Routing Pool

MUX

YAN

"3

IOCLK 0 —
MUX

D Q

IOCLK 1 —]

RESET

D RIL
Reset

a

Note:

® Represents an E2CMOS Cell.
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Specifications pLSI 1032

Architectural Description

Figure 12. Example /O Cell Configurations
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Specifications pLSI 1032

Architectural Description

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/O Cells in the device. There are 4
dedicated system clock pins (Y0, Y1, Y2, Y3) whichcanbe
directed to any GLB or any I/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("CO" for pLSI 1032). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can
be connectedto CLK 1, CLK 20rlIOCLK 0, IOCLK 1 global
clocks.

Figure 13. Clock Distribution Network

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLKO,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, are brought to all 64 of the
1/O cells and the user programs the I/O cell to use one of the
two. When the Dedicated Clock Input pins Y2 or Y3 are
used as one of the I/O Clocks, O2 or O3 from the Clock GLB
(CO0) cannot be used.

Generic Logic

Block "C0"
00 01 02 03
Clock Distribution
Network

» CLKO

® » CLK 1

2 » CLK 2
@ » IOCLK 0
—» IOCLK 1

G

Dedicated Clock
Input Pins

Note: Y3 pin should always be used first as an IOCLK 0 or IOCLK 1 before using Y2 pin.
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Specifications pLSI 1032

Architectural Description

Global Routing Pool

The Global Routing Pool (GRP) is a Lattice proprietary available as an input to all of the GLBs. Because of the
interconnect structure which offers fast predictable speeds  uniform architecture of the pLSI device, the delays through
with complete connectivity. The GRP allows the outputs the Global Routing Pool are both consistent and predict-
fromthe GLBs or the I/O cell inputs to be connectedtothe  able. However, they are slightly affected by fanout. See the
inputs of the GLBs. Any GLB outputis availabletothe input  fanout delay graph (see figure 14).

of all other GLBs, and similarly an input from an I/O pin is

Figu}e 14. GRP Delay vs Fanout

7 —

6 —
pLSI 1032-50
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H

GRP Delay (ns)
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|

0 ] ] ] ]
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Specifications pLSI 1032

Timing Model ,

Figure 15. pLSI Timing Model
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The task of determining the timing through the device is times. Some examples are shown for the critical timing
simple and straightforward. The device timing model is paths used as Data Sheet parameters. Note that the
shown in figure 15. To determine the time that it takes for Internal timing parameters are given for reference only,
datato propagate throughthe device, simply determinethe  and are not tested. (External timing parameters are tested
path the data is expected to follow, and add the various and guaranteed on every device).

tpd1? = tib + tiobp + tgrp4 4 tapt  +  tgop  + tmxop o+ tob
#1 = #48 + #43 + #60 + #33 + #35 + #51 + #49
15 ns = 2 + 0 + 3 + 6 + 0 + 0 + 4
tpd2? = tib + tiobp + tgps + toor0 + tgop  +  tmx o+ tob
#2 = #48 + #43 + #60 + #34 + #35 + #50 + #49
20 ns = 2 + 0 + 3 + 7.5 + 0 + 1 + 4
fmax’ = ftgco  + tgfb + tgp4a + txor20 +  tgsu

#11 = #37 + #36 + #60 + #34 + #38

1/14ns = 2 + 0 + 3 + 7.5 + 0

tsu2! = tib + tiobop + tgps + txor20 - tgyo - tgsu

#14 = #48 + #43 + #60 + #34 - #52 - #38

12ns = 2 + 0 + 3 + 7.5 - 4 - 0

tco2! = tgyo + tgco + tmx  + tob

#4 = #52 + #37 + #50 + #49

13ns = 4 + 2 + 1 + 4

NOTE:

1. The internal delays are rounded and do not necessarily add up to the tested external delays.

2.22 . 1/92. Rev. A



Specifications pLSI 1032

Switching Characteristics pLSI 1032-80 :

Internal Timing Model Parameters are not tested and are for reference only
Generic Logic Block (GLB)'

PARAMETER # DESCRIPTION MIN. MAX | UNITS
tapt 33 4 Product Term Delay - 6 ns
txor20 34 20 Product Term Delay - 7.5 ns
tgbp 35 GLB Register By-Pass Delay - 0 ns
tofb 36 GLB Feedback Delay - 0 ns
tgco 37 GLB Clock to Output Delay - 2 ns
tgsu 38 GLB Setup Time before Clock 0 - ns
tgh 39 GLB Hold Time after Clock 2 - ns
Reset Delays
PARAMETER # DESCRIPTION MIN. | MAX. | UNITS
togr 40 GLB Global Reset Delay - 12 ns
tgar 41 GLB Asynchronous Reset Delay - 9 ns

Input/Output Cell (VO Cell)

PARAMETER # DESCRIPTION MIN. | MAX. | UNITS
tiat 42 1/O Cell Latch Delay - 1 ns
tiobp 43 I/O Cell Register Latch By-Pass Delay - 0 ns
tiosu 44 /O Cell Setup Time before Clock/LE : 0 - ns
tioh 45 /O Cell Hold Time after Clock/LE 1 - ns
tioco 46 I/O Cell Clock/LE to Output Delay - 1 ns
Input and Output Delays

PARAMETER # DESCRIPTION MIN. MAX | UNITS
tdin 47 Dedicated Input Buffer Delay - 6 ns
tib 48 Input Delay for I/O Buffer - 2 ns
tob 49 Output Buffer Delay - 4 ns
tmx 50 Output ORP Delay - 1 ns
tmxbp 51 Output ORP Bypass Delay - 0 ns |

(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
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Spécifications pLSI 1032

Switching Characteristics pLSI 1032-80

Internal AC Characteristics and Conditions are not tested and are for reference only

Clock and Enable Delays, GLB and /O Cell

PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tgyo 52 Clock Delay, YO to GLB - 4 ns
tgy1/2 53 Clock Delay, Y1 or Y2 to GLB - 4 ns
tgpt 54 Clock Delay, PT Clk to GLB - 5 ns
tgcp 55 Clock Delay, Clk GLB to GLB - 4 ns
tgen 56 Enable Delay, GLB to I/O Cell - 7 ns
tgdis 57 Disable Delay, GLB to /O Cell - 7 ns
tiocp 58 Clock Delay, Clk GLB to I/O Cell - 4 ns
tioy2/3 59 Clock Delay, Y2 or Y3 to I/O Cell - 4 ns
GRP Delays
PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tgrpd 60 GRP Delay, Fanout 4 - 3 ns
tgrp8 61 GRP Delay, Fanout 8 - 4 ns
tgrp16 62 GRP Delay, Fanout 16 - 5 ns
tgmp32 63 GRP Delay, Fanout 32 - 8 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
1/92. Rev. A
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Laﬂlce Specifications pLSI 1032

Switching Characteristics pLSI 1032-50

Internal Timing Model Parameters are not tested and are for reference only

Generic Logic Block (GLB)'

PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tapt 33 4 Product Term Delay - 7 ns
txor20 34 20 Product Term Delay - 10 ns
tgbp 35 GLB Register By-Pass Delay - 0 ns
|
tgfb 36 GLB Feedback Delay - 0 ns '
tgco 37 GLB Clock to Output Delay - 3 ns
tgsu 38 GLB Setup Time before Clock 2 - ns
tgh 39 GLB Hold Time after Clock 4 - ns
Reset Delays
PARAMETER # DESCRIPTION MIN. | MAX. | UNITS
togr 40 GLB Global Reset Delay - 14 ns
tgar 41 GLB Asynchronous Reset Delay - 10 ns
Input/Output Cell (/O Cell)
PARAMETER # DESCRIPTION MIN. | MAX. | UNITS
tiat 42 1/O Cell Latch Delay - 2 ns
tiobp 43 /0 Cell Register Latch By-Pass Delay - ns
tiosu 44 1/O Cell Setup Time before Clock/LE 0 - ns
tioh 45 1/0 Cell Hold Time after Clock/LE 2 - ns
tioco 46 1/0 Cell Clock/LE to Output Delay - 2 ns
Input and Output Delays
PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tdin 47 Dedicated Input Buffer Delay - 7 ns
tib 48 Input Delay for /O Buffer : - 3 ns
tob 49 Output Buffer Delay - 5 ns
tmx 50 Output ORP Delay - 2 ns
tmxbp 51 Output ORP Bypass Delay - 0 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Mode! Diagram.)
1/92. Rev. A
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Specifications pLSI 1032

Switching Characteristics pLSI 1032-50

Internal AC Characteristics and Conditions are not tested and are for reference only

Clock and Enable Delays, GLB and /O Cell

DESCRIPTION MIN. | MAX | UNITS

PARAMETER #

tgyo 52 Clock Delay, YO to GLB - 6 ns
toy1/2 53 Clock Delay, Y1 or Y2 to GLB - 6 ns
tgpt 54 Clock Delay, PT Clk to GLB - 7 ns
tgcp 55 Clock Delay, Clk GLB to GLB - 5 ns
tgen 56 Enable Delay, GLB to I/O Cell - 9 ns
tgdis 57 Disable Delay, GLB to /O Cell - 9 ns
tiocp 58 Clock Delay, Clk GLB to I/O Cell - 5 ns
tioy2/3 59 Clock Delay, Y2 or Y3 to I/O Cell - 5 ns

GRP Delays

PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tgrpa 60 GRP Delay, Fanout 4 - 4 ns
tgrps 61 GRP Delay, Fanout 8 - 6 ns
tgrp16 62 GRP Delay, Fanout 16 - 7 ns
tarp32 63 GRP Delay, Fanout 32 - 10 ns

(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
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Power Consumption

Power consumption in the pLSI 1032 device depends on  operating and the number of product terms used. Figure 16
two primary factors: the speed at which the device is showsthe relationship between powerand operating speed.

Figure 16. Typical Device Power Consumption vs fmax
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Configuration of Eight 16-bit Counters

Security Cell Latch-up Protection

A security cell is provided in the pLSI devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, 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 devices are 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 program-
ming is available with ispLSI devices using Lattice
programming algorithms.

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

2-27
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Pin Configuration

pLSI 1032 PLCC Pinout Diagram

11 10 84 83 82 81 80 79 78 77 76 75
11O 57 E 12 ' ‘ 747 10 38
o s8 13 ‘ 731 Vo 37
o 59 []14 10 wos3s
1oeo []1s 711 V0 35
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roe2 17 } 691 1/0 33
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Yo [J20 66 1 Y1
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GND W22 64 ll GND
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RESET []24 62[] Y3
INo 25 611 IN3
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84-Pin PLCC

Dimensions in inches MIN./MAX. 020
0.048 , 450 Minimum
0.042 \ 050 iy
S Typical
T ) ypeal —_—
o ° *
185 1.150 1.090
195 1.156 1.130
i S _ -
L 1,150 I 0080
I 1 X
1.156 0.100 _.J
1.185 ™ 0.165
1.195 ) : ‘
Base Plane |
Seating Plane —+| |
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Functional Block Diagram

* PROGRAMMABLE HIGH DENSITY LOGIC

— Member of Lattice’s pLSI Family
— High Speed Global Interconnects

— 32 /O Pins, Four Dedicated Inputs I
— 96 Registers ] []
— Wide Input Gating for Fast Counters, State
Machines, Address Decoders, etc. Ll's - e
— Small Logic Block Size for Random Logic [0 [A EE a |[E
. . L] o 2 o Ed
— Security Cell Prevents Unauthorized Copying Ml e 3 < |E]
L)€ | |2
* HIGH PERFORMANCE E2CMOS® TECHNOLOGY o (=}
2l A
— fmax = 80 MHz Maximum Operating Frequency H] 3 3 a
— tpd = 15 ns Propagation Delay =} =]
— TTL Compatible Inputs and Outputs g o o 3
— Electrically Erasable and Re-Programmable H H
— 100% Tested

il

* 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

— 100% Routable at 80% Utilization

— Three Dedicated Clock Input Pins

— Synchronous and Asynchronous Clock

— Flexible Pin Placement ;

— Optimized Global Routing
Interconnectivity

* pLSVispLSI™ DEVELOPMENT.SYSTEM (pDS™

Description

Lattice pLSI 1016 is a High Density Programmable
ogic Device which contains 96 Registers, 32 Universal
I/O pins, four Dedicated Input Pins, three Dedicated Clock
Input Pins and a Global Routing Pool (GRP). The GRP
provides complete interconnectivity between all of these
elements.

— Boolean Logic Compilet-.
— Automatic Place and-Route.
— Manual Partitioning
— PC Platfor
— Easy to Use Windows Inte|

The basic unit of logic on the pLSI 1016 device is the
Generic Logic Block (GLB). The GLBs are labeled A0,
A1.B7, (see figure 1). There are a total of 16 GLBs in the
pLS! 1016 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
S| DEVELOPMENT SYSTEM which can be configured to be either combinatorial or
registered. Inputs to the GLB come fromthe GRP. Allof the
GLB outputs are brought back into the GRP so that they
— Fully Automatic'Partitioning can'be connected to the inputs of any other GLB on the
— Automatic Place and Route device.

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

rd Party Design Environments

Copyright © 1991 Lattice Semiconductor Corp. GAL®, E2CMOS®, and UltraMOS® are regi of Lattice Semi Corp. pLSI™, ispLSI™, pDS™ and Generic Array
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LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. January 1992. Rev. A

Tel. 1-800-LATTICE (528-8423); FAX (503) 681-3037
2-31




Specifications pLSI 1016

Functional Block Diagram

Figure 1. pLSI 1016
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*Note: ____ ‘ YO Y1/Y2
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Specifications pLSI 1016

Description (continued)

The device also has 32 I/O Cells, each of which is directly
connected to an I/O pin. Each I/O cell can be individually
programmed to be a combinatorial input, registered input,
latched input, output or bi-directional /O pin with 3-state.
The signal levels are TTL compatible voltages and the
output drivers can source 4 mA or sink 8 mA.

The 32 I/0 Cells are grouped into two sets of 16 each as
shown in figure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 I/O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal I/O cells
by the ORP. The pLSI 1016 Device contains two of these
Megablocks.

pLSI Family Product Selector Guide

The GRP has as its inputs the outputs from all of the GLBs
and all of the inputs from the bi-directional 1/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 and logic glitching.

Clocks in the pLSI 1016 device are selected using the

Clock Distribution Network. Three dedicated clock pins

(YOtoY 2)arebroughtintot stribytion network, andfive

outputs (CLK 0 to CLK 27and, IO 0, IOCLK 1) are
. s _

Clock Distribution |
special GLB (B0 on}

DEVICE LS| 1024 pLSI 1032 pLSI 1048
GLBs 24 32 48
Registers 144 192 288

/0 Pins 48 64 96
Dedicated Inputs 6 8 10

Pin Count 68 84 120

Ordering

umber — 1 T

Speed
-80 = 80 MHz fmax
-50 = 50 MHz fmax

pLSI 1016 - XX X X

X

L Grade

Blank = Commercial

Package
J=PLCC

Power
L=Low
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Specifications pLSI 1016

Pin Descripion

Name PLCC Pin Numbers Description

/00-1/03 15, 16, 17, 18, Input/Output Pins - These are the general purpose I/0 pins used by the
/04-1/07 19, 20, 21, 22, logic array.

/0 8- 10 11 25, 26, 27, 28,

/0 12-1/0 15 29, 30, 31, 32

/0 16-1/0 19 37, 38, 39, 40,

/0 20-1/0 23 41, 42, 43, 44,
/0 24 - 1/0 27 3, 4, 5, 6,
/0 28 - 1/0 31 7, 8, 9, 10
INO-IN3 14, 24, 36, 2
YO 11

Y1/RESET 35

input is brought into the Clock
Optionally be routed to any GLB

Y2

NC

GND
Vce

034 1/92. Rev. A



Specifications pLSI 1016

Absolute Maximum Ratings 1

Supply Voltage Ve o oo v vvveeeee e e -0.5to +7.0V
Input Voltage Applied. . ............. -2.5to Vg +1.0V
Off-State Output Voltage Applied. .. ... -2.5toVgc +1.0V
Storage Temperature .. ................ -65 to 125°C
Ambient Temp. with Power Applied.......... -55t0 125°C

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

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 4.75 5.25 \
ViL . Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee \

SYMBOL MAXIMUM! | UNITS | TEST CONDITIONS
8 pf Vo=5.0V, Vjy=2.0V
10 pf Ve=5.0V, VI/O, Y=2.0V

2-35

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 100 CYCLES
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Specifications pLSI 1016

Switching Test Conditions

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

Input Rise and Fall Times 3ns 10% to 90%

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

Output Load See Figure 2 R
3-state levels are measured 0.5V from steady-state gﬁ‘{fi

active level.

Output Load Conditions (see figure 2)

Test Condition R1 R2 CcL
1 470Q | 390Q 35pF
2 Active High (o] 390Q 35pF
Active Low 470Q 390Q 35pF
Active Highto Z 0o 390Q S5pF
3 atVv,,- 0.5V
Active Low to Z 470Q 390Q
atVv, +0.5vV

DC Electrical Characteristics

ed Operating Conditions
SYMBOL CONDITION MIN. | TYP. | MAX. | UNITS
VoL lo, =8 MA. - - 0.4 v
VOH lou =4 MA. 2.4 - - v
[ OV £V <V, (MAX.) - - -10 HA
IH Vi< Vin € Veo - - 10 pA
los! Ve =5V, Vour = 0.5V -60 - 200 | mA
. lec2 ating’Power Supply Current V, =0.5V, V,, = 3.0V - - - mA
Frosaie = 20 MHz
1. One output at a tirhe for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using four 16-bit counters.
1/92. Rev. A
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External Switching Characteristics! 2,3 pLSI 1016-80

Over Recommended Operating Conditions

PARAMETER  |geon. | # DESCRIPTION MIN. | TYP. | MAX.|UNITS

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 [ 15 | ns

tpd2 1 2 Data Propagation Delay - 15 | 20 | ns

tco15 1 3 External Clock to Output Delay, ORP bypass - 8 11 ns

tco2s 1 4 External Clock to Output Delay 14 | ns i
tco3 1 5 Internal Synch. Clock to Output Delay 20 | ns ’
tcod 1 6 Asynchronous Clock to Output Delay 20 | ns

tr 1 7 External Pin Reset to Output Delay 20 | ns

tr2 1 8 Asynchronous PT Reset to Output Delay 22 ns

ten 2 9 Input to Output Enable 20 | ns

tdis 3 |10 Input to Output Disable 13 | 20 | ns

|
PARAMETER | TESTE 4 TYP. | MAX.| UNITS ?
fmax¢ 1 | 11 | Clock Frequency with. 100 | 80 | MHz
fmax (External) 1 12 Clock Frequency with » - 70 | 50 | MHz
tsut - 9 6 - | ns
tsu2 - 12| 8 | - | ns
tsus - 9 3 - | ns
tsus4 ime Asynchronous Clock 9 - | ns
th1 .Hold.time after External Synchronous Clock, 4PT bypass 2 -1 - ns
th2 old time After External Synchronous Clock 2 -1 - ns
th3 Hold time after Intemal Synchronous Clock 8 2 - ns
ths old time after Asynchronous Clock 8 1 - ns
trwi External Reset Pulse Duration 10 | 8 - | ns
trw2 Asynchronous Reset Pulse Duration 10 8 - ns
twh1, twit 23,24| External Synchronous Clock Pulse Duration, High, Low 6 5 - | ns
twh2, twi2 25,26/ Asynchronous Clock Pulse Duration, High, Low 6 5 - ns i

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

2.37 1/92. Rev. A
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Switching Characteristics':2,3 pLSI 1016-80

Using VO Cell
TEST#
PARAMETER CcoND.| # DESCRIPTION MAX.| UNITS
tsus - 27 | Setup Time before External Synchronous Clock - ns
tsus - 28 | Setup Time before Internal Synchronous Clock - ns
ths - 29 | Hold Time after External Synchronous Clock - ns
the - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twi3 — {31,32] Clock Pulse Duration, High, Low . - | ns
1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
1/92. Rev. A

2-38



il attice | Specifications pLSI 1016

External Switching Characteristics? 2.3 pLSI 1016-50

Over Recommended Operating Conditions \

PARAMETER  |JEST®| 4 | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 | ns
tpd2 1 2 Data Propagation Delay, ORP - 19 | 25 | ns
tcot 1 3 External Clock to Output Delay, ORP bypass - 12 16 ns
tco2® 1 4 | External Clock to Output Delay 20 | ns
tco3 1 5 Internal Synch. Clock to Output Delay 28 ns
tcod 1 6 Asynchronous Clock to Output Delay 28 ns
tr1 - 7 External Pin Reset to Output Delay 28 ns
tr2 - 8 Asynchronous PT Reset to Output Delay 30 ns
ten 2 9 Input to Output Enable ; 28 ns
tdis 3 | 10 | Inputto Output Disable 28 | ns

PARAMETER Testl # | DESCRIPTION . | MAX. |UNITS
fmaxt 1 | 11 | Clock Frequency wit - | 70 | 50 | MHz
fmax (External) 1 Clock Frequen - | 45 | 33 | MHz
tsut - 141 10| - | ns
tsu2 - 17| 13| - | ns
tsu3 - 13| 9 | - | ns
tsud - 13| 9| - | ns
th1 External Synchronous Clock, 4PT bypass 7 3 - ns
th2 Hold time after External Synchronous Clock 7 3 - ns
th3 Hold time after Internal Synchronous Clock 11 5 - ns
ths Hold time after Asynchronous Clock 11 5 - ns
trwi External Reset Pulse Duration 15 13 - ns
trw2 Asynchronous Reset Pulse Duration 15 13 - ns ‘
twhi, twi1 -External Synchronous Clock Pulse Duration, High, Low 10| 8 - | ns |
twh2, twi2 Asynchronous Clock Pulse Duration, High, Low 10| 8 - | ns }
1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,

and are measured with 16 outputs switching.
. Standard 16-bit counter implementation using GRP feedback. ;
Clock to output specifications include a maximum skew of 2 ns. !
Refer to Switching Test Conditions section. :

oma
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Switching Characteristics! 2,3 pLSI 1016-50

_Using /O Cell

PARAMETER L%ﬂ; # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tsus - 27 Setup Time before External Synchronous Clock 10 5 - ns
tsue - 28 | Setup Time before Internal Synchronous Clock 0 -5 - ns
ths - 29 Hold Time after External Synchronous Clock 12 6 - ns
the - 30 Hold Time after Internal Synchronous Clock - ns
twh3, twia ~ 181,32] Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.

1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density pLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany of the 16 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be done to any or all of the four
outputs from the GLB.

to the four GLB outputs. There are four OR gates, withfour, * I

four, five and seven product terms (see figure 3).

Figure 3. GLB: Product Term Sharing Array
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AND Array
PT Reset
RESET
Control CLKO
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CLK 2 MUX MUX
PT Clock
PT Output , Output
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Architectural Description

Figure 4. GLB: Four Product Term Bypass
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Figure 5. GLB: Exclusive OR Gate
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Architectural Description

The 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 shown in figure 6, Output Three (O3) is configured
using the XOR Gate and Output Two (02) is configured
usingthe four Product Term Bypass. OutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developedinthe Control Function section. The clock forthe
registers can come from any of three sources developed in

Figure 6. GLB: Various Logical Combinations

the Clock Distribution Network (See Clock Distribution
Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the 1/0 cells associated with the GLB
comes from a product term wnhm ‘the block. Use of a
product term for a control fun

makes that product term

Inputs From Dedicated
Global Routing Pool Inputs Reconfigurable
0 1 2 3 4586 7 8 9 1011 121314 1516 17 g{, Al Dnﬁs'ﬁT
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M Exclusive OR m
U
X 03
74
l ] M
4 PT Bypass v
1 ypa b aHix}H>02 0
Routing
Pool and
Single PT x Output
Routin,
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Architectural Description

Product Term Sharing Matrix

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

3 2 1 0 3 2 1 0 3 2 1+ 0 |3 3 2 2 1 1 00

Nouns| wNv=0O
EEEN

8
9
10

1
12

M CLK/Reset

13
14
15
16
17
18
19

W OE/Reset

This matrix shows how each of the pr
inthe various modes. As an example; R

is not used inthe four product term bypass mode. When
GLB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.
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Architectural Description

The Megablock

The pLSI family is structured into multiple “Megablocks”.  tered) inputs only and are automatically assigned by soft-
A Megablock consists of 8 GLBs, an Output Routing Pool  ware. One Output Enable signal is generated within the
(ORP) and 16 I/0 Cells. Each of these will be explainedin  Megablock and is common to all sixteen of the I/0 Cells in
detailinthe following sections. These elementsarecoupled the Megablock. The Cutput Enable signal can be gener-
together as shown in figure 7. This logic structure is ated using a product term in any of the eight GLBs within
referred to as the Megablock. The various members ofthe  the Megablock (see the followmg sectlon on the Output
pLSI family are created by combining from two to six Enable Multiplexers). -
Megablocks on a single device.

Because of the shared logic,within the Megablock signals
The Megablock shares two sets of resources. The eight which share a commen‘function (¢ounters, busses, etc.)
GLBs withinthe Megablock share two dedicated inputpins.  should be grouped lin-
These dedicated input pins are not available to GLBs in any i
other Megablock. These pins are dedicated (non-regis-

Megablocks in Each Device

DEVICE MEGABLOCKS VO CELLS
pLSI 1016 32
pLSI 1024 4 48
pLSI 1032 64
pLSI 1048 96
Figure 7. The Megablock
GLB GLB GlLBB H GlB H GLB H GLB
A0 AB H A4 H A5 H A6 H A7

[ 1 [P TPrr TrPr PIIl Jogd

Output Routing Pool

1t r 1+ 1 1 1 | |
Vo ji/ojVo |10 | 1O || VO | I/O || VO || VO |} I/O || /O
Cell||Cell||Celi||Cell||Cell||Cell]| Cell||Cell|| Cell|| Celi{| Cell

5 6 7 8 9 10 || 11 12 13 14 || 15

Note: Thé-inputs from the I/0O Cell are not shown in this figure, they go directly to the GRP.
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Architectural Description ‘

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the I/O Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 1/O cells which are used in 3-state mode. Individual
I/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling ordisabling the output buffer (Referto the I/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.

[ |

/o | | VO
14 15
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to /0O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,
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 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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 10) further
increase the flexibility of the-device. The ORP bypass
connect specific GLB outputs

speed. The bypass pat|
the device and shoul

A0 A1l A2 A3
0123}}]0123 0123 0123
://.5"‘
-Y. Y. _-_-J-!J N - YYYY_ _ VY. Y _ Y YYY __YYVYY.,
:: p- b t:
14 2 TPt —— & 4 i —
= a 1 p—
ore —»| S ~ Simb e sind
E=S= S
] 1]
[ [P (Y (Y pe— |
L |
Ie] O j1Vo o {jvo
0 12113 || 14 || 15

Figure 10. Output
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Architectural Description k

/O Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the /O pin. The two
logic inputs come fromthe ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the

Using the multiplexers, the I/O Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/0.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
I/O cell configurations possible.

E—
ey,

There is an Active Pullup rqsig;d?”ﬁn theﬁ@ pins which is

data path, a multiplexer selects the signal polarity. The automatically used whegytﬁe“p@p is ﬁqi jnnected. This
Output Enable can be set to a logic high (Enabled) whena prevents the pin from } jating and.inducing noise into the
straight output pin is desired, or logic low (Disabled) when device or consuming’s ditignakpov%,;;»ﬁ
a straight input pin is needed. The Global Reset (RESET) ¢ P
signal is driven by the active low chip reset pin. Each /O ™, % 4
Cell can individually select one of the two clock signals L >
(IOCLK 0 or IOCLK 1). These clock signals are generated v
by the Clock Distribution Network. ' f.,«*/
£
Figure 11. VO Cell Architecture
OE
Output
Enable Active
Pull Up
From Output
Routing Pool ™|
From Output MUX [
Routing Pool =]
Bypass ' KVO Pin
!
To Global MUX N
Routing Pool
P AL —i—
Reset] =
T Note: ‘
RESET ® Represents an E2CMOS Cell.
1/92. Rev. A
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Architectural Description
Figure 12. Example /O Cell Configurations
Bi-Directional
' m I/0 Pin

Input Buffer Output Buffer

3

g
V;
o
|

/O Cell
0cel ; | So— pin )
Inverting Output Buffer

Latch Input

> o—

/O Cell
Clock —p

;

3-State

Registered Input

Input Cells Bi-Directional Cells
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Architectural Description

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/0 Cells in the device. There are three
dedicated system clock pins (YO, Y1, Y2) which can be
directed to any GLB or any /O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("BO" for pLSI 1016). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can

be connectedto CLK 1, CLK20r IOCLK 0, IOCLK 1 global

clocks.

All GLBs also have the capability of generating their:

asynchronous clocks using Product Term 12. CLK: ’@f“"”’m .

CLK 1 and CLK 2 feed to their correspondlng mputs onalfs.®
the GLBs (see figure 3).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, are brought to all 32 of the
1/0 cells and the user programs the I/O cell to use one of the
two.

Global Routing Pool

The Global Routing Pool (G ,_.P) is.a L ttice proprietary
interconnect structure which oﬂers fasfpredlctable speeds
with complete connectiv %J he“GRP a[lows the outputs
from the GLBs or thefilg ell inputs ‘p.é gbnnected to the
inputs of the GLBs‘ B oytpiitis a,vallable to the input

LBS § iiarTy andpput from an 1/O pin is
ut Ye é‘lt»of the GLBs Because of the

l age both consnstent and predict-
rq,shghtly affected by fanout.

| Generic Logic

<44 Block "B0"
00 O1 02 03
> CLK O
L > CLK 1
® > CLK 2
@ » IOCLK 0
#————@——» I0CLK 1

CLK/
Reset

Dedicated Clock
Input Pins

*"Y1" Only on 1016, Clock
and Reset Are MUXed.
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Security Cell

A security cell is provided in the pLSI devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, 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 devices are 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 program-
ming is available with ispLSI devices using Lattice
programming algorithm.

Latch-up Protection

pLSI devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias is of
sufficient magnitude to prevent input undershoots from
causing the internal circuitry to latchup. Additionally, out-
puts are designed with n-channel pull-ups instead of the
traditional p-channel pull-ups to eliminate any possibility of

SCR induced latching.

Pin Configuration

pLSI 1016 PLCC Pinout Diagram

Vo 28 []7
Vo029 []8
110 30 ]9

pLSI 1016

39
38
37
36
35

33
32
31
30
29

1170 18
1170 17

] 1/0 16
[]IN2

] Y1/RESET

348 vce

1 Y2

] 1/0 15
] 1/0 14
] /0 13
] 110 12

vo10O%
ro110d%
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44-Pin PLCC

Dimensions in inches MIN./MAX. 020 )
0.048 450 Minimum
0.042 .050
. —\ Typical _
A Ejl__L
o B
0.685 0.650 E i
0.695 0.656 g 3
q i]
0 1]
: N
g il
i 0,650 |
0.656 !
0.685
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pLSI” 1024

programmable Large Scale Integration

* PROGRAMMABLE HIGH DENSITY LOGIC

— Member of Lattice’s pLSI Family

— High Speed Global Interconnects

— 48 VO Pins, Six Dedicated Inputs

— 144 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 E?CMOS® TECHNOLOGY

TIT L] CLEFl B

Output Routing Pool

— fmax = 80 MHz Maximum Operating Frequency
— tpd = 15 ns Propagation Delay .

— TTL Compatibie Inputs and Outputs

— Electrically Erasable and Re-Programmable

— 100% Tested

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

— Complete Programmable Device can Combine Glue * e s

Logic and Structured Designs
— 100% Routable at 80% Utilization
— Four Dedicated Clock Input Pins
— Synchronous and Asynchronous ogic Device which contains 144 Registers, 48 Universal
— Flexible Pin Placement _ I/O pins, six Dedicated Input Pins, four Dedicated Clock
— Optimized Global Routing Pool All Input Pins and a Global Routing Pool (GRP). The GRP

Interconnectivity g provides complete interconnectivity between all of these

* pLSlispLSI™ DEVELO| elements.

BEEE

— Boolean Logic C _ The basic unit of logic on the pLSI 1024 device is the
— Automatic Place and'F Generic Logic Block (GLB). The GLBs are labeled AQ,
— Manual Partitioning ™ A1..C7, (see figure 1). There are a total of 24 GLBs in the

pLSI 1024 device. Each GLB has 18 inputs, a program-
y mable AND/OR/Exclusive OR array, and four outputs
e ADVANCED p  which can be configured to be either combinatorial or
registered. Inputs to the GLB come from the GRP. 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

— Industry Stand
— Schematic Captur
— Fully Automatic'Partitioning

— Automatic Place and Route device.

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms
Copyright © 1991 Lattice Semiconductor Corp. GAL®, E’CMOSO and UnraMOS@ are demarks of Lattice icondi Corp. pLSI™, ispLSI™, pDS™ and Generic Array
Logic™ are of Lattice Corp. The i herem are subject to change without notice.
LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. January 1992. Rev. A

Tel. 1-800-LATTICE (528-8423); FAX (503) 681-3037
2-53




Lattlce Specifications pLSI 1024

Functional Block Diagram _

Figure 1. pLSI 1024
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Description (continued)

The device also has 48 I/0 Cells, each of which is directly
connected to an I/O pin. Each I/O cell can be individually
programmed to be a combinatorial input, registered input,
latched input, output or bi-directional /O pin with 3-state.
The signal levels are TTL compatible voltages and the
output drivers can source 4 mA or sink 8 mA.

The 48 1/0 Cells are grouped into three sets of 16 each as
shown in figure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 1/O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the

eight GLBs are connected to a set of 16 universal I/O cells -

by the ORP. The pLSI 1024 Device contains three of these
Megablocks.

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 and logic glitching.

Clocks in the pLSI 1024 device are selected using the
Clock Distribution Network. Four“dedicated clock pins
(YOtoY 3)are broughtinto thedistribution network, andfive
outputs (CLK 0 to CLK 2“an
provided to route cloc|

the pLSI 1016, with 96 registers, to
registers. The pLSI Family Product
w lists key attributes of the devices

DEVICE pLSI 1032 pLSI 1048
GLBs 32 48
Registers 192 288

/O Pins 64 96
Dedicated Inputs 6 8 10

Pin Count 68 84 120

Ordering Information .

pLSI 1024 - XX X X X

—I:— Grade

Device.Number —————l—
Blank = Commercial
Speed Package
-80 = 80 MHz fmax J=PLCC
-50 = 50 MHz fmax Power
L=Llow
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Pin Description

Name PLCC Pin Numbers Description
1/100-1/03 22, 23, 24, 25, Input/Output Pins - These are the general purpose |/O pins used by the
V04-107 26, 27, 28, 29, logic array.
1/108-1/0 11 30, 31, 32, 33,
1/1012-1/0 15 37, 38, 39, 40,
/0 16-1/0 19 41, 42, 43, 44,
1/020-1/0 23 45, 46, 47, 48,

/0 24 - 1/0 27 56, 57, 58, 59,
/0 28 - I1/0 31 60, 61, 62, 63,
/0 32 - 1/0 35 64, 65 66, 67,
1/0 36 - 1/0 39 3, 4, 5, 6,
/O 40 - /0 43 7, 8, 9, 10,
/0 44 - 1/0 47 11, 12, 13, 14
INO-IN3 21, 34, 49, 55,
IN4-IN5 2, 15

RESET 20

YO 16

Y1 54

Y2 51

etwork, and can optlonally be routed to any GLB and/or
Il on the device.

élicated clock input. This clock input is brought into the clock
glst?if)utlon network, and can optionally be routed to any I/O Cell on the

Y3 50

NC 'This is a factory test pin and it should be left floating or tied to V...
GND Ground (GND)
Vce v,

cc
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Absolute Maximum Ratings 1

Supply Voltage Ve + e oot vovevvviennenn -0.5to +7.0V

Input Voltage Applied. . ............. -2.5to Vg +1.0V

Off-State Output Voltage Applied. ... .. -2.5t0 Voo +1.0V f
Storage Temperature . ................. -65 to 125°C ’

Ambient Temp. with Power Applied.......... -55t0 125°C

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

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 475 5.25

ViL Input Low Voltage 0 0.8 \)
VIH Input High Voltage - 2.0 Vee \

Capacitance (T,=25°C,f=1.0 Hz)

SYMBOL MAXIMUM! | UNITS | TEST CONDITIONS
8 pf Vo=5.0V, Vj=2.0V
10 pf Ve=5.0V, VIO, Y=2.0V

-

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS :
Data Retention T 20 - YEARS ‘
Erase/Reprogram Cycles ’ - 100 CYCLES
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Switching Test Conditions

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

Input Rise and Fall Times 3ns 10% to 90%

Input Timing Reference Levels 1.5V vee

Output Timing Reference Levels 1.5V :

Output Load See Figure 2 R

3-state levels are measured 0.5V from steady-state 8?1‘{::?! p Test

active level.

Output Load Conditions (see figure 2)

*CL Indicatés Test Fixt

Probe Capacitan

Test Condition R1 R2 CL
1 470Q 390Q 35pF
2 | Active High ) 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q 5pF
3 atv,, -0.5v
Active Low to Z 470Q 390Q
atV, +0.5V

ed Operating Conditions

SYMBOL PARAMETE! CONDITION MIN. | TYP. | MAX. | UNITS
VoL lo =8 MA. - - | o4 | v
VoH Output High Voltage low =4 MA. 24 - - v
i Jnput or I/OLo HSakage Current oV <V, <V, (MAX) - - -10 HA
IiH Inpuitor.l/O,High Leakage Current Vi S Vin < Vo - - 10 pA
lost Olitput, Sheit Circuit Current Ve =5V, Vour = 0.5V -60 - 200 | mA
Icc? irig Power Supply Current V=05V, V, =3.0V - - - mA
Frocate = 20 MHz
1. One output at a time for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using six 16-bit counters.
1/92. Rev. A
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External Switching Characteristics1.2,3 pLSI 1024-80

Over Recommended Operating Conditions

PARAMETER |ieon | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 15 ns
tpd2 1 2 Data Propagation Delay - | 15| 20 | ns
tcot5 1 3 External Clock to Output Delay, ORP bypass - 8 11 ns
teo25 1 4 External Clock to Output Delay ns
tco3 1 5 Internal Synch. Clock to Output Delay ns
tcos 1 6 Asynchronous Clock to Output Delay ns
tr1 1 7 External Pin Reset to Output Delay ns
tr2 1 8 Asynchronous PT Reset to Output Dela! ns
ten 2 9 Input to Output Enable ns
tdis 3 10 Input to Output Disable ns

External AC Recommended Operating Conditions?, 2,3 pLS! 1024-80

PARAMETER ggﬁrof # ) MIN. | TYP. | MAX.| UNITS
fmax4 1 | 11 | Clock Frequency with-Iriternal Feedback - | 100 | 80 | MHz
fmax (External) 1 | 12 | Clock Frequency with Exterhal’Feedback - | 70 { 50 | MHz
tsut - 9 6 - | ns
tsu2 - 12| 8 - | ns
tsu3 - 9 3 - | ns
tsus - 9 - | ns
thi - me aftef External Synchronous Clock, 4PT bypass 2 -1 - ns
th2 Hold time after External Synchronous Clock 2 -1 - ns
tha ofd time after Internal Synchronous Clock 8 2 - | ns
tha 1old time after Asynchronous Clock 8 1 - ns
trw1 “ External Reset Pulse Duration ) 10 8 - ns
trw2 Asynchronous Reset Pulse Duration 10 8 - ns
twhi, twi External Synchronous Clock Pulse Duration, High, Low 5 - | ns
twh2, twi2 Asynchronous Clock Pulse Duration, High, Low 6 5 - | ns

. External Parameters are tested and guaranteed.

. See Timing Technical Note for further details.

. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

. Standard 16-bit counter implementation using GRP feedback.

. Clock to output specifications include a maximum skew of 2 ns.

. Refer to Switching Test Conditions section.

WN =

oMb
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Switching Characteristics! 2.3 pLSI 1024-80

Using /O Cell

PARAMETER  |oam| # | DESCRIPTION MIN. | TYP. [MAX.| UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 0 - ns
tsus - | 28 | Setup Time before Internal Synchronous Clock 0| -83]-1mnms
ths - 29 Hold Time after External Synchronous Clock 8 4 - ns
the- - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twia - |31,32]| Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.
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External Switching Characteristics1: 2,3 pLSI 1024-50

Over Recommended Operating Conditions

PARAMETER  |ocon.| # | DESCRIPTION MIN. | TYP. | MAX.|UNITS

tpdt 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 ns

tpd2 1 2 | Data Propagation Delay, ORP - {19 | 25 | ns

tco15 1 3 | External Clock to Output Delay, ORP bypass - | 12116 | ns

tco25 1 4 | External Clock to Output Delay 20 | ns

tco3 1 5 Internal Synch. Clock to Output Delay 28 | ns !
tcod 1 6 Asynchronous Clock to Output Delay 28 | ns 1
tr - 7 External Pin Reset to Output Delay 28 | ns

tr2 - 8 Asynchronous PT Reset to Output Delay 30 | ns

ten 2 9 Input to Output Enable 28 | ns

tdis 3 | 10 | Inputto Output Disable 28 | ns

PARAMETER MIN. | TYP. | MAX.|UNITS
fmax? - | 70 | 50 | MHz
fmax (External) - | 45 | 33 | MHz
tsut 14| 10| - | ns
tsu2 171 13| - | ns
tsu3 13| 9 | - | ns
tsud 13| 9 | - | ns
thi Id tifve. after External Synchronous Clock, 4PT bypass 7 3 - ns
th2 Hold time after External Synchronous Clock 7 3 - ns
th3 d time after Internal Synchronous Clock 11| 5| - | ns
the old time after Asynchronous Clock 11 5 - | ns
trwi External Reset Pulse Duration 15 13 - ns
trw2 - Asynchronous Reset Pulse Duration 15 13 - ns
twh1, twit 23,24 External Synchronous Clock Pulse Duration, High, Low 10 8 - ns
twh2, twi2 25,26 Asynchronous Clock Pulse Duration, High, Low 10| 8 | - | ns

e

. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

Standard 16-bit counter implementation using GRP feedback.
Clock to output specifications include a maximum skew of 2 ns.
Refer to Switching Test Conditions section.

oo s
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Switchig Characteristics1, 2,3 pLSI 1024-50

Using VO Cell
PARAMETER Teet| # | pEscripTion MIN. | TYP. | MAX. |UNITS
tsus - 27 | Setup Time before External Synchronous Clock 10 5 - ns
tsus - 28 | Setup Time before Internal Synchronous Clock 0 -5 - ns
ths - 29 | Hold Time after External Synchronous Clock - ns
the - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twi3 — 31,32 Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section. .

1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density pLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany of the 24 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
to the four GLB outputs. There are four OR gates, with four,
four, five and seven product terms (see figure 3). The.

Figure 3. GLB: Product Term Sharing Array

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be done t y or all of the four
outputs from the GLB.

logic element
mulate a J-K, or

of.and is also brought to the I/O cells
g Pool. Reconfigurable registers are
the four product term bypass is used.

Inputs From
Global Routing Pool Reconfigurable
Registers
0 123 456 78 9 1011 D,J-K,and T
v vy o vy oy oy o o v oy vy o
YAV-AV-3V-2VAVAVV2V.2VAV-AV-Y
' Il —1
U
2275 ! locl A—-D—os
(el
u
Ioal To
b~ DQ X
i 02 Gilobal
Routing
Pool and
1 %‘ Output
o 25
U
WEESTIET 1.
AND Array
PT Reset
RESET
Control CLKO
Functions CLK1 l
CLK2 |
PT Clock
PT Output » Output
Enabl Enable
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Architectural Description

Figure 4. GLB: Four Product Term Bypass

Inputs From Dedicated
Gilobal Routing Pool Inputs

—_ Product Term Sharing

(l‘ 1 2 : H 5678 9 0 n 'Z”TTTY Aray (Four Product Term D Registers
MMMMMMMMMNMMMNMNMMNMNMNMN Shown)
AND Array
Control
Functions

, Output
Enable

Figure 5. GLB: Exclusive OR Gate

Inputs From
il { .
Global Rou . Product Term Sharing
Array (Exclusive OR
Configuration Shown) . D Registers

56 7 4
L b b oL ¥

AND Array

PT Reset
RESET:

Control CLKO

Functions CLK1 '
CLK 2 )
PT Clock
PT Output . Output

Enable Enable

2-64 1/92. Rev. A



Specifications pLSI 1024

Architectural Description ,

The 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 shown in figure 6, Output Three (O3) is configured
using the XOR Gate and Output Two (O2) is configured
using the four Product Term Bypass. Output One (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developedinthe Control Function section. The clockforthe
registers can come from any of three sources developedin
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the /O cells associated with the GLB
comes from a product term within the block. Use of a
product term for a control functionmiakes that product term
unavailable for use asa|og| tprm Refet.fo the follownng

Reconfigurable
Registers
D,J-Kand T

Inputs From Dedicated
Global Routing Pool Inputs
0 123 4586 78 9 101112131
Ly < oy oy U oy ol oy o oy o oy o o
P«uuuquuﬂu««uuu

b

1 4 PT Bypass
02 g Global
Routing
Pool and
__‘F_ Single PT
T 7+4PTs

U
>
Output
Routing
O1 pool

tﬁtﬁtﬁﬂ

Control CLKO
Functions CLK 1
CLK2

PT Clock

PT Output

PT Reset
RESET

. Output

Enable

Enable
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Architectural Description

Product Term Sharing Matrix

Product | Standard Configuration Four Product Term Single Product Term XOR Function Alternate
Term # Output Number Bypass Output Number Output Number Output Number Function
3 2 1 0 3 2 1 0 3 21 0 |3 3 2 2 1 1 0 O

0 | B B N n u a

1 " N NN n

2 | I B B | |

3 L I B B | ]

4 HE EEE | |

5 [ I B B | |

6 L I B B n

7 " B EBN n

8 " B E B u

9 E BB n

10 HE B N B u

11 [ I I I |}

12 nE RN B CLK/Reset
13 E B BN ]

14 | B B B n

15 | I B B ] n

16 | I B B | .

17 L I B N [}

18 L I B B n

19 L I B N B | B OE/Reset

This matrix shows how each of the prodg Ims *usad LB output one is used in the Exclusive OR (XOR) mode

inthe various modes. As an examplaf’Prod "Termz ca”g Produc’t Term 12 becomes one of the inputs to the four

beusedas aninputtothe five mpumﬁ gate q\the stanyard input OR Gate. If Product Term 12 is not used in the logic,

configuration. This OR gate undet: tal;\dara‘”co ic thenitis available for use as either the Asynchronous Clock
its..

Lgyratlon ‘
signal or the GLB Reset signal.

2.66 1/92. Rev. A



#L attice

Specifications pLSI 1024

Architectural Description

The Megablock

The pLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/0O Cells. Each of these will be explained in
detailin the following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
pLSI family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs withinthe Megablock share two dedicated input pins.
These dedicated input pins are notavailable to GLBsinany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signal is generated within the
Megablock and is common to all sixteen of the /0 Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (see the following section on the Output
Enable Multiplexers). S

in the:Megablock, signals
counters; busses, etc.)

device and eliminal

DEVICE MEGABLOCKS VO CELLS
pLSI 1016 2 32
pLSI 1024 3 48
pLSI 1032 64
pLSI 1048 48 96

Figure 7. The Megablock

GLB GLB

A3

GlB H GLB H GLB H GLB
1 A4 H AS H A6 H A7

LI TrPr JTTTL TIT

Output Routing Pool

[ 1 T 1 [ "1

3 4 5 6

VOl VO |1 VO VO || /O |j VO |1 VO || VO || VO || VO
Cell||Celi{|Cell||Cell||Cell||Cell||Cell|| Cell| | Cell| | Cell | | Cell| | Cell{ | Cell
7

8 9 |10 )] 11112 ][ 13 || 14 || 15
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the /O Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 1/0 cells which are used in 3-state mode. Individual
I/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Refer to the I/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.

KN

A0
OE

Al
OE

A2
OE

S N

[

2-68

ooy |o} Vo] (VO |VO] | IO |4 VI/O . VO VO VO] VO [I/Of VO] |VO
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to /0O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,
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 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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 10) further
increase the flexibility of the“device. The ORP bypass
connect specific GLB outputs to specific /O Cells atafaster
speed. The bypass pathiends to.restriét the routability of
the device and shoul .for crifical signals.

Al

A7
0123

‘A

MILGLLS

i
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A
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Architectural Description

/O Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logicinputs come from the ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. /O Cell Architecture

OE

Using the multiplexers, the I/O Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/O.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
1/0 cell configurations possible.

There is an Active Pullup re n.the I/Q pins which is

From Output
Routing Pool

Output

Enable Active

Pull Up

From Output MUX

Routing Pool =
Bypass

To Gilobal
Routing Pool

VAN

I0CLK

I0CLK 1

|
>H/L—g-

Reset

T Note:
® Represents an E2CMOS Cell.
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Architectural Description

Figure 12. Example VO Cell Configurations

Input Buffer Output Buffer

> of—

1/0 Cell
Clock

Bi-Directional
1/0 Pin

Z

| o—LFn)

Inverting Output Buffer

$Bi-Di'j'ectionaI
1/O Pin With

N

Latch Input

D al—

/O Cell
Clock —P

Registered Input

Input Cells Bi-Directional Cells
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Architectural Description '

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/O Cells in the device. There are four
dedicated system clock pins (YO0, Y1, Y2, Y3) which can be
directed to any GLB or any I/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("B4" for pLSI 1024). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can
be connectedto CLK 1, CLK 2 or IOCLK 0, IOCLK 1 global
clocks.

Figure 13. Clock Distribution Netw

Generic Logic
Block "B4"

00 01 02 03

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLK 0,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

The two /O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1, '
I/O cells and the user progra ;
two.

3 ast predictable speeds
The GRP allows the outputs
f the T/Q celkinputs to be connected to the

similarly an input from an I/O pin is
to all of the GLBs. Because of the
hitecture of the pLSI device, the delays through
,Routlng Pool are both consistent and predict-
able However, they are slightly affected by fanout.

» CLK 0

» CLK 1

» CLK 2

» |OCLK 0
—» IOCLK 1

Dedicated Clock
Input Pins
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Security Cell

A security cell is provided in the pLSI devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, 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| devices are 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 program-
ming is available with ispLS| devices using Lattice
programming algorithms.

Latch-up Protection

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

Pin Configuration

pLSI 1024 PLCC Pinout Diagram

10 43 L]10

pLSI 1024

60 ] 1O 28
59 [1 110 27
58 [ /0 26
571 1025
56 [] 1/0 24
1 IN3
1 v1

] vee
GND
Y2
Y3
IN2
1/0 23
/0 22
/0 21
1/0 20
10 19
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68-Pin PLCC

Dimensions in inches MIN./MAX. 020

0.048 , 450 Mini
0.042 \ 050 e
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pLSI™ 1048

programmable Large Scale Integration

Functional Block Diagram

* PROGRAMMABLE HIGH DENSITY LOGIC

— Member of Lattice’s pLSI Family

— High Speed Global Interconnects

— 96 VO 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

— fmax = 70 MHz Maximum Operating Frequency
— tpd = 20 ns Propagation Delay

— TTL Compatible Inputs and Outputs

— Electrically Erasable and Re-Programmable

~— 100% Tested

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

— Complete Programmable Device can Combine Glue ™

Logic and Structured Designs
— 100% Routable at 80% Utilization
— Four Dedicated Clock Input Pins
— Synchronous and Asynchronous
— Flexible Pin Placement
— Optimized Global Routing P
Interconnectivity

— Manual Partitioning
— PC Piatfortir
— Easy to Use '

rd Party Design Environments

~— Fully AutomaticPartitioning

— Automatic Place and Route
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© Lattice pLSI 1048 is a High Density Programmable
Logic Device which contains 288 Registers, 96 Universal
/O pins, ten 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 basic unit of logic on the pLSI 1048 device is the
Generic Logic Block (GLB). The GLBs are labeled A0,
A1 ..F7, (seefigure 1). There are a total of 48 GLBs in the
pLSI 1048 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
which can be configured to be either combinatorial or
registered. inputs to the GLB come fromthe GRP. Allofthe
GLB outputs are brought back into the GRP so that they
can be connected to the inputs of any other GLB on the
device.
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Specifications pLSI 1048

Functional Block Diagram
Figure 1. pLSI 1048
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Specifications pLSI 1048

Description (continued)

The device also has 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 I/0 pin with 3-state.
The signal levels are TTL compatible voltages and the
output drivers can source 4 mA or sink 8 mA.

The 96 I/0 Cells are grouped into three sets of 16 each as
shown in figure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 /O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal /0 cells
by the ORP. The pLSI 1048 Device contains six of these
Megablocks.

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 and logic glitching.

Clocks in the pLSI 1048 device are selected using the
Clock Distribution Network. Fi ur“ﬂed'cated clock pins
(YOtoY 3) are broughtinto thedistribyti
outputs (CLK 0 to CLK 2°

Clock Distribution N
special GLB (Do

DEVICE pLSI 1032 pLSI 1048
GLBs 24 32 ~ 48
Registers 144 192 288
/O Pins 48 64 96
Dedicated Inputs 6 8 10

Pin Count 68 84 120

Ordering Information

pLSI 1048 - XX X X X

Device Number —————:l— T _r— Grade

Blank = Commercial
Speed Package
Q = PQFP
Power
L=Low

2.77 1/92. Rev. A !




Specifications pLSI 1048

Pin Description

Name PLCC Pin Numbers Description
/00-1/05 20, 21, 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/0 pins used by the
1/06-1/0 11 26, 27, 28, 29, 30, 31, logic array.

/012 -1/0 17 32, 33, 34, 35, 36, 37,
/0 18 - 1/0 23 38, 39, 40, 41, 42, 43,
/0 24 - 1/O 29 49, 50, 51, 52, 53, 54,
1/0 30 - 1/O 35 55, 56, 57, 58, 59, 60,
1/0 36 - 1/O 41 61, 62, 63, 64, 65, 66,
/O 42 - /O 47 67, 68, 69, 70, 71, 72,
1/0 48 - 1/O 53 80, 81, 82, 83, 84, 85,
1/0 54 - 1/0 59 86, 87, 88, 89, 90, 91,
1/0 60 - /0 65 92, 93, 94, 95, 96, 97,
/0 66 - 1/0 71 98, 99,100,101,102,103,
11072 -1/077 109,110,111,112,113,114,
/0 78 - /0 83 115,116,117,118,119,120,

1/ 84 - 1/O 89 1, 2, 3, 4 5, 6,
1/0 90 - 1/0 95 7, 8 9 10, 11, 12
INO-IN5 14, 44, - 47, 48, 73,
IN6-IN11 79,104,105, — 108, 13
RESET 18
Yo 14
2 ' 78

Y2 75 ncated clock input. This clock input is brought into the clock
ution network, and can optionally be routed to any GLB and/or

ny 1/0 Cell on the device.
Y3 “Dedicated clock input. This clock input is brought into the clock

distribution network, and can optionally be routed to any I/0 Cell onthe
device.

NC This is a factory test pin and it should be loft floating or tied to V...
GND Ground (GND)
Vce v

cc
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Specifications pLSI 1048

Absolute Maximum Ratings 1

Supply Voltage Vec
Input Voltage Applied
Off-State Output Voltage Applied
Storage Temperature

Ambient Temp. with Power Applied

-0.51t0 +7.0V
-2.51t0 Vg +1.0V
-2.510 Vgg +1.0V
-65 10 125°C
-55 0 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. Func-
tional operation of the device at these or at any other conditions

above those indicated in the operational sections of this speci-
fication is not implied (while programming, foliow the

programming specifications).

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 70 °C
Vce Supply Voltage 5.25 Vv
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee \

Capacitance (T,=25°C,

SYMBOL PARAMETER MAXIMUM! UNITS TEST CONDITIONS
C, Input Capacitance, 8 pf V¢e=5.0V, V,=2.0V
C, 1/O;’Y Capacitance 10 pt Vge=5.0V, VI/O, Y=2.0V

Data Retention Specifications _

2-79

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 100 CYCLES

1/92. Rev. A




Specifications pLSI 1048

Switching Test Conditions

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 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.

Output Load Conditions (see figure 2)

Figure 2. Test Load

vee

Device
Output

Test Condition R1 R2 CL
470Q 390Q 35pF
2 | Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q SpF
3 atV,, -0.5v
Active Low to Z 470Q 390Q
atVv, +0.5v

SYMBOL PARAMﬂj@ S CONDITION MIN. | TYP. | MAX. | UNITS
VoL Outpit Law Voltige lo =8 MA. - - 0.4 v
VOH Oitplit HighVoltage lon =4 MA. 2.4 - - v
L Input or /®,Low'Léakage Current OV <V <V, (MAX)) - - | 10| pa
IiH % it or /O I-ﬁgehffeakage Current Vi€ Vi€ Voo - - 10 pA
los? ‘| t-Qutput Shiit ircuit Current Voo = 5V, Vour = 0.5V 60 | - | -200| mA
lcc2 4% %gpé?%;}g@?ower Supply Current‘ V, =05V, V,,=3.0V - - - mA
L : Frocare = 20 MHz
1. One output ata tir‘ﬁ; for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using twelve 16-bit counters.
1/92. Rev. A
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External Switching Characteristics1 2.3 pLSI 1048-70
Over Recommended Operating Conditions

PARAMETER | oeon | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - - 20 | ns
tpd2 1 2 Data Propagation Delay - - 25 | ns
tco15 1 3 External Clock to Output Delay, ORP bypass - - - ns
tco2s 1 4 External Clock to Output Delay - - - | ns
tco3 1 5 Internal Synch. Clock to Output Delay -7 - | ns
tcos 1 6 Asynchronous Clock to Output Delay - | ns
tr1 1 7 External Pin Reset to Output Delay - ns
tr2 1 8 Asynchronous PT Reset to Output Delay - ns
ten 2 9 Input to Output Enable - | ns
tdis 3 |10 Input to Output Disable - | ns

Over Recommended Ope!

PARAMETER |IEST® 4 | DESCRIPTION MIN. | TYP. | MAX.| UNITS
fmax4 1 1 - | - | 70 | MHz
fmax (External) 1 - - - | MHz
tsut - - - | =1 ns
tsu2 - - - | - ns
tsu3 - - - | = ns
tsus - - - - | ns
th1 - - - - | ns
th2 old time-after External Synchronous Clock - - - ns
th3 Hd@ time after Internal Synchronous Clock - - - ns
th4 ’ time after Asynchronous Clock - - - ns
trw1 External Reset Pulse Duration - - - ns
trw2 Asynchronous Reset Pulse Duration - - - ns
twhi, twit External Synchronous Clock Puise Duration, High, Low - - - ns
twh2, twi2 Asynchronous Clock Pulse Duration, High, Low - - - | ns

1. External Switc Chiaracteristics are tested and guaranteed.

2. See Timing Techhictal Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,

and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

1/92. Rev. A }
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Switching Characteristics! 2.3 pLSI 1048-80

Using /O Cell
' TEST*
PARAMETER conD.| # DESCRIPTION MIN. | TYP. |MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock - - - ns
tsué - 28 | Setup Time before Intemal Synchronous Clock - - - ns
ths — | 29 | Hold Time after External Synchronous Clock - - - | ns
the - 30 Hold Time after Internal Synchronous Clock ‘ - ns
twh3, twia — [81,32] Clock Pulse Duration, High, Low - | ns
1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density pLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 productterms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany of the 48 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
tothe four GLB outputs. There are four OR gates, with four,

four, five and seven product terms (see figure 3). '!";xe,,,w

Figure 3. GLB: Product Term Sharing Array

Inputs From

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be done ny or all of the four
outputs from the GLB. ,

The Reconfigurable Regjsfem-c nsist:of four D-type flip-
flops with an Exclusive OF =Ga£e ontheinput, ‘The Exclusive
OR gate in the GLB.¢an b used either.as‘a logic element
or to reconfigure,t Q tgf émulate a J K, or

% not

Global Routing Pool Reconfigurable
Registers
5 6 9 10 D,J-K,and T
ey L e
M M M M
7 [M]
—/ V)
l !D cl ﬁl‘b‘ 03
[] M
| [Ba}—x}->- 02 To
Global
Routing
Pool and
1 .i\?' Output
|'°° fl-or ot
M= [
|D cI X 00
AND Array
PT Reset
RESET-
Control CLKO
Functions CLK1
cLK 2 —MUX '
PT Clock
PT Output , Output
Enable " Enable
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Specifications pLSI 1048

Architectural Description

Figure 4. GLB: 'Four Product Term Bypass

Inputs From Dedicated
Global Routing Pool Inputs
— Product Term Sharing
Array (Four Product Term D Registers
Shown)

0 1234567809 101112131415
L by o R A
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&3
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Bypass

AND Array

Control
Functions

, Output
Enable

Inputs From
Global Routing

Product Term Sharing
Array (Exclusive OR
i ion Shown) D Registers

To

02 Giobal

Routing

Pool and

Output
Routing

01 pool

Q

6 ) U
DQ
Il_/
PT Reset
RESET.

Control CLKO
Functions CLK1
CLK2 MUX ' MUX
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xcz] [xc3] EX=E3) ?
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Y
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AND Array
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2.84 : 1/92. Rev. A



Specifications pLSI 1048

Architectural Description

The 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 shown in figure 6, Output Three (O3) is configured
using the XOR Gate and Output Two (02) is configured
using the four Product Term Bypass. OutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developedinthe Control Function section. The clock forthe
registers can come from any of three sources developed in
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Inputs From
Global Routing Pool

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the 1/0 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 for use as a logi¢ or ‘.Referio the following

nthe part of the user.

Reconfigurable

0 12 3 456 7 8 9 10111213
e M M
NMMMMV\{VVVM M M

Registers
D,J-KandT

M)
U

X o3
ﬂ-b-
V]

I To
X702 Giopal

1 4 PT Bypass

1

Bi6h

FEE

ol g:t v
5
-

Routing
Pool and
Single PT m oul
u F\oulmg
X 1 Pool

‘ftzﬁtg

e N l M
] 7+4PT's u
VNN, o °|":ka

PT Reset
RESET

Control CLKO
Functions CLK 1
CLK2 A
PT Clock
PT Output . Output
Enable ~ Enable
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Specifications pLSI 1048

Architectural Description

Product Term Sharing Matrix

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

3 2 1 0 3 2 1 0 3 2 1 0 |3 3 2 2 1 1 0 O

0 " B EN ] | ] n

1 | B B B n

2 L B BN [ ]

3 L B BN n

4 " B EE ] L]

5 "R ER n

6 HE B BN u

7 E B BN [}

8 " R EnN n

9 | I B B | ]

10 "R man u

1 " EABE | |

12 [ I I B B CLK/Reset

13 " E RN | ]

14 " B EN n

15 L B B [ ]

16 H B EDN n

17 E R RN u

18 " B EBR | ]

19 | R EDR M | W OE/Reset

This matrix shows how each of the prodgic
inthe various modes. As an example;Rrod

2can/”

be used as aninputtothefive inpu R gateinth e anﬂard
configuration. This OR gate un( a@ydara"bonf yration
ctTerm

B output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,

thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.

2-86
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Architectural Description

The Megablock

The pLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/0O Cells. Each of these will be explainedin
detailinthe following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
pLSI family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs withinthe Megablock share two dedicated input pins.
These dedicatedinput pins are not available to GLBsinany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signalis generated within the
Megablock and is common to all sixteen of the I/O Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (see the following section on the Output
Enable Multiplexers).

Because of the shared logic'within the- Megablock, signals
which share a commo h.{counters; busses, etc.)
should be grouped with egablock. This will allow the
user to obtain th ogic within the
device and elimi

DEVICE MEGABLOCKS VO CELLS
pLSI 1016 32
pLSI 1024 48
pLSI 1032 32 64
pLSI 1048 48 96
Figure 7. The Megablock

GLB
H A3

GLB
A0

GLB GlB H 6B H GLB
A H A5 H Aas H A7

111

L P re pipr fPril Tify

Output Routing Pool

1

1 1 1

6

o jivofjivojjvo o ool 1o ij o
Cellj]Cell]|Cell]|Cell||Cell}]Cell||Celi||Cell]| Cell || Cell

7 8 9 || 10 ] 11 || 12 || 13 || 14 |] 16

1/92. Rev. A
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the /0 Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 I/0O cells which are used in 3-state mode. Individual
/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Referto the I/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. g "

s,

e

gt

A0 Al A2
OE OE OE

[ |

l[o]

Jvol.

Vol Vol o} jio| | o
10 11 12 13 14 15
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to I/O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,
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 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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 10) further
increase the flexibility of th
connect specific GLB outputst
speed. The bypass pat
the device and sho

ical signals.

A0 Al
0123

-Y.y JL_ LYYy
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Architectural Description

VO Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logic inputs come from the ORP (see figure 7). One comes
from the ORP, and the other comes from the faster ORP
bypass. A pair of muitiplexers select which signal will be
used, and its polarity.

The OE signal comes from the Output Enable As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. /O Cell Architecture

OE

Using the multiplexers, the I/O Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/0.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
I/O cell configurations possible.

B

There is an Active Pullup rests oi‘ on.the IIO pins which is
automatically used whervtﬁe pkn is rrq,t nected. This
prevents the pin from tioati‘ng\;nmnduc;ngf noise into the
device or consuming’agls l, po ,[,;f i

From Output
Routing Pool

Output

Enable

Active
Pull Up

From Output MUX

Routing Pool — ]
Bypass

Tg Global

AN

B

T Note
® Represents an E2CMOS Cell.
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Architectural Description

Figure 12. Example /O Cell Configurations

Input Buffer
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VO Cell
Clock p

Latch Input

>

1/O Cell
Clock

Registered Input
Input Cells

Output Buffer

Inverting Output Buffer

Bi-Directional

I/O Pin

Directional
Pin With

Bi-Directional Cells

2-91

1/92. Rev. A




Specifications pLSI 1048

Architectural Description

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and 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) which canbe
directed to any GLB or any 1/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("D0" for pLSI 1048). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can
be connectedto CLK 1, CLK2 or IOCLK 0, IOCLK 1 global
clocks.

Figure 13. Clock Distribution Network

All GLBs also have the capability of generating their own
asynchronous clocks using. Product Term 12. CLK 0,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

Clock Distribution
dught to all 96 of the
/Q.cellto use one of the

The two I/O clocks generated in
Network IOCLK 0 and IOCLK 1,
I/O cells and the user prograrr

B output is available to the input
mnlarly an input from an 1/O pin is

itecture of the pLSI device, the delays through
Routing Pool are both consistent and predict-

Block "D0"
00 O1 02 03

Clook Dlstnbutnon
Network

» CLKO

» CLK 1

» CLK 2

» IOCLK 0
—» |OCLK 1

Dedicated Clock
" Input Pins

2-92

1/92. Rev. A



Specifications pLSI 1048

Security Cell

A security cell is provided in the pLSI devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, 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 devices are 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 program-
ming is available with ispLSI| devices using Lattice
programming algorithms.

pLSI 1048 PQFP Pinout Diagram

Latch-up Protection

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

pLSI 1048

2-93
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: e ispLSI™ 1032
E Laﬂl c e in-systeam programma!lfgrgefcale lntegrftion

Functional Block Diagram

* in-system programmable HIGH DENSITY LOGIC
— Member of Lattice’s ispLSI Family
— Fully Compatible with Lattice's pLSI™ Family
— High Speed Global Interconnects
— 64 /O Pins, Eight Dedicated Inputs
— 192 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 E*CMOS® TECHNOLOGY

— fmax = 80 MHz Maximum Operating Frequency

— tpd = 15 ns Propagation Delay

— Low Power Consumption (lcc 135mA Typ.)

— TTL Compatible Inputs and Outputs
 in-system programmable 5-VOLT ONLY

— Change Logic and Interconnects "on-the-fly" in

Seconds
— Reprogram Soldered Device for Debugging
— Non-Volatile E2CMOS Technology

— 100% Tested Description

) ggg&;’:ﬁ? PElgssEvﬁi: %_Eu: ggNT;:EY';‘:‘SJ SY | ‘t.atticg ispLSI 1 932 isa H!gh Density Programma?le

ogic Device featuring 5-Volt in-system programmability
and in-system diagnostic capabilities. The device contains
192 Registers, 64 Universal I/O pins, eight Dedicated Input
Pins, four Dedicated Clock Input Pins and a Global Routing
Pool (GRP). The GRP provides complete interconnectivity
between all of these elements. It is the first device which
offers non-volatile "on-the-fly" reprogrammability of the
logic, as well as the interconnects to provide truly
reconfigurable systems. ltis architecturally and parametri-

Output Routin:

o] oo

B8 FTTI] EIrh O

— Four Dedicated Clock Input Pin
— Synchronous and Asynchrdiio

* pLSVispLSI™ DEVEL! ] cally compatible to the pLSi 1032 device, but multiplexes
four of the dedicated input pins to control in-system pro-
gramming.

— Man J The basic unit of logic on the ispLSI 1032 device is the

Generic Logic Block (GLB). The GLBs are labeled A0, A1
.. D7 (see figure 1). There are a total of 32 GLBs in the

¢ ADVANCED: spLS| DEVELOPMENT SYSTEM ispLSI 1032 device. Each GLB has 18 inputs, a program-
— Industry Stdndard, Third Party Design Environments  Mable AND/OR/Exclusive OR array, and four outputs
— Schematic Capture which can be configured to be either combinatorial or
— Fully Automatic Partitioning registered. Inputs to the GLB come from the GRP. All of the
— Automatic Place and Route ) GLB outputs are brought back into the GRP so that they
— Comprehensive Logic and Timing Simulation can be connected to the inputs of any other GLB on the
— PC and Workstation Platforms device.

Copyright © 1991 Lattice Semiconductor Corp. GAL®, E2CMOS®, and UtraMOS® are regi d trademarks of Lattice i Corp. pLSI™, ispLSI™, pDS™ and Generic Array

Logic™ are of Lattice i Corp. The ifications and herein are subject to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. January 1992. Rev. A

Tel. 1-800-LATTICE (528-8423); FAX (503) 681-3037
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The device also has 64 I/O Cells, each of which is directly latched input, output or bi-directional I/O pin with 3-state.
connected to an I/O pin. Each I/O cell can be individually The signal levels are TTL compatible voltages and the
programmed to be a combinatorial input, registered input, output drivers can source 4 mA or sink 8 mA.

Functional Block Diagram

Figure 1. ispLSI 1032
YOUO VOUO  VOWOYONO  VOLOIOIO 1O VO VO O
6362 6160 59585756 55545352 51 50 49 48
RESET| |
LogignB.]ggks Output Routing Pool
(GLBSs)
105 [] 04 [] 03 [] IN5
N4

oo 11047

101 A0 VO 46

Vo2 — 10 45

o3 Al /O 44

| -

110 4 _ _ 10 43

105 8 A2 8 10 42

oY Clr— o 10 41

Vo7 £l A3 £ 110 40

3 | = 3

Vo8 T as o Vo 39

oo - | 2 Vo 38
10 10 3 3 Vo a7
110 11 A5 10 36 -

L
11012 A6 /0 35
110 13 — 10 34
/O 14 VO 33
/0 15 10 32
VW o
SDUIN 0 1 1 1 i 1 oK
MODE/N 1 Bo[]ei[]e2[]es[]BaflBs[IB6[]B7|| ciock o
Distribution T OCL.K 5
- Network TooLK Y
Output Routing Pool
| UOWOVOVO KWOVOWOVO UOWOWOVO WOWOWOWO Y Y Y Y
SDO/ SCLi/ 16171819 20212223 24252627 28293031 0 1 2 3
IN2 IN3
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Description (continued) ,

The 64 1/O Cells are grouped into four sets of 16 each.
asshowninfigure 1. Each ofthese I/0 groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 I/O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal I/O celis
by the ORP. TheispLSI 1032 Device contains fourofthese
Megablocks.

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 and logic glitching.

Clocks in the ispLSI 1032 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YOto'Y 3) are broughtintothe distribution network, and five
outputs (CLK 0 to CLK 2 and IOCLK 0, IOCLK 1) are
provided to route clocks to the GLBs and-J/O cells. The
Clock Distribution Network can also riven from a
special GLB (CO on the ispLSI 103 . The logic of

1al.clock from a

programmable Large Séal : »asbLSI) family.

pLSI 1048 with 288
registers. The isp Selector Guide below

lists key att

ispLSI Family Product Selector Guide

DEVICE ispLS1 1016 ispLSl 1032 ispLS1.1048
GLBs 16 | 32 48
Registers 96 .- 192 288
/O Pins 64 96
Dedicated Inputs 8 10
Pin Count 68 84 120

Ordering Information ' v

1032-XX X X X

] _r— Grade

Blank = Commercial
Package

J=PLCC
Power

L =Low

50 =50 MHz fmax

2.97 1/92. Rev. A



Specifications ispLSI 1032

Pin Description

SDO/IN 2

SCLK/N 3

Name PLCC Pin Numbers Description
1/00-1/03 26, 27, 28, 29, Input/Output Pins - These are the general purpose I/O pins used by the
04-107 30, 31, 32, 33, logic array.
/0 8 -1/0 11 34, 35 36, 37,
110 12-1/0 15 38, 39, 40, 41,
/10 16 - 1/0 19 45, 46, 47, 48,
/0 20-1/0 23 49, 50, 51, 52,
/10 24 -1/0 27 63, 54, 55, 56,
/O 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,
/O 48 - /0 51 3, 4, 5, 6,
1/0 52 - 1/0 55 7, 8, 9, 10,
/0 56 - I/0 59 11, 12, 13, 14,
1/0 60 - /0 63 15, 16, 17, 18
IN4-IN7 67, 84, 2, 19 Dedicated in}
ispEN 23 Input v’@e ated,m-s g)ﬁprogrammmg enable input pin. This pin
|s b ugm lo Ke’nap{y the programming mode. The MODE, SDI,
nd SCL is become active.
SDI/INO 25 ‘ f’*laguff% andeorms two functions. Itis a dedicated input pin when
#. ~.Jsp Niis: | When ispEN is logic low, it functions as an input
A, ﬁ@ntp Ioa}{\'wegrammmg data into the device. SDI/IN 0 also is used as
) i ‘f\ oﬂh% o control pins for the isp state machine.
MODE/IN 1 42 4o, ", I ;f‘hls pin performs two functions. It is a dedicated input pinwhen

4 input pin whenispEN is logic high. WhenispEN is logic low, it functions

is logic high. When |spEN is logic low, it functions as a pin to
gn”trol the operation of the isp state machine.

f\put/Output - This pin performs two functions. It is a dedicated clock

as an output pin to read serial shift register data.

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 Active Low (0) Reset pin which resets all of the GLB and I/O registers
- in the device.
YO /f‘“ ", Dedicated Clock input. This clock input is connected to one of the
Vi <“” clock inputs of all of the GLBs on the device.
Y1 %,@ %) & Dedicated Clock input. This clock input is brought into the clock
*”@\ : distribution network, and can optionally be routed to any GLB on the
e, device.

Y2 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 62 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/0 Cell on the
device.

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

Vce 21, 65 ‘ Vee
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Absolute Maximum Ratings !

Supply Voltage Ve . oo cvevvvviini -0.5t0 +7.0V
Input Voltage Applied. . ............. -2.5to Vg +1.0V
Off-State Output Voltage Applied. ... .. -2.5t0 Vg +1.0V
Storage Temperature . . ................ -65 to 125°C
Ambient Temp. with Power Applied . ... .... -55 t0 125°C

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

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 0 70 °C
Vcc Supply Voltage 4.75 5.25

ViL Input Low Voltage 0 0.8 \'
VIH Input High Voltage 2.0 Vee \

Capacitance (T,=25°C,f=1 0 MHz)

SYMBOL MAXIMUM! | UNITS | TEST CONDITIONS
8 pf Voe=5.0V, Vj=2.0V
10 pf Ve=5.0V, VI/O, Y=2.0V

MINIMUM MAXIMUM UNITS i

Data Retention 20 - YEARS ‘
Erase/Reprogram Cycles - 1000 CYCLES

|

1/92. Rev. A |
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Switching Test Conditions

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

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 — -
active level. Output Point

Output Load Conditions (see figure 2)
Test Condition R1 R2 cL *CL Indicates
Probe Total
470Q 390Q 35pF )
2 Active High (o) 390Q 35pF
Active Low 470Q 390Q 35pF
Active Highto Z oo 390Q S5pF

3 | atv,,-05V

Active Lowto Z 470Q 390Q
atv, +0.5V

DC Electrical Characterlstlc

ed Operating Conditions
SYMBOL CONDITION MIN. | TYP. | MAX. | UNITS
VoL lo, =8 MA. - - 0.4 v
Iy =-4 MA. 2.4 - - %
e 0V <V <V, (MAX.) - - -10 HA
Vi S Vin S Vo - - 10 uA
Voo =5V, Vour = 0.5V -60 - 200 | mA
V, =05V, V,, = 3.0V - 135 | 195 | mA
Froceie = 20 MHz

rhe for a maximum duration of one second. (Vout = 0.5V)
requency of 20 MHz using eight 16-bit counters.

1. One outpu
2. Measured

2-100 1/92. Rev. A
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External Switching Characteristics 1,2, 3 ispLSI 1032-80
' Over Recommended Operating Conditions |

PARAMETER  |econ | # DESCRIPTION MIN. | TYP. | MAX.|UNITS

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 | 15 | ns

tpd2 1 2 Data Propagation Delay ns

tco15 1 3 Extemal Clock to Output Delay, ORP bypass ns

tco25 1 4 External Clock to Output Delay ns r
tco3 1 5 Internal Synch. Clock to Output Delay ns |
tcod 1 6 Asynchronous Clock to Output Delay ns

tr1 1 7 External Pin Reset to Output Delay ns

tr2 1 8 Asynchronous PT Reset to Output Delay ns

ten 2 9 Input to Output Enable ns

tdis 3 |10 Input to Output Disable ns

External AC Recommended Operating Conditions 1.2, 3
Over Recommended

PARAMETER  |ZEST% # | DESCRIPTION MIN. | TYP. | MAX.| UNITS
fmax4 1 | 11 | Clock Frequeficy wi - | 100 | 80 | MHz
fmax (External) 1 - | 70 | 50 | MHz
tsu1 - 9 6 | - | ns
tsu2 - 12| 8 | - | ns
tsu3 - 9 3 | - | ns
tsud - 9 - | ns
thi - 2 | 1| -] ns
th2 after External Synchronous Clock 2 -1 - ns
th3 Hold time after Internal Synchronous Clock 8 2 - | ns
ths Hold time after Asynchronous Clock 8 | 1| -] ns
External Reset Pulse Duration 10 8 - ns ‘
Asynchronous Reset Pulse Duration 10 8 - ns :
23,24| External Synchronous Clock Pulse Duration, High, Low 5 - ns ’
25,26| Asynchronous Clock Pulse Duration, High, Low 6 5 - ns ‘

1. External Parameters are tested and guaranteed.

2. See Timing Téchnical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

2.101 1/92. Rev. A
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Switchin Characteristicst 2,3 isLSl 1032-80

Using /O Cell

PARAMETER  |lown| # | DESCRIPTION MIN. | TYP. |MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 - ns
tsus - 28 | Setup Time before Internal Synchronous Clock 0 - ns
ths - 29 | Hold Time after External Synchronous Clock - ns
the - 30 | Hold Time after Internal Synchronous Clock ns
twh3, twia - ]31,32| Clock Pulse Duration, High, Low ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.
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External Switching Characteristics 1, 2,3 ispLS1 1032-50

|
Over Recommended Operating Conditions ‘[

PARAMETER  |1E57°| 4 | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 16 | 20 ns
tpd2 1 2 Data Propagation Delay, ORP - ns
tcot® 1 3 External Clock to Output Delay, ORP bypass - ns
tco25 1 4 External Clock to Output Delay ns
tco3 1 5 Internal Synch. Clock to Output Delay ns
tcos 1 6 | Asynchronous Clock to Output Delay ns
tr1 - 7 External Pin Reset to Output Delay ns
tr2 - 8 Asynchronous PT Reset to Output Delay ns
ten 2 9 Input to Output Enable ns
tdis 3 10 | Input to Output Disable 21 | 28 | ns

External AC Recommended Operating Conditions “ ispLSI 1032-50

PARAMETER JsT’l # | DESCRIPTION.. MIN. | TYP. | MAX.|UNITS

fmax4 1 11 | Clock Freqpéhgy.with Internal Feedback - 70 | 50 | MHz

fmax (External) 1 | 12 | Clock Fréquencywith Exten - | 45 | 33 | MHz

tsu1 — | 13 | SetupTime before External Synch. Clock, 4PT bypass 14| 10| - | ns

tsu2 - 14 | Setup Time 'befo?e sternal Synch Clock 17 13 - ns

tsu3 - | Seétup Time before Internal Synch. Clock 13| 9| -1 ns

tsu4 - | Setup Time béfore Asynchronous Clock 13| 9 - | ns

th1 ) HQid m,é*i\fter External Synchronous Clock, 4PT bypass 7 3 - ns

th2 Hold time after External Synchronous Clock 7 3 -~ ns

th3 Hold time after Internal Synchronous Clock 1 5 - ns

tha Hold time after Asynchronous Clock 1 5 - ns

trwi External Reset Pulse Duration ) 15 13 - ns

tw2 - Asynchronous Reset Pulse Duration 15 13 - ns |
twh, tw 23,24 External Synchronous Clock Pulse Duration, High, Low 0 | 8 - | ns i
twh2, twi2 - |25,26| Asynchronous Clock Pulse Duration, High, Low 10 | 8 - | ns

External Parameters are tested and guaranteed.

. See Timing Technical Note for further details.

. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

. Standard 16-bit counter implementation using GRP feedback.

. Clock to output specifications include a maximum skew of 2 ns.

. Refer to Switching Test Conditions section.

WN -
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Switching Characteristics1: 2,3 ispLSI 1032-50

Using VO Cell
PARAMETER Test| # | DEscripTiON MIN. | TYP. | MAX. |UNITS
tsus - 27 | Setup Time before External Synchronous Clock 10 5 - ns
tsus - 28 | Setup Time before Internal Synchronous Clock 0 - ns
ths - 29 | Hold Time after External Synchronous Clock - ns
the - 30 | Hold Time after Internal Synchronous Clock ns
twh3, twi3 ~ |81,32| Clock Pulse Duration, High, Low ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.

1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals from any of the 32 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
tothe four GLB outputs. There are four OR gates, with four,
four, five and seven product terms (see figure 3). The

Figure 3. GLB: Product Term Sharing Array

Inputs From D
Global Routing Pool

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the perforr a_nce of the cell
(see figure 4). This can be done to,
outputs from the GLB.

r as.a logic element
5-emulate a J-K, or

d ALU type functions.
he user needs a combi-

Routmg‘PooI Reconfigurable registers are
hen the four product term bypass is used.

Reconfigurable

ct Term Registers
0 1 2 3 456 7 89 1011 1213 haring Array D,J-K,and T
‘J. J.‘.J.‘J.‘J. J.‘.J.‘.L‘J. oy by pely oo
YAVAVRVRVAVAV.V.
[M]
l U
4 io ci X} 03
m
% . 1 [oal ;" L"D‘ o2 To
— Global
Routing
- 5 — Pool and
v'ij Output
ELE\\ . - ggg:mg
7 I E
'ID ci xfH- 00
AND Array
PT Reset
RESET
Control CLKO
Functions CLK 1
CLK2
PT Clock
PT Output . Output
Enable " Enable

2-105

1/92. Rev. A




Specifications ispLSI 1032

Architectural Description

Figure 4. GLB:  Four Product Term Bypass

Inputs From Dedicated
Global Routing Pool Inputs
- Product Term Sharing .
O 12 el R R PV Aray (FourProductTern D Registers
MMMMMMMMMMMMNMMMNMNNMN Bypass Shown)
4

AND Array

Control
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Output
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Figure 5. GLB: Exclusive OR Gate
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Architectural Description

The 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 shownin figure 6, Output Three (O3) s configured
using the XOR Gate and Output Two (O2) is configured
using the four Product Term Bypass. Output One (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developed inthe Control Function section. The clockforthe
registers can come from any of three sources developed in
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Inputs From
Global Routing Pool

56 7 8 9 1011
L Ly L .

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the 1/0O cells associated:with the GLB
comes from a product term within thi *‘bleck Use of a
product term for a control function Qpékesﬁhatproduct term
unavailable for use asaloglc Refez o the following

There are additional feattires i
mematlon of logtc mtensnvef |

Reconfigurable
Registers
D,J-Kand T

Fdgl ]

4
L
YAV-3V-3 V-3V,

e

=+~

5%&

Routing
Pool and
Output

Single PT

Routi
01 pool

(.
1 _ﬁﬂ» 02 S
i

=7+-1P‘r's | 5 U oo
r ELL

PT Reset
RESET

~ Control CLKO
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CLK 2 —]MUX '
PT Clock
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Architectural Description

Product Term Sharing Matrix

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

0 " B EBR n n u

1 E B EE L ]

2 R RN ]

3 H B BB ]

4 R E ER ]

5 " B BB [ ]

6 [ I B I ] |

7 H BE R ||

8 | I B I |}

9 L I B B | ]

10 " B BN n

1 " B EDN n

12 | I B BN | M CLK/Reset

13 " B RN

14 E B BB n

15 E n BN u

16 | I B I | u

17 E R RN n

18 " EEan |

19 | I B I | B | W OE/Reset

This matrix shows how each of the produc
inthe various modes. As an example, Product
be used as aninputtothe five inpu
configuration. This OR gate un
canbe routedto any of the fou
12 is not used in the four prod

GLB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.
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Architectural Description

The Megablock

The ispLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/0 Cells. Each of these will be explained in
detailinthe following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
ispLSI family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs within the Megablock share two dedicated input pins.
These dedicated input pins are not available to GLBsinany
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signalis génerated withinthe
Megablock and is common to all sixteen of the I/O Cells in
the Megablock. The Output Enable signal can be gener-

Enable Multiplexers).

Because of the shared logic wi
which share a common f
should be grouped within;;
user to obtain the best u
device and eliminate’ro

(coun _ ses etc.)
Me ableck‘l’ Wl|| allowthe

DEVICE MEGABLOCKS VO CELLS
ispLSI 1016 2 32
ispLSI 1024 3 24 48
ispLSI 1032 4 32 64
ispLSI 1048 6 48 96
Figure 7. The Megablock
GLB | GlB H GlBB H GlLBB H GLB H GLB
AO H A3 H A4 A5 H A6 H A7

[ 1] HEE!

PITT TP TP Ji0]

Output Routing Pool

I | 1

2-109
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the 1/0 Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 1/0 cells which are used in 3-state mode. Individual
I/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Refer to the I/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 .G

Megablock which happens to have an uf
term. This frees up the other OE prodi
logic.

rms for use as

A0 Al A2 A3
OE

plies ey Wl

|

o]
15
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to /O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,

completely interchangeable. This allows the routing pro-
gram 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.

igure 10) further
ORP. bypass
icl/OCells atafaster

The ORP bypass connections (se
increase the flexibility of the de

it can be seen that a GLB output can be connected to one routability of
of four I/O Cells. Further flexibility is provided by using the ical signals.
PTSA, (Figures 3 through 7) which makes the GLB outputs
Figure 9. Output Routing Pool
AO A7
0123 0123
,_!_!-i_‘_-_! e Y YYY __YYVYY..
EaSe =
= ¥ T+ b— |
ORP —» ) 8 ’ig :
: ‘ eSS
' Ho—+ Fé‘é‘ '
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Architectural Description

/O Cell

The 1/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logic inputs come from the ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. VO Cell Architecture

OE

From Output
Routing Pool ™|
MUX -

Using the multiplexers, the I/0 Cell can be configured as an
input, an output, a 3-stated output or a bidirectional 1/0.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered fli
in-coming data. Figure 12 illustrates soi
I/O cell configurations possible.

There is an Active Pullup resistor'on the-
automatically used when t i
prevents the pin from floati
device or consuming additional p

pins‘which is
ted. This
ise into the

Output

Enable

Active
Pull Up

From Output
Routing Pool =
Bypass

To Global
Routing Po

b
N

RESET

P RL
Reset

Il
t

T Note
® Represents an E2CMOS Cell.
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Architectural Description

Figure 12. Example VO Cell Configurations |

- Bi-Directional
-—}— > H | Pin ) IoFin

Input Buffer Output Buffer

oo,

Inverting Output Buffer

Latch Input

D a
“ /O Cell
Cloclz > |

Registered Input

Input Cells Bi-Directional Cells
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Architectural Description

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/O Cells in the device. There are four
dedicated system clockpins (YO, Y1, Y2, Y3) which can be
directed to any GLB or any I/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("C0" forispLSI 1032). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can
be connectedto CLK 1, CLK 2 0rIOCLK 0, IOCLK 1 global
clocks.

Figure 13. Clock Distribution Network

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLKO,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3). Ay

f"’
The two /O clocks generated in the%(’:“‘éék Distribution
Network IOCLK0and IOCLK 1, a;e’ S g'f%t to all64 of the

» CLK O

» CLK 1

» CLK 2

© » |OCLK 0
—» |OCLK 1

Dedicated Clock
Input Pins

Note: Y3 pin should always be used first as an IOCLK 0 or IOCLK 1 before using Y2 pin.
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Architectural Description

Global Routing Pool

The Global Routing Pool (GRP) is a Lattice proprietary
interconnect structure which offers fast predictable speeds
with complete connectivity. 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 1/O pin is

Figure 14. GRP Delay vs Fanout
7 —

6_

GRP Delay (ns)
w £ [$,]

N

ispLSI 1032-50

available as an input to all of the GLBs. Because of the
uniformarchitecture ofthe ispLSI device, the delays through
the Global Routing Pool are both consistent and predict-
able. However, they are slightly affected by fanout. See the
fanout delay graph (Figure 14).

16

Fanout (GLBs)
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=
=

Timing Model

Figure 15. ispLSI Timing Model

VO Cell ! GRP ! Generic Logic Block ! ORP ! /O Cell
#47j I #33

1

|

]

INPUT

4 Product Term
Bypass Delay

J

#36

#43
#44, #45, #46

#42 l

20 Product Temm

S

\/

CLKYO

CLKY1,Y2

CLKY2,Y3 9

I &

#55
Clock GLB

The task of determining the timing through the devic
simple and straightforward. The devuce tummg mod

RESET

S amples are shown for the critical timing
edf as Data Sheet parameters Note that the

,a?e not tested. (External timing parameters are tested

datato propagatethrough the device, simply dete
dd t guaranteed on every device.)

path the data is expected to follow, and

tio +

tpd11 = + tgbp + trobp o+ tob
#1 = #48 + + #35 + #51 + #49
15ns = 2 + + 0 + 0 + 4
tpd21 i ; + tor20 + tgop 4+ tmx + tob
#2 + #34 + #35 + #50 + #49
20ns ) + 75 + 0 + 1 + 4
fmax! + txor20 + tgsu

#11 + #34 + #38

1/14ns/ s, + 75+ 0

ts + txor20 - tgyo - tgsu

#14 4 + #34 - #52 - #38

12ns 4 + 7.5 - 4 - 0

tco2! = tgy0 + tgco +  tmx +  tob
#4 = #562 + #37 + #50 + #49
Bs = 4 o+ 2 o+ 1  + 4
NOTE:

1. The internal delays are rounded and do not necessarily add up to the tested external delays.
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Switching Characteristics ispLSI 1032-80

Internal Timing Model Parameters are not tested and are for reference only
Generic Logic Block (GLB)'

PARAMETER # DESCRIPTION MIN. UNITS
tapt 33 4 Product Term Delay
txor20 34 20 Product Term Delay
tgbp 35 GLB Register By-Pass Delay
tatb 36 GLB Feedback Delay
tgco 37 GLB Clock to Output Delay
tgsu 38 GLB Setup Time before Clock
tgh 39 GLB Hold Time after Clock
Reset Delays
PARAMETER # DESCRIPTION
taor 40 GLB Global Reset Delay
tgar 41 GLB Asynchronous Reset - 9 ns

Input/Output Cell (/O Cell)
PARAMETER # MIN. | MAX. | UNITS
tiat 42 - 1 ns
tiobp 43 - 0 ns
tiosu 44 0 - ns
tioh 45 1 - ns
tioco 46 - 1 ns
DESCRIPTION ~MIN. | MAX | UNITS
Dedicated Input Buffer Delay - 6 ns :
Input Delay for I/O Buffer - 2 ns ‘
49 Output Buffer Delay i - 4 ns |
50 Output ORP Delay - 1 ns
51 Output ORP Bypass Delay - 0 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
|
1/92. Rev. A
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Switching Characteristics ispLSI 1032-80

Internal AC Characteristics and Conditions are not tested and are for reference only

Clock and Enable Delays, GLB and I/O Cell

PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tgyo 52 Clock Delay, YO to GLB
tay1/2 53 Clock Delay, Y1 or Y2 to GLB
tgpt 54 Clock Delay, PT Clk to GLB
tgcp 55 Clock Delay, Clk GLB to GLB
tgen 56 Enable Delay, GLB to I/0 Cell
tgdis 57 Disable Delay, GLB to I/O Cell
tiocp 58 Clock Delay, Clk GLB to /O Cell
tioy2/3 59 Clock Delay, Y2 or Y3 to I/O Cell
GRP Delays
PARAMETER # DESCRIPTION MIN. | MAX | UNITS
tgrpd 60 GRP Delay, Fanout 4 - 3 ns
tgrp8 61 GRP Delay, Fanout 8 - 4 ns
tarp16 62 GRP Delay, Fanout.16 - 5 ns
tgrp32 63 GRP Delay, Farigut 32 - 8 ns
(Note: Parameter Numbers refer to the timin ing Model Diagram.)
1/92. Rev. A
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Switching Characteristics ispLSI 1032-50 i.

Internal Timing Model Parameters are not tested and are for reference only . |

Generic Logic Block (GLB)'

PARAMETER # DESCRIPTION MIN. MAX | UNITS
tapt 33 4 Product Term Delay
txor20 34 20 Product Term Delay
tgbp 35 GLB Register By-Pass Delay
tgfb 36 GLB Feedback Delay
tgco 37 GLB Clock to Output Delay
tgsu 38 GLB Setup Time before Clock
tgh 39 GLB Hold Time after Clock -
Reset Delays
PARAMETER # DESCRIPTION
togr 40 GLB Global Reset Delay
tgar 41 GLB Asynchronous Reset D - 10 ns
Input/Output Cell (VO Cell)
PARAMETER # MIN. | MAX. | UNITS
tiat 42 - 2 ns
tiobp 43 - 0 ns
tiosu 44 0 - ns
tioh 45 2 - ns
tioco 46 - 2 ns
Input and Output Dela
PARAMETE! ; ' DESCRIPTION MIN. MAX | UNITS
tdin ; Dedicated Input Buffer Delay - 7 ns |
tib Input Delay for /O Buffer - 3 ns
tob Output Buffer Delay - 5 ns |
tmx Output ORP Delay - 2 ns
tmxbp 51 Output ORP Bypass Delay - 0 ns
(Note: Parameter Numbers refer to the timing paths used in the Timing Model Diagram.)
|
|
1/92. Rev. A \
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Switching Characteristics ispLSI 1032-50

Internal AC Characteristics and Conditions are not tested and are for reference only
Clock and Enable Delays, GLB and I/O Cell

PARAMETER # DESCRIPTION . MIN. yIAX UNITS
tgyo 52 Clock Delay, YO to GLB {
tgy1/2 53 Clock Delay, Y1 or Y2 to GLB
topt 54 Clock Delay, PT Clk to GLB
tgcp 55 Clock Delay, Clk GLB to GLB
tgen 56 Enable Delay, GLB to /O Cell
tgdis 57 Disable Delay, GLB to /O Cell
tiocp 58 Clock Delay, Clk GLB to I/O Cell
tioy2/3 59 Clock Delay, Y2 or Y3 to I/O Cell
GRP Delays

PARAMETER # DESCRIPTION MIN. MAX | UNITS
tarp4 60 GRP Delay, Fanout 4 - 4 ns
“torps 61 GRP Delay, Fanout 8 - 6 ns
tgrp16 62 GRP Delay, Fanout,16 - 7 ns
tarp32 63 GRP Delay, F - 10 ns

(Note: Parameter Numbers refer to the timin: v ing Model Diagram.)
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Power Consumption ‘

Power Consumptioninthe ispLSI 1032 device dependson  operating and the number of Product Terms used. Figure

two primary factors: the speed at which the device is

Figure 16. Typical Device Power Consumption vs fmax

350
300

250 -

| ! |

16 shows the relationship between power and operating

speed.

0 10 20 30

Configuration of Ei

Security Cell ” ,. ]

unauthorized copying of the arr:
grammed, this cell preven
functional bits in the device: T
reprogramming the device, s
can never be .examine

g plete programming of the device takes
nds. Erasing of the device is automatic and
is completely transparent to the user.

fmax (MHz)
ht-16-bit:

Latch-up Protection

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 latchup. Additionally, out-
puts are designed with n-channel pull-ups instead of the
traditional p-channel pull-ups to eliminate any possibility of
SCR induced latching.

2-121
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In-System Programmability

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

All necessary programming is done via five TTL level logic
interface signals. These five signals are fed into the on-

Figure 17. isp Programming Interface

chip programming circuitry where a state machine controls
the programming. The simple signals for interface include
isp Enable (ispEN), Serial Data In (SDI), Serial Data Out
(SDO), Serial Clock (SCLK) and Mode (MODE) control.
Figure 17 illustrates the block diagram of one possible
scheme of the programming interface forfie isp devices.

and programming of the device
system programming application i

2122

Programming
ontrol
Circuitry L
ispLSI ispLSI
— >
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D D f
A A ?
T T
] ] |
Data In 159..  High Order Shift Register .0
(SDI) 319... Low Order Shift Register

Address Shift Register

0

\
SDO

Note: Alogic "1" in the address shift register enables the row for programming or verification.
A logic "0" disables it.

|
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Programming Voltage/Timing Specifications

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vccp Programming Voltage 4.75 5 5.25 v
lccp Programming Supply Current ispEN - 50 100 mA
ViHP Input Voltage High v
ViLp Input Vopltage Low \
hp Input Current HA
VOHP Output Volatge High low =-3.2MA 5 V
VoLp Output Voltage Low lo. =5 MA v
td Pulse Sequence Delay us
tisp ispEN to Output 3-State us
tsu Setup Time us
th Hold Time . - us
tcik Clock Pulse Width 1 - us
towv Verify Pulse Width 30 - us
towp Programming Pulse Width - 100 ms
thew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vocp 45 - - ps

2-124
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Figure 19. Timing Waveform for isp Operation

VCCP —_/,l tet \.
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mobe V" “_th::!/ N
ViL — N
VIH
N
S Z. .
SCLK )I’::
ts {th
vivoL ST Yo \
SDO e, L \
ViVoc ViL VoL

rogram, Verify or Bulk Erase Instruction)

MODE
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Pin Configuration

ispLSI 1032 PLCC Pinout Diagram

BBIBBEBIR 0, 82329788
992292929222225222222222¢22°
, mininininininisinisl Ininininisisinisinis
/11 109 8 7 6 5 4 3 2 184 838281807978777675
vos7 12
voss []13
o059 14
voe0 15
voe1 [1e
voe2 17 5[ 10 33
o063 18 ] 11032
IN7 [J19 [ IN4
Yo 20 ERY
vee 021 ] vce
GND W22 B GND
ispEN []23 ] v2
RESET []24 ] Y3
SDIINO [J2s ] SCLK/N 3
oo []26 ] 1/0 31
o1 o7 591 1O 30
102 28 s8] /10 29
103 []29 571 10 28
104 Q3o 56 [J 1o 27
o5 31 ss | 110 26
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84-Pin PLCC

0.048 450

0.042 :
- =

Dimensions in inches MIN./MAX.
.050

O

O R

Typical
Yypi -

.020
Minimum
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ispLSI” 1016

in-system programmable Large Scale Integration

* in-system programmable HIGH DENSITY LOGIC

— Member of Lattice’s ispLSI Family

— Fully Compatible with Lattice's pLSI™ Family

— High Speed Global Interconnects

— 32 /O 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 E2’CMOS® TECHNOLOGY

' — fmax = 80 MHz Maximum Operating Frequency
— tpd = 15 ns Propagation Delay
— TTL Compatible Inputs and Outputs

* in-system programmable 5-VOLT ONLY

— Change Logic and Interconnects "on-the-fly" in
Seconds

— Reprogram Soldered Device for Debugging

— Non-Volatile E2CMOS Technology

— 100% Tested

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND .
IBILITY OF FIELD PROGRAMMABLE

— Three Dedicated Clock Inp!

— Easy to Use ws Interface
* ADVANCED pLSVispLSI DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Envnronments
— Schematic Capture
— Fully Automatic Partitioning
— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram

]

EEREpEEZEpEEEE

Output Routing Pool

Il

BER

and in-system diagnostic capabilities. The device contains
96 Registers, 32 Universal |/O pins, four Dedicated Input
Pins, three Dedicated Clock Input Pins and a Global
Routing Pool (GRP). The GRP provides complete
interconnectivity between all of these elements. It is the
first device which offers non-volatile "on-the-fly"
reprogrammability of the'logic, as well as the interconnects
to provide truly reconfigurable systems. Itis architecturally
and parametrically compatible to the pLSI 1016 device, but
multiplexes four of the dedicated input pins to control in-
systemn programming.

The basic unit of logic on the ispLSI| 1016 device is the
Generic Logic Block (GLB). The GLBs are labeled A0, A1
.. B7 (see figure 1). There are a total of 16 GLBs in the
ispLSI 1016 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
which can be configured to be either combinatorial or
registered. Inputs to the GLB come from the GRP. 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.

demarks of Lattice

Copyright © 1991 Lattice Semiconductor Corp. GAL®, E2CMOS®, and UnraMOS@ are
Logic™ are of Lattice i Corp. The ifi and i

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

Tel. 1-800-LATTICE (528-8423); FAX (503) 681-3037

Corp. pLSI™, ispLSI™, pDS™ and Generic Array

ion herein are subject to change without notice.
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2-129




Specifications ispLSI 1016

. The device also has 32 I/O Cells, each of which is directly

latched input, output or bi-directional I/0 pin with 3-state.

connected to an I/O pin. Each I/O cell can be individually The signal levels are TTL compatible voltages and the

programmed to be a combinatorial input, registered input, output drivers can source 4 mA or sink 8 mA.

Functional Block Diagram

Figure 1. ispLSI 1016

Generic
Logic Blocks
(GLBs)

IN3
MODE/IN 2
1100 10 31
Vo1 110 30
o2 10 29
/103 1028
1o 4 1027
— A2 -
105 8 8 /0 26
106 < -+ = 1025
o7 £ || A3 £ /0 24
3 | = 3
lid i
110 8 o Ad s 1023
1109 g_ T Q 110 22
110 10 3 & V0 21
11011 A5 110 20
) .
o 12 B1 110 19
:;g 13 — 110 18
14 10 17
110 15 80 10 16
SDI/N 0 e CLKO
SDOAN 1 Clock |1
Distribution W
Network T—r"—’
OCLK 1
ispEN
Yr:O:m RESET are multiplexed on th n oY \
‘ are multiplexed on the same pin SCLK/
Y2
1/92. Rev. A
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Description (continued)

The 32 I/O Cells are grouped into four sets of 16 each.
as showninfigure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 1/O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal l/O cells
by the ORP. TheispLSI 1016 Device contains two of these
Megablocks.

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 and logic glitching.

ispLSI Family Product Selector Guide

Clocks in the ispLSI 1016 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(YOto Y2) are brought into the distribution network, and five
outputs (CLK 0 to CLK 2 and IOCLK 0, 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 GLB (B0 on the ispLSI 101
this GLB allows the user to creaté an ifiternal clock from a

ge's in-system
( spLSl) family.

1016, with
registers. Th

DEVICE ispLSI 1016 ispLSl 1032 ispLSl 1048
GLBs 16 ... 32 48
Registers v 192 288

. VO Pins 64 96
Dedicated Inputs 8 10
Pin Count 68 84 120

Ordering Information

-50 = 50 MHz fmax

plSI 1016 -XX X X X

E—— Grade

Blank = Commercial
Package

J=PLCC
Power

L=Low
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Pin Description

Name PLCC Pin Numbers Description
1/100-1/03 15, 16, 17, 18, Input/Output Pins - These are the general purpose I/O pins used by the
/04-1/07 19, 20, 21, 22, logic array.
1/08-1/0 11 25, 26, 27, 28,
/0 12-1/015 29, 30, 31, 32,
1/1016-1/0 19 37, 38, 39, 40,
1/020-1/0 23 41, 42, 43, 44,
/O 24 - /O 27 3, 4, 5, 6,
1/0 28 - /0 31 7, 8, 9, 10
IN3 2 Dedicated input pins to the devi
iSpEN 13 ibfe input pin. This pin
de. The MODE, SDI,
SDVIN O 14 is a dedicated input pinwhen
gic low, it functions as an input
grammmg datajnto the device. SDI/IN O also is used as
rol.pins f the isp state machtne
MODE/IN 2 36
SDO/IN 1 24 '1“I'h?s pnn performs two functlons Itis a dedicated clock
‘when ispEN is logic high. When ispEN is logic low, it functions
to read serial shift register data.
SCLK/Y2 33 n performs two functions. It is a dedicated clock input
when |spEN is logic high. This clock input is brought into the Clock
biition Network, and can optionally be routed to any GLB and/or
Cell on the device. When ispEN is logic low, it functions as a clock
h for the Serial Shift Register.
Yo Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.
Y1/RESET This pin performs two functions:
— Dedicated clock input. This clock input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB
and/or I/O Cell onthe device.
~ Active Low (0) Reset pin which resets all of the GLB and /O
registers inthe device.
GND Ground (GND)
Vce . Voo
&
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Absolute Maximum Ratings 1

Supply Voltage Ve v v v vveeeeevennn -0.5to +7.0V
Input Voltage Applied. .............. -2.5to Vgc +1.0V
Off-State Output Voltage Applied... ... -25t0 Vg +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. Func-
tional operation of the device at these or at any other conditions
above those indicated in the operational sections of this speci-
fication is not implied (while programming, follow the
programming specifications).

DC Recommended Operating Condition A

SYMBOL PARAMETER MAX. ~ UNITS
TA Ambient Temperature 70 °C
Vcc Supply Voltage 5.25 \"
ViL Input Low Voltage 0 0.8 \
VIH Input High Voltage 2.0 Vee \"

MAXIMUM!

TEST CONDITIONS

8

V¢c=5.0V, V,,=2.0V

10

Vee=5.0V, VI/O, Y=2.0V

2-133

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES
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Switching Test Conditions |

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

Input Rise and Fall Times 3ns 10% to 90%

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

Output Load See Figure 2 R1

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

active level.

Output Load Conditions (see figure 2)

Device
Output

Test Condition R1 R2 CL
1 470Q 390Q 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active Highto Z co 390Q S5pF
3 atV,, -0.5V .
Active Low to Z 470Q 390Q
atV, +0.5V

DC Electrical Characteristis ‘
Qﬂomﬂéﬁ;pm% ed Operating Conditions

%

. ) i g
SYMBOL PARAM%R S % CONDITION MIN. | TYP. | MAX. | UNITS
VoL Outpuf Low Voliage lo, =8 MA. - - | o4 ] v
VoH Ot HighVoltage low =4 MA. 24 | - - v
I | Input or I/©, Low-Leakage Current OV < Vjy <V, (MAX.) - - -10 pA
IH ¢ | ™input or O High+'eakage Current Vi< Vi < Voo - - 10 A
los? %] +-Qutput Shofp Eircuit Current Veo = 5V, Vour = 0.5V -60 - | 20| ma
Icc2 % e ?pé'?&ggg@ower Supply Current V. =05V, V, =3.0V - - - mA
% G Froceie = 20 MHz
B ey
1. One output at a ti é for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using four 16-bit counters.
1/92. Rev. A
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External Switching Characteristics' 2,3
Over Recommended Operating Conditions

ispLSI 1016-80

PARAMETER |eton | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 | 15 | ns
tpd2 1 2 Data Propagation Delay - | 15 | 20 | ns
tco15 1 3 External Clock to Output Delay, ORP bypass - 8 | 11 | ns
tco2s 1 4 External Clock to Output Delay 14 | ns
tco3 1 5 Internal Synch. Clock to Output Delay 20 | ns
tcos 1 6 Asynchronous Clock to Output Delay 20 | ns
tr1 1 7 External Pin Reset to Output Delay 20 | ns
tr2 1 8 Asynchronous PT Reset to Output Delay 22 | ns
ten 2 9 Input to Output Enable 20 | ns
tdis 3 |10 Input to Output Disable 20 | ns

External AC Recommended Operating Conditions? 2,3

PARAMETER cono.| *# DESCRIPTION . MIN. | TYP. | MAX.| UNITS
fmax4 1 1 Clock Frequency with-jriternal Feedback -~ | 100 | 80 | MHz
fmax (External) 1 - | 70 | 50 | MHz
tsut - 9 6 - | ns
tsu2 - 12 | 8 - | ns
tsu3 - e Internal Synch. Clock 9 | 3| -] ns |
tsus - 2 ré Asynchronous Clock . 9 | 4| - | ns |
th1 Sld-time aftef External Synchronous Clock, 4PT bypass 2 | 1| -1 ns
th2 Hold time after External Synchronous Clock 2 -1 - | ns
th3 Id time after Internal Synchronous Clock 8 2 | - | ns
tha time after Asynchronous Clock 8 1 - | ns
trw1 External Reset Pulse Duration 10 | 8 - | ns
trw2 Asynchronous Reset Pulse Duration 10 8 - ns }
twhi, twit 3,24| External Synchronous Clock Pulse Duration, High, Low 6 5 - ns i
twh2, twi2 25,26| Asynchronous Clock Pulse Duration, High, Low 6 5 - | ns ‘
1. External Parametefs are tested and guaranteed. :
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA, 3
and are measured with 16 outputs switching. ‘
4. Standard 16-bit counter implementation using GRP feedback. i
5. Clock to output specifications include a maximum skew of 2 ns. ‘
6. Refer to Switching Test Conditions section. f
|
; s
1/92. Rev. A
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Switching Characteristics? 2, ispLSI 1016-80
Using VO Cell
TEST*

PARAMETER COND.| # DESCRIPTION MIN. | TYP. |MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 0 - ns
tsue - 28 | Setup Time before Internal Synchronous Clock o[ -3 - ns
ths - 29 Hold Time after External Synchronous Clock 8 4 - ns
the - 30 | Hold Time after Intemal Synchronous Clock = ns
twh3, twi3 — [31,32| Clock Pulse Duration, High, Low - ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.
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External Switching Characteristics!. 2.3
Over Recommended Operating Conditions

PARAMETER  |qesk’| # | DESCRIPTION MAX.| UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass 20 ns ‘
tpd2 1 2 | Data Propagation Delay, ORP 25 | ns
tcots 1 3 | External Clock to Output Delay, ORP bypass 16 | ns
tco2’ 1 4 | External Clock to Output Delay 20 | ns
tco3 1 5 Interal Synch. Clock to Output Delay 28 | ns
tcos 1 6 Asynchronous Clock to Output Delay 28 | ns
tr - 7 | Extemal Pin Reset to Output Delay 28 | ns
tr2 - 8 Asynchronous PT Reset to Output Delay 30 ns
ten 2 9 | Inputto Output Enable 28 | ns
tdis 3 | 10 | Inputto Output Disable 21 | 28 | ns

External AC Recommended Operating Conditions'. 2.3 ispLSI 1016-50

Over Recommended Ope
PARAMETER MIN. | TYP. | MAX.|UNITS
fmax4 - | 70 | 50 | MHz
fmax (External) — | 45 | 33 | MHz
tsu1 4] 10| - | ns ‘
tsu2 17 | 18 | - | ns
tsu3 ] 13| 9 | - | ns_
tsu4 etup e Asynchronous Clock 13| 9 - | ns
th1 Hold tifne. after External Synchronous Clock, 4PT bypass 7 3 - ns
th2 Hold time after External Synchronous Clock 7 3 - ns
th3 time after Internal Synchronous Clock 1 5 - ns
ths ‘Hold time after Asynchronous Clock 11 5 - ns
trwi External Reset Pulse Duration 15 | 13 - ns
trw2 Asynchronous Reset Pulse Duration 15| 13 | - | ns |
twh1, twit 23,24| External Synchronous Clock Pulse Duration, High, Low 10 | 8 - | ns |
twh2, twi2 25,26| Asynchronous Clock Pulse Duration, High, Low 10 | 8 - | ns 1

. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

Standard 16-bit counter implementation using GRP feedback.
Clock to output specifications include a maximum skew of 2 ns.
Refer to Switching Test Conditions section.

-

o0 s
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Switching Characteristics 2,3 ispLSI 1016-50

Using VO Cell

PARAMETER E%SNT;' # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tsus - 27 Setup Time before External Synchronous Clock 10 5 - ns
tsue - 28 Setup Time before Internal Synchronous Clock 0 -5 - ns
ths - 29 Hold Time after External Synchronous Clock 12 6 - ns
the - 30 Hold Time after Internal Synchronous Clock ’ - ns
twh3, twia - |31,32| Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout
of four, PTSA, and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals fromany of the 16 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
to the four GLB outputs. There are four OR gates, with four,
four, five and seven product terms (see figure 3). The

Figure 3. GLB: Product Term Sharing Array

Inputs From

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be don y or all of the four
outputs from the GLB.

The Reconﬂgurable Regi ‘ers onsi r D-type fllp-

Gilobal Routing Pool Reconfigurable
Registers
0 1 7 8 9 1011 D,J-K,and T
‘.L e oy by ey vy
V-3V MM MM
m
| u
b !D QI | x|-D- 03
[ M
G 1 +[oal g-{>—oa To
— Gilobal
Routing
— Pool and
1 u Output
, [5G —{x}->- o1 Bovtina
1 "L,_I
i — v
gﬂ& i [ |D cI x->- 00
AND Array
PT Resetj :
Control
Functions

5 Output

Enable
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Architectural Description
Figure 4. GLB: Four Product Term Bypass

Inputs From Dedicated
Global Routing Pool Inputs
S Product Term Sharing
0 12 4 5 6 7 8 9 1011 12 13 14 15 16 17 .
Ly oLy ol i oy vy ey oy oy ey ey ey by ey ey vy vy Array (Four Product Term D Registers
YIVIVAVAVAVR VAV AVAVA A V-2 V-2 - VA VAV QY. Bypass Shown)
4
AND Array

. Output
” Enable
Figure 5. GLB: Exclusive OR Gate
Product Term Sharing
Array (Exclusive OR
Confi ion Shown) D Registers
) Dij 1.
/
S D el
3 LP v To
DQFHX 02
Global
M m Pool and
4 Y\ 1 v Output
iDQI- x>~ 01 Pouting
y/i J/ Pool
1 im|
6 | U
) io Q ‘» X 00
.
AND Array '
PT Reset:
RESET:
Control CLKO
Functions CLK1
CLK 2 MUX ' MUX
PT Clock
PT Output ___ Output
Enable ” Enable
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Architectural Description

The 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 shownin figure 6, Output Three (O3)is configured
using the XOR Gate and Output Two (02) is configured
using the four Product Term Bypass. OutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developed inthe Control Function section. The clockforthe
registers can come from any of three sources developed in
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Dedicated
Inputs
—t—
6 17

i
M M

- Inputs From
Global Routing Pool

78910‘12131415
e oy oy vl ey
YAVAVAVAVAvAVAVEY.

@

5 6
L L
M M

P4
o

4

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the I/O cells associated with the GLB
comes from a product term within the block. Use of a
‘makes that product term
unavailable for use as a logic'term:. Referio the following
table to determine which lo ic functlo are affected.

There are additional
mentation of logic i
accessible usin,
require no intepventio

the software and
the user.

Reconfigurable
Registers
D,J-Kand T

14 PT Byp
Routing
Pool and
Single PT ™ Output
[ U Routing

- M|
'7+4PT's 1 EJQI_VOO

PT Reset
RESET

y

Control CLKO
Functions CLK 1
CLK2
PT Clock
PT Output , Output
Enable " Enable
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‘Architectural Description

Product Term Sharing Matrix

Product | Standard Configuration Four Product Term Single Product Term XOR Function Alternate
Term # Output Number Bypass Output Number Output Number Output Number Function
3 2 10 3 2 1 0 3 21t 0 |3 3 2 2 1 1 0 0

0 [ I I I L] ] n

1 [ I I B ] u

2 "R RN u

3 " nER | ]

4 | I I B ] n

5 [ I I B ] L ]

6 " Eaan |}

7 | I I B ] | ]

8 E E AR | ]

9 [ I I B ] L ]

10 " B E N n

11 [ I B B ] | ]

12 E B En W CLK/Reset

13 " mEn

14 [ I B B ]

15 "N EDN

16 | B B B ]

17 " E RN

18 [ B B B ]

19 [ B I W OE/Reset

This matrix shows how each of the prod
inthe various modes. As an example;f ro
be used as aninputtothefivein, R'gat
configuration. This OR gate un

can be routed to any of the fi u uts.Pro juct Term
12 isnotused lnthefourpf uctter bypass mode When

LB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as either the Asynchronous Clock
signal or the GLB Reset signal.
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Architectural Description

The Megablock

The ispLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/0O Cells. Each of these will be explained in
detailinthefollowing sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
ispLSI family are created by combining from two to six
Megablocks on a single device.

software. One Output Enable signal is generated within the
Megablock and is common to all sixteen of the I/O Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (See the followmg section on the Output
Enable Multiplexers).

Because of the shared Iog;ewﬁﬁwn tﬁeMeg‘ablock signals
which share a common.fynctio (coun rs’ busses, etc.)

The Megablock shares two sets of resources. The eight should be grouped wutr’i?ii ‘ egab lack. This will allow the
GLBs withinthe Megablock share two dedicated inputpins.  user to obtain the-H }K:utmzatlon of tﬁ logic within the
These dedicated input pins are notavailabletoGLBsinany  device and eliminafe le) S.
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by
Megablocks in Each Device
DEVICE MEGABLOCKS VO CELLS
ispLSI 1016 2 32
ispLS| 1024 48
ispLSI 1032 64
ispLSI 1048 96
Figure 7. The Megablock
GLB GLB GlB H GLB H GLB H GLB
A0 A3 H A4 H A5 H A6 H A7
[P Trff Tirr PIil TrIdy
Output Routing Pool
I I [ 1 1
o jvoijvojjvoi| o jj oo || o tj 1o |} 1o
Cell||Cell][Cell||Cell||Cell||Cell|| Cell||Celi}| Cell || Cell
6 7 8 9 [|10|] 11112 |} 13 || 14 |] 15
Note: The iriputs from the /O Cell are not shown in this figure, they go directly to the GRP.
1/92. Rev. A
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the 1/0 Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 1/O cells which are used in 3-state mode. Individual
I/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Referto the I/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.

A0 Al A2

puli

|

2-144
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to /O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,
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 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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.

specific /O Cells atafaster
,.restnEt the routability of

Al .

/o || VO
14 || 15

/o || VO
14 | [ 15
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Architectural Description

/O Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/0 pin. The two
logicinputs come fromthe ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each /O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. VO Cell Architecture

Using the multiplexers, the I/O Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/O.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
I/O cell configurations possible

OE

From Output
Routing Pool — |

Output
Enable

Active

Pull Up

From Output MUX

Routing Pool =™
Bypass

To Global
Routing Pool
S e,

%

YAN

%

|
t

Note:

® Represents an E2CMOS Cell.
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Architectural Description

Figure 12. Example VO Cell Configurations
m Bi-Directional
> 1/O Pin

Input Buffer Output Buffer

$

g
V,
X
|

ooa___|

Inverting Output Buffer

Latch Input

0
v,
o
|

1/O Cell
Clock

Registered Input

Input Cells Bi-Directional Cells
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Architectural Description

Clock Distribution Network

The Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The firstthree, CLK 0, CLK 1 and
" CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/O Cells in the device. There are three
dedicated system clock pins (YO, Y1, Y2) which can be
directed to any GLB or any I/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("BO" forispLSI1016). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can
be connected to CLK 1, CLK 2 or IOCLK 0, IOCLK 1 global
clocks.

Figure 13. Clock Distribution Network

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLKO,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

The two /O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK 1 brought toall64 of the

imilarly an input from an I/O pin is
to aII of the GLBs Because of the

utmg Pool are both conslstent and predict-
ablevHoweVer they are slightly affected by fanout.

Clo Distribution

» CLK O
Q » CLK 1
© » CLK 2

- ® » |OCLK 0

®—f—> I0CLK 1
Reset SCLK

*Notes: [
Dedicated Clock Y1 is multiplexed with RESET

Input Pins Y2 is used for SCLK in isp Mode

2-148

1/92. Rev. A



Specifications ispLSI 1016

Security Cell

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

Device Programming

ispLSI devices are programmed using a Lattice-approved
Device Programmer, available from a number of third party
manufacturers or in-system using Lattice programming
algorithms. Complete programming of the device takes
only a few seconds. Erasing of the device is automatic and
is completely transparent to the user.

Latch-up Protection

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 latchup. Additionally, but
puts are designed with n-channel pull-ups instead oft

traditional p-channel pull-ups to eliminate any possibility of .

SCR induced latching.

Figure 17. isp Programming Int

In-System Programmability

The ispLSI devices are the in-system programmable ver-
sion of the Lattice high density programmable Large Scale
Integration (pLSI) devices. By integrating all the high
voltage programming circuitry on-chip, the 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 pattem even when the

power is turned off.

All necessary programming‘is ﬁone via fi L level logic
mterface sngnals Thes»?e ve sngngls ar;e fed into the on-

machine controls

e (MODE) control.
agram of one pOSSIble

gramming
progral

e device please refer to the In-
application note.

ispEN

ispLSI ispLSI
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Figure 18. ispLSI Device & Shift Register Layout

High Order Shift Register

Old—>» 4> 0

D
A
T
!
Data In 79...
(SDI) 159...

Low Order Shift Register

...80

ety

b3

LT

Address Shift Register

\/

[o. ..

SDO

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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Programming Voltage/Timing Specifications

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. [ UNITS
Vcer Programming Voltage 4.75 5 5.25 v
Iccp Programming Supply Current ispEN mA
ViHP Input Voltage High v
ViLp Input Vopltage Low \
P Input Current pA
VOHP Output Volatge High Iy = -3.2 MA v
VoLp Output Voltage Low lo. =5 MA v
td Pulse Sequence Delay us
tisp ispEN to Output 3-State us
tsu Setup Time s
th Hold Time us
teik Clock Pulse Width us
towv Verify Pulse Width us
towp Programming Pulse Width ms
tbew Bulk Erase Pulse Width ms
trst Reset Time From Valid Vgcp 45 - - us
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Figure 19. Timing Waveform for isp Operation

vCCP _4| ot ) \
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ispEN ViL N
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MODE " / L
VIH
SDI ViL
)
SCLK x::
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Viuvoc ViL VoL

gram, Verify or Bulk Erase Instruction)
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Pin Configuration

ispLSI1 1016 PLCC Pinout Diagram

LR EEEE:
9992922522228

/O 28
110 29
10 30
10 31

Yo []11
_vee W12 ispLSI 1016
ispEN []13

SDIN 0 []14

voo 15

o1 16

o2 [

111013
[11/012

44-Pin PLCC

Dimensions in inches MIN./MAX.

Minimum
.050

Typical _
4
O *
. . 0.590
0.695 0.656 0.630
4 —1
0.650 %.?.gg
0.656 0.100 -
0.685 ™ 0.165
' 0.695 ' '
Base Plane
Seating Plane
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Latlice

ispLSI™ 1024

in-system programmable Large Scale Integration

Funciional Block Diagram

* in-system programmable HIGH DENSITY LOGIC

— Member of Lattice’s ispL.SI Family

— Fully Compatible with Lattice's pLSI™ Family

— High Speed Global Interconnects

— 48 VO Pins, Eight Dedicated Inputs

— 144 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 = 80 MHz Maximum Operating Frequency
— tpd = 15 ns Propagation Delay
— TTL Compatible Inputs and Outputs

¢ in-system programmable 5-VOLT ONLY

— Change Logic and Interconnects "on-the-fly" in
Seconds

— Reprogram Soldered Device for Debugging

— Non-Volatile E2CMOS Technology

— 100% Tested

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

Logic and Structured Designs
— 100% Routable at 80% Utilizaﬂo
— Four Dedicated Clock Inp!
— Synchronous and As

— Optimized Global F
Interconnectlvllﬁ ‘

 ADVANCED pLSVispLS| DEVELOPMENT SYSTEM

— Industry Standard, Third Party Design Environments
— Schematic Capture

— Fully Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

5l

EEEEEE!
Output Routing Pool
EEE BEE B B

Il

"4:8gic Device featuring 5-Volt in-system programmability

and in-system diagnostic capabilities. The device contains
144 Registers, 48 Universal /O pins, 6 Dedicated Input
Pins, 4 Dedicated Clock Input Pins and a Global Routing
Pool (GRP). The GRP provides complete interconnectivity
between all of these elements. It is the first device which
offers non-volatile "on-the-fly" reprogrammability of the
logic, as well as the interconnects to provide truly
reconfigurable systems. Itis architecturally and parametri-
cally compatible to the pLSI 1024 device, but multiplexes
four of the dedicated input pins to control in-system pro-
gramming.

The basic unit of logic on the ispLSI 1024 device is the
Generic Logic Block (GLB). The GLBs are labeled A0, A1
.. C7 (see figure 1). There are a total of 24 GLBs in the
ispLSI 1024 device. Each GLB has 18 inputs, a program-
mable AND/OR/Exclusive OR array, and four outputs
which can be configured to be either combinatorial or
registered. Inputs to the GLB come from the GRP. 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.

d rks of Lattice
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Specifications ispLSI 1024

The device also has 48 I/O Cells, each of which is directly latched input, output or bi-directional I/O pin with 3-state.
connected to an I/O pin. Each I/O cell can be individually The signal levels are TTL compatible voltages and the
programmed to be a combinatorial input, registered input, output drivers can source 4 mA or sink 8 mA.

Functional Block Diagram

Figure 1. ispLSI 1024

RESET
Generic
Logic Blocks
(GLBs)
INS
IN4
Vo 0 110 47
Vo1 1O 46
o 2 1O 45
o3 110 44
104 _ cs _ 10 43
s é — § 10 42
10 6 110 41
o
Vo7 £ ca ||l @ /O 40
3 I 3
1o 8 bt c3 || € VO 39
Vo 9 2 —| 2 Vo 38
/O 10 2 /0 37
10 11 S c2 | © 10 36
1 1
V0 12 (03] /0 35
Vo 13 T 110 34
Vo 14 11033
Vo 15 co 110 32
SDI/IN 0 l l l
SDO/IN 1
1 | | | | : CLKO
B21|1B3||B4||B5||B6|]|B7 Clock |JSKL
Distribution FE£X2__.
Network [OCLKO
i 1OCLK 1
Output Routing Pool =
ispEN

SCLK/ MODE/ 16 17 1
IN2 IN3
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Description (continued)

The 48 1/0 Cells are grouped into three sets of 16 each.
asshowninfigure 1. Each of these I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 1/0O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal I/O cells
by the ORP. The ispLSI 1024 Device contains fourof these
Megablocks.

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 and logic glitching.

Clocks in the ispLSI 1024 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(YOtoY 3) are broughtinto the distribution network, andfive
outputs (CLK 0 to CLK 2 and IOCLK 0, IOCLK 1) are
provided to route clocks to the GLBs and /O cells. The
Clock Distribution Network can also be driven from a
special GLB (B4 on the ispLSI 1024 device). The logic of
this GLB allows the user to creaté ernal clock from a
combination of internal sig i vice.

This family contain;
1016, with 96-Tegist

ispLSI Family Product Selector Guide

DEVICE ispLSI 1016 ispLSI 1032 ispLSI 1048
GLBs 32 48
Registers 192 288

/O Pins 64 96
Dedicated Inputs 8 10

Pin Count 68 84 120

Ordering Information

-80 = 80 MHz fmax
-50 = 50 MHz fmax

splSl 1024 - XX X X X

r— Grade

Blank = Commercial
Package

J=PLCC
Power

L=Low
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Pin Description

Name PLCC Pin Numbers Description
1/100-1/03 22, 23, 24, 25 Input/Output Pins - These are the general purpose I/O pins used by the
10 4-1/07 26, 27, 28, 29, logic array.
110 8-1/0 1 30, 31, 32, 33,
/1012 -1/0 15 37, 38, 39, 40,
/0 16 - 1/0 19 41, 42, 43, 44,
/020 - 1/0 23 45, 46, 47, 48,
I/0 24 - 1/0 27 56, 57, 58, 59,
/O 28 - I1/0 31 60, 61, 62, 63,
/0 32 -1/0 35 64, 65, 66, 67,
I/0 36 - 1/0 39 3, 4, 5, 6,
/0 40 - /0 43 7, 8, 9 10,
/0 44 - 1/O 47 11, 12, 13, 14
IN4-INS 2, 15 Dedicated input pi ;
ispEN 19 Input - Dedﬁcq{eq in-system; og mimng enable input pin. This pin
is brought low. to enable the t gramming mode. The MODE, SDI,
SDO and’SCLK opthQs becgme active.
SDI/IN 0 21 Inp_ut —‘rhlsp ormsWég nctions. Itis a dedicated input pin when
ispEN.is.logic*high "Wherr/ispEN is logic low, it functions as an input
_pintoload prograrﬁmmg data into the device. SDI/IN 0 also is used as
“onie,of the two.control pins for the isp state machine.
MODE/IN 3 55 *his pin performs two functions. Itis a dedicated input pinwhen
lgg‘e“jngh When |spEN is logic low, it functions as a pin to
N operation of the isp state machine.
SDO/IN 1 34 Input/bq ut — This pin performs two functions. It is a dedicated clock
A Mputp;ﬁwhen |spEN is logic high. WhenispEN is logic low, it functions
& as“an output pin to read serial shift register data.
SCLK/IN 2 49 hut 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 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 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 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 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routedto any I/O Cell onthe
device.

GND 1, 18, 35, 52 Ground (GND)

Vce 17, 36, 53, 68 V,

cc
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Absolute Maximum Ratings 1

Supply Voltage Vee. « oo vvvevveecneennnn -0.5 to +7.0V
Input Voltage Applied............... -2.5to Vg +1.0V
Off-State Output Voltage Applied. .. ... -2.5t0 Vgc +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. Func-
tional operation of the device at these or at any other conditions
above those indicated in the operational sections of this speci-
fication is not implied (while programming, follow the
programming specifications).

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature 70 °C
Vcc Supply Voltage 4.75 5.25 "
ViL Input Low Voltage 0 0.8

VHH Input High Voltage 2.0 Vee \

Capacitance (T,=25°C,f=

SYMBOL MAXIMUM! UNITS | TEST CONDITIONS
C, 8 pf Vo=5.0V, V,;=2.0V
C, 10 pf V¢o=5.0V, VI/O, Y=2.0V

PARAMETER MINIMUM MAXIMUM UNITS ‘
Data Retention 20 - YEARS "
Erase/Reprogram Cycles - 1000 CYCLES :
|
|

1/92. Rev. A
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SEEEEN
sEEERER
Switching Test Conditions
Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Times 3ns 10% to 90%
Input Timing Reference Levels 1.5V vee
Output Timing Reference Levels 1.5V
Output Load See Figure 2 Rt
3-state levels are measured 0.5V from steady-state gevicet i > ';r ei?\tt
active level. utpu °
"Output Load Conditions (see figure 2)
Test Condition R1 R2 cL *CL Indicatés
Probe
470Q 3900 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z 390Q 5pF

3 | atv,,-05V

Active Low to Z 470Q 390Q
atV, +0.5V

DC Electrical Characteristics

mmended Operating Conditions

SYMBOL CONDITION MIN. | TYP. | MAX. | UNITS
VoL lo, =8 MA. - - 0.4 v
VOH lon =-4 MA, 2.4 - - v
e 0V <V, <V, (MAX.) - - -10 pA
hH Vi S Vi S Voo - - 10 pA
lost utput Shait Circuit Current Vo = 5V, Vour = 0.5V -60 - | 200 | mA
Icc2 peratingPower Supply Current V, =05V, V,,=3.0V - - - mA
' Frosae = 20 MHz

1. One output at a tire for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using six 16-bit counters.
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External Switching Characteristics?! 2.3 ispLSI 1024-80

Over Recommended Operating Conditions

PARAMETER  |ooom. | # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 | 15 | ns
tpd2 1 2 Data Propagation Delay - | 15| 20 | ns
tco15 1 3 External Clock to Output Delay, ORP bypass - 8 11 ns
tco2s 1 4 External Clock to Output Delay ns
tco3 1 5 Internal Synch. Clock to Output Delay ns
tcod 1 6 Asynchronous Clock to Output Delay ns
tr 1 7 External Pin Reset to Output Delay ns
tr2 1 8 Asynchronous PT Reset to Output Delay ns
ten 2 9 Input to Output Enable ns
tdis 3 10 Input to Output Disable ns

External AC Recommended Operating Conditions! 2,3 ,

PARAMETER MIN. | TYP. | MAX.| UNITS
fmax4 - | 100 | 80 | MHz
fmax (External) - 70 | 50 | MHz
tsui 9 6 - | ns
tsu2 12 | 8 - | ns
tsu3 9 3 - | ns
tsus 9 - | ns
th1 t 2 [ 1| -] ns
th2 [ fter External Synchronous Clock 2 -1 - ns
ths d time after Internal Synchronous Clock 8 2 - ns
tha 16ld time after Asynchronous Clock 8 1 - ns
trwi xternal Reset Pulse Duration 10 | 8 - | ns
trw2 Asynchronous Reset Pulse Duration 10 8 - ns
twh1, twi1 External Synchronous Clock Pulse Duration, High, Low 5 - ns
twh2, twi2 Asynchronous Clock Pulse Duration, High, Low 6 5 | - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

2-161 1/92. Rev. A
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Switching Characteristics1, 2.3 ispLSI 1024-80

Using VO Cell

PARAMETER EEO%‘ # DESCRIPTION MIN. | TYP. |MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock 5 0 - ns
tsus — | 28 | Setup Time before Internal Synchronous Clock 0 -3 - ns
ths — | 29 | Hold Time after External Synchronous Clock - ns
the - 30 | Hold Time after Intemal Synchronous Clock - ns
twh3, twia ~ |31,32| Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.
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External Switching Characteristics? 2,3
Over Recommended Operating Conditions

ispLSI 1024-50

PARAMETER  |Je5T°| # | DESCRIPTION MIN. | TYP. | MAX.|UNITS
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - | 16 | 20 | ns
tpd2 1 2 Data Propagation Delay, ORP ) - 19 | 26 | ns
tcots 1 3 | External Clock to Output Delay, ORP bypass - | 12| 16 | ns
tco25 1 4 | Extemal Clock to Output Delay ns
tco3 1 5 | Intemal Synch. Clock to Output Delay ns
tcod 1 6 Asynchronous Clock to Output Delay ns
tr - 7 External Pin Reset to Output Delay ns
tr2 = 8 Asynchronous PT Reset to Output Delay ns
ten 2 9 | Inputto Output Enable ns
tdis 10 | Input to Output Disable ns

PARAMETER .|UNITS
fmax? - | 70 | 50 | MHz
fmax (External) - | 45 | 33 | MHz
tsu1 14| 10 | - | ns
tsu2 17| 13| - | ns
tsu3 13] 9 - | ns
tsud be 13| 9 - | ns
thi 7 | Hold tife. aﬂer External Synchronous Clock, 4PT bypass 7 3 - ns
th2 "I Hold time after External Synchronous Clock 7|1 3| -] ns
th3 "Hold time after Internal Synchronous Clock 1)1 5| - | ns
tha F old time after Asynchronous Clock 11 5 - ns
trwi External Reset Pulse Duration 15 | 13 - ns
trw2 Asynchronous Reset Pulse Duration 15 13 - ns
twhi1, twit "123,24| External Synchronous Clock Pulse Duration, High, Low 10| 8 - ns
twh2, twi2 25,26| Asynchronous Clock Pulse Duration, High, Low 10| 8 - | ns

1. External Parameters are tested and guaranteed.

2. See Timing Technical Note for further details.

3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.

4. Standard 16-bit counter implementation using GRP feedback.

5. Clock to output specifications include a maximum skew of 2 ns.

6. Refer to Switching Test Conditions section.

1/92. Rev. A
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Switching Characteristics1, 2,3 ispLSI 1024-50

Using VO Cell
PARAMETER LEO%"; # DESCRIPTION MIN. | TYP. | MAX.|UNITS
tsus - 27 | Setup Time before External Synchronous Clock 10 5 - ns
tsue - 28 | Setup Time before Internal Synchronous Clock 0 -5 - ns
ths - 29 | Hold Time after External Synchronous Clock 12 6 - ns
the - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twi3 - |381,32| Clock Pulse Duration, High, Low - | ns

1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout

of four, PTSA, and are measured with 16 outputs switching.

4. Refer to Switching Test Conditions section.
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals from any of the 24 GLBs orinputs from the
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them
to the four GLB outputs. There are four OR gates, with four,
four, five and seven product terms (see figure 3). T

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be done to any or all of the four
outputs from the GLB.

and ALU type functions.
the user needs a combi-

Inputs From
Global Routing Pool Reconfigurable
Registers
0 1 D,J-K,and T
viw
N M
I M
'——1'90 I | x|->- 03
RS Ol F—
bQ o
X o2 Gilobal
Routing
5 Pool and
l 'l'} Output
L Routing
éu ﬂ X[D=01 pog
: b
% 7 M)
U
1 ?/ b l [oal A_D_ 00
= b
AND Array
PT Flesetj :
Control
Functions
. Output
Enable
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Architectural Description

Figure 4. GLB: Four Product Term Bypass

Inputs From Dedicated
Global Routing Pool Inputs
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Figure 5. GLB: Exclusive OR Gate

Product Term Sharing
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Configuration Shown)

D Registers

AND Array
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Control CLKO
Functions CLK1

CLK2 Mux

PT Clock

PT OQutput Output
Enable Enable
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Architectural Description

The 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 shownin figure 6, Output Three (O3) s configured
using the XOR Gate and Output Two (02) is configured
using the four Product Term Bypass. OutputOne (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developed inthe Control Function section. The clock forthe
registers can come from any of three sources developed in
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the 1/0O 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 for use as a logi i férm\ﬁefe&to the following
table to determine whlchyglc{unctl?)ﬁ@ arg affected.

There are additional ieatw(es in a?ilKB v?lych allow imple-
mentation of logic Jﬂ sivefunctions.” y‘lese features are
accessible usmg*’t e M,Macroﬁrom the software and
require no inté| i the f the user.

Inputs From Dedicated
Global Routing Pool inputs . figu
0123456789 10112 3 phegisters
oy by by ey e ey vl ey ey vy ey ey b !
MMM MMM r MMM M 4+ Exclusive OR
O
7 !

1 4PT Bypass | |
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i
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PT Output

Control
Functions
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Architectural Description )

Product Term Sharing Matrix

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

3 2 1 0 3 2 1 0 3 2 1 0 3 32 2 1 1 0 O

0 L IR I B | | | ] | ]

1 B R BN [

2 [ I B N |

3 | I B B n

4 E R RN | | ]

5 [ I I I ] n

6 HE B nB |

7 HE B BN n

8 N B BN |

9 | I I B |

10 [ I I N n

1 " B R R n

12 E B BB M CLK/Reset

13 E RN | ]

14 [ I I B | n

15 [ I B n

16 | I B B | n

17 [ I I I | ]

18 [ I I B n

19 [ I B B ] W | B OE/Reset

This matrix shows how each of the prod
inthe various modes. As an exampl
be used as aninput to the five inpu!

configuration. This OR gate

LB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as eitherthe Asynchronous Clock

canberoutedtoany of the

signal or the GLB Reset signal.
12 isnotusedinthe fourp ‘
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Architectural Description

The Megablock

The ispLSl family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/O Cells. Each of these will be explained in
detailinthe following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various-members of the
ispLS! family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs within the Megablock share two dedicated input pins.
These dedicated input pins are not available to GLBsin any
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signalis generated within the
Megablock and is common to all sixteen of the I/O Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (See the followin sectlon on the Output
Enable Multiplexers).

device and elimi

DEVICE MEGABLOCKS VO CELLS
ispLSI 1016 2 32
ispLSI 1024 48
ispLSI 1032 64
ispLS| 1048 96
Figure 7. The Megablock
> GLB GiB H GLB H GLB H GLB
A3 A H A5 H A6 A7
i Pt prir PIir [Il]
Output Routing Pool
N N NN AN N AN A N |
o jjvojjvojjvojjvo || votjvojjvoijjio || o
N Cell||Cell]|Cell|| Cell||Cell|| Cell| | Cell{| Cell| | Cell | | Cell
6 7 8 9 |10 )] 11 ]| 12 {] 13 || 14 || 15
Note: The inputs from the I/O Cell are not shown in this figure, they go directly to the GRP.
1/92. Rev. A
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Architectural Description

The Output Enable Control

One Output Enable (OE) signal can be generated within
each GLB using the OE Product Term 19. One of the eight
OE signals from each GLB within a Megablock, is then
routed to all of the IO Cells within the Megablock (see
figure 8). This OE signal can simultaneously control all of
the 16 I/O celis which are used in 3-state mode. Individual
I/O cells also have independent control for permanently

Figure 8. Output Enable Controls

enabling or disabling the output buffer (Refer to the I/0 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.

2-170
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Architectural Description

The Output Routing Pool

The Output Routing Pool (ORP) routes signals from the
Generic Logic Block outputs to I/O Cells configured as
outputs or bi-directional pins (see figure 9). 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 programmable switch matrix in figure 9,
it can be seen that a GLB output can be connected to one
of four I/0 Cells. Further flexibility is provided by using the
PTSA, (Figures 3 through 7) which makes the GLB outputs

Figure 9. Output Routing Pool

completely interchangeable. This allows the routing pro-
gram 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.

Figure 10. Output Ro|

uting:Pool showing Bypass

"
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Architectural Description

VO Cell

The I/O Cell (see figure 11) is used to route input, output
or bidirectional signals connected to the I/O pin. The two
logic inputs come fromthe ORP (see figure 7). 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 OE signal comes from the Output Enable. As with the
data path, a multiplexer selects the signal polarity. The
Output Enable can be set to a logic high (Enabled) when a
straight output pin is desired, or logic low (Disabled) when
a straight input pin is needed. The Global Reset (RESET)
signal is driven by the active low chip reset pin. Each I/O
Cell can individually select one of the two clock signals
(IOCLK 0 or IOCLK 1). These clock signals are generated
by the Clock Distribution Network.

Figure 11. VO Cell Architecture

Using the multiplexers, the I/O Cell can be configured as an
input, an output, a 3-stated output or a bidirectional I/O.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
in-coming data. Figure 12 illustrates some of the various
I/0 cell configurations possible

There is an Active Pullup resistot'on, the TIO pins which is
automatically used whery(he'pm is o connected This
prevents the pin from ﬂgaflﬁg andjndu ng noise into the
device or consuming‘addti onaL\powe{v

OE

From Output
Routing Pool — |

Active

Pull Up

From Output
Routing Pool =
Bypass

To Global
Routing Pool,

IOCLK Q T

\\&’ e

|0GLK 14

r

RESET

1
N
D Q ——|
R/L —i'
Reset| =
T Note
® Represents an E2CMOS Cell.
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Architectural Description

Figure 12. Example /O Cell Configurations
Bi-Directional
’ m 1/0 Pin

Input Buffer Output Buffer

5

g
V
X
|

VoCel ____ Bi-Directional
Clock ——p % 11O Pin With
Inverting Output Buffer qistered Input
Latch Input

D QF—

g

1/O Cell
Clock

Registered Input

Input Cells Bi-Directional Cells
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Architectural Description »

Clock Distribution Network

The.Clock Distribution Network is shown in figure 13. It
generates five global clock signals CLK 0, CLK 1, CLK 2
and IOCLK 0, IOCLK 1. The first three, CLK 0, CLK 1 and
CLK 2 are used for clocking all the GLBs in the device.
Similarly, IOCLK 0 and IOCLK 1 signals are used for
clocking all of the I/O Cells in the device. There are four
dedicated system clock pins (Y0, Y1, Y2, Y3) whichcanbe
directed to any GLB or any I/O Cell using the Clock
Distribution Network. The other inputs to the Clock Distri-
bution Network are the 4 outputs of a dedicated clock GLB
("B4" forispL.SI 1024). These Clock GLB outputs can be
used to create a user-defined internal clocking scheme.

Typically the clock GLB will be clocked using an external
main clock pin YO connected to global clock signal CLK 0.
The outputs of the clock GLB in turn will generate "divide
by two" or "divide by four" phases of the CLK 0 which can

be connectedto CLK 1, CLK 20rIOCLK 0, IOCLK 1 global  9F

clocks.

All GLBs also have the capability of generating their own
asynchronous clocks using Product Term 12. CLK O,
CLK 1 and CLK 2 feed to their corresponding inputs on all
the GLBs (see figure 3).

The two 1/O clocks generated in the Clock Distribution
Network IOCLK 0 and IOCLK rought to all 64 of the
I/O cells and the user progr: e1/Q cellto use one of the
two.

Global Routing Pool

with complete ‘eonriectivity, 1|
from the GLBE of the I/Q cellinputs to be connected to the

d similarly an input from an 1/O pin is
) to all of the GLBs. Because of the
ehitecturé of the ispLSI device, the delays through
l, R uting Pool are both consistent and predlct-

» CLK O

» CLK 1

» CLK 2
» IOCLK 0

—» IOCLK 1

Dedicated Clock
Input Pins
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Security Cell

A security cell is provided in the ispLSI devices to prevent
unauthorized copying of the array patterns. Once pro-
grammed, 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

ispL Sl devices are programmed using a Lattice-approved
Device Programmer, available from a number of third party
manufacturers or in-system using Lattice programming
algorithms. Complete programming of the device takes
only afew seconds. Erasing of the device is automatic and
is completely transparent to the user.

Latch-up Protection

ispLS| 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 latchup. Additionally,<
puts are designed with n-channel pull-ups instead of th
traditional p-channel pull-ups to eliminate any possibility of
SCR induced latching.

Figure 17. isp Programming Inte

In-System Programmability

The ispLSI devices are the in-system programmable ver-
sion of the Lattice high density programmable Large Scale
Integration (pLSI) devices. By integrating all the high
voltage programming circuitry on-chip, the 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.

diagram of one possible
rface for the isp devices.

gramming v
ogra

e device please refer to the In-
application note.

iSpEN

ispLSI ispLSI
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Data In

(SDI)

Note:

119...

Ole4—> 4> 0

High Order Shift Register

239...

Low Order Shift Register ..120 } Sbo

Address Shift Register

Oly

"~ sDO

A logic "1" in the address shift register enables the row for programming or verification.
A logic "0" disables it.
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Programming Voltage/Timing Specifications

2-177

SYMBOL PARAMETER CONDITION MIN. TYP. | MAX. | UNITS
Vcer Programming Voltage 4.75 5 5.25 \
lccp Programming Supply Current ispEN - mA
ViHP Input Voltage High 2.0 \Y
ViLp Input Vopitage Low 0 \
I Input Current HA
VoOHpP Output Volatge High \
VoLp Output Voltage Low v
td Pulse Sequence Delay us
tisp ispEN to Output 3-State us
tsu Setup Time us
th Hold Time us
telk Clock Pulse Width us
tpowv Verify Pulse Width us
towp Programming Pulse Width ms
tbew Bulk Erase Pulse Width ms
trst Reset Time From Valid Vecp us
1/92. Rev. A
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Figure 19. Timing Waveform for isp Operation

vCCP

Unused
Input

—4| trst
VIH

le—

'/ // ispLS! Pins are 3-Stated During Programming ///./// /)

W 227

Unused VOH
Outpet o, LD

ispEN

MODE

—

VIH ———\
ViL

VIH
ViL

" VIH

SDI

SCLK

SDO

ViuVoL

ViL

ViH
ViH

Vin tsu

ViLVoc

MODE

SDI

SCLK

ViL

gram, Verify or Bulk Erase Instruction)

tsu | ¢

le— tpwp, tbew, or tpwv

[ tsu -

r—tclk

((
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Pin Configuration

ispLSI 1024 PLCC Pinout Diagram

/0 32
/O 31
1/0 30
/0 29

/O 43
/O 44
/O 45
VO 46
VO 47

ispEN
RESET
SDIIN 0
1100
10 1
10 2

o3’
o 4

60 [] /0 28
59
58

57

ispLSI 1024

68-Pin PLCC

Dimensions in inches MIN./MAX.

.020
Minimum
.050 r—
Typical
& e -5
o ° *
0.890
0.930
X . - ) —t
| 0.950 | 0.090
! 0.958 1 01 0.120
0.985 by
0.995 0.165
Base Plane
Seating Plane —»
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L tt' ispLSI” 1048
a I c e in-system programmable Large Scale Integration

Functional Block Diagram

* in-system programmable HIGH DENSITY LOGIC ECED [T D OIT 0 [CFD O
[ OutputRoutingPool ]  [__Output Routing Pool _]
— Member of Lattice’s ispLSI Family S YT

— Fully Compatible with Lattice's pLSI™ Family EEB@E @@E’]B@@E@

— High Speed Global Interconnects

— 96 /O 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

— fmax = 70 MHz Maximum Operating Frequency
— tpd = 20 ns Propagation Delay
— TTL Compatible Inputs and Outputs

* in-system programmable 5-VOLT ONLY

— Change Logic and Interconnects "on-the-fly" in
Seconds

— Reprogram Soldered Device for Debugging

— Non-Volatile E2CMOS Technology

— 100% Tested

* COMBINES EASE OF USE AND THE FAST SYSTEM
SPEED OF PLDs WITH THE DENSITY AND FLEX:
IBILITY OF FIELD PROGRAMMABLE G

— Complete Programmable Device cal
Logic and Structured Designs )
— 100% Routable at 80% Utilizati

[z2]

ool

ing P

ElEEERERE

[ Jeesslsasalesanfanss
Output

agnostic capabilities. The device contains
rs, 96 Universal I/O pins, ten Dedicated Input

GRP). The GRP provides complete interconnectivity
n all of these elements. It is the first device which
non-volatile "on-the-fly" reprogrammability of the
gic, as well as the interconnects to provide truly
reconfigurable systems. ltis architecturally and parametri-
cally compatible to the pLSI 1048 device, but multiplexes

— Four Dedicated Clock Input: four of the dedicated input pins to control in-system pro-
— Synchronous and Asynchronous Clo k gramming.

— Flexible Pin Placem

— Optimized Global The basic unit of logic on the ispLS| 1048 device is the

Generic Logic Block (GLB). The GLBs are labeled A0, A1

¢ pLSVispLSI DEVELOPMEN SYS .. F7 (see figure 1). There are a total of 48 GLBs in the
— Boolean i ispLSI 1048 device. Each GLB has 18 inputs, a program-
— Automati mable AND/OR/Exclusive OR array, and four outputs
— Manual Pal : which can be configured to be either combinatorial or
— PC Platfor ’ registered. Inputs to the GLB come fromthe GRP. Allof the
— Easy to Use Wi GLB outputs are brought back into the GRP so that they

« ADVANCED pLS can be connected to the inputs of any other GLB on the
— Industry Standard, Third Party Design Environments device.
— Schematic Capture The device also has 96 I/0 Cells, each of which is directly
— Fully Automatic Partitioning connected to an I/O pin. Each I/O cell can be individually
— Automatic Piace and Route programmed to be a combinatorial input, registered input,
— Comprehensive Logic and Timing Simulation latched input, output or bi-directional 1/O pin with 3-state.

— PC and Workstation Platforms The signal levels are TTL compatible voltages and the

output drivers can source 4 mA or sink 8 mA.

Copyright © 1991 Lattice Sammondunor Corp. GAL®, E°CMOS® and UtraMOS® are regi demarks of Lattice i Corp. pLSI™, ispLSI™, pDS™ and Generic Array
Logic™ are of Lattice Corp. The and i hsraln are subject to change without notice.

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

Tel. 1-800-LATTICE (528-8423); FAX (503) 681-3037 January 1992. Rev. A
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Functional Block Diagram
Figure 1. ispLSI 1048

www KrKYVo VoVvo

ININ VOVOLOVO VOUOVOIO VOLOUOWO UOUOLOLO IN
95904 9392 91908988 87 86 85

1110 79787776 75747372 71706068 67 666564 8

Vo4
o
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Description (continued)

The 96 I/O Cells are grouped into three sets of 16 each.
asshowninfigure 1. Each ofthese I/O groups is associated
with a logic Megablock through the use of the Output
Routing Pool (ORP) and shares a common Output Enable
(OE) signal.

Eight GLBs, 16 /O Cells and one ORP are connected
together to make a logic Megablock. The Megablock is
defined by the resources that it shares. The outputs of the
eight GLBs are connected to a set of 16 universal I/O cells
by the ORP. The ispLSI 1048 Device contains six of these
Megablocks.

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

ispLSI Family Product Selector Guide

Clocks in the ispLSI 1048 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YOtoY 3)are broughtinto the distribution network, and five
outputs (CLK 0 to CLK 2 and IOCLK 0, 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 GLB (DO on the ispLSI 1048 device). The logic of
this GLB allows the user to creatt ernal clock from a

e's in-system
pLSI) family.
from the ispLSI
1016, with 96:Tegis|
registers.T_g!e SIFami

DEVICE ispLS1 1016 * ispLSI 1032 ispLSI 1048
GLBs 16 32 48
Registers 192 288

/O Pins 64 96
Dedicated Inputs 6 8 10

Pin Count 84

Ordering Information

SPESI 1048 — XX

X X X

_I:——- Grade

Blank = Commercial
Package

Q = PQFP
Power

L=Low

1/92. Rev.A

2-183




Specifications ispLSI 1048

Pin Description

PLCC Pin Numbers

Description

/00-1/05
/0 6 - /O 11
/0 12-1/0 17
/0 18 -1/0 23
1/0 24 -1/0 29
1/0 30 - 1/O 35
1/0 36 - I/O 41
/0 42 - 1/0 47
/O 48 - 1/O 53
1/0 54 - 1/0 59
1/0 60 - 1/O 65
1/0 66 - 1/0 71
/0 72-1/077
/0 78 - 1/0 83
1/0 84 - 1/0 89
1/0 90 - 1/0 95

20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43,
49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72,
80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97,
98, 99,100,101,102,103,
109,110,111,112,113,114,
115,116,117,118,119,120,

1, 2, 3, 4 5, 6§,

7, 8 9 10, 11, 12

Input/Output Pins - These are the general purpose I/O pins used by the
logic array.

IN4
IN6-IN 11

48,
79,104,105, - 108, 13

ispEN

SDVIN O

MODE/IN 1

SDO/IN 3

17

19

¢ the programming mode. The MODE, SDI,
s become active.

ammmg data into the device. SDI/IN 0 also is used as
control pins for the isp state machine.

s pin performs two functions. Itis a dedicated input pinwhen
logic high. When ispEN is logic low, it functions as a pin to
ol the operation of the isp state machine.

put/Output ~ This pin performs two functions. It is a dedicated clock
input pinwhenispEN is logic high. When ispEN is logic low, it functions
as an output pin to read serial shift register data.

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 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 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 /O Cell on the
device.

GND 46, 76,106, 16 Ground (GND)

Vce 15, 45, 77, 107 v, '

cc

1/92. Rev. A
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Absolute Maximum Ratings !

Supply Voltage Vg . . e vvveevvvenennn.. -0.5t0 +7.0V ' i
Input Voltage Applied. .............. -2.5to Vg +1.0V
Off-State Output Voltage Applied. ... .. -2.5t0 Voo +1.0V
Storage Temperature . ................. -65 to 125°C
Ambient Temp. with Power Applied .. ...... -565 to 125°C

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

DC Recommended Operating Condition

SYMBOL PARAMETER MAX. UNITS
TA Ambient Temperature I e N e 70 °C
Vce Supply Voltage . G, S 3 475 5.25 v
ViL Input Low Voltage A 0 0.8 v
VIH Input High Voltage 2.0 Vee v

MAXIMUM! UNITS | TEST CONDITIONS
C, Input Capacitanc 8 pf Veo=5.0V, V,;=2.0V
C, 1/O;Y ‘Gapacitance 10 pf Vge=5.0V, VI/O, Y=2.0V

2

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS ‘
Data Retention 20 - YEARS ‘
Erase/Reprogram Cycles - 1000 CYCLES
|
|
i

1/92. Rev.A I\
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Switching Test Conditions

GND to 3.0V

Input Pulse Levels Figure 2. Test Load

Input Rise and Fall Times 3ns 10% to 90%

Input Timing Reference Levels 1.5V Vee

Output Timing Reference Levels 1.5V

Output Load See Figure 2 A1

2;2?;1!:::3 are measured 0.5V from steady-state gﬁ‘{rﬁ g;ﬁt

Output Load Conditions (see figure 2)

Test Condition R1 R2 CL
470Q 390Q 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active Highto Z co 390Q 5pF
3 atV,, -0.5v
Active Lowto Z 470Q 390Q
atV, +0.5V

DC Electrical Characteristics

SYMBOL CONDITION
VoL i lo =8 mA. - - o4 ]| Vv
VOH Output High lop =4 MA. 24 - - v
I Input or Vo't akage Current OV <V SV, (MAX.) - - -10 uA
IH lnput orlQ, igh Leakage Current VS Vi S Voo - - 10 pA
los? p 'mput sr;on Circuit Current Vee =5V, Vour = 0.5V -60 - -200 mA
Icc2 atiig Power Supply Current V. =05V, V,,=3.0V - - - mA
19 Frocaie = 20 MHz
1. One output th atime for a maximum duration of one second. (Vout = 0.5V)
2. Measured at a frequency of 20 MHz using twelve 16-bit counters.
1/92. Rev. A
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External Switching Characteristics' 2.3 ispLSI 1048-70

Over Recommended Operating Conditions ’

PARAMETER | poor’| # DESCRIPTION MIN. | TYP. | MAX.|UNITS 1
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - - 20 | ns
tpd2 1 2 Data Propagation Delay - | - |25 ]| ns
tcots 1 3 External Clock to Output Delay, ORP bypass - - - ns
tco2s 1 4 External Clock to Output Delay - - - | ns
tco3 1 5 Internal Synch. Clock to Output Delay - | ns (
tcod 1 6 Asynchronous Clock to Output Delay - | ns ‘
tr1 1 7 External Pin Reset to Output Delay - | ns
tr2 1 8 Asynchronous PT Reset to Output Delay - | ns
ten 2 9 Input to Output Enable - | ns
tdis 3 |10 Input to Output Disable - | ns

TEST 6

PARAMETER conn.| ¥ TYP. | MAX.| UNITS

fmax4 1|1 -~ | 70 | MHz

fmax (External) 1] 12 - | = | MHz

tsu1 - | 13 | Setup Time before External Synch. Clock, 4PT bypass - - | -1 ns

tsu2 - xiéral Synch Clock - | -1 =-1mns

tsu3 - ' itetnal Synch. Clock - | =1 -1ns

tsud toré. Asynchronous Clock - - - | ns

thi xternal Synchronous Clock, 4PT bypass - - - | ns

th2 after External Synchronous Clock - - | - ns

th3 old time after Internal Synchronous Clock - - - ns

tha id time after Asynchronous Clock -1 -] -1 ns

trwi ernal Reset Pulse Duration - - - ns

trw2 Asynchronous Reset Pulse Duration - - - ns

twh1, twit External Synchronous Clock Pulse Duration, High, Low - -1 =1 ns i

twh2, twi2 Asynchronous Clock Pulse Duration, High, Low - -1 -1 ns i

|
1. External Switchi aracteristics are tested and guaranteed. }
2. See Timing Technital Note for further details. !
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA, '
and are measured with 16 outputs switching.
4. Standard 16-bit counter implementation using GRP feedback.
5. Clock to output specifications include a maximum skew of 2 ns.
6. Refer to Switching Test Conditions section.
1/92. Rev.A

2-187




Specifications ispLSI 1048

Switching Characteristics?: 2. ispLSI 1048-70
Using VO Cell
TEST
PARAMETER conD.| # DESCRIPTION MIN. | TYP. |MAX.| UNITS
tsus - 27 | Setup Time before External Synchronous Clock - - - | ns
tsue . - 28 | Setup Time before Interal Synchronous Clock - - - ns
ths - 29 | Hold Time after External Synchronous Clock - - - ns
the - 30 | Hold Time after Internal Synchronous Clock - ns
twh3, twi3 - 131,32] Clock Pulse Duration, High, Low - | ns
1. External Parameters are tested and guaranteed.
2. See Timing Technical Note for further details.
3. Unless noted, all parameters use ORP, GRP fanout of four, PTSA,
and are measured with 16 outputs switching.
4. Refer to Switching Test Conditions section.
1/92. Rev. A
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Architectural Description

The Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
of the Lattice High Density ispLSI Device. This GLB has 18
inputs, four outputs and the logic necessary to implement
most standard logic functions. The internal logic of the GLB
is divided into four separate sections (see figure 3). The
AND Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions. The
AND array consists of 20 product terms which can produce
the logical sum of any of the 18 GLB inputs. Sixteen of the
inputs come from the Global Routing Pool, and are either
feedback signals from any of the 48 GLBs orinputs fromthe
external I/O Cells. The two remaining inputs come directly
from two dedicated input pins. These signals are available
to the product terms in both the logical true and the
complemented forms which makes boolean logic reduc-
tion easier.

The PTSA takes the 20 product terms and allocates them

tothe four GLB outputs. There are four OR gates, withfour, V

four, five and seven product terms (see figure 3). T

Figure 3. GLB: Product Term Sharing Array

Inputs From

output of any of these 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. If the users’ main
concern is speed, the PTSA can use a bypass circuit with
four product terms to increase the performance of the cell
(see figure 4). This can be done to any or all of the four
outputs from the GLB.

reatly simplifies the
d ALU type functions.

T-type flip-flop se ﬂg
design of co

Global Routing Pool Reconfigurable
Registers
0 123 456 7 8 9 101112 D,J-K,and T
by vy oy oy ey vy oy oy oy oy o oL
MMM M M M
[M]
V)
4 % ! ioci 3<_Ll>—oa
4 [ Ml
V)
LA Ioal To
A a X 92 Giobal
Routing
5 Pool and
l .U? Output
L4 ool Routing
B |DQ| X o1 Pool
7 I M)
|| Y
BHD- |DG| X 00
AND Array
Control
Functions
. Output
Enable
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Architectural Description

Figure 4. GLB: Four Product Term Bypass

Inputs From Dedicated
Global Routing Pool Inputs
——
(] 2 34586 78 9 1011121314 1518 17 A:;ﬁg;?;,’;‘ds&m}?m D Registers
b vl vy vy vy oy by ey pey by weby ey ooy gy oy ey
VY Y AVAVAVAVAVAVAVAVAVAVAVAVAVAVAY. Bypass Shown)
4

AND Array

Control
Functions

o]
— sn"i%‘l'é
Figure 5. GLB: Exclusive OR Gate
Inputs From
Giobal Routing| Product Term Sharing
Array (Exclusive OR
fi Shown) D Registers
ﬁa ED{LM
4 1 u -
3 ]A) u To
; ) DaHx 02
Global
/L—/ Q Routing
M m Pool and
4 h l :; Output
DQ o1 Routing
b1 ,‘_/ ﬂ X Pool
f m
; ) O-HHHEeH -0
y/
9

AND Array

PT Reset

RESET-
Control CLKO
Functions CLK 1

clK2 MUX

PT Clock

PT Output , Output
Enable Enable
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Architectural Description

The 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 shownin figure 6, Output Three (O3) s configured
using the XOR Gate and Output Two (O2) is configured
usingthe four Product Term Bypass. Output One (O1) uses
one of the inputs from the five Product Term OR gate while
Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB are
developed in the Control Function section. The clockforthe
registers can come from any of three sources developed in
the Clock Distribution Network (See Clock Distribution

Figure 6. GLB: Various Logical Combinations

Inputs From
Global Routing Pool

0 12 3 456 7 8 9 10111213141
,.L‘.L‘uJ.J.J.J.‘.LJ.‘.LJ.J..L.LJ.
YAV-RVAV-AVRV-3 V-3 VAV-2V-RV.2 V.3 V-AV-3 V.

Network Section) or from a product term within the GLB.
The Reset Signal for the GLB can come from the Global
Reset pin or from a product term within the block. The
Output Enable for the 1/0 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 for use as a logig* m:ﬁefergo the following
table to determine which Le‘glc‘t(gnctlo@ aré affected.

There are addltlonal ;eatureg’m a%LB ‘éh;ch allow imple-

M|
B u
14 PT Byp [ ﬂ,_x ozg?obal

Single PT m

)
™
Q

2
a

= l m
7+4PTs v
[ fl_' X o]

PT Reset
RESET.

Control CLKO
Functions CLK 1
CLK 2 MUX . MUX
PT Clock
PT Output . Output
Enable Enable
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Architectural Description

Product Term Sharing Matrix

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

3 2 10 3 2 1 0 3 2 1 0 (3 3 2 2 11 00

0 [ I B B | ] ] a

1 [ I B B ]

2 | I B B | ]

3 | I B B n

4 | I B B | ]

5 H B EB | |

6 " B R B ]

7 | I B I n

8 [ I B B ] | |

9 " EEnR n

10 | I B B | |

1 [ I B B u

12 | I B B M CLK/Reset

13 [ I B B

14 | I I I u

15 " B NBE ]

16 E B BN [}

17 " B EB n

18 "R EN n

19 " B RN N | B OE/Reset

This matrix shows how each of the prod: i
inthe various modes. As an example»;rod
be used asan lnputto thefive inputOR'gate

GLB output one is used in the Exclusive OR (XOR) mode
Product Term 12 becomes one of the inputs to the four
input OR Gate. If Product Term 12 is not used in the logic,
thenitis available for use as eitherthe Asynchronous Clock
signal or the GLB Reset signal.

ug?T m,

1/92. Rev. A
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Architectural Description

The Megablock

The ispLSI family is structured into multiple “Megablocks”.
A Megablock consists of 8 GLBs, an Output Routing Pool
(ORP) and 16 I/0 Cells. Each of these will be explained in
detailin the following sections. These elements are coupled
together as shown in figure 7. This logic structure is
referred to as the Megablock. The various members of the
ispLSI family are created by combining from two to six
Megablocks on a single device.

The Megablock shares two sets of resources. The eight
GLBs withinthe Megablock share two dedicated input pins.
These dedicated input pins are not available to GLBsin any
other Megablock. These pins are dedicated (non-regis-
tered) inputs only and are automatically assigned by

Megablocks in Each Device

software. One Output Enable signalis generated withinthe
Megablock and is common to all sixteen of the 1/0 Cells in
the Megablock. The Output Enable signal can be gener-
ated using a product term in any of the eight GLBs within
the Megablock (See the following section on the Output
Enable Multiplexers). i

, busses, etc.)
should be grouped his will allow the

user to obtain th

DEVICE MEGABLOCKS /O CELLS
ispLSI 1016 32
ispLSI 1024 48
ispLSI 1032 64
ispLSI 1048 96

Figure 7. The Megablock
GLB GlBB H GLB H GlLB H GLB H GLB
A0 A3 Ad H A5 A6 A7
[ [T TIir Titr TiTr 111
Output Routing Pool
[ (ot 1 1 1 [ |
Vo llvofjiofjvollivo|jvoljrvo||vo |} i/o || 1o
Cell||Cell||Cell} |Cell|[| Cell]|Cell] | Cell|| Cell | | Celi]| | Cell
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Note: Thé-inputs from the I/O Cell are not shown in this figure, they go directly to the GRP.
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