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pLSI and ispLSI Product Index

Commercial Grade pLSI and ispLSI Devices

DEVICE tpd fmax DESCRIPTION PAGE
pLSI 1016 |12, 15,20( 90, 80, 60 44-pin programmable Large Scale Integration Device 3-1
pLSI 1024 15, 20 80, 60 68-pin programmable Large Scale Integration Device 3-17
pLSI 1032 15, 20 80, 60 84-pin programmable Large Scale Integration Device 3-33
pLSI 1048 18, 24 70, 50 120-pin programmable Large Scale Integration Device. 3-49

ispLSI 1016 |12, 15,20 90, 80, 60 | 44-pin in-system programmable Large Scale Integration Device| 4-1

ispLSI 1024 | 15,20 80, 60 68-pin in-system programmable Large Scale Integration Device| 4-21

ispLSI 1032 | 15,20 80, 60 84-pin in-system programmable Large Scale Integratibn Device| 4-41

ispLSI 1048 | 18,24 70,50 |120-pin in-system programmable Large Scale Integration Device| 4-61

Industrial Grade pLSI and ispLSI Devices

DEVICE tpd | fmax DESCRIPTION PAGE
pLSI 1016 20 | 60 44-pin programmable Large Scale Integration Device 3-1
pLSI 1024 20 | 60 68-pin programmable Large Scale Integration Device 3-17
pLSI 1032 20 60 84-pin programmable Large Scale Integration Device 3-33
pLSI 1048 24 50 120-pin programmable Large Scale Integration Device 3-49
ispLSI 1016 20 60 44-pin in-system programmable Large Scale Integration Device 4-1
ispLSI 1024 20 60 68-pin in-system programmable Large Scale Integration Device 4-21
ispLSI 1032 20 60 84-pin in-system programmable Large Scale Integration Device 4-41
ispLSI 1048 24 50 | 120-pin in-system programmable Large Scale Integration Device 4-61

Military Grade pLSI and ispLSI Devices

DEVICE tpd | fmax DESCRIPTION PAGE
pLSI 1016/883 20 | 60 44-pin programmable Large Scale Integration Device 5-3
pLSI 1024/883 20 | 60 68-pin programmable Large Scale Integration Device 5-13
pLSI 1032/883 20 | 60 84-pin programmable Large Scale Integration Device 5-23
pLSI 1048/883 24 | 50 132-pin programmable Large Scale Integration Device 5-33

ispLSI 1016/883 20 | 60 44-pin in-system programmable Large Scale Integration Device 5-43

ispLSI 1024/883 20 | 60 68-pin in-system programmable Large Scale Integration Device 5-55

ispLSI 1032/883 20 | 60 84-pin in-system programmable Large Scale Integration Device 5-67

ispLSI 1048/883 24 | 50 | 132-pinin-system programmable Large Scale Integration Device 5-79




Thank you for your continued interest in our High-Density pLSI and ispLSI product
families.

Lattice Semiconductor is pleased to provide you with this pLSI and ispLSI Data Book
Supplement which includes Commercial, Industrial and Military data sheets for all eight
members of the pLSI and ispLS| families of High-Density PLDs.

This Supplement is intended to be used in conjunction with our 1992 pLSI and ispLSI
Data Book and Handbook which contains valuable information regarding development
tools, design techniques, device quality and reliability.

We look forward to meeting your system design requirements with our high-performance
pLSI and ispLSI Families.

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 ispLSI (in-system programmable Large
Scale Integration) 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 ispL Sl families are the first program-
mable 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 pro-
gramming, less expensive manufacturing and end-user
reconfiguration.

Lattice’s EZCMOS technology features reprogrammability,
the ability to program the device again and again to easily
incorporate any design modifications. This same capabil-
ity allows full parametric testability during manufacturing,
which guarantees 100 percent programming and func-
tional yield.

All the necessary development tools are available from
Lattice and industry standard third-party vendors. Devel-
opment tools offered range from Lattice's low cost pDS
software, featuring Boolean entry in a graphical Win-
dows™ based environment, to our pDS+ family of fitters
that interfaces with third party development software pack-
ages. pDS+ features schematic capture, state machine
and VHDL entry. Designs can now be completed in hours
as opposed to days or weeks.

Figure 1-1. pLSI and ispL.SI Device Families

pLS! 1024

pLS! 1016 ispLS| 1024
ispLSI 1016

44-Pin PLCC 68-Pin PLCC

pLSI and ispLSl Product Features
Q 90 MHz System Performance

12 ns Pin-to-Pin Delay

Deterministic Performance

High Density (2,000-8,000 PLD Gates)
Flexible Architecture

Easy-to-Use

| S I o S S ]

In-System Programmable (ispLS!)
Q Low Power Consumption

pLSI and ispLSI Technology
E2CMOS — the PLD Technology of Choice

Q Proven UltraMOS Technology

Q Electrically Erasable/Programmable/
Reprogrammable

Q  100% Tested During Manufacture
Q 100% Programming Yield
O High-Speed Programming

pLSI and ispLSI Development Tools
Q Easy-to-Use Graphical Interface (MS Windows)

0 Boolean Equations and Macro Input
O VHDL and Schematic Capture Entry
Q

Industry-Standard Third-Party Design
Environments and Platforms

Q Timing and Functional Simulation
pLSI 1032 pLSI 1048
ispLSI 1032 ispLSI 1048
84-Pin PLCC 120-Pin PQFP
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Introduction to pLSI and ispLSI

Family Overview

The pLSI and ispLS| 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
pLSI and ispLSI families provide a wide range of program-
mable logic solutions to meet design requirements for
today’'s and tomorrow’s needs.

Eachdevice contains multiple Generic Logic Blocks (GLBs),
which are designed to maximize system flexibility and
performance. A balanced ratio of registers and I/O cells
provides the optimum combination of internal logic and
external connections. A global interconnect scheme ties

The Gilobal Routing Pool (GRP)

Central to the pLSI and ispLSI architecture is the Global
Routing Pool (GRP) which connects all of the internal logic
and makes it available to the designer. The GRP provides
complete interconnectivity with fixed and predictable de-
lays. 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 be-
tween the GLB outputs and the output pins.

Figure 1-2. pLSI 1032 Architecture

everything together, enabling utilization of up to 80% of
available logic. Table 1-1 describes the family attributes. —pwBe ]
L omh Output Routing Pool (ORP)
The pLSI and ispLSI Architecture e \4 o7 Hos lfos Hos lfos oz for oo —
The pLSI and ispLSI architecture was constructed with - » [ ] -
~ actual system design requirements in mind. This architec- <l &
ture provides the designer with the following advantages. £ g & B3
Figure 1-2 shows the pLSI 1032 architecture. =i iobal 2|ls1E
gl 2 Foar £ El
Q  High Speed - EI £ (GRP) ; '
[k
Q Predictable Performance | (&
b =
Q Integration of Muttiple Logic Functions L ] o =
QO  Asynchronous Designs A o o2 Hoo [ o oo o [ o0 T “}i paxe
""""" , e R
Q Flexible Logic Paths Mogabiock ST P O '
Tpa B
O Advanced Global Clock Network ZEEE
Table 1-1. pLSi and ispLSI Family Attributes
Family Member 1016 1024 1032 1048
Density (PLD Gates) 2,000 4,000 6,000 8,000
Speed: fmax (MHz) 90 80 80 70
Speed: tpd (ns) 12 15 15 18
GLBs 16 24 32 48
Registers 96 144 192 288
Inputs + VO 36 54 72 106
Pin/Package 44-pin PLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP

1-2




Introduction to pLSI and ispLSI

Generic Logic Block (GLB)

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

One element of architectural flexibility is the Product Term
Sharing Array (PTSA). The PTSA allows the 20 PTs from
the AND array to be shared with any and all of the four GLB
outputs 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 GLBtoimplement
virtually all 4-bit MSI functions.

Eachof the four outputs fromthe PTSAfeeds into aflexible
Output Logic Macrocell (OLMC), consisting of a D-type
flip-flop with an Exclusive-OR (XOR) gate onthe input. The
OLMC allows each GLB output to be configured either
combinatorial or registered. Combinatorial mode is avail-
able as AND-OR or XOR; registered mode is available as
D, Tor J-K.

The GLB can be clocked synchronously or asynchro-
nously. Gilobal clocks from external pins or intemally
generated, provide all GLBs and I/O cells with synchro-
nous clock signals with selectable polarity. This provides
multiple synchronous clock phases to all GLBs and 1/Os.

Figure 1-3. Simplified Generic Logic Block Functionality

20 Product 4 Output Logic
Terms Macro Cells
\
\ Registered
e e or
2 oLMC Combinatorial
Dedicated . . L~ Outputs
Inputs Product » Combinatorial | P
Logic Term AND-OR-XOR
£ N £ va
1,16 t ™1 Amay 20| Sharing [ 4 Reciatored » (e
nputs Array * Registere:
From GRP D.T,J-K Ouputs
Synch/Asynch ORP or /O
Clocking -




Introduction to pLSI and ispLSI

The GLB has several configuration options foreachOLMC.
These can be mixed within each GLB in any combination.
The configurations are described individually for clarifica-
tion and they are; standard, high-speed bypass, XOR and
multi-mode configurations. Figure 1-4 demonstrates the
multi-mode configuration.

the OLMC

XOR Configuration

Q Bypasses the PTSA and the internal XOR Gate of

Q Provides Four Product Terms Per Output

Q Utilizes Powerful XOR Architecture

Standard Configuration
Q GLB Outputs have 4, 4, 5 or 7 Product Terms

Functions

Muiti-Mode Configuration

Q Powerful for Counters, Comparators and ALU

QO The PTSA Can Combine up to 20 PTs per GLB
Output to Meet the Needs of Both Wide and Q Individual Outputs are Independently Configu-
Narrow Logic Functions. rable
High-Speed Bypass Configuration Q PTSA Allows Flexibility on the Number and Selec-
O For Speed-Critical Timing Paths tion 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
g Product Term
0 1 23 456 7 8 9 1011121314 1516 17 Sharing Array D Registers
IV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY 3 + 4 (Shared]
TATATAVAVAVATATAVAVAVAVAVATATA VAV V. 2 (Shored)
1 U
SEpVin Byt
4
U
¢ 4 14 PT Bypass l 5 a-dx ongwd
8 Routing
%%D Single PT [ ; gzg ;nd
K12 | E x}D>-o01 Rouing
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T 1] —= | b aH{x > oo
;?i‘ A —p
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PT Reset
Global RESET:
Control ) CLK 0 —
Functions CLK 1 —
Sk 2 —|Mux MUX
PT Clock —
PT Output . To Output
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In-System Programmability

The in-system programmable Large Scale Integration -

(ispLS!) family is the industry’s only high-density program-
mable logic family offering non-volatile in-system
reconfigurability.

The ispLSI family is 100 percent functionally and para-
metrically 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 ispLSI 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 pro-
cess and enables definition of board layout earlier in the
design process.

Beconfigurable Systems - The options for accommodat-

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

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

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

Memo
o ispLSI
Memory

Memo
Y Control

Memory

Memory

[ ]

Memory

ispLSI ispLSI
Graphic Vector
Control Manipulation

Transceiver

Interface

Memory

—{ Decode 1 p puoee
Processor

= Timing I—

} Control I
Transceiver

LT

Memory

D ispLSI Devices

Multiple ispLSI devices can be reconfigured through
multiplexed signals interfaced via an edge connector,
5-post connector, microcontroller 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 associ-
atedwith PLDs. Quality is enhanced whenproducthandling
steps are reduced, in this case, those associated with
programming, labeling and re-inventorying muitiple device
types. Eliminating socketing further improves 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
Using PLDsS/FPGAs Using ispLSI Devices
Draw Parts From Stores Draw Parts From Stores
(One PIN) (One P/N)
[Frogram, Board Assembly
Label Each Board Test
Programmed Part « Diagnostics Using IspLS!
« Final Programming
l « Final Board Test
Return Parts to Stores
(Multiple P/Ns)
Draw Parts from
Stores to Assembly
Board Assembly
Board Test

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 protects
against inadvertent reprogramming via on-chip state ma-
chines. The ispLSI family can also be programmed using
popular third-party logic programmers.

Figure 1-7. In-System Programming Interface (Muliti-
Chip Solution)

ispLSI ispLSI ispLSI
1032 1048 1016
[ & 4
MUX — Serial Data In
. - Serial Data Out
isp-Enable L - gm Control
“
—p——
5-pin
isp Interface




Introduction to pLSI and ispLSI

Lattice Development Systems

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

pLSl/ispLS| Development System (pDS)
Features

O High-Performance, Low-Cost Development
Environment

Supports pLSI and ispLSI Device Families
Boolean Logic and Text File Design Entry

Windows Based Graphical User Interface

Over 225 Macros Available

Automatic Place and Route

Static Timing Table

Logic Simulation with Viewlogic™ Viewsim™

0 0 00 0 0 o0 o

JEDEC File Download Direct to Programmer or
ispLSI Device

General Description

Boththe pLSIand ispLS|families are supported by Lattice's
low-costpDS software. Itruns on IBM-compatible (386/486)
PCswith Microsoft® Windows.

The easy-to-use graphical user interface with the familiar
mouse driven pull-down menus, combined with Boolean
logic data entry using ABEL™-like syntax, makes design
entry with the pLSI and ispLSI quick and straightforward
(see figure 1-8).

Figure 1-8. pDS Design Flow

« Boolean Equations

'-°9‘gr?t;°;‘9" « Macros (>225)
l « “ABEL"-Like Syntax
. imizati
Verification Logic Minimization

« Checks for Signal Availability

!

« Automatic
Place and Route | * Optimized
‘ « Fast
Simulati « Viewsim
imuiation « EDIF Compatible
« JEDEC File Generation
Programming | « Download to Programmer

or to Device (ispLSl)

The pDS software supports over 225 macros to help the
design process. These macros cover most TTL functions,
from gate primitives to 16-bit counters. The software also
supports user-definable macros which can be modifica-
tions of existing macros or custom creations.

The pDS software automatically verifies the design, per-
forms logic minimization and checks for signal availability.

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

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

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

The Windows graphicaluserinterface makesprogramming
easy, using pull-down menus, intuitive point-and-click
comrnands and self explanatory instructions. Without any
up-front training, designs can be completed within hours
instead of days or weeks.
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pLSVispLSI Development System Plus (pDS+)

Features
Q Supports pLSI and ispLSI Device Families

0O Schematic Capture, State Machine and VHDL
Design Entry

Expanded Macro Library (>350)

Automatic Logic Minimization and Partitioning
Automatic Place and Route

Logic and Timing Simulation

EDIF Compatible

JEDEC File Download Direct to Programmer or
ispLSI Device

00000 0o

General Description

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

The pDS+ software utilizes industry standard third-party
design environments such as Viewlogic's Viewdraw™
and Data I/O's ABEL.

Running onIBM compatible (386/486) PCs or workstation
platforms, pDS+ software supports automatic logic
minimization and partitioning as well as place and route,
resultingin 100% routability at greaterthan 80% utilization.

For logic and timing simulation, support is available from
Lattice through Viewlogic Viewsim simulation tools.

Third Party Programming Support

The pLSI and ispLSI families are supported by popular
third-party logic programmers including Data I/O, Logical
Devices, BP-Microsystems, Stag, System General, SMS
Micro Systems and Advin. Table 1-2 describes each
vendor's specific programmer models 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-sys-
tem), which eliminates the need for a stand-alone
programmer. Package programming adapters are avail-
able from third-party manufacturers. For specific details
refer to the Lattice Programming Tools Guide available
from your local sales representative.

Table 1-2. Programming Support

Programmer Vendor Model
Pilot-Ug4
Advin Systems Pilot-U40
Pilot-GL/GCE
PLD-1128
BP-Microsystems
CP-1128
2900
Data I/0 3900
Unisite
Allpro 40
Logical Devices
Allpro 88
SMS Micro Systems Sprint Expert
System 3000
Stag
ZL30/A
System General TURPRO-1

isp Engineering Kit

The ispLSI family may also be programmed with Lattice's
isp Engineering Kit. This kit is designed for engineering
purposes only and is not intended for production use. By
connecting an 8 wire cable to the parallel printer port of a
PC, JEDEC files can be easily downloaded into the ispLSI
device. Additionally, this cable can be connected directly
to the circuit board facilitating on-board in-system
programming.

1-8
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pLSI and ispLSI

Architectural Description

Introduction

The basic unit of logic for the pLS| and ispL S| families is the
Generic Logic Block (GLB). Figure 2-1 illustrates the pLSI
1032 with its 32 GLBs labelled A0, A1 .. D7. There are a
total of 16 GLBs in the pLSI and ispLSI 1016 device,
increasing to 48 GLBs in the pLSI and ispLSI 1048 device.
Each GLB has 18 inputs, a programmable AND/OR/XOR
array, and four outputs which canbe configured to be either
combinatorial or registered. Inputs to the GLB come from
the Global Routing Pool (GRP) and dedicated inputs. All
of the GLB outputs are brought back into the GRP so that
they canbe connected to the inputs of any other GLB onthe
device.

The devices also have 32 to 96 I/O cells, each of which is
directly connected to an I/O pin. Each I/O cell can be
individually programmed to be a combinatorial input, reg-
istered input, latched input, output or bi-directional I/O pin
with 3-state control. Additionally, all outputs are polarity
selectable, active high or active low. The signal levels are
TTL compatible voltages and the output drivers can source
4 mA or sink 8 mA.

Figure 2-1. pLSI 1032 Functional Block Diagram

VW Voo VYOVOVOID
63 62 61 60 59 58 57 56

The I/O cells are grouped in sets of 16 as shown in figure
2-1. Eachofthese I/O groups is associated with a Megablock
through the use of the Output Routing Pool (ORP).

Eight GLBs, 16 1/O cells, one ORP and two dedicated
inputs are connected together to make a Megablock. The
outputs of the eight GLBs are connected to a set of 16
universal I/O cells by the ORP. Each megablock shares
a common Output Enable (OE) signal. The pLSI 1032
device, shown in figure 2-1 contains four Megablocks

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

Clocks in the devices are selected using the Clock
Distribution Network. The dedicated clock pins
(Y0, Y1, Y2 and Y3) are brought into the distribution
network, and five outputs (CLK 0, CLK1, CLK 2, IOCLK 0
and IOCLK 1) are providedto route clocks to the GLBs and

/O cells. The Clock Distribution Network can also be

driven from a special GLB (C0 onthe pLSI and ispLSI 1032
device). The logic of this GLB allows the user to create an
internal clock from a combination of internal signéis within
the device. :
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pLSI and ispLSI Architectural Description

Generic Logic Block

The Generic Logic Block (GLB) is the standard logic block
ofthe Lattice High-Density pLS| andispLSl devices. AGLB
has 18 inputs, four outputs and the logic necessary to
implement most standard logic functions. The internal logic
of the GLB is divided into four separate sections: the AND
Array, the Product Term Sharing Array (PTSA), the
Reconfigurable Registers, and the Control Functions (see
figure 2-2). 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 GLBs
or inputs from the external I/O cells. The two remaining
inputs come directly from two dedicated input pins. These
signals are available to the productterms inboth the logical
true and the complemented forms which makes boolean
logic reduction more efficient.

The PTSA takes the 20 product terms and routes them to
the four GLB outputs. There are four OR gates, with four,
four, five and seven product terms each (see figure 2-2).
The output of any of these OR gates can be routed to any

of the four GLB outputs, and if more product terms are
needed, the PTSA can combine them as necessary. In
addition, the PTSA can share product terms similar to a
PLAdevice. Iftheuser's mainconcernis speed, the PTSA
can use a bypass circuit which provides four product terms
to eachoutput, to increase the performance of the cell (see
figure 2-3). This canbe done to any or all of the four outputs
from the GLB.

The Reconfigurable Registers consist of four D-type flip-
flops with an XOR gate on the input. The XOR gate in the
GLB canbe used either as alogic element or to reconfigure
the D-type flip-flop to emulate a J-K or T-type flip-flop (see
figure 2-4). This greatly simplifies the design of counters,
comparators and ALU type functions. The registers canbe
bypassed if the user needs a combinatorial output. Each
register outputis 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 whenthe
four product term bypass is used.

Figure 2-2. GLB: Product Term Sharing Array Example
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Figure 2-3. GLB: Four Product Term Bypass Example
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Generic Logic Block (continued)

The PTSAIs flexible enough to allow these features to be
used in virtually any combination that the user desires. In
the GLB showninfigure 2-5, Output Three (O83) is configured
using the XOR gate while Output Two (02) is configured
using the four Product Term Bypass. Output One (O1)
uses one of the inputs from the five Product Term OR gate
while Output Zero (O0) combines the remaining four product
terms with all of the product terms from the seven Product
Term OR gate for a total of eleven (7+4).

Various signals which control the operation of the GLB
outputs are driven from the Control Functions (see figure
2-5). The clock forthe registers can come fromany of three
sources developed in the Clock Distribution Network (see

Clock Distribution Network section) or from a product term
within the GLB. The Reset Signal for the GLB can come
fromthe Global Reset pin (RESET) or from a product term
within the block. The global reset pin is always connected
andis logically "ORed" withthe PT reset (if used). Anactive
reset signal always sets the Q of the registers to a logic 0
state. The Output Enable for the I/O cells associated with
the GLB comes from a product term within the block. Use
of a product term for a control function makes that product
term unavailable for use as a logic term. Refer to the
Product Term Sharing Matrix (table 2-1) to determine
which logic functions are affected.

There are many additional features in a GLB which allow
implementation of logicintensive functions. Thesefeatures
are accessible using the Hard Macros from the software
and require no intervention on the part of the user.

Figure 2-5. GLB: Various Logical Combination Examples
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Product Term Sharing Matrix

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 routedto any of the four GLB outputs. Product Term

Table 2-1. Product Term Sharing Matrix

12 is notused inthe four producttermbypass mode. When
GLB output one is used in the XOR mode Product Term 12
becomes one of the inputs to the four input OR Gate. If
Product Term 12 is not used in the logic, then it is available
foruse as eitherthe Asynchronous Clock signal orthe GLB
Reset signal.

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 1 0 3 3 2 2 11 0 O

Y E EER | ] [ |

1 H B E B ] u

2 H EER | | [ ]

3 " B AN | | [ ]

4 | I B BN || | | |

5 H B RN ] [ ]

6 H B NN ] ]

7 H B E B ] | |

8 H E RN ] [ ] ]

9 H B RN ] [ ]

10 HE BN B | ] | |

11 H B BB | ] |

12 HE E RN ] mCLK/Reset
13 HE B AN u ] ]

14 HE B BB u ]

15 N B EBR n | ]

16 EEEN n un

17 HE B E N | ]

18 HE B RN |

19 E B ER B | B OE/Reset

The Megablock

AMegablock consists of eight GLBs, an ORP, 16 /O cells,
two dedicated inputs and acommon OE. Each of these will
be explained in detail in the following sections. These
elements are coupledtogether as shown infigure 2-6. The
various members of the pLSI and ispLSI families combine
from two to six Megablocks on a single device (see table
2-2).

The eight GLBs within the Megablock share two dedicated
input pins. These dedicated input pins are not available to
GLBs in any other Megablock. These pins are dedicated
(non-registered) inputs only and are automatically assigned

by software. The OE signal is generated within the
Megablock and is common to all sixteen of the 1/0 cells in
the Megablock. The OE signal can be generated using a
product term (PT19) in any of the eight GLBs within the
Megablock (see the section on the Output Enable Control
for further details).

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

pLSI and ispLSI Devices Megablocks GLBs I/O Cells Dedicated Inputs
1016 2 16 32 4
1024 3 24 48 6
1032 4 32 64 8
1048 6 48 96 10

Figure 2-6. The Megablock Block Diagram
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Input Routing

Signal inputs are handled in two ways within the device.
First, each IO cell within the device has its input routed
directlytothe GRP. This gives every GLB withinthe device
access to each I/O cellinput. Second, each Megablock has
two dedicated inputs which are directly routed to the eight
GLBs withinthe Megablock. Both input paths are shown in
figure 2-6.

The Output Routing Pool

The ORP routes signals from the GLB outputs to I/O cells
configured as outputs or bi-directional pins (see figure
2-7). The purpose of the ORP is to allow greater flexibility
when assigning I/O pins. It also simplifies the job for the
routing software which results in a higher degree of
utilization.

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

The ORP bypass connections (see figure 2-8) further
increase the flexibility of the device. The ORP bypass
connects specific GLB outputs to specific /O cells at a
fasterspeed. The bypass pathtendsto restrictthe routability
of the device and should only be used for critical signals.
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Figure 2-7. Output Routing Pool
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The I/O cell (see figure 2-9) is used to route input, output
or bi-directional signals connected to the I/O pin. The two
logic inputs come from the ORP (see figure 2-9). One
comes from the ORP, and the other comes from the faster
ORP bypass. A pair of multiplexers select which signal will
be used, and its polarity. The Output Enable of the /O cell
is controlled by the OE signal generated within each
Megablock.

As with the data path, a multiplexer selects the signal
polarity. The Output Enable can be set to a logic high
(enabled) when an output pin is desired, or logic low
(disabled) when an input pin is needed. The Global Reset
(RESET) signal is driven by the active low chip reset pin.

A 4
o | |||l || o
6 7 8 9 10

l i y
Woffofjof|o||io
1112131141118

Thisresetis always connected to all GLB and /O registers.
Each 1/O cell can individually select one of the two clock
signals (IOCLK 0 or IOCLK 1). These clock signals are
generated by the Clock Distribution Network.

Using the multiplexers, the I/O cell can be configured as an
input, an output, a 3-stated output or a bi-directional I/O.
The D-type register can be configured as a level sensitive
transparent latch or an edge triggered flip-flop to store the
incoming data. Figure 2-10 illustrates some of the various
I/O cell configurations possible.

There is an active pull-up resistor on the I/O pins which is
automatically used when the pin is not connected. An
option exists to have active pull-up resistors connected to
allpins. This improves the noise immunity and reduces icc
for the device.
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Figure 2-9. I/O Cell Architecture
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Figure 2-10. Examples of I/O Cell Configurations
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The Output Enable Control ’

One OE signal canbe generated within each GLB usingthe
OE Product Term (PT19). One of the eight OE signals
within a Megablock is then routed to all of the I/O cells within
that Megablock (see figure 2-11). 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 enabling or disabling the output

Figure 2-11. Output Enable Control for a Megablock

buffer (refer to the /O cell section). Only one OE signal is
allowed per Megablock for 3-state operation. The advan-
tageto this approachis thatthe OE signal can be generated
in any GLB within the Megablock which happens to have
an unused OE product term. This frees up the other OE
product terms for use as logic.
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Global Routing Pool

The GRP is a Lattice proprietary interconnect structure
which offers fast predictable speeds with complete con-
nectivity. The GRP allows the outputs fromthe GLBs orthe
IO 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 aninputfroman /O pinis available as aninput
to all of the GLBs. Because of the uniform architecture of
the pLSI and ispLS! devices, the delays through the GRP
are both consistent and predictable. However, they are
slightly affected by GLB loading as shown in the example
pLS! 1032-80 GLB Loading Delay graph (see figure 2-12).

Figure 2-12. Example Graph of GRP Delay vs GLB Loading
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Clock Distribution Network

The Clock Distribution Networks are shown in figure 2-13.
They generate five global clock signals CLK 0, CLK 1,
CLK 2, 10CLK 0 and IOCLK 1. The first three, CLK 0,
CLK 1 and CLK 2 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 inthe device. There are four
dedicated system clock pins (Y0, Y1, Y2, Y3), three forthe
pLSIandispLSI 1016 (YO0, Y1, Y2), which can be directed
to any GLB or any /O cell using the Clock Distribution
Network. The other inputs to the Clock Distribution Net-
workare the fouroutputs of adedicated clock GLB ("C0" for
the pLSI 1032 is shown in figure 2-1). These clock GLB
outputs can be used to create a user-defined internal
clocking scheme.

For example, the clock GLB can be clocked using the
external main clock pin YO connected to global clock signal
CLK 0. The outputs of the clock GLB in tum can generate
a "divide by" signal of the CLK 0 which can be connected
to CLK 1, CLK 2, IOCLK 0 or IOCLK 1 global clock lines.

All GLBs have the capability of generating their own
asynchronous clocks usingthe clock Product Term (PT12).
CLK 0, CLK 1 and CLK 2 feedto their corresponding clock
MUX inputs on all the GLBs (see figure 2-2).

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

2-10
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Figure 2-13. Clock Distribution Networks

pLS! and ispLS| 1024, Generic Logic

Block "C0"
1032 and 1048 00 01 02 03
Clock Distribution
Network

—» CLK 0

® + CLK 1

© » CLK 2
@ » |OCLK 0
— IOCLK 1

R

Dedicated Clock
Input Pins

Security Cell

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

Device Programming

pLSI and ispL Sl 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 programming is available with ispLSI devices only,
this allows programming on the circuit board using Lattice
programming algorithms and standard 5V system power.

Generic Logic
pLSl! and ispLSl 1016 Block "BO"
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Clock Distribution
Network
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on the pLS| and ispLSI 1016,
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the software tools.

PRA

CLK/
Reset
Dedicated Clock
Input Pins

Latch-up Protection

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

The task of determining the timing through the device is
simple and straightforward. The device timing model is
showninfigure 2-14. To determine the time that it takes for
data to propagate throughthe device, simply determine the
path the data is expected to follow, and add the various

Figure 2-14. pLS| and IspLSI Timing Model

delays together (figure 2-15). Critical timing paths are
shown in figure 2-14, using data sheet parameters. Note
that the Internal timing parameters are given for reference
only, and are not tested. (External timing parameters are
tested and guaranteed on every device).
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*Note: Y1 and Y2 only for the pLSI and ispLSI 1016.
Figure 2-15. pLSI and ispLSI Timing Model Examples!
Combinatorial Paths A
tpdt = tioop + tgp4 + taptop + torpbp tob
#1 = #20 + #28 + #33 + #46 + #47
tpd2 = tiobp + tgrpp4 + txoradj + top  + tob
#2 = #20 + #28 + #36 + #45 + #47
Registered Paths
General Form:
tsu = Logic + Regsu - Clock(min)
th = Clock(max) + Regh - Logic
tco =Clock(max) + Regco + Output
Specific Examples:
tsut = (tiobp + tgp4 + taptop) + tgsu - tgyO(min)
# = (#20 + #28 + #33) + #38 - #50
tht =tgyomax) + tgh - (tiobp + tgpa + taptop)
#8 = #50 + #39 - (#20 + #28 + #33)
oot =tgyo(max) + tgco + (topbp +  tob)
#7 = #50 + #40 + (#46 + #47)

1. The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets.
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Figure 2-15. pLSI and ispLSI Timing Model Examples! (continued)
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1. The timing parameter reference numbers refer to the Internal Timing Parameters contained in the individual data sheets.

Circuit Timing Example

Figure 2-16. Timing Calculation Example

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

Logic Level

[N D>—— #

R

20PTXOR

Logic Level

> #2

20PTXOR

GLB Reg

vy -

ORP
Bypass

tsu

19.5ns

th

-14.0ns

tco

10.0 ns

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

non

Logic +Reg su - Clock (min)

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

Clock (max) + Reg h - Logic

tayo(max) + tgh - (tiobp + tgrp4 + t20ptxor + tgbp + tgrp4 + t20ptxor)
#50 + #309 - (#20 + #28 + #35 + #37 + #28 + #35)
45+45-(20+2.0+8.0+1.0+2.0+8.0)

Clock (max) + Reg co + Output

tgyo(max) + tgco + (torpbp + tob)
#50 + #40 + (#46 + #47)
45+20+(0.5+3.0)
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Description

ispLSI Programming Information

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

Programming Overview

To distinguish between normal operation and program-
ming, two modes are defined: normal mode and edit
mode. Once the device is in edit mode, the entire program-
ming operation of the device is controlled by the internal isp
state machine. Thein-systemprogramming enable (iSpEN)
signal controls the device operation modes.

Figure 2-17. ispLSI Programming Interface

The programming is controlled by the on-chip state machine
via five programming interface signals. The ispEN signal
is used to enable and disable the four programming control
signals which include Serial Data In (SDI), Mode (MODE),
Serial Data Out (SDO) and Serial Clock (SCLK). Whenthe
device is in normal mode, the four programming control
signal pins can be used as normal Dedicated Input Pins.
Figure 2-17 illustrates one such possible configuration for
programming multiple ispLSI devices. With this scheme
the ispEN signalforindividual devices is enabled separately
and one device is placed in the edit mode at atime. Since
the otherdevices are inthe normal mode, they cancontinue
to perform normal system functions. This simple scheme
requires connecting all four programming control signal
pins together and precludes their use as dedicated inputs
fornormal systemfunctions. ispEN is the only programming
interface signal that is dedicated to a pin.

ispEN
iSpEN
iSpEN
MODE
SCLK
Programming
Control — P Ly
Circuitry > > L]
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Normal Mode

In Normal Mode the four programming control pins become
Dedicated Input pins. By multiplexing the programming
control pins, these programming control pins can have a
normal input function during Normal Mode. Figures 2-18
and 2-19 illustrate two alternate schemes which allow the
designerto utilize the four programming control signal pins
for performing normal system functions. Internal to the
device, the programming functions are completely isolated
from the normal operating functions when the device is in
Normal Mode. Keeping the ispEN signal high puts the
device in Normal Mode. For simplicity, the four program-
ming control pins can be left unused for normal input
functions. These pins can be reserved forisp use usingthe
isp switch inthe development tools. By leaving these pins
unused, the programming interface is simplified when the
programming signals and the Normal Mode input signals
are not multiplexed.

Edit Mode

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

Programming Interface

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

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

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

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

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

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

Programming Details

The programming is completely controlled by the state
machine, once the device is in the Edit Mode. The state
machine consists of three states, in which all programming
related operations are performed. In order to run these
programming operations, five bit instructions are defined
(see table 2-4). Each instruction is then shifted into the
device in one of the three states and executed in another
state. The initial state of the state machine is used when
the device is idle during edit, or to shift out the eight bit
device identification code.

The following sections describe the general information
about the critical timing parameters, state machine, state
machine instructions, and device layout that apply to allthe
ispLSI devices. Any device specific information like the
size of the shift registers and the device specific timing
information can be found in the individual device data
sheet.
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Figure 2-18. The Scan and Multiplex Programming Mode
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Figure 2-19. The Scan and Multiplex Programming Mode
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Critical Timing Parameters

When programming the ispLSI devices there are several
critical timing parameters that must be met in order to
program the devices properly. The most critical of these
parameters are the programming pulse width (t,wp) and
the bulk erase pulse width (t,ew). These pulse widths
determine the programming and erasing of the E2 cells.
Figure 2-20 shows these critical program and erase timing
specifications.

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

ty - Time delay that must elapse between events. Itis
the time delay fromthe termination of the previous
event.

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

Figure 2-20. Program, Verify & Bulk Erase Timing

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

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

tak, - Minimum clock pulse width.

toikh

towy-  Verify or read pulse width.” The minimum time
requirement from the rising clock edge of verify/
load instruction execution to the next rising clock
edge (see figure 2-20).

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

All the programming timing parameters are summarizedin
the timing diagram (see figure 2-21).
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Figure 2-21. isp Programming Timing Requirements
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Figure 2-22. Programming State Machine

Idle State/
Device ID Load

Note:
Control signals: MODE, SDI

State Machine Operation

The state machine has three states to control the program-
ming and uses the MODE and SDI as inputs for each state.
Basedon theseinput signals, eachofthe three states make
decisions to either stay in the same state or to branch to
another state. The three states are ldle/ID State, Com-
mand Shift State and Execute State. The programming
state machine diagram in figure 2-22 shows the three
states and the status of the control signals in each state for
indicated operation.

Idie/ID State

The Idle/ID state is the first state which is active when the
device gets into the Edit Mode. The state machineis inthe
Idie/ID state when the device is idle, in the Edit Mode, or
when the user needs to read the device identification. The
eight bit device identification is loaded into the shift register
by driving MODE high, SDI low and clocking the state
machine with SCLK. Once the ID is loaded, it is read out
serially by driving MODE low. Notice thatwhen readingthe
device ID serially, SDI can either be high or low (don't care)
and the state machine needs only seven clocks to read out
eight bits of ID. The default state for the control signals is
MODE high and SDI low. State transition to Command
Shift State occurs when both MODE and SDI are highwhile
state machine gets a clock transition. Table 2-3 lists the
eight bit device ID’s for all the ispLSI devices. As with most
shift registers the Least Significant Bit (LSB) of the ID gets
shifted out from the SDO first.

Command Shift State

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

Execute
Command

Load
Command

HH Executive State

Load Command)

Table 2-3. ispLSI Device ID Codes

Device MSB LSB
ispLSI 1016 00000001
ispLSI 1024 00000010
ispLSI 1032 00000011
ispLSI 1048 00000100

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

Execute State

In the Execute State, the state machine executes instruc-
tions that are loaded into the device inthe Command Shift
State. For some instructions, the state machine requires
morethan one clockto execute the command. Anexample
of this multiple clock requirement is the address or data
shift instruction. The number of clock pulses required for
these instructions depends on the device shift register
sizes (refer to the isp programming section of the data
sheet). When executing instructions such as Program,
Verify or Bulk Erase, the necessary timing requirements
must be followed to make sure that the commands are
executed properly. For specific timing information refer to
the individual data sheets.

To execute a command, the MODE is driven low and SDI
is don't care. For multiple clock instructions the control
signals must remain in the same state throughout the
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duration of the execution. MODE high and SDI high will |nstructions

take the state machine back to the Command Shift State . ) . .
and MODE high and SD! low will take the state machineto  Table 2-4 lists the instructions that can be loaded into the

the Idle/ID State.

state machine in the Command Shift State and then
executed in the Execute State. Notice that reading the
device identification is done during the Idle/ID State and
does not require an instruction.

Table 2-4. State Machine Instruction Set

Instruction Operation Description
00000 NOP No operation performed.
00001 ADDSHIFT Qgg‘rgglﬂegister Shift: Shift address into the address shift register
00010 DATASHIFT Data Register Shift: Shifts data into or out of the data serial register.
00011 UBE User Bulk Erase: Erase the entire device.
00100 GRPBE Global Routing Pool Bulk Erase: Bulk erases the GRP array only.
00101 GLBBE Generic Logic Block Bulk Erase: Bulk erases all the GLB array only.
Architecture Bulk Erase: Bulk erases the architecture array and I/O
ogit0 ARCHBE configuration only.
Program High Order Bits: The data in the shift register is programmed
0oTH PRGMH into the addressed row's high order bits.
Program Low Order Bits: The data in the data shift register is
01000 PRGML programmed into the addressed row's low order bits.
01001 PRGMSC Program Security Cell: Programs the security cell of the device.
Verify/Load High Order Bits: Load the data from the selected row's high
01010 VERALDH order bits into the data shift register for programmed verification.
Verify/Load Low Order Bits: Load the data from the selected row's low
01011 VER/LDL order bits into the data shift register for programmed verification.
Flow Through: Bypasses all the internal shift registers and SDO
01110 FLOWTHRU becomes the same as SDI.
Verify Erase/Load High Order Bits: Load the data from the selected
10010 VELDH row's high order bits into the data shift register for erased verification.
10011 VE/LDL Verify Erase/Load Low Order Bits: Load the data from the selected
row's low order bits into the data shift register for erased verification.
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While it is possible to erase the individual arrays of the
device, it is recommended that the entire device be erased
(User Bulk Erase) and programmed in one operation. This
Bulk Erase operation should precede every programming
cycle as an initialization.

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

Device Layout

The purpose of knowing the device layout is to be able to
translatethe JEDEC format programmingfile into the serial
data stream format for programming ispLSI devices. Two
mainfactors determine howthe translationis implemented.
The length of the address shift register and the length ofthe
data shift register. The length of the address shift register
indicates how many rows of data are to be programmed
into the device. The length of the data shift register
indicates how many bits are to be programmedineach row.
Both registers operate on the First In First Out (FIFO) basis
where the Least Significant Bit (LSB) of the data or address
is shifted in first and the Most Significant Bit (MSB) of the
dataoraddress is shifted in last. Forthe data shift register,
the low order bits and the high order bits are separately
shifted.

Figure 2-23 on page 2-21 illustrates the general layout of
allthe ispLSl devices. Between allispLSI devices there are
exactly the same number of rows for the I/O and architec-
ture array as there are for the GLB array. The GRP array
size is proportional to the size of the device. According to
the size of the GRP array, the size of the address shift
register is adjusted for different devices. Tables 2-5 and 2-
6 summarize the array and shift register sizes for all ispLS|
devices.

Table 2-5. Summary of Address Shift Register Rows

Using ispLSI 1032 as a specific example the transition from
a JEDEC format programming file to the ispLSI device
format is illustrated below. The JEDEC format program-
ming file for the ispLSI 1032 is organized as follows:

L00000  01010101... ...010101010*
L0040 11111111, .JATTTI11ATR
L0000  00000000.... ....000000000*
L00120 1111111t .LA1TT1111T
L00160  01010101... ...010101010*

The L fieldinthe JEDEC programming file indicates the first
cell number of each row. The JEDEC standard requires
that there is at least the beginning cell number L0O0000.
L fields of the subsequent lines are optional. From this
reference cell location all other cell locations can be deter-
mined. Zero inthe cell location indicates that the E2 cellin
that particular location is programmed (or has a logic
connection equivalent to a metal fuse being intact). A one
(1) in the cell location indicates that the cell is erased
(equivalent to a blown fuse). The successful operation of
Fusemap in the Lattice software generates this JEDEC
standard programmingfile. This is also the standard that is
widely usedinthe PLD industry for translating designideas
into the device specific layout for programming.

Address SR Rows ispLSI 1016 IspLSl 1024 IspLSI 1032 ispLSI 1048
1/O & Arch. Array 12 12 12 12
GLB Array 72 72 72 72
GRP Array 12 18 24 - 36
Total Address SR Rows 96 102 108 120
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Figure 2-23. ispLSl Device & Shift Register Layout
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Table 2-6. Summary of Data Shift Register Bits
Data SR Bits ispLSI1 1016 IspLSI 1024 ispLSI 1032 ispLSI 1048
High Order Data SR LSB 0 0 0 0
‘Hih Order Data SR MSB 79 119 159 239
Low Order Data SR LSB 80 120 160 : 240
Low Order Data SR MSB 159 239 319 479
Data SR Size (Bits) 160 240 320 480
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Translating the JEDEC programming file into the
ispLSI 1032 device format, the layout should be as follows:

LSB MSB
Row# 0000 High L00000.... ....L00159
Rowi# 0000 Low L00160.... ....L00319
Row# 0001 High L00320.... «...L00479
Row# 0001 Low L00480.... «..L.00639

.

The leastsignificant bit of the data shift register matches up
with the lowest cell number of the corresponding cells from
the JEDEC programming file.

Command Stream

The first step of programming the ispLSI devices is to
determine the type of device to be programmed. This can
be done by reading the eight-bit device ID of allthe devices.
By keeping the SDI to aknownlevel (either high or low), the
ID shift can be terminated when a sequence of eight ones
or eight zeros is read. From the device ID the serial bit
stream for programming can be arranged. A typical
programming sequence is as follows:

1) ADDSHFT command shift

2) Execute ADDSHFT command
3) Shift address

4) DATASHFT command shift

5) Execute DATASHFT command
6) Shift high order data

7) PRGMH command shift

8) Execute PRGMH

9) DATASHFT command shift

10) Execute DATASHFT command
11) Shift low order data

12) PRGML command shift

13) Execute PRGML

14) Repeat from 1) until all rows are programmed.

Diagnostic Register Preload

This section explains how to preload all. of the buried
registers and /O registers to a known state to test the logic
function of adevice. The process of loading the register will
reduce the time necessary to test a function that is deeply
into the logic of an ispLS! device.

To preload a device the isp state machine is used with the
same five pins that are used for programming ispEN, SDI,
MODE, SDO and SCLK. Two state machine commands
preload all of the registers: GLBRLD and IOPRLD. These
two commands enable two different shift registers and
enable data to be loaded into the device. The process of
loading data into the device is:

1. Enterthe isp programming mode by driving ispEN pinto
Vil.

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

3. Clock in the GLB preload data.

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

5. Clock in the 1/O preload data.

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

7. Execute the vectors.

When preloading a device it is important to keep the
dedicated input pins (RESET, Y0, Y1, Y2 and Y3) in the
same state as the previous vector. If the state of these pins
is switched during the preload sequence the register may
not load correctly and the results cannot be guaranteed.

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

There are two shift registers used to preload an ispLSI
device, the GLB shift register and the I/O shift register (see
table 2-7). The data format for both devices is shown in
figure 2-24. The GLB registers are listed with their outputs
(i.e. (A7 O0) indicating output 0, of GLB A7).
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Table 2-7. Preload Shift Registers

Device GLB Shift Reg. Length I/O Shift Reg. Length
ispLSI 1016 64 bits 32 bits
ispLSI 1024 96 bits 48 bits
ispLSI 1032 128 bits 64 bits
ispLSI 1048 192 bits 96 bits

Figure 2-24. GLB Shift Register and 1/O Shift Register Format

GLB Shift Register Format
1016 GLB Register Preload Format

Data | Data Out

(asm)n —>l(A7 00) (A7 O1)..(A0 O2) (A0 O3) (B0OO) (B0 O1)..(B7 O2) (B7 03) (‘sgo)“
1024 GLB Register Preload Format

Data In

o0) —»l(as 00)..(B0 O3) (A7 00)..(A0 O3) (B400)..(B7 03) (CO 00)..(C7 O3) I——> Dé‘;g)‘“

1032 GLB Register Preload Format
Data In Data Out
(SDI) '—-’ILW 00)...(B0 O3) (A7 00)...(A0 O3) (C000)..(C7 O3) (DO 0O0)..(D7 03) I‘—’ (aSDO)

1048 GLB Register Preload Format

3;'8,')" ———I (€7 00)...(CO 03) (B7 00)...(B0 O3) (A7 00)...(A0 O3) (continued) ]
I (continued) (DO O0)...(D7 O8) (EO0 00)..(E7 O3) (FO 00)..(F7 oa)l—-> Dé‘gg)‘"
VO Shift Register Format
1016 I/O Register Preload Format
Data | Data O
(ZSI)“ —>|(|/o 15) (1O 14) (VO 13)...(VO 1) (IO 0) (VO 16) (VO 17)...(O 29) (O 30) (/O 31)I-—-> (as%o;"
1024 /0 Register Preload Format
Data In

) —>l(|/o 23) (O 22) (IO 21)...(O 1) (IO 0) (VO 24) (VO 25)...(I/O 45) (VO 46) (VO 47)|——> D(‘S‘aog)‘"

1032 I/O Register Preload Format
DataIn

(501 —>| (1f0 31) (O 30) (O 29)...(O 1) (O 0) (VO 32) (/O 38)...{/O 61) (/O 62) (/O sa)l—> D(‘S‘gg)‘"

1048 I/O Register Preload Format
Data In

(D) —»hvo 47) (O 46) (VIO 45)...(UO 1) (VO 0) (VO 48) (/O 49)...(/O 93) (VO 94) (/O 95)l—> D(as‘gg)‘“
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Diagnostics Using ispLSI Devices

A different type of diagnostic feature takes advantage of
the in-system programmability. Fordiagnostics, the ispLS|
devices can be programmed with the test functions in
diagnostic mode. When the diagnostic is complete, the
ispLSI devices can then be reprogrammed with the func-
tional pattern.

Programming Tools

To supportuse of the ispLS| devices Lattice provides some
sample C language routines which are available on the
Lattice Bulletin Board System (BBS): (408)-980-9814.
Included are sample routines of:

0 Programming a Device.
Verifying a Device.
Reading a Device.

Securing a Device.

C 0O O O

Bulk Erasing a Device.

These routines are provided to guide development of
custom ispL.S| drivers for individual applications.

2-24



Section 1:
Section 2:
Section 3:

Section 4:
Section 5:
Section 6:

Introduction to pLSI and ispLSI

pLSI and ispLSI Architectural Description

pLSI Data Sheets
PLSIT016 ettt e
pLSI 1024
pLSI 1032
PLSI1048 . ... . e

ispLSI Data Sheets

Military pLSI and ispLSI Data Sheets

General Information



3-ii



pLSI” 1016

‘programmable Large Scale Integration
High-Density Programmable Logic

Functional Block Diagram

+ PROGRAMMABLE HIGH-DENSITY LOGIC

— Member of 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 E2CMOS® TECHNOLOGY

— fmax = 90 MHz Maximum Operating Frequency
— tpd = 12 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 ARRAYS

— Complete Programmable Device can Combine Glue
Logic and Structured Designs

— 100% Routable with High Utilization

— Three Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Global
Interconnectivity

« pLSVispLSI™ DEVELOPMENT SYSTEM (pDS™)

pDS Software

— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler

— Manual Partitioning

— Automatic Place and Route

— Static Timing Table

pDS+™ Software

— Industry Standard, Third Party Design
Environments

— Schematic Capture, State Machine, VHDL

— Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms
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The Lattice pLSI 1016 is a High-Density Programmable
Logic Device which contains 96 Registers, 32 Universal
1/0 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.

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

Copynght © 1992 Lattice Semiconductor Corp. GAL, E’CMOS and URraMOS are

of Lattice icondt Corp. pLS!, ispLS!, pDS, pDS+ and Generic Array Logic are

of Lattice icond! Corp. The and i

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423)

jon herein are subject to change without notice.

September 1992. Rev. C
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Specifications pLSI 1016

Functional Block Diagram

Figure 1. pLSI 1016 Functional Block Diagram’
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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 I/O pin with 3-state
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

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

Yo - I
Yi*

Y2

“Note: Y1 and RESET
are muttiplexed
on the same pin

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

Clocks in the pLSI 1016 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(Y0, Y1 and Y2) are brought into the distribution network,
andfive clock outputs (CLK 0, CLK 1, CLK 2, IOCLK 0 and
I0CLK 1) are provided to route clocks to the GLBs and I/O
cells. The Clock Distribution Network can also be driven
fromaspecial clock GLB (B0 onthe pLSI 1016 device). The
logic of this GLB allows the user to create an internal clock

~ from a combination of internal signals within the device.

3-2
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Specifications pLSI 1016

Absolute Maximum Ratings ?

Supply Voltage Ve -« - oo vvee et -0.5t0 +7.0V
Input Voltage Applied. . ............. -2.5t0 Vgg +1.0V
Off-State Output Voltage Applied. ... .. 25t 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 Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
. Commercial Ta= 0°Cto+70°C 4.75 5.25
Vce Supply Voltage v
Industrial Ta=-40"Cto +85°C 45 5.5
ViL Input Low Voltage 0 0.8 v
VH Input High Voltage 2.0 Vee + 1 \"

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM! UNITS TEST CONDITIONS
C‘ Dedicated Input Capacitance 8 pf Vee=5.0V, V=2.0V
C, 1/0 and Clock Capacitance 10 pf Voe=5.0V, Vo, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications ‘

3-3

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

9/92. Rev. C



Specifications pLSI 1016

Switching Test Conditions

_ Test

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

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 4700 | 3900 35pF
Active Highto Z oo 390Q 5pF
3 atv,,-0.5v
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

+5V
%Rz

*C|_ includes Test Fixture and Probe Capacitancs.

I
|

7 Point

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. [ TYP3 | MAX. | UNITS
VoL Output Low Voltage lo. =8 MA - - 0.4 \ 2
VOH Output High Voltage low =4 MA 2.4 - - Vv
e Input or I/O Low Leakage Current | 0V <V, <V, (MAX) - - -10 HA
IH Input or I/0 High Leakage Current | V), <V\y<V¢c - - 10 nA
liL-PU | 1O Active Pull-Up Current oV<Vy<Vy - - -150 HA
lost Output Short Circuit Current Vee =5V, Vour -60 - -200 mA
Icc2 Operating Power Supply Current V, =05V,V,=3.0V| Commercial - 100 150 mA

frosaie = 20 MHz Industrial - 100 170 mA

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

2. Measured using four 16-bit counters.
3. Typical values are at V= 5V and T, = 25°C.
9/92. Rev.C
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Specifications pLSI 1016

Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER|JEST®# | DESCRIPTION! %0 80 s
MIN. |MAX.| MIN. [MAX.| MIN. |MAX,

tpd1 1 |1 | Data Propagation Delay, 4PT bypass, ORP bypass - |12 ] - 1151 - 120} ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - 117 - |2 ) - | 25 ns
fmax 1 | 3 | Clock Frequency with Internal Feedback3 909 | - 80| - | 60| — | MHz
fmax (Ext.) ~ | 4 | Clock Frequency with External Feedback (mlmn) 588 - | 50| - } 38| - | MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* 125 - J100| - 183 | - | MHz
tsut ~ | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 . ns
teot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - 8 - 110) -113] ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 9 - 10| - J 13| - ns
tco2 — |10| GLB Reg. Clock to Output Delay - |10 - |12} -1 16 ns
th2 — |11| GLB Reg. Hold Time after Clock 0| - 0| - 0 - ns
tr1 1 |12| Ext. Reset Pin to Output Delay - |15} - |17 ] - [225] ns
trw1 — |13 Ext. Reset Pulse Duration 10| - 110} - 113 | -] ns
ten 2 |14/ Input to Output Enable - ]J15}) -]118] - | 24} ns
tdis 3 [15] Input to Output Disable - |15 -|18}] - |24} ns
twh - |16 Ext. Sync. Clock Pulse Duration, High 4| - s -186f -1 ns
twi — |17 Ext. Sync. Clock Pulse Duration, Low 4 - 5 - 6 - ns
tsus — [18] /O Reg. Setup Time before Ext. Sync. Clock (Y1, Y2)| 2 - 2 -125) - ns
ths — [19] I/O Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 65| - }]65| — ]85| - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.

9/92. Rev. C
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Specifications pLSI 1016
Commercial

Internal Timing Parameters!

2 -90 -80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX.] MIN. [MAX | MIN. [MAX]
Inputs
tiobp 20 | I/O Register Bypass - f{10] -120] - |27] ns
tiolat 21 | /O Latch Delay - 120) - [80] - |40] ns
tiosu 22 | I/O Register Setup Time before Clock 45| - |55 - |73 | - ns
tioh 23 | /0 Register Hold Time after Clock 20| - J10] - 113} -] ns
tioco 24 | I/0 Register Clock to Out Delay - |20 - |30 - | 40] ns
tior 25 | /0 Register Reset to Out Delay - |25 - |25} - | 33| ns
tdin 26 | Dedicated Input Delay - |20} - {40] - | 53]} ns
GRP
torpt 27 | GRP Delay, 1 GLB Load - |o7] - {15] - | 20] ns
torp4 28 | GRP Delay, 4 GLB Loads - |10] - |20] - | 27] ns
torps 29 | GRP Delay, 8 GLB Loads - | 18] - [380] - | 40} ns
tgrp12 30 | GRP Delay, 12 GLB Loads - |26 - | 38] - | 50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - | 34] - |45 - | 6.0] ns
GLB
taptop 33 | 4 Product Term Bypass Path Delay - |65] — |65 -~ | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |70y} -]70] - |93} ns
t20optxor 35 | 20 Product Term/XOR Path Delay - | 80| - |80] - [106] ns
txoradj 36 | XOR Adjacent Path Delay® - |os]| - |95 - [127] ns
tobp 37 | GLB Register Bypass Delay - ]lo5) - |[10] - | 13] ns .
tosu 38 | GLB Register Setup Time before Clock 10| - J10| - 113 | - ns
toh 39 | GLB Register Hold Time after Clock 35| - 45| - }60| - | ns
tgco 40 | GLB Register Clock to Output Delay - |15} - 120)] - | 27] ns
tor 41 | GLB Register Reset to Output Delay - |25} - |25}) - | 33] ns
totre 42 | GLB Product Term Reset to Register Delay - |[100f] - [10.0] - [133] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - 190 - |90] - |120] ns
tptck 44 | GLB Product Term Clock Delay 35|75|35(75]46)|99] ns
ORP
torp 45 | ORP Delay - |25) - |25} - |33] ns
torpbp 46 | ORP Bypass Delay - |o05] - |05] - ]07] ns

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

3-6 9/92. Rev. C



Specifications pLSI 1016

Commercial
Internal Timing Parameters?
-90 -80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX.| MIN. [MAX | MIN. | MAX
Outputs
tob 47 | Output Buffer Delay - |25] - |30] - |40] ns
toen 48 | 1/0 Cell OE to Output Enabled - |40} - |50] - [67] ns
todis 49 | /O Cell OE to Output Disabled - |40] - |50] - | 67] ns
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 353514545160 (60| ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 25| 453555146 | 73] ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 5010|5013 |66] ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to /0O Cell Global Clock Line 25| 4535|5546 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line 10| 5010|5013 | 66| ns
Global Reset
ns

tor | 55 | Global Reset to GLB and I/ Registers [ -]75] - [90o] - [120]

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

3.7 9/92. Rev. C



Specifications pLSI 1016

Industrial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER | JEST¥|#* | DESCRIPTION! % |unirs
tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® MHz
fmax (Ext.) -~ | 4 | Clock Frequency with External Feedback (Mlmi) MHz
fmax (Tog.) | — |5 | Clock Frequency, Max Toggle4 - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass 13 | ns
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 13 | - ns
tco2 ~ |10| GLB Reg. Clock to 6Mpm Delay - | 16| ns
th2 — 11| GLB Reg. Hold Time after Clock 0 - ns
tr1 1 |12| Ext. Reset Pin to Output Delay - |225| ns
trw1 - |13] Ext. Reset Pulse Duration 18] - | ns
ten 2 |14] Input to Output Enable - | 24| ns
tdis 3 [15/| Input to Output Disable - | 24 | ns
twh — |16 Ext. Sync. Clock Pulse 6 | - | ns
twl - |17 6 | - | ns
tsus - |18 25| - | ns
ths - |19 1 85| — | ns

1. Unless noted otherwise, all paramete: aGRP loaid of4 GLBs 20 PTXOR path ORP and YO clock.

2. Refer to Timing Model in this
3. Standard 16-Bit loadable count ¢
4. fmax (Toggle) may be less thal v is-fs to allow for a clock duty cycle of other than 50%.
5. Reference Switching Test:Gonditidh:
9/92. Rev. C
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Specifications pLSI 1016
Industrial

Internal Timing Parameters?

PARAMETER| # | DESCRIPTION %0 lunrrs
MIN. [MAX.
Inputs
tiobp 20 | I/O Register Bypass
tiolat 21 | /O Latch Delay
tiosu 22 | I/O Register Setup Time before Clock
tioh 23 | I/0 Register Hold Time after Clock
tioco 24 | 1/O Register Clock to Out Delay
tior 25 | /0 Register Reset to Out Delay
tdin 26 | Dedicated Input Delay
GRP
torpt 27 | GRP Delay, 1 GLB Load
torps 28 | GRP Delay, 4 GLB Loads
torps 29 | GRP Delay, 8 GLB Loads
torp12 30 | GRP Delay, 12 GLB Loads
torpt6 31 | GRP Delay, 16 GLB Loads
GLB
t4ptbp 33 | 4 Product Term Bypass Path Delay - | 86| ns
tiptxor 34 | 1 Product Term/XOR Path Bilay®, - 93| ns
t20ptxor 35 | 20 Product Term/XOR Path Délay - |106]| ns
txoradi 36 | XOR Adjacent Path Delay® ™ - |127] ns
tobp » - | 13| ns
tosu 13| - | ns
toh 60| — | ns
tgco - | 27 ns
tor - |33 ns
tptre - |133] ns
tptoe - |12.0] ns
46 | 99 | ns
. - | 33| ns
; 1 ORP Bypass Delay - | 07| ns
ig'Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
9/92. Rev. C
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Specifications pLSI 1016
Industrial

Internal Timing Parameters'!

PARAMETER| #° | DESCRIPTION UNITS
Outputs
tob 47 | Output Buffer Delay ns
toen 48 | I/0 Cell OE to Output Enabled ns
todis 49 | I/O Cell OE to Output Disabled ns
Clocks
tayo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line ns
tacp 52 | Clock Delay, Clock GLB to Global GLB Clock Line ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to I/0 Cell Global Clock Line ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Line ns
Global Reset
tor I 55 ( Global Reset to GLB and I/O Registers ns

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

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

9/92. Rev. C
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Specifications pLSI 1016

III;F“
=k
LT}
(1)

110 Cell GRP GLB ORP 110 Cell
N > . ™ — - A
- . -~ . ~ — ~
Feedback

Ded. In 5 ‘ L:I

10 Reg Bypas; "j - GRP4 4 PT Bypass GLB Reg Bypass ORP Bypass
L0 Pin)-¢ #gzoyp : ¢ #28 xe;p e :7 =] #429 >}
(Input) —:‘ A (Output)

Input _j- GRP 20 PT GLB Reg ORP #48, 49
D Registerq L%aedlgl XOR Delays Delay Delay
RST D Q .
#55 #21-25 #27, 29, ™ #34,35,36 #45
R 30,31,32 RST
A
Reset @ #95 = ”48, 41
2\
y
Clock =
Distribution gonwl Re
[Yi2 > #51,52, [ #42, 43, CK
63, 54 44 l
[y > #50 >

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

tsu Logic + Reg su - Clock (min)
tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
#20 + #28 + #35) + (#38) - (#20 + #28 + #44)

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

Clock (max) + Reg h - Logic .
tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrpa + t20ptxor)
#20 + #28 + #44) + (#39) - (#20 + #28 + #35)

(1.0+ 1.0 + 7.5) + (3.0) - (1.0 + 1.0 + 8.0)

Clock (max) + Reg co + Output

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

#20 + #28 + #44) + (#40) + (#45 + #47)

16.0ns = (1.0+ 1.0 +7.5) + (2.0) + (2.5 + 2.0)

[l

S5 o
=}
2
w
1

25ns
tco

W onon

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20+#28 + #35) + (#38) - (#50 + #40 + #52)
70ns= (1.0+1.0+8.0)+(3.5)-(3.5+2.0+1.0)
th Clock (max) + Reg h - Logic

tayo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t2optxor)
#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
35ns= (3.54+2.0+5.0)+(3.0)- (1.0+1.0+8.0)

tco Clock (max) + Reg co + Output

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

17.0ns = (3.5 +2.0 + 5.0) + (2.0) + (2.5 + 2.0)

1. Calculations are based upon timing specs for the pLSI 1016-90.
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Figure 3. Typical Device Power Consumption vs fmax
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Notes: Configuration of Four 16-bit Counters
Typical Current at 5V, 25°C

Figure 4. Maximum GRP Delay vs GLB Loads
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Specifications pLSI 1016

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

Vo4-1107 19, 20, 21, 22 logic array.

/0 8 -1/0 11 25, 26, 27, 28,

/1012 -1/0 15 29, 30, 31, 32

/016 -1/0 19 37, 38, 39, 40,

11020 - 1/0 23 41, 42, 43, 44,

/0 24 - 1/0 27 3, 4, 5, 6,

110 28 - /0 31 7, 8, 9, 10

INO-IN3 14, 24, 36, 2 Dedicated input pins to the device.

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

Y1/RESET 35 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 on the device.

— Active Low (0) Reset pin which resets all of the GLB and 1/O

registers inthe device.

Y2 33 Dedicated Clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/0 cell in the
device.

NC 13 This pin should be left floating or tied to V...

This pin should never be tied to GND.

GND 1, 23 Ground (GND)

Vce 12, 34 Voo

9/92. Rev. C



Specifications pLSI 1016

Pin Configuration

pLSI 1016 PLCC Pinout Diagram

_____ CO=T====
/654321mm&mm
o028 7 39[J o 18
11029 []8 : 38[] /017
11030 Qo 37[d 0 16
031 Q10 36[1IN2
Yo []11 35[] Y1/RESET
VCC [J12 pLSI 1016 34[] vce
NC 13 33[] 2
INO []14 32[]1/0 15
I1oo 15 31[J /0 14
101 16 30[J 1013
o2 17 29[ /0 12

18 19 20 21 22 23 24 25 26 27 28

O TWONQ-®O0O0 -
9229292322255
Package Diagram
44-Pin PLCC
Dimensions in inches MIN./MAX.
0.042 , 450 M0.020
0.048 0.050 '“"““"‘
_17nnn.n.n.?n.na.n.n_‘ BSC —_
T 4
-
. 0.590
Top View 0.630
0.650
| 0.656 | 6 0 120
o o3

Seating Plane

Coplanarity not
to exceed 0.004
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Part Number Description

Device Family —

pLSI 1016 - XX X X

X

—I——— Grade

Blank = Commercial

| = Industrial
Device Number Package
J=PLCC
Speed Power
90 = 90 MHz fmax L=Low
80 = 80 MHz fmax
60 = 60 MHz fmax
Ordering Information
COMMERCIAL
fmax (MHz) | tpd (ns) Ordering Number Package
90 12 pLSI 1016-90LJ 44-Pin PLCC
80 15 pLSI 1016-80LJ 44-Pin PLCC
60 20 pLSI 1016-60LJ 44-Pin PLCC
INDUSTRIAL
fmax (MHz) | tpd (ns) Ordering Number Package
60 20 pLSI 1016-60LJI 44-Pin PLCC

3-15
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pLSI” 1024

programmable Large Scale Integration
High-Density Programmable Logic

Funciional Block Diagram

+ PROGRAMMABLE HIGH-DENSITY LOGIC

— Member of Lattice’s pLSI Family

— High-Speed Global Interconnects

— 48 /O 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

— fmax = 80 MHz Maximum Operating Frequency
— 1pd = 15 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 ARRAYS

— Complete Programmable Device can Combine Glue
Logic and Structured Designs

— 100% Routable with High Utilization

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Global
Interconnectivity

+ pLSVispLSI™ DEVELOPMENT SYSTEM (pDS™)

pDS Software

— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler

— Manual Partitioning

— Automatic Place and Route

— Static Timing Table

pDS+™ Software

— Industry Standard, Third Party Design
Environments

— Schematic Capture, State Machine, VHDL

— Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms
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[ Description |

The Lattice pLSI 1024 is a High-Density Programmable
Logic Device which contains 144 Registers, 48 Universal
I/O pins, six Dedicated Input pins, four Dedicated Clock
Input pins and a Global Routing Pool (GRP). The GRP
provides complete interconnectivity between all of these
elements.

BER

i

The basic unit of logic on the pLSI 1024 device is the
Generic Logic Block (GLB). The GLBs are labeled A0,
A1..C7, (seefigure 1). There are atotal of 24 GLBs inthe
pLSI 1024 device. Each GLB has 18 inputs, a program-
mable AND/OR/XOR array, and four outputs which can be
configured to be either combinatorial or registered. Inputs
to the GLB come from the GRP and dedicated pins. All of
the GLB outputs are brought backinto the GRP so that they
can be connected to the inputs of any other GLB on the
device. :

Copyright © 1992 Lattice Semicond

Corp. GAL, E’CMOS and.UllraMO_S are

demarks of Lattice icond!

demarks of Latiice

Com. The and

herein are subject to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct, Hillsboro, Oregon 97124, U.S.A.
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423)

Corp. pLS|, ispLSI, pDS, pDS+ and Generic Array Logic are
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Specifications pLSI 1024

Functional Block Diagram

Figure 1. pLSI 1024 Functional Block Diagram
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The device also has 48 I/O cells, each of which is directly
connected to an /O 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
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

Eight GLBs, 16 /O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O celis by the ORP. The I/O cells
within the Megablock also shares a common Output En-
able (OE) signal. 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.

Clocks in the 'pLSI 1024 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YO, Y1, Y2 and Y3) are brought into the distribution
network, and five clock outputs (CLK 0, CLK1, CLK 2,
IOCLK 0 and IOCLK 1) are provided to route clocks to the
GLBs and /O cells. The Clock Distribution Network can
also be driven from a special clock GLB (B4 on the pLSI
1024 device). The logic of this GLB allows the user to
create an internal clock from a combination of intemal
signals within the device.

3-18
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Specifications pLSI 1024

Supply Voltage Ve - -« o oo cve i -0.5t0 +7.0V
Input Voltage Applied. . ............. -2.5t0 Vgg +1.0V
* Off-State Output Voltage Applied . . .. .. -2.5t0 Voo +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 Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°Cto +70°C 4.75 5.25
Vcc Supply Voltage v
Industrial Ta=-40"C to +85°C 45 55
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee + 1 \

Capacitance (T,=25°C, f=1.0 MHz)

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

1. Guaranteed but not 100% tested.

Data Retention Specifications

3-19

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 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% sV
+

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V R4

Output Load See Figure 2 Device ] _ Te st
3-state levels are measured 0.5V from steady-state Output ~ Point
active level. *

Ra2 I CL

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 oo 390Q 5pF
3 | atV,,-05V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V ,

*C|_ includes Test Fixture and Probe Capacitance.

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
VoL Output Low Voltage loL =8 MA - - 0.4 \
VOH Output High Voltage low =-4 mA 2.4 - - v
IR Input or I/O Low Leakage Current | OV <V, <V, (MAX) - - -10 HA
IH Input or /O High Leakage Current | Vi, < Vi< Ve - - 10 HA
liL-PU | VO Active Pull-Up Current oVEVy<V, - - -150 nA
lost Output Short Circuit Current Vee =5V, Vour -60 - -200 mA
Icc? Operating Power Supply Current V=05V, Vy=3.0V| Commercial - 130 190 mA

froceie = 20 MHz Industrial - 130 | 215 mA

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

2. Measured using six 16-bit counters.

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

9/92. Rev. C
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. Specifications pLSI 1024
Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER | [ESTS\4* | DESCRIPTION' i %0 unirs
’ MIN. [MAX.] MIN. (MAX.
tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 115} - 1| 20 ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - (2] - |25] ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 80| — | 60| — | MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (g riesy) 50 [ — | 38| — | MHz
fmax (Tog.) | — |5 | Clock Frequency, Max Toggle* 100| — | 83| - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - |110] - 13 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 10| - 18| - | ns
tco2 — |10| GLB Reg. Clock to Output Delay - |12 - | 16 ] ns
th2 — |11 GLB Reg. Hold Time after Clock 0| - 0 - ns
tr 1 [12| Ext. Reset Pin to Output Delay - |17 ] - [225] ns
trwi — |13| Ext. Reset Pulse Duration 10| - 18] - | ns
ten 2 (14| Input to Output Enable - |18} - | 24 ] ns
tdis 3 |15] Input to Output Disable - | 18] - | 24 ] ns
twh — |16/ Ext. Sync. Clock Pulse Duration, High 5 | - -] ns
twi — [17] Ext. Sync. Clock Pulse Duration, Low 5| - | s -1 ns
tsus —~ |18] /0 Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - l125| - ns
ths -~ {19 /O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| — |85| - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO0 clock.
2. Refer to Timing Model in this data sheet for further details.

3. Standard 16-Bit loadable counter using GRP feedback.

4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%.
5. Reference Switching Test Conditions Section.
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Specifications pLSI 1024
Commercial

Internal Timing Parameters?

2 -80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX.] MIN. [MAX.

Inputs
tiobp 20 | I/O Register Bypass - 1201 - 1|27 ns
tiolat 21 | /O Latch Delay - |30} - |40] ns
tiosu 22 | |/0O Register Setup Time before Clock 55| - 173 | - ns
tioh 23 | I/0 Register Hold Time after Clock 10| - 13| - ns
tioco 24 | 1/O Register Clock to Out Delay - |30 - |40] ns
tior 25 | /O Register Reset to Out Delay - |25} - [33] ns
tdin 26 | Dedicated Input Delay - 40| - | 53] ns
GRP
torpt 27 | GRP Delay, 1 GLB Load - (15] - [20] ns
torp4 28 | GRP Delay, 4 GLB Loads - l20] - |{27] ns
torps 29 | GRP Delay, 8 GLB Loads - |30) - |40] ns
tgrp12 30 | GRP Delay, 12 GLB Loads - | 38] - | 50] ns
torpt6 31 | GRP Delay, 16 GLB Loads - |45} - [ 6.0] ns
torp24 32 | GRP Delay, 24 GLB Loads - (63 - | 83] ns
GLB
t4ptop 33 | 4 Product Term Bypass Path Delay - |65] - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - 170 - | 93] ns
t2optxor 35 | 20 Product Term/XOR Path Delay - |80 - |106] ns
txoradj 36 | XOR Adjacent Path Delay® - 195] - |127] ns
tgbp 37 | GLB Register Bypass Delay - (10] - |13] ns
tgsu 38 | GLB Register Setup Time before Clock 10 - J13] - | ns
toh 39 | GLB Register Hold Time after Clock 45| - 60| - ns
tgco 40 | GLB Register Clock to Output Delay - l20] - |27] ns
tgr 41 | GLB Register Reset to Output Delay - |25 - [33] ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0] - [13.3] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - |90] - |120] ns
tptck 44 | GLB Product Term Clock Delay 35 (75146 |99] ns
ORP
torp 45 | ORP Delay - |25} - [ 33] ns
torpbp 46 | ORP Bypass Delay - ]05] - ]07] ns

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

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

3. The XOR Adjacent path can only be used by Lattice Hard Macros.

9/92. Rev. C
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Commercial
Internal Timing Parameters!
-80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX | MIN. [MAX]

Outputs

tob 47 | Output Buffer Delay - |30] - | 40] ns
toen 48 | 1/0 Cell OE to Output Enabled - |50 - |67} ns
todis 49 | I/O Cell OE to Output Disabled - |50 - |67} ns
Clocks

toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 45| 45160 | 6.0] ns
toy1r2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 55)46 | 73] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50} 13| 6.6 ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 35(55]146 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/0O Cell Global Clock Line 10| 50] 13| 66 ] ns
Global Reset

tor | 55 | Global Reset to GLB and I/0 Registers I - | 9.0 I - l 1 2‘0| ns

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

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| JEST°|#* | DESCRIPTION' % lunrs
tpdt 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 |3 | Clock Frequency with Internal Feedback® .| MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (grriissi) MHz
fmax (Tog.) ~ | 5 | Clock Frequency, Max Toggle# MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass ns
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock ns
tco2 — |10| GLB Reg. Clock to Output Delay - |16 | ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - ns
tr1 1 [12| Ext. Reset Pin to Output Delay - |225]| ns
trw1 — |13] Ext. Reset Pulse Duration 13 | - ns
ten 2 |14/ Input to Output Enable - | 24 | ns
tais 3 [15] Input to Output Disable - |24 | ns
twh - |16 6 | - | ns
twi - |17 6 | - | ns
tsus - |18 25| - | ns
ths - |19 85 | - ns

1. Unless noted otherwise, all param

2. Refer to Timing Model in this dal

3. Standard 16-Bit loadable cou
g. fmax (Toggle) may be less th
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Specifications pLSI 1024
Industrial

Internal Timing Parameters!

PARAMETER| # | DESCRIPTION %0 lunirs
MIN. |[MAX.

Inputs
tiobp 20 | I/0 Register Bypass ns
tiolat 21 | 1/O Latch Delay ns
tiosu 22 | I/0 Register Setup Time before Clock ns
tioh 23 | I/0 Register Hold Time after Clock ns
tioco 24 | 1/0 Register Clock to Out Delay ns
tior 25 | I/0 Register Reset to Out Delay ns
tdin 26 | Dedicated Input Delay ns
GRP
tgrp1 27 | GRP Delay, 1 GLB Load ns
torpa 28 | GRP Delay, 4 GLB Loads ns
tgrps 29 | GRP Delay, 8 GLB Loads ns
torpi2 30 | GRP Delay, 12 GLB Loads ns
torpie 31 | GRP Delay, 16 GLB Loads ns
tgrp24 32 | GRP Delay, 24 GLB Loads ns
GLB
t4ptbp 33 | 4 Product Term Bypass Path Belay - | 86| ns
t1ptxor 34 | 1 Product Term/XOR Path Delay * - | 93| ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - |10.6] ns
txoradj 36 | XOR Adjacent.Path Delay® | ' - |127] ns
tobp 37 | GLB Regiéter Bypass Dela - 13| ns
tosu 13| - | ns
tgh 60| — | ns
tgco - 127 ns
tor _ - | 33| ns
tptre dutt Term Reset to Register Delay - |133] ns
tptoe . GtB Product Term Output Enable to I/O Cell Delay - |12.0| ns
totck: GL'B Product Term Clock Delay 46| 99| ns
ORP
torp 4-45 | ORP Delay - 133 ns
torpbp 46 | ORP Bypass Delay - 07| ns

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

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

3. The XOR Adjacent path can only be used by Lattice Hard Macros.

9/92. Rev. C
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Industrial
Internal Timing Parameters!

PARAMETER| #° | DESCRIPTION UNITS
Outputs
tob 47 | Output Buffer Delay
toen 48 | /O Cell OE to Output Enabled
todis 49 | I/0 Cell OE to Output Disabled
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 6.0 | ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 73| ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 13| 66 | ns
tioy2s3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 46 | 73 | ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Lipé 13 | 66 | ns
Global Reset
tor | 55 I Global Reset to GLB and I/O Registers [ - | 12.0| ns
1. Internal Timing Parameters are not tested and are for reference gy
2. Refer to Timing Model in this data sheet for further details.
9/92. Rev. C
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pLSI 1024 Timing Model

1/0 Cell GRP GLB ORP 110 Cell
- A —~— - A N - A -
Feedback
Ded. In 72
@ /0 Reg Bypass 0':I GRP 4 4 PT Bypass GLB Reg Bypass | ORP Bypass
in ® >

° ol 447
#20 _:I #28 #33 #37 #46
Input J- GRP 20 PT GLB Reg ORP #48, 49
D Register @ L°i‘|"anyg XOR Delays Delay Delay
RST D Q L]
#21-25 #27, 29 S #34,35, 36 #45
}\ 30, 31, 32 RST 3
[} #55 3g,
41

v
“ﬁ_

Reset %:
O\
Clock. Control Rg
Distribution PTs OF
| Y1,2,3 #51, 52, #42, 43, CK
53, 54 ‘l 44
W—\ #50

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t2optxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
55ns= (2.0+2.0+80)+(1.0)- (20+20+35)
th = Clock (max) + Reg h - Log
= (tiobp + tgrp4 + tptck(max) ) (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#20+#28 + #44) + (#39) - (#20 + #28 + #35)
40ns= (2.0+2.0+7.5)+(45)-(2.0+2.0+8.0)
tco Clock (max) + Reg co + Output

tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47)
19.0 ns = (2.0+ 2.0 47.5) + (2.0) + (2.5 + 3.0)

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
7.0ns= (2.0 +2.0+8.0) + (1.0)- (3.0 + 2.0 + 1.0)
th = Clock (max) + Reg h - Logic
= (tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
25ns= (3.0+2.0+5.0)+(4.5)- (2.0 +2.0 +8.0)
tco Clock (max) + Reg co + Output

tayo(max) + tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
17.5ns = (3.0 +2.0 + 5.0) + (2.0) + (2.5 + 3.0)

1. Calculations are based upon timing specs for the pLSI 1024-80.
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Figure 3. Typical Device Power Consumption vs fmax

200~
pLSI 1024

150 |-

100 |-

Icc (mA)

50}

] ] ] ] ] ] ] ]
0 10 20 30 40 50 60 70 80

fmax (MHz)

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

Figure 4. Maximum GRP Delay vs GLB Loads

6.0 —
55

pLSI 1024-60

pLSI 1024-80

] ] ] J
e 4 8 12 16

GLB Loads
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Pin Description

Name PLCC Pin Numbers Description

100-1/03 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/Opins used by the

I104-107 26, 27, 28, 29, logic array.

/10 8 - 1/0 11 30, 31, 32, 33,

1012 -1/0 15 37, 38, 39, 40,

1016 -1/0 19 41, 42, 43, 44,

110 20 - 1/0 23 45, 46, 47, 48,

10 24 -1/0 27 56, 57, 58, 59,

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

11032 -1/0 35 64, 65, 66, 67,

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

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

/O 44 - /O 47 11, 12, 13, 14

INO-IN3 21, 34, 49, 55, Dedicated input pins to the device.

IN4-IN5 2, 15

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

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

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

Y2 51 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB and/or
any /O cell on the device.

Y3 50 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O cellonthe
devics.

NC 19 This pin should be left floating or tied to V.

This pin should never be tied to GND.

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

Vce 17, 36, 53, 68 Vo
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Pin Configuration

pLSI 1024 PLCC Pinout Diagram

3333858,‘;8338858&
22220222=2582292222°¢
minisisisisisisisisisisisisinialis]
/9876543216867666564636261
vo43 Q1o 60[] vo 28
Vo 44 11 se [0 vo 27
vo4s Q12 s8] vo2s
vo4e 13 s7[J vo2s
vo47 14 s6[] vo24
IN5 [J15 ss[JIN3
~Yo Q1e 5417 Y1
vee Q17 ) 53] vee
GND 18 pLSI 1024 52[] GND
NC W19 511 y2
RESET []20 501 Y3
INO [J21 491 IN2
voo 22 48[1vo2s
vo1 [z a7 vo22
vo2 [Ja4 461 vo 21
vo3 25 450 VO 20
Vo4 26 441 V019
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Ooo0oO0oOooooooooooQg
385382:;535‘-‘23.‘2.‘222
=S55509%8>90090090922

Package Diagram :

68-Pin PLCC
Dimensions in inches MIN./MAX.

0.042 , 450

0.0
_Llnnnnnnnninunnnnnn_\

i

Top View

0.950

0.020
0.050 Minimum
BSC =
1 YT
. E f —

0.956
0.985

0.180

0.995

Seating Plane
Coplanarity not
to exceed 0.004
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Part Number Description

pLSI

1024 - XX X X

Device Family ———J

X

—[-—— Grade

Blank = Commercial

| = Industrial
Device Number Package
J=PLCC
Speed Power
80 = 80 MHz fmax L =Low
60 = 60 MHz fmax
Ordering Information
COMMERCIAL
fmax (MHz)| tpd (ns) Ordering Number Package
80 15 pLSI 1024-80LJ 68-Pin PLCC
60 20 pLSI 1024-60LJ 68-Pin PLCC
INDUSTRIAL
fmax (MHz)| tpd (ns) Ordering Number Package
60 20 pLSI 1024-60LJI 68-Pin PLCC

3-31
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- - LSI" 1032
E-:- E Lattl c e programmable grge Scale Integration

T High-Density Programmable Logic

Functional Block Diagram

- PROGRAMMABLE HIGH-DENSITY LOGIC IYEE] CEER

— 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 Fast Random Logic

— Security Cell Prevents Unauthorized Copying

+ HIGH PERFORMANCE E2CMOS® TECHNOLOGY

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

— Low Power Consumption

— 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-

: Output Routing Pool
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS

B8 CEEE BEEE EED] EEEE B
— Complete Programmable Device can Combine Glue i

— 100% Routable with High Utilization Description

— Four Dedicated Clock Input Pins

o

>
j=rS

FTET] CETT] EEXE] EETE BB

>

>

Output Routing Pool

>

3

EEEEEEES

[0)]
r
@
,I
EEEEEEER

r Output Routing Pool

Global Routing Pool (GRP)

o

B3 CITT] ] EETE EEEHE

Il

X

— Synchronous and Asynchronous Clocks The Lattice pLSI 1032 is a High-Density Programmable
— Flexible Pin Placement Logic Device which contains 192 Registers, 64 Universal
— Optimized Global Routing Pool Allows Global /O pins, eight Dedicated Input pins, four Dedicated Clock
Interconnectivity Input pins, four Output Routing Pools and a Global Routing
- pLSVispLSI™ DEVELOPMENT SYSTEM (pDS™) Pool (GRP). The GRP provides complete interconnectivity
between all of these elements.
pDS Software

— Easy to Use PC Windows™ Interface The basic unit of logic on the pLSI 1032 device is the
— Boolean Logic Compiler Generic Logic Block (GLB). The GLBs are labeled A0,
— Manual Partitioning A1..D7,(seefigure 1). There are atotal of 32 GLBs inthe
— Automatic Place and Route pLSI 1032 device. Each GLB has 18 inputs, a program-
— Static Timing Table mable AND/OR/XOR array, and four outputs which can be
pDS+™ Software configured to be either combinatorial or registered. Inputs
— Industry Standard, Third Party Design to the GLB come from the GRP and dedicated inputs. All
Environments of the GLB outputs are brought back into the GRP so that
— Schematic Capture, State Machine, VHDL they canbe connected to the inputs of any other GLB onthe

— Automatic Partitioning device.

— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
~— PC and Workstation Platforms

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UltraMOS are gi d trad of Lattice Semicond| Corp. pLS|, ispLS!, pDS, pDS+ and Generic Array Logic are
d ks of Lattice icond! Com. The ffications and inft ion herein are subject to change without notice.

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) - September 1992 Rev. C
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Functional Block Diagram

Figure 1. pLS] 1032 Functional Block Diagram
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The device also has 64 1/O cells, each of which is directly
connected to an I/O pin. Each I/O cell can be individually
programmed to be a combinatorial input, registered input,
latched input, output or bi-directional I/O pin with 3-state
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

Eight GLBs, 16 I/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O cells by the ORP. The I/O cells
within the Megablock also shares a common Output En-
able (OE) signal. 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.

Clocks in the pLSI 1032 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YO0, Y1, Y2 and Y3) are brought into the distribution
network, and five clock outputs (CLK 0, CLK1, CLK 2,
IOCLK 0 and IOCLK 1)-are provided to route clocks to the
GLBs and /0 cells. The Clock Distribution Network can
also be driven from a special clock 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.

3-34
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Supply Voltage Vee. -« - oo covvie it -0.5t0 +7.0V
Input Voltage Applied. . ............. -25t0 Voo +1.0V
Off-State Output Voltage Applied. .. . .. -2.5t0 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 Conditions '

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°'Cto +70°C 4.75 5.25
Vce Supply Voltage \'
Industrial Ta=-40°C 10 +85°C 4.5 5.5
Vi Input Low Voltage 0 0.8 \
ViH Input High Voltage 2.0 Vee + 1 v

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM! UNITS | TEST CONDITIONS
C, Dedicated Input Capacitance 8 pt Voe=5.0V, V,,=2.0V
C, 10 and Clock Capacitance 10 pf Vee=5.0V, V,q, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 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% L5V

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V R1

Output Load See Figure 2 Device _ Test
3-state levels are measured 0.5V from steady-state Output " Point

active level.

Output Load Conditions (see figure 2)

*

Rz CL

AW ——AW—

M—)—

*CL includes Test Fixture and Probe Capacitance.

Test Condition R1 R2 CcL
1 470Q 390Q 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q 5pF
3 | atV,,-05V
Active Low to Z 470Q 3900 5pF
atV, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP.3 | MAX. | UNITS
VoL Output Low Voltage lo. =8 MA - - 0.4 \
VOH Output High Voltage low =-4 MA 2.4 - - Vv
e Input or I/O Low Leakage Current | 0V <V, <V, (MAX.) - - -10 HA
IH Input or I/0 High Leakage Current | Vi, <ViySVee - - 10 HA
liL-PU | 1O Active Pull-Up Current ovV<VysV, - - -150 HA
lost Output Short Circuit Current Ve =5V, Vour -60 - -200 mA
lcc? Operating Power Supply Current | V, =0.5V, V;=3.0V| Commercial - 135 | 195 mA

froceLe = 20 MHz Industrial - 135 | 220 mA

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

2. Measured using eight 16-bit counters.

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

9/92 Rev. C
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Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER | TEST® |4 | DESCRIPTION! e 0 luns
: MIN. [IMAX.] MIN. |MAX.

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - 11| -120] ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - 12 ) - |25] ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 80| - | 60 | — | MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (mzrissi) 50 - |38 | - | MHz
fmax (Tog.) - | 5 | Clock Frequency, Max Toggle* 100 — | 83 [ - | MHz
tsu1 — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - |10} -1 13 ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock 10 - 13| - | ns
tco2 — |10| GLB Reg. Clock to Output Delay - 112 -] 16] ns
th2 — |11 GLB Reg. Hold Time after Clock 0 - 0 - ns
tr 1 |12] Ext. Reset Pin to Output Delay - |17 ] - |225] ns
trw1 — |13| Ext. Reset Pulse Duration 10| -113| -1 ns
ten 2 14| Input to Output Enable _ - (18] - |24} ns
tdis 3 [15] Input to Output Disable - | 18] - | 24} ns
twh — |16 Ext. Sync. Clock Pulse Duration, High 5 - - ns
twi — |17] Ext. Sync. Clock Pulse Duration, Low 5 - - ns
tsus -~ |18] I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 125 - ns
ths — [19] I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| - 185 - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.

9/92 Rev. C
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Commercial
2 -80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX | MIN. [MAX]
Inputs
tiobp 20 | I/O Register Bypass - |l20f - |27] ns
tiolat 21 | /O Latch Delay - | 30| - |40] ns
tiosu 22 | I/O Register Setup Time before Clock 6§56 - 173 | - ns
tioh 23 | I/O Register Hold Time after Clock 10| = 113 | - ns
tioco 24 | 1/0 Register Clock to Out Delay - |30} - | 40] ns
tior 25 | /O Register Reset to Out Delay - |25 - [ 33] ns
tdin 26 | Dedicated Input Delay - |40] - | 53] ns
GRP
torp1 27 | GRP Delay, 1 GLB Load - |15] - |20] ns
tgrp4 28 | GRP Delay, 4 GLB Loads - |20f - |27] ns
torp8 29 | GRP Delay, 8 GLB Loads - |380] - |40] ns
tarp12 30 | GRP Delay, 12 GLB Loads - |38] - |50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |45) - | 60] ns
torp32 32 | GRP Delay, 32 GLB Loads - |80 - |106] ns
GLB
taptop 33 | 4 Product Term Bypass Path Delay - 165] - |86} ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |(70] - 93] ns
t2optxor 35 | 20 Product Term/XOR Path Delay - |80 - [106] ns
txoradj 36 | XOR Adjacent Path Delay® - |95} - |127] ns
tgbp 37 | GLB Register Bypass Delay - |10} - [13] ns
tosu 38 | GLB Register Setup Time before Clock 10| - 113 ]| - ns
toh 39 | GLB Register Hold Time after Clock 45| - | 60| - ns
tgco 40 | GLB Register Clock to Output Delay - l20) - (27| ns
tor 41 | GLB Register Reset to Output Delay - |25 - |33} ns
tptre 42 | GLB Product Term Reset to Register Delay - [100] ~ |13.3] ns
tptoe 43 | GLB Product Term Output Enable to I/O Cell Delay - 180} - |[120] ns
tptck 44 | GLB Product Term Clock Delay 357546 |99] ns
ORP
torp 45 | ORP Delay - |25] - | 83] ns
torpbp 46 | ORP Bypass Delay - ]os5)] - |07] ns
1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
9/92 Rev. C
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Commercial
Internal Timing Parameters?
-80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX.] MIN. |MAX|
Outputs
tob 47 | Output Buffer Delay - |30} - |40] ns
toen 48 | /O Cell OE to Output Enabled - |50] - |67] ns
todis 49 | I/0 Cell OE to Output Disabled - {50} - | 67] ns
Clocks
toyo 50 | Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 45| 451 6.0 | 60| ns
tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 55146 | 73] ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50§13 | 66} ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 35| 55146 (73] ns
tiocp 54 | Clock Delay, Clock GLB to /O Cell Global Clock Line 10| 5013 | 66| ns
Global Reset
tor | 55 i Global Reset to GLB and I/O Registers l - l 9.01 - | 12.0| ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
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Specifications pLSI 1032
Industrial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER|[EST"|# | DESCRIPTION! '-”'-6:AX. UNITS
tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (grrivezi) MHz
fmax (Tog.) | — |5 | Clock Frequency, Max Toggle? MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass ns
teot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock ns
tco2 — |10| GLB Reg. Clock to Output Delay - | 16| ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - ns
tr 1 |12| Ext. Reset Pin to Output Delay - |225]| ns
trw1 — |13 Ext. Reset Pulse Duration 13 | - ns
ten 2 |14] Input to Output Enable - | 24| ns
tdis 3 |15| Input to Output Disable - | 24| ns
twh - |16 Ext. Sync. Clock Pulse'l - ns
twi — |17 Ext. Sync. Clock Pulse Duratlon ] 6 | - | ns
tsus - |18 25| - | ns
ths - |19 85| - | ns

. Unless noted otherwise, all parame
. Refer to Timing Model in this daf
. Standard 16-Bit loadable counte
fmax (Toggle) may be less.than
Reference Switching Test

oreP
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Industrial

Internal Timing Parameters?

PARAMETER| #° | DESCRIPTION -60 UNITS
Inputs
tiobp 20 | I/O Register Bypass ns
tiolat 21 | /O Latch Delay ns
tiosu 22 | 1/O Register Setup Time before Clock ns
tioh 23 | I/0 Register Hold Time after Clock ns
tioco 24 | 1/0 Register Clock to Out Delay ns
tior 25 | 1/0 Register Reset to Out Delay ns
tdin 26 | Dedicated Input Delay ns
GRP _
torpt 27 | GRP Delay, 1 GLB Load ns
torp4 28 | GRP Delay, 4 GLB Loads ns
torps 29 | GRP Delay, 8 GLB Loads ns
tgrp12 30 | GRP Delay, 12 GLB Loads ns
torpt6 31 | GRP Delay, 16 GLB Loads ns
torp32 32 | GRP Delay, 32 GLB Loads ns
GLB
t4ptop 33 | 4 Product Term BypassiPath Delay - | 86| ns
t1ptxor 34 | 1 Product Term/XOR Path Défay | - | 93| ns
tooptxor 35 | 20 Product Teyri/XOR Path - |106] ns
txoradj 36 o - |127] ns
tgbp 37 ] - | 13| ns
tgsu 38 egister Sétup Tir 13| - | ns
tgh 39 |.GLB Register Hald Time after Clock 60| - | ns
A B::egist Cbck to Output Delay - | 27| ns
B'Register Reset to Output Delay - |1383]| ns
“GLBProduct Term Reset to Register Delay - |133]| ns
GL -Product Term Output Enable to /O Cell Delay - |12.0] ns
.| GLB Product Term Clock Delay 46 | 99| ns
torp | 45 | ORP Delay - | 33| ns
torpbp 46 | ORP Bypass Delay - 07| ns
1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
9/92 Rev. C
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Industrial
Internal Timing Parameters!
-60
PARAMETER| #° | DESCRIPTION UNITS
MIN. |[MAX.
Outputs
tob 47 | Output Buffer Delay ns
toen 48 | /O Cell OE to Output Enabled ns
todis 49 | /O Cell OE to Output Disabled ns
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns
toy12 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line ns
tiocp 54 | Clock Delay, Clock GLB to I/0O Cell Global Clock Li ns
Global Reset
tor I 55 I Global Reset to GLB and 1/0O Registers | - | 12.0 [ ns
1. Internal Timing Parameters are not tested and are for reference ofily.
2. Refer to Timing Model in this data sheet for further details. :
9/92 Rev. C
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sEsEESs
EEEEER
pLSI 1032 Timing Model
/O Cell GRP GLB ORP 110 Call
Feedback
| Ded. In > #26
70 Pi>—e 1/0 Reg Bypass "'j _ GRP 4 l:l 4 PTBypass | _ GLBRegBypass | ORPBypass |
D(Input) L #20 _:l #28 #33 #37 #46 l/A o]
Input _J— GRP 20 PT GLB Reg ORP #48, 49
D RegisterQ L%;:ﬂ\nyg XOR Delays Delay Delay
a0 HSTK. o ., 5 [P t;ST Q S s »
| Reset )@ : #55 ol #3!46: 2?, .
A
Y
Dis(t;:l%%kﬁon B L] ﬁ:tml gg
I Y1,2,3 > Pl #51,52, M #4243, CK
53,54 44 I
[V #50 >
Derivations of tsu, th and tco from the Product Term Clock®
tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
55ns= (20+2.0+8.0)+(1.0)-(2.0+2.0+3.5)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t2optxor)
= (#20 + #28 + #44) + (#30) - (#20 + #28 + #35)
40ns= (2.0+2.0+75)+(45)- (2.0 +2.0+8.0)
tco Clock (max) + Reg co + Output

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

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
7.0ns= (2.0+2.0+8.0)+(1.0)- (3.0 + 2.0+ 1.0)
th = Clock (max) + Reg h - Logic
: = (tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#50 +#40 + #52) + (#39) - (#20 + #28 + #35)
25ns= (3.0+2.0+50)+(45)-(2.0+2.0+8.0)
tco Clock (max) + Reg co + Output

toyo(max) + tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
17.5ns = (3.0 4 2.0 + 5.0) + (2.0) + (2.5 + 3.0)

1. Calculations are based upon timing specs for the pLS! 1032-80.
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Figure 3. Typical Device Power Consumption vs fmax
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LSI 1032

-
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0 10 20 30 40 50 60 70 80

fmax (MHz)

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

Figure 4. Maximum GRP Delay vs GLB Loads
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pLSI 1032-60
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Specifications pLSI 1032

Pin Description

Name PLCC Pin Numbers Description

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

Io4-1107 30, 31, 32, 33, logic array.

110 8 - 1/0 11 34, 35 36, 37,

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

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

11020 -1/0 23 49, 50, 51, 52,

/0 24 - 1/0 27 53, 54, 55, 56,

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

1/1032-1/0 35 68, 69, 70, 71,

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

110 40 - 1/0 43 76, 77, 78, 79,

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

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

110 52 - 1/0 55 7, 8, 9, 10,

/0 56 - 1/0 59 11, 12, 138, 14,

1/10 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 1/O cell on the device.

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

' distribution network, and can optionally be routed to any I/O cellonthe
device.

NC 23 This pin should be left floating or tied to V.

This pin should never be tied to GND.

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

Vce 21, 65 Ve,
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Pin Configuration '

pLSI 1032 PLCC Pinout Diagram

/ 11109 8 7 6 5 4 3 2 1 84838281 80 79 78 77 76 75
ros7 12 741 110 38
voss []13 . 731 1o 37
1o 59 14 720 110 36
o eo [}15 71 VO 35
o 61 [J1e 701 /O 34
roe2 417 69 [1 11033
roe3 []1s e8] 11032
IN7 19 671 IN4
Yo 20 661 Y1
vce a2 651 vce
GND []22 64 [1 GND
Ne B2 pLSI 1032 63[1 Y2
RESET []24 62|] Y3
INO 25 61 IN3
oo 26 60 [ 1/0 31
o1 a7 59 [] VO 30
1102 [J28 58] 11029
1103 29 571 10 28
104 30 56 [ 1027
1105 a1 551 170 26
106 [a2 541 11025
33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53

|E NN NN N NN NN N NN NS NN E
~ oo o

110
110
110
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Package Diagram

84-Pin PLCC
0042 . Dimensions in inches MIN./MAX. 0.020
0048 | 45 0.050 Minimum
| BSC o -
. | P
k -
. 1.090
Top View 17130
pe——x
)—L
1.150 J -0.0%0
1.156 ! | 0.165 |
1.185 0.180
1.195 Seating Plane —=1
lanarity not
t?&ceed .004

Part Number Description

pLSI 1032-XX X X X
Device Family ——::r— —r——— Grade

Blank = Commercial

| = Industrial
Device Number Package
J=PLCC
Speed : Power
80 = 80 MHz fmax L =Low
60 = 60 MHz fmax
Ordering Information
COMMERCIAL
fmax (MHz) | tpd (ns) Ordering Number Package
80 15 pLSI 1032-80LJ 84-Pin PLCC
60 20 pLSI 1032-60LJ 84-Pin PLCC
INDUSTRIAL
fmax (MHz) | tpd (ns) Ordering Number Package
60 20 pLSI 1032-60LJI 84-Pin PLCC
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- : LSI” 1048
EE E Laﬂl c e programmable f:rge Scale Integration

T High-Density Programmable Logic

Features ‘ Functional Block Diagram

+ PROGRAMMABLE HIGH-DENSITY LOGIC [XEE BB EEEE X B8 CEEE) EITETd CEEdl B B
F
FFFEFFEFRER ek

— Member of Lattice’s pLSI Family

— 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 = 18 ns Propagation Delay
— TTL Compatible Inputs and Outputs

— Electrically Erasable and Re-Programmable -
Z 100% Tosted

» COMBINES EASE OF USE AND THE FAST SYSTEM . . . .
SPEED OF PLDs WITH THE DENSITY AND FLEX- The Lattice pLSI 1048 is a High-Density Programmable
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS Logic Device which contains 288 Registers, 96 Universal

I/O pins, ten Dedicated Input pins, four Dedicated Clock

— Complete Programmable Device can Combine Glue . .
Logic and Structured Designs Input pins and a Global Routing Pool (GRP). The GRP

“

. Logic E AN
Global Routing Pool (GRP) Array E GLB

B8 [ OO0 OO

Output Routing Pool
] B

— 100% Routable with High Utilization provides complete interconnectivity between all of these

— Four Dedicated Clock Input Pins elements.

— Synchronous and Asynchronous Clocks ; . . L

— Flexible Pin Placement ) The basic unit of logic on the pLSI 1048 device is the

— Optimized Global Routing Pool Allows Global Generic Logic Block (GLB). The GLBs are labeled A0,
Interconnectivity - A1 ..F7, (see figure 1). There are atotal of 48 GLBs in the

pLSI 1048 device. Each GLB has 18 inputs, a program-

* PLSVispLSI™ DEVELOPMENT SYSTEM (pDS™) mable AND/OR/XOR array, and four outputs which canbe

pDS Software configured to be either combinatorial or registered. Inputs
— Easy to Use PC Windows™ Interface to the GLB come from the GRP and dedicated inputs. All
— Boolean Logic Compiler of the GLB outputs are brought back into the GRP so that
— Manual Partitioning ' they canbe connected to the inputs of any other GLB onthe
— Automatic Place and Route device.
— Static Timing Table

pDS+™ Software

— Industry Standard, Third Party Design
Environments

— Schematic Capture, State Machine, VHDL

— Automatic Partitioning

— Automatic Place and Route

— Comprehensive Logic and Timing Simulation

— PC and Workstation Platforms

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UitraMOS are regi d trademarks of Lattice Semicond Corp. pLS|, ispLS|, pDS, pDS+ and Generic Array Logic are

of Lattice S d Com. The and ion herein are subject to change without notice.
LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct, Hillsboro, Oregon 97124, U.S.A.
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423) September 1992. Rev. E
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Functional Block Diagram

Figure 1. pLSI 1048 Functional Block Diagram
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The device also has 96 1/O cells, each of which is directly
connected to an /0 pin. Each I/0 cell can be individually
programmed to be a combinatorial input, registered input,
latched input, output or bi-directional /O pin with 3-state
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

Eight GLBs, 16 I/O cells, two dedicated inputs (one dedi-
cated input in Megablock B and E) and one ORP are
connected together to make a Megablock (see figure 1).
The outputs of the eight GLBs are connected to a setof 16
universal I/O 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. ;

Clocks in the pLSI 1048 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YO0, Y1, Y2 and Y3) are brought into the distribution
network, and five clock outputs (CLK 0, CLK 1, CLK 2,
IOCLK 0 and IOCLK 1) are provided to route clocks to the
GLBs and 1/O cells. The Clock Distribution Network can
also be driven from a special clock GLB (D0 on the pLSI
1048 device). The logic of this GLB allows the user to
create an internal clock from a combination of intemnal
signals within the device.
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Specifications pLSI 1048

Absolute Maximum Ratings 1

Supply Voltage Ve - - oo oo ool -0.5t0 +7.0V
Input Voltage Applied. .............. 2510 Voo +1.0V
Off-State Output Voltage Applied.. ... .. -2.5t0 Vg +1.0V
Storage Temperature . ................. -65 to 125°C
Ambient Temp. with Power Applied. ....... -55to 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 Conditions

SYMBOL PARAMETER MIN. MAX. UNITS

Commercial Ta= 0°Cto+70°C 4.75 5.25

Vce Supply Voltage > Vv
Industrial Ta=-40"Cto +85°C 45 55

ViL Input Low Voltage o 0.8 v

VIH Input High Voltage 2.0 Vee + 1 \'

Capacitance (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM1 UNITS TEST CONDITIONS

C, Dedicated Input Capacitance 8 pt Vee=5.0V, V,\=2.0V

C, I/O and Clock Capacitance 10 pf Veo=5.0V, Vi, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

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

9/92. Rev. E
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1

Switching Test Conditions
Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Times <3ns 10% to 90% 5V
+

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V R4

Output Load See Figure 2 Device - T et
3-state levels are measured 0.5V from steady-state Output "~ Point
active level. *

Ro ]: CL

Output Load Conditions (see figure 2)
1"CL includes Test Fixture and Probe Capacitance.

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 5pF
3 atV,,-0.5V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
VoL Output Low Voltage lo. =8 MA - - 0.4 v
VoH Output High Voltage low =-4 mA i 2.4 - - v
L Input or I/O Low Leakage Current | OV <V <V, (MAX) - - -10 RA
IH Input or I/0 High Leakage Current | Viu<SViy< Ve - - 10 HA
liL-PU | 1O Active Pull-Up Current oV<VusV, - - -150 HA
los? Output Short Circuit Current Vee =5V, Vour -60 - -200 mA
Icc2 Operating Power Supply Current V. =05V, V,=3.0V| Commercial - 165 | 235 mA

trocere = 20 MHz Industrial - 165 | 260 mA

1. One output at a time for a maximum duration of one second.
2. Measured using twelve 16-bit counters.
3. Typical values are at V., =5V and T, = 25°C.
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Specifications pLSI 1048
Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| [EST¥|#* | DESCRIPTION 70 0 unirs
MIN. [MAX.] MIN. [MAX,

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - | 18] - |24 ] ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - |23} - [30.7] ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 714 — |53.6| - | MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback (grza) 417 - 313 - | MHz
fmax (Tog.) — | 5 | Clock Frequency, Max Toggle* 83 | — 1714 - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 9 - 112 | - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - |12} - 116} ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 12| - 16| - ns
tco2 — |10| GLB Reg. Clock to Output Delay - | 14] - |187} ns
th2 — |11| GLB Reg. Hold Time after Clock . o -fo | -] ns
tr 1 |12| Ext. Reset Pin to Output Delay - |17 ] - [227] ns
trwi — |13] Ext. Reset Pulse Duration 10| - 13| - | ns
ten 2 |14/| Input to Output Enable - |20 - |267] ns
tdis 3 |15{ Input to Output Disable - 120 - |267] ns
twh — |16 Ext. Sync. Clock Pulse Duration, High 6 - 7 - ns
twi — |17 Ext. Sync. Clock Pulse Duration, Low 6 - 7 - ns
tsus ~ |18] I/0O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 127 | - ns
ths — [19] /O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| — 187 - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.

9/92. Rev. E
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Commercial
PARAMETER| #° | DESCRIPTION 70 0 lunirs
MIN. [MAX.| MIN. [MAX.

Inputs

tiobp 20 | I/O Register Bypass - [30] - |40] ns
tiolat 21 | /O Latch Delay - | 40] - | 53] ns
tiosu 22 | I/O Register Setup Time before Clock 60| - |81 | - ns
tioh 23 | I/0O Register Hold Time after Clock 05| - o9 | - ns
tioco 24 | /0 Register Clock to Out Delay - |80} - |39] ns
tior 25 | /O Register Reset to Out Delay - |35 - | 46] ns
tdin 26 | Dedicated Input Delay - |60] - |80] ns
GRP

torp1 27 | GRP Delay, 1 GLB Load - {25 - |33] ns
torpa 28 | GRP Delay, 4 GLB Loads - |30] - |40] ns
torps 29 | GRP Delay, 8 GLB Loads - |40 - | 53] ns
torp12 30 | GRP Delay, 12 GLB Loads - |s0] - [67] ns
torpie 31 | GRP Delay, 16 GLB Loads - |60] - |80] ns
tgrp4a8 32 | GRP Delay, 48 GLB Loads - [16.0] - [21.3] ns
GLB

taptop 33 | 4 Product Term Bypass Path Delay - |65 - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - {701 - | 93} ns
t2optxor 35 | 20 Product Term/XOR Path Delay ' - 175] - |100] ns
txoradj 36 | XOR Adjacent Path Delay® - |os]| - |127] ns
tgbp 37 | GLB Register Bypass Delay - |10 - | 13] ns
tosu 38 | GLB Register Setup Time before Clock 16 - 20| - ns
tah 39 | GLB Register Hold Time after Clock 60| — | 80| - ns
tgco 40 | GLB Register Clock to Output Delay - |25 - | 33] ns
tor 41 | GLB Register Reset to Output Delay - |25] - | 33] ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0] - [13.3] ns
tptoe 43 | GLB Product Term Output Enable to /0 Cell Delay - |80 - |119] ns
tptck 44 | GLB Product Term Clock Delay 35|75]46 |99} ns
ORP

torp 45 | ORP Delay —[35] - [47] ns
torpbp 46 | ORP Bypass Delay - |15 - |20] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
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as L] -
~ Commercial
Internal Timing Parameters
-70 -50
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX ] MIN. |MAX|
Outputs
tob 47 | Output Buffer Delay - |30] - |40] ns
toen 48 | 1/0 Cell OE to Output Enabled - |50} - [67] ns
todis 49 | /0 Cell OE to Output Disabled - |s0] - |67] ns
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 50| 50167 |67] ns
tay12 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 40| 60]53|80] ns
tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50]1 13 | 66| ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to /O Cell Global Clock Line 40| 6.0] 53| 80] ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line 10/ 50] 13 | 66| ns
Global Reset
tor I 55 ] Gilobal Reset to GLB and I/0 Registers I - | 8.0 l - I 10.6 I ns

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

External Timing Parameters

Over Recommended Operating Conditions

3-56

PARAMETER| JEST®# | DESCRIPTION! UNITS
tpd1 1 |1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 |3 | Clock Frequency with Internal Feedback3 MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (mzvis:) MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* MHz
tsu1 — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass ns
tcot 1 |7 [ GLB Reg. Clock to Output Delay, ORP bypass - 16 ns
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock 16 | - ns
tco2 - |10| GLB Reg. Clock to Output Delay - |187] ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - ns
tr1 1 [12] Ext. Reset Pin to Output Delay - |227| ns
trwi - |13 Ext. Reset Pulse Duration 13| - | ns
ten 2 [14] Input to Output Enable - |26.7| ns
tdis 3 |15/ Input to Output Disabl - |267| ns
twh - |16 - | ns
twi - |17 - | ns
tsus - |18 27| - | ns
ths - |19 87| - | ns

1. Unless noted otherwise, all paraméf

2. Refer to 'ﬁmmg Model in this ]
:
5.
9/92. Rev. E



Specifications pLSI 1048

L] L LR

neaas Industrial
s -50
PARAMETER| # DESCRIPTION UNITS
MIN. [MAX.

Inputs
tiobp 20 | I/O Register Bypass ns
tiolat 21 | I/O Latch Delay ns
tiosu 22 | I/0 Register Setup Time before Clock ns
tioh 23 | I/O Register Hold Time after Clock ns
tioco 24 | I/O Register Clock to Out Delay ns
tior 25 | I/0 Register Reset to Out Delay ns
tdin 26 | Dedicated Input Delay ns
GRP
tgrp1 27 | GRP Delay, 1 GLB Load ns
torp4 28 | GRP Delay, 4 GLB Loads ns
tarps 29 | GRP Delay, 8 GLB Loads ns

| tgrp12 30 | GRP Delay, 12 GLB Loads ns
torpi6 31 | GRP Delay, 16 GLB Loads ns
tgrp48 32 | GRP Delay, 48 GLB Loads ns
GLB
taptop 33 | 4 Product Term Bypass Pat ns
t1ptxor 34 | 1 Product Term/XOR Pa’rh Delay ) ns
t2optxor 35 | 20 Product Term/XOR Path Delaj - |10.0| ns
txoradj 36 | XOR Adjacent PathiDelay® - [127]| ns
tobp 37 | GLB Register Bypass'Delay - [ 13] ns
tgsu 38 S 5 Time 20| - | ns
tgh 39 80| - | ns
tgco - |33 ns
tor - 1833 ns
tptre - 1133] ns
tptoe yduct Term Output Enable to I/0 Cell Delay - | 119 ns
tptck . duct Term Clock Delay 46|99 | ns
ORP
torp ORP Delay - | 47| ns
torpbp ORP Bypass Delay - | 20| ns

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

-50
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX

Outputs

tob 47 | Output Buffer Delay

toen 48 | 1/O Cell OE to Output Enabled

todis 49 | /O Cell OE to Output Disabled

Clocks

toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock)

tgy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line

tgcp 52 | Clock Delay, Clock GLB to Global GLB Clock Line

tioy2s3 53 | Clock Delay, Y2 or Y3 to /O Cell Global Clock Line

tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line

Global Reset

tor ’ 55 I Global Reset to GLB and I/O Registers

1. Internal Timing Parameters are not tested and are for reference only
2. Refer to Timing Model in this data sheet for further details.
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pLSI 1048 Timing Model

110 Cell GRP GLB ORP 110 Cell
~ % N\~ ’ "\ —~~ e _— . ™ ~ % ™
Feedback
I Ded. In > 726 ) l:I
110 Reg Bypass "’I GRP 4 4PTB GLB Reg B ORP Bypass -
D,o Pin)>-e 9 YPass | ol @ yPass ole #27 ypass ol - - #47>5<{0 Pin)
(input) ——I 28 #38 | o
_|_ GRP 20 PT GLB Reg ORP #48, 49
D ReglstarQ L%a;ilg\yg XOR Delays Delay Delay
5
RST 1-25 #27, 29, ** #34,35,36 b a #45
R 30,31, 32 RST
Y
Reset #55 > ”‘48, 3?'
PN
K
> Clock - Control RE
Distribution PTs OF
] ¥1,23 ) #51,52, 42 43, CK
53, 54 44 |
[ > = -

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

tsu Logic + Reg su - Clock (min)
tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
(3.0 +3.0 + 7.5) + (1.5) - (3.0 + 3.0 + 3.5)

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

(3.0 +3.0 +7.5) + (6.0) - (3.0 + 3.0 + 7.5)

Clock (max) + Reg co + Output

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

#20 + #28 + #44) + (#40) + (#45 + #47)

225ns = (3.0 + 3.0 +7.5) + (2.5) + (3.5 + 3.0)

5.

[3,]

ns

§o =
o
2
w
nounonon

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

tsu Logic + Reg su - Clock (min)
tiobp + tgrp4 + t20ptxor) + {tgsu) - (tgyo(min) + tgco + tgcp(min))
#20 + #28 + #35) + (#38) - (#50 + #40 + #52) ,
(8.0+3.0 + 7.5) + (1.5) - (5.0 + 2.5 + 1.0)

Clock (max) + Reg h - Logic
tgyo(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#50 + #40 + #52) + (#30) - (#20 + #28 + #35)

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

Clock (max) + Reg co + Output

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

21.5ns = (5.0 + 2.5 + 5.0) + (2.5) + (3.5 + 3.0)

6.5ns

— [
8 & =
o
=1
(2]
wowowo

1. Calculations are based upon timing specs for the pLS| 1048-70.
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Figure 3. Typical Device Power Consumption vs fmax
250 pLSI 1048
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<
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Notes: Configuration of Twelve 16-bit Counters
Typical Current at 5V, 25°C

Figure 4. Maximum GRP Delay vs GLB Loads
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Pin Description

Name PQFP Pin Numbers Description
/00-1/O5 20, 21, 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/O pins used by the
110 6-1/0 11 26, 27, 28, 29, 30, 31, logic array.

110 12-1/0 17 32, 33, 34, 35, 36, 37,
1/0 18 - /0 23 38, 39, 40, 41, 42, 43,
110 24 - 1/0 29 49, 50, 51, 52, 53, 54,
1/0 30 - I/0 35 55, 56, 57, 58, 59, 60,
1/0 36 - /0 41 61, 62, 63, 64, 65, 66,
11O 42 - |/O 47 67, 68, 69, 70, 71, 72,
1/0 48 - /0 53 80, 81, 82, 83, 84, 85,
1/0 54 - 110 59 86, 87, 88, 89, 90, 91,
110 80 - I/0 65 92, 93, 94, 95, 96, 97,
110 66 - /0 71 98, 99,100,101,102,103,
10 72-11077 109,110,111,112,113,114,
110 78 - 1/0 83 115,116,117,118,119,120,

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

110 90 - 1/0 95 7, 8 9,10, 11, 12

INO-INS 14, 44, — 47, 48, 73, Dedicated input pins to the device. (IN 2 and IN 9 not available)

IN6-IN 11 79,104,105, — 108, 13

RESET 18 Active Low (0) Reset pin which resets all of the GLB and I/O registers
in the device.

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

Y1 78 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB on the
device.

Y2 75 Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any GLB and/or
any /O cell on the device.

Y3 74 - Dedicated clock input. This clock input is brought into the clock
distribution network, and can optionally be routed to any I/O cellon the
device.

NC 17 This pin should be left floating or tied to V...

This pin should never be tied to GND.

GND 46, 76,106, 16 Ground (GND)

Vce 15, 45, 77,107 Ve
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Pin Configuration

pLSI 1048 PQFP Pinout Diagram

w13

pLSI 1048

61T 11036

Package Diagram

120-Pin PQFP

Dimensions in inches MIN./MAX.

Top View

7

4 0.024

(¥ 0.037

I__0.010
0.013

0.125
. l"0.1 44"I
Coplanarity not to
exceed 0.004 Detail A
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Part Number Description

pLSI 1048-XX X X X

Device Family ——j_ —r— Grade

Blank = Commercial

| = Industrial
Device Number ——M8MM@ Package
Q =PQFP
Speed Power
70 = 70 MHz fmax L=Low
50 = 50 MHz fmax
Ordering Information
COMMERCIAL
fmax (MHz) | tpd (ns) Ordering Number Package
70 18 pLSI 1048-70LQ 120-Pin PQFP
50 24 pLSI 1048-50LQ 120-Pin PQFP
INDUSTRIAL
fmax (MHz)| tpd (ns) Ordering Number Package
50 24 pLSI 1048-50LQl 120-Pin PQFP
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ispLSI” 1016

in-system programmable Large Scale Integration

High-Density Programmable Logic

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
— 32 1/0 Pins, Four Dedicated Inputs
— 96 Registers
— Wide Input Gating for Fast Counters, State
- Machines, Address Decoders, etc.
— Small Logic Block Size for Random Logic
— Security Cell Prevents Unauthorized Copying

« HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 90 MHz Maximum Operating Frequency

— tpd = 12 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 GATE ARRAYS

— Complete Programmable Device can Combine Glue
Logic and Structured Designs

— 100% Routable with High Utilization

— Three Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Global
Interconnectivity

* pLSlispLSI DEVELOPMENT SYSTEM (pDS™)
pDS Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table
pDS+™ Software
— Industry Standard, Third Party Design
Environments
— Schematic Capture, State Machine, VHDL
— Automatic Partitioning
— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms
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The Lattice ispLSI 1016 is a High-Density Programmable
Logic Device featuring 5-Volt in-system programmability
and in-system diagnostic capabilities. The device 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. 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. It is architecturally and
parametrically compatible to the pLSI 1016 device, but
multiplexes four of the dedicated input pins to control in-
system 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
programmable AND/OR/XOR array, andfouroutputswhich
can be configured to be either combinatorial or registered.
Inputs to the GLB come from the GRP and dedicated
inputs. All of the GLB outputs are brought back into the
GRP so that they can be connected to the inputs of any
other GLB on the device.

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UtraMOS are regi
d ks of Lattice T ificati inf d

ks of Lattice

Com. The and herein are subject to change without notice.
LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.
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Specifications ispLSI 1016

Functional Block Diagram

Figure 1. ispLSI 1016 Functional Block Diagram
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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 I/O pin with 3-state
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

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

on the same pin

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

Clocks in the ispLSI 1016 device are selected using the
Clock Distribution Network. Three dedicated clock pins
(Y0, Y1 and Y2) are brought into the distribution network,
andfive clock outputs (CLK 0, CLK 1, CLK 2, IOCLK 0 and
I0CLK 1) are provided to route clocks to the GLBs and I/O
cells. The Clock Distribution Network can also be driven
from a special clock GLB (B0 on the ispLSI 1016 device).
The logic of this GLB allows the user to create an internal
clock from a combination of internal signals within the
device.

42
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Absolute Maximum Ratings 1

Supply Voltage Veg. . . ..o oo vl -0.5t0 +7.0V
Input Voltage Applied. .............. -25t0 Vgg +1.0V
Off-State Output Voltage Applied ... .. .. -25t0 Voo +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 Conditions A :

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial  Ta= 0°Ct0+70°C 4.75 5.25
Vcc Supply Voltage \
Industrial Ta=-40"Cto +85°C 4.5 55
ViL Input Low Voltage 0 0.8 \'
VIH Input High Voltage 2.0 Vee + 1 \"

Capacitance (T,=25°C, f=1.0 MHz2)

SYMBOL PARAMETER MAXIMUM! UNITS | TEST CONDITIONS
C, Dedicated Input Capacitance 8 pt Vee=5.0V, V;=2.0V
C, I/O and Clock Capacitance 10 pt V=5.0V, V,(, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

4-3

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES

9/92. Rev. C
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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 Output " Point

active level.

Output Load Conditions (see figure 2)

v
N

*CL includes Test Fixture and Probe Capacitance.

Test Condition R1 R2 CL
470Q 3900 35pF
2 Active High ) 390Q 35pF
Active Low 470Q 390Q 35pF
Active High to Z oo 390Q 5pF
3 | atV,,-05V
Active Low to Z 470Q 390Q 5pF
atV, +0.5V

DC Electrical Characteristics ' .

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 UNITS
VoL Output Low Voltage lo. =8 mA - - 0.4 v
VOH Output High Voltage low =-4 MA 2.4 - - \'

o Input or I/O Low Leakage Current | OV <V, <V, (MAX.) - - -10 HA
IH Input or 1/0 High Leakage Current | V<V <V - - 10 HA
liL-isp | isp Input Low Leakage Current 0V £V <V, (MAX) - - -150 RA
liL-PU | /O Active Pull-Up Current oV<Vy<V, - - -150 nA
lost Output Short Circuit Current Vee =5V, Vour -60 - -200 mA
Icc? Operating Power Supply Current V. =05V, V,=3.0V| Commercial - 100 150 mA

trosee = 20 MHz Industrial - 100 | 170 mA

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

2. Measured using four 16-bit counters.

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

9/92. Rev. C
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Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER |EST°|#? | DESCRIPTION %0 i %0 funirs
) MIN. [MAX.] MIN. |[MAX.| MIN. |MAX.

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - | 12 - |15} -] 20 ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - |17 - ]120 ] - | 25 ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 90.9| - 80| - | 60| - | MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback (mlm,) 588 — 50 { — | 38 - | MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* 125 - |100| - ] 83 | - | MHz
tsut — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - 8 - ]110] - | 13 ns
thi — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 9 | -f10] -113| -] ns
tco2 — |10| GLB Reg. Clock to Output Delay - | 10 - 1121 - 16 ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - 0 - 0 - ns
tr1 1 |12] Ext. Reset Pin to Output Delay - (18] - |[17 ] - |225] ns
trwi1 — |13 Ext. Reset Pulse Duration 10| -110] -]13] -] ns
ten 2 [14] Input to Output Enable - |18 - |18 - |24] ns
tdis 3 |15{ Input to Output Disable - |15 -|18}) - |24] ns
twh — |16 Ext. Sync. Clock Pulse Duration, High 4 - 5 - 6 - ns
twi — |17] Ext. Sync. Clock Pulse Duration, Low 4 - 5 - 6 - ns
tsus — |18 I/0 Reg. Setup Time before Ext. Sync. Clock (Y1, Y2)] 2 - 2 - 125 | - ns
ths — |19 /0 Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 65| - | 65| — |85 - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.

9/92. Rev. C
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Commercial
5 -90 -80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX ] MIN. [MAX | MIN. [MAX]

Inputs

tiobp 20 | I/O Register Bypass - |10] - (20| - |27] ns
tiolat 21 | I/O Latch Delay - |20] - [30] - |40} ns
tiosu 22 | I/O Register Setup Time before Clock 45| - |55 - 73} - ns
tioh 23 | I/0 Register Hold Time after Clock 20| - jJ10| - J13}| - ns
tioco 24 | 1/O Register Clock to Out Delay - |20] - |30} - |40] ns
tior 25 | I/O Register Reset to Out Delay - |25 - |25} - | 33] ns
tdin 26 | Dedicated Input Delay - 20| - |40} - [ 53] ns
GRP

tgrpt 27 | GRP Delay, 1 GLB Load - o7} - |15] - | 20} ns
torpa 28 | GRP Delay, 4 GLB Loads - |10} - |20] - | 27] ns
tgrp8 29 | GRP Delay, 8 GLB Loads - |18} - |[30] - | 40] ns
torp12 | 30 | GRP Delay, 12 GLB Loads - |26) - [38] - | 50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |34} - |45} - | 6.0 ns
GLB

taptbp 33 | 4 Product Term Bypass Path Delay - | 65] - | 65] - | 86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |70l - |70] - | 93] ns
t20ptxor 35 | 20 Product Term/XOR Path Delay - | 80] - |80] - |10.6] ns
txoradj 36 | XOR Adjacent Path Delay® - |95 - |95 - |127] ns
tobp 37 | GLB Register Bypass Delay - ]los5] - [10] - |13] ns
tgsu 38 | GLB Register Setup Time before Clock 10| - 110} - |13 | - ns
tgh 39 | GLB Register Hold Time after Clock 35| - 45| - jJ60| - ns
tgoo 40 | GLB Register Clock to Output Delay - |15 - 120} - | 27] ns
tor 41 | GLB Register Reset to Output Delay - |25} - |25} - | 33] ns
tptre 42 | GLB Product Term Reset to Register Delay - [10.0] - |10.0] - |13.3] ns
tptoe 43 | GLB Product Term Output Enable to I/0 Cell Delay - |90] - |90] - |120] ns
tptck 44 | GLB Product Term Clock Delay 35| 75|35(75]46|99] ns
ORP

torp 45 | ORP Delay ' - |25] - |25}) - |33] ns
torpbp 46 | ORP Bypass Delay - |los5] - ]05] - [07] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
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Commercial
Internal Timing Parameters'’
2 -90 -80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX | MIN. [MAX | MIN. [MAX.

Outputs

tob 47 | Output Buffer Delay - |125) - |380] - | 40] ns
toen 48 | /O Cell OE to Output Enabled - |40)] - |s50] - |67] ns
todis 49 | 1/0 Cell OE to Qutput Disabled - |40) - |s0] - | 67| ns
Clocks

toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 35| 3545|451 6.0|60] ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 25| 45)35 (55146 | 73] ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10 | 5010|5013 |66 ] ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line 2545135 | 5546 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line 10| 5010|5013 |66] ns
Global Reset

tor l 55 I Global Reset to GLB and I/0 Registers I - | 7.5 I - I 9.0 l - I 12.0 I ns

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

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| [EST°\4% | DESCRIPTION! UNITS
tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 | 3 | Clock Frequency with Internal Feedback3 MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (qmrss) MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* MHz
tsut ~ | 6 | GLB Reg. Setup Time before Clock, 4PT bypass - ns
tcot 1 | 7 | GLB Reg. Clock to Output Delay, ORP bypass 13 | ns
th1 ~ | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock - | ns
tco2 — |10] GLB Reg. Clock to Output Delay 16 | ns
th2 —~ |11| GLB Reg. Hold Time after Clock 0| - | ns
tr1 1 |12| Ext. Reset Pin to Output Delay - |225| ns
trw1 — |[13] Ext. Reset Pulse Duration 13 | - ns
ten 2 (14| Input to Output Enable - | 24| ns
tdis 3 |15| Input to Output Disable - | 24| ns
twh - |16 Ext. Sync. Clock Pulse- 6 | - | ns
twi - |17 Ext. Sync. Clock Pulse 6 | — | ns
tsus - |18| I/O Reg. Setup Time bé 25| - | ns
ths - |19 85| — | ns

1. Unless noted otherwiss, all parametdfs ise a GRP lo

2. Refer to Timing Model in this da f :
3. Standard 16-Bit loadable coun
4. fmax (Toggle) may be less thal
5. Reference Switching Test:Condi
9/92. Rev. C
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Industrial

Internal Timing Parameters’

PARAMETER #2 DESCRIPTION -60 UNITS
MIN. [MAX

Inputs :

tiobp 20 | I/O Register Bypass

tiolat 21 | I/O Latch Delay

tiosu 22 | I/O Register Setup Time before Clock

tioh 23 | I/O Register Hold Time after Clock

tioco 24 | I/0 Register Clock to Out Delay

tior 25 | I/0 Register Reset to Out Delay

tdin 26 | Dedicated input Delay

GRP

tgrp1 27 | GRP Delay, 1 GLB Load - 20| ns
tgrp4 28 | GRP Delay, 4 GLB Loads - 127]| ns
tgrps 29 | GRP Delay, 8 GLB Loads - | 40| ns
torp12 30 | GRP Delay, 12 GLB Loads - | 50| ns
tgrpt6 31 | GRP Delay, 16 GLB Loads - | 60| ns
GLB

taptbp 33 | 4 Product Term Bypass Pat : - | 86| ns
tiptxor 34 | 1 Product Term/XOR Pathi Délay - 93] ns
t20ptxor 35 | 20 Product Term/XOR Patfi:Dela - |108] ns
txoradj 36 | XOR Adjacent Path:Delay? - |127] ns
tgbp - {13 ]| ns
tgsu 13| - | ns
tgh 60| - | ns
tgco - 27| ns
tor - 33| ns
tptre - 133} ns

' tptoe 3 Term Output Enable to /0 Cell Delay - [12.0| ns

tptck GLB Praduct Term Clock Delay 46|99 | ns
ORP-.

torp : - | 33| ns
torpbp 4 46 | ORP Bypass Delay - 107]| ns

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

Internal Timing Parameters’

PARAMETER| #° | DESCRIPTION UNITS
Outputs
tob 47 | Output Buffer Delay ns
toen 48 | I/0 Cell OE to Output Enabled ns
todis -49 | I/O Cell OE to Output Disabled ns
Clocks
toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line ns
tacp 52 | Clock Delay, Clock GLB to Global GLB Clock Line ns
tioy1/2 53 | Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock L ns
Global Reset
tor | 55 | Global Reset to GLB and l/O Registers | - [120] ns

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

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

9/92. Rev. C
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Illl::
ispLSI 1016 Timing Model

110 Cell GRP GLB ORP 110 Cell
N A — A A -
Feedback
| Ded. in > 726 ) l,‘
@ a O Rigzsypa,ss "’I _ i::a, - 4 P‘::;pass _| o GLB R:g;aypass V| ORP:;PESS 1
(Input) -:I l/\ (Output)
Input _I_ GRP 20 PT GLB Reg ORP #48, 49
D Registerq L%aadllanyg XOR Delays Delay Delay
RST Lt
#55 1-25 #27, 29, > #34,35,36 D Q #45
R 30,31, 32 RST
[y
| Resel )@ #55 | . *‘\4381 2?
A
Clock -
~| Distribution ﬁ:'w' gé
Y1,2 1 #51,52, ’#42 43, CK
53, 54 44 l
[ > =

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min))
= (#20 + #28 + #35) + (#38) - (#20 + #28 + #44)
8.0ns= (1.0+1.0+8.0)+(35)-(1.0+ 1.0+ 3.5)
th = Clock (max) + Reg h - Logic
= (tiobp + tgrp4 + tptck(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
= (#20+#28 + #44) + (#30) - (#20 + #28 + #35)
25ns= (1.0 4+1.0+7.5)+ (3.0)- (1.0+ 1.0 + 8.0)
tco Clock (max) + Reg co + Output

tiobp + tgrp4 + tptck(max)) + (tgco) + (torp + tob)
#20 + #28 + #44) + (#40) + (#45 + #47)
16.0ns = (1.0+ 1.0 +7.5) + (2.0) + (2.5 + 2.0)

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t2optxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
7.0ns= (1.0+1.0+8.0)+ (35)-(3.5+2.0+1.0)
th Clock (max) + Reg h - Logic

gtgy()(max) + tgco + tgep(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor)
#50 + #40 + #52) + (#309) - (#20 + #28 + #35)
35ns= (35+20+50)+(3.0)- (1.0+1.04+80)

tco Clock (max) + Reg co + Output
tayo(max) + tgco + tgep(max)) + (tgco) + (tomp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)

17.0ns = (3.5 + 2.0 +5.0) + (2.0) + (2.5 + 2.0)

1. Calculations are based upon timing specs for the ispLS| 1016-90.

4-11 9/92. Rev. C



7] attice

Specifications ispLSI 1016

Figure 3. Typical Device Power Consumption vs fmax
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Notes: Configuration of Four 16-bit Counters
Typical Currentat 5V, 25°C

Figure 4. Maximum GRP Delay vs GLB loads
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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 (pLSl) devices. By integrating allthe high
voltage programming circuitry on-chip, the programming
can be accomplished by simply shifting data into the
device. Once the functionis programmed, the non-volatile
E2CMOS cells will not lose the pattern even when the
power is turned off.

Figure 5. ispLSI Programming Interface

All necessary programming is done via five TTL level logic
interface signals. Thesefive signals are fed into the on-chip
programming circuitry where a state machine controls the
programming. The interface signals are isp Enable (ispEN),
Serial Data In (SDI), Serial Data Out (SDO), Serial Clock
(SCLK) and Mode (MODE) control. Figure 5 illustrates the
block diagram of one possible scheme for programming
the ispLSI devices. For details on the operation of the
internal state machine and programming of the device
please refer to the in-system programming section in this
pLSI and ispLSI Data Book Supplement.

iSpEN
ispEN
ispEN
MODE
SCLK
Programming
Control —> —> >
Circuitry o ispLS ispLS! > ispLsl
Device Device Device
SDI
< SDO
9/92. Rev. C
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Programming Voltage/Timing Specifications

4-14

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcee Programming Voltage Commercial 475 > 525 \
Industrial 4.5 5.5
fccp Programming Supply Current ispEN = Low - 50 100 mA
VIHP Input Voltage High 2.0 - Vcep \'
ViLp Input Voltage Low 0 - 0.8 \"
hp Input Current - 100 | 200 pA
VOHP Output Voltage High low =-3.2 mA 24 - Vecep v
VoLpr Output Voltage Low lo. =5 mA 0 - 0.5 \Y
tr, t Input Rise and Fall - - 0.1 us
tisp ispEN to Output 3-State - 2 10 s
tsu Setup Time 0.1 0.5 - us
tco Clock to Output 0.1 0.5 - us
th Hold Time 0.1 0.5 - us
tclkh, tclki Clock Pulse Width, High and Low 0.5 1 - us
towv Verify Pulse Width 20 30 - us
tpwp Programming Pulse Width 40 - 100 ms
toew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vgop 45 - - ps
9/92. Rev. C
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Figure 6. Timing Waveforms for In-System Programming
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Figure 7. Program, Verify & Bulk Erase Waveforms
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Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLS| and ispLSI Architec-
forthe ispLSI1 1016. For adetailed explanation refertothe tural Description section of this Data Book Supplement.

Figure 8. ispLSI Device & Shift Register Layout
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Data In 79... High Order Shift Register -0
(SDI) 150.. _ Low Order Shift Register “aa] ) > SP0
__sDI

95

[
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E2CMOS Cell Array @
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Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification.
A logic "0" disables it.
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Pin Description ‘

Name 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
110 4-1/07 19, 20, 21, 22 logic array.
110 8-1/0 11 25, 26, 27, 28,
11012 -1/0 156 29, 30, 31, 32
11016 -1/0 19 37, 38, 39, 490,
11020 - 110 23 41, 42, 43, 44,
110 24 - 110 27 3, 4, 5, 6,
1710 28 - 110 31 7, 8, 9, 10
IN3 2 Dedicated input pins to the device.
ispEN 13 Input — Dedicated in-system programming enable input pin. This pin

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

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

MODE/N 2 36 Input— This pin performs two functions. ltis a dedicated input pin when
ispEN is logic high. When ispEN is logic low, it functions as a pin to
control the operation of the isp state machine.

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

SCLK/Y2 33 Input — This pin performs two functions. It is a dedicated clock input
when ispEN is logic high. This clock input is brought into the Clock
Distribution Network, and can optionally be routed to any GLB and/or
I/0 cell on the device. When ispEN is logic low, it functions as a clock
pin for the Serial Shift Register.

Yo 1 Dedicated Clock input. This clock input is connected to one of the
clock inputs of all of the GLBs on the device.
Y1/RESET 35 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/0 cell on the device. )

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

registers inthedevice.

GND 1, 23 Ground (GND)
Vce 12, 34 Vee

4-17 9/92. Rev. C
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Pin Configuration )

ispL.Sl 1016 PLCC Pinout Diagram

N O Wn < N N O O
N NN KN ™ ON N NN+~
QQQQ=2522022°
6 5 4 3 2 1 44 43 42 41 40
11028 7 391110 18
11029 8 38[] 1017
11030 o9 37[d o 16
11031 J10 36[] MODE/IN 2
Yo 11 351 Y1/RESET
vee 12 ispLSI 1016 34[q vee
ispEN []13 33{] SCLK/Y2
SDIIN 0 []14 3211015
1100 15 31[d 11014
101 16 301013
o217 29[J 110 12
18 19 20 21 22 23 24 25 26 27 28
OO0 OO0
M T 0 O~ % - O O 8 ;
QQReeQeg % Q%o
(=]
wn
Package Diagram
44-Pin PLCC
0042 , 4o Dimensions in inches MIN./MAX. M9~920
0.048 0.050 '_’li"‘”'“
BSC
7 1
B
Top View g%ag_((;
650 . 0.090
0.120
025 0.165
1 Al
0695 Seating Plane —s
Coplanarity not
to exceed 0.004
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Specifications ispLSI 1016

Part Number Description

ispLSI 1016 - XX X X

X

Device Family ——J —I_— Grade
Blank = Commercial
| = Industrial
Device Number Package
J=PLCC
Speed Power
90 = 90 MHz fmax L=Low
80 = 80 MHz fmax
60 = 60 MHz fmax
Ordering Information
COMMERCIAL
fmax (MHz) | tpd (ns) Ordering Number Package
90 12 ispLS| 1016-90LJ 44-Pin PLCC
80 15 ispLSI 1016-80LJ 44-Pin PLCC
60 20 ispLSI 1016-60LJ 44-Pin PLCC
INDUSTRIAL
fmax (MHz) | tpd (ns) Ordering Number Package
60 20 ispLS| 1016-60LJI 44-Pin PLCC

4-19
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ispLSI™ 1024

in-system programmable Large Scale Integration

High-Density Programmable Logic

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

— 48 /0 Pins, Six Dedicated Inputs

— 144 Registers

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

— Small Logic Block Size for Fast Random Logic

— Security Cell Prevents Unauthorized Copying

+ HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 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 FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device can Combine Glue
Logic and Structured Designs

— 100% Routable with High Utilization

— Four Dedicated Clock input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Global
Interconnectivity

+ pLSVispLSI DEVELOPMENT SYSTEM (pDS™).

pDS Software

— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table
pDS+™ Software
— Industry Standard, Third Party Design
Environments
— Schematic Capture, State Machine, VHDL
— Automatic Partitioning
— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Logic
Array

0 M [ [

Output Routing Pool

FEEE] EEER] CEER] EEEE Bl
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Global Routing Pool (GRP)

lll@ﬁ@@l

[ Output Routing Pool |
B3 ETT (I B0 LR BE

The Lattice ispLS| 1024 is a High-Density Programmable
Logic Device featuring 5-Volt in-system programmability
andin-system diagnostic capabilities. The device contains
144 Registers, 48 Universal I/O pins, six Dedicated Input
pins, four Dedicated Clock Input pins and a Global Routing
Pool (GRP). The GRP provides complete interconneéctivity
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/XOR array, and four outputs which canbe
configured to be either combinatorial or registered. inputs
to the GLB come from the GRP and dedicated inputs. All
of the GLB outputs are brought back into the GRP so that
they can be connected to the inputs of any other GLB onthe
device.

E& ELED] EEEE EErD ETED

ll

Copyngm ©1992 Lamoe Semxoonductor Com. GAL, E‘CMOS and UttraMOS are regi
of Lattice f

Corp. The ifi and i

of Lattice Semi
ion herein are subject to change without notice.

LATTICE SEMICONDUCTOR CORP., 56555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A.

d Corp. pLS|, ispLS!, pDS, pDS+ and Generic Array Logic are

September 1992. Rev. C

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423)
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Specifications ispLSI 1024

Functional Block Diagram

Figure 1. ispL.Sl 1024 Functional Block Diagram

RESET

Generic
Logic Blocks
(GLBs)

IN5
IN4
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o1
(e}
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1047
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1o 43
1o 42
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o
g
104 E :8' 1041
vos|iE o R E] 0 40
o6 3 Global ol |®
o7 2l & Routing =AH 1039
0l | o Pool 31l|s
51| £ (GRP) o yo3s
Vo8 é- 5 5 11037
£ o a
o« 3
5 o
8
p=1
[o]

o 12
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1o 14

/o35
/034
1033
1032

CEET] ETEEY EEEE] EREL

10 15
SDUIN 0 z
SDO/IN 1 _]
CLKO
Clock | —StK1
Distribution
IOCLK 0
Megablock Output Routing Pool (ORP) Network - [—geres
l Input Bus
N (11T CEfE EIEE EETD
SCLK/IN2 — /OO IOUO O WOUOVO O UOWOUO OO IO IO YYYY
MODE/IN3 16171819 20212223 24252627 26 29 30 31 0123

The device also has 48 1/O cells, each of which is directly
connected to an /O 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
control. -Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

Eight GLBs, 16 1/O cells, two dedicated inputs and one
ORP are connected together to make a Megablock (see
figure 1). The outputs of the eight GLBs are connected to
a set of 16 universal I/O cells by the ORP. The I/O cells
within the Megablock also share a common Qutput Enable
(OE) signal. The ispLSI 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 /O cells. All of
these signals are made available'to the inputs of the GLBs.
Delays through the GRP have been equalized to minimize
timing skew. )

Clocks in the ispLSI 1024 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YO, Y1, Y2 and Y3) are brought into the distribution
network, and five clock outputs (CLK 0, CLK 1, CLK 2,
I0CLK 0 and IOCLK 1) are provided to route clocks to the
GLBs and I/0 cells. The Clock Distribution Network can
also be driven from a special clock GLB (B4 on the ispLSI
1024 device). The logic of this GLB allows the user to .
create an internal clock from a combination of internal
signals within the device.

4-22
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Specifications ispLSI 1024

Absolute Maximum Ratings 1

Supply Voltage Ve .« oo ooeee oL -0.5t0 +7.0V
Input Voltage Applied. .............. -25t0 Vge +1.0V
Off-State Output Voltage Applied. ... .. -25t0 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 Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°Cto +70°C 4.75 5.25
Vcc Supply Voltage v
Industrial Ta=-40°C to +85°C 45 55
ViL Input Low Voltage 0 0.8 v
VIH Input High Voltage 2.0 Vee + 1 \"

Capacitance (T,=25°C, f=1.0 MHz) -

SYMBOL PARAMETER MAXIMUM? UNITS TEST CONDITIONS
C, Dedicated Input Capacitance 8 pf Ve=5.0V, V,=2.0V
C2 I/0 and Clock Capacitance 10 pf Vee=5.0V, V0, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES

9/92. Rev. C
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EEEERR
Switching Test Conditions
Input Pulse Levels GND to 3.0V Figure 2. Test Load
Input Rise and Fall Times < 3ns 10% to 90% 5V
+
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R1
Output Load See Figure 2 Device . . Te.st
3-state levels are measured 0.5V from steady-state Output " Point
active level. *
R2 I CL
Output Load Conditions = =
Test Condition R1 R2 cL *C|_ includes Test Fixture and Probe Capacitance.
470Q | 390Q 35pF
2 Active High oo 390Q 35pF
Active Low 470Q 390Q 35pF
Active Highto Z oo 390Q 5pF
3 | atV,,-0.5V
Active Low to Z 470Q 390Q 5pF
atV, +05V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
VoL Output Low Voltage lo =8 MA - - 0.4 v
VOH Output High Voltage low =-4 MA ) 24 - - v
IR Input or /O Low Leakage Current | OV <V, <V, (MAX) - - -10 pA
IH Input or I/0 High Leakage Current | V<V < Ve - - 10 MA
liL-isp | isp Input Low Leakage Current 0V <V £V, (MAX) - - -150 pA
liL-Pu | /O Active Pull-Up Current oV<Vy<sV, - - -150 HA
lost Output Short Circuit Current Vee = 5V, Vour -60 - -200 mA
ICC2 | Operating Power Supply Current | V, =0.5V,V,,=3.0V| Commercial - 130 | 190 mA

froaLe = 20 MHz Industrial - 130 | 215 mA

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

424 9/92. Rev. C



Specifications ispLSI 1024
Commercial

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER| JEST®|4% | DESCRIPTION! 80 %0 lunrs
MIN. MAX.] MIN. [MAX,

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - |11} -] 20 ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - | 20 - 25 ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 80 | -~ ] 60| — | MHz
fmax (Ext.) | - |4 | Clock Frequency with External Feedback @) 50 | — |38 | - | MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* 100 — | 83| - | MHz
tsul — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tcot 1 | 7 | GLB Reg. Clock to Output Delay, ORP bypass - |10] - |13} ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 10 | - 13 - ns
tco2 — |10| GLB Reg. Clock to Output Delay - 11271 - 16 ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - 0 - ns
tr1 1 |12| Ext. Reset Pin to Output Delay - |17 ] - |225] ns
trwi — |13] Ext. Reset Pulse Duration 10| -§13| -] ns
ten 2 [14] Input to Output Enable - | 18] - |24] ns
tdis 3 [15] Input to Output Disable - |18} - |24] ns
twh — |16 Ext. Sync. Clock Pulse Duration, High 5 - - ns
twi — [17] Ext. Sync. Clock Pulse Duration, Low 5 | - -1 ns
tsus —~ |18] /0 Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 125| - ns
ths — |19] I/0 Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| — |85 — ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.

9/92. Rev. C
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Specifications ispLSI 1024

aEn ]

Commercial

PARAMETER| # | DESCRIPTION 80 -60 UNITS

MIN. [MAX] MIN. [MAX.

inputs
tiobp 20 | /O Register Bypass - |20 - |27] ns
tiolat 21 | I/O Latch Delay - {80)] - |40} ns
tiosu 22 | I/0 Register Setup Time before Clock ‘ 65| - |73 | - ns
tioh 23 | I/O Register Hold Time after Clock 10| - 13| - ns
tioco 24 | I/O Register Clock to Out Delay - {30] - |40] ns
tior 25 .| /O Register Reset to Out Delay - 125] - |383] ns
tdin 26 | Dedicated Input Delay - {40)] - | 53] ns
GRP
torp1 27 | GRP Delay, 1 GLB Load - |15 - | 20] ns
torp4 28 | GRP Delay, 4 GLB Loads - l20] - |27] ns
torps 29 | GRP Delay, 8 GLB Loads - {30 - |40] ns
torp12 30 | GRP Delay, 12 GLB Loads - |38] - |50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |45] - | 60] ns
torp24 32 | GRP Delay, 24 GLB Loads - (63| - |83] ns
GLB
t4ptbp 33 | 4 Product Term Bypass Path Delay - |65] - |86] ns
tiptxor 34 | 1 Product Term/XOR Path Delay - 70| - {93] ns
t2optxor 35 | 20 Product Term/XOR Path Delay - | 80] - |106] ns
txoradj 36 | XOR Adjacent Path Delay® - |l95] - [127] ns
tgbp 37 | GLB Register Bypass Delay - |10} - | 13] ns
tgsu 38 | GLB Register Setup Time before Clock 10| — 113 | - ns
tgh 39 | GLB Register Hold Time after Clock 45| - | 60| - ns
toco 40 | GLB Register Clock to Output Delay - |l20] - |27} ns
tor 41 | GLB Register Reset to Output Delay - |25 - | 33] ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0] - [133] ns
tptoe 43 | GLB Product Term Output Enable to 1/0 Cell Delay - |90} - {120] ns
tptck 44 | GLB Product Term Clock Delay 35 |75]46 |99 ns
ORP |
torp 45 | ORP Delay - |25] - |33] ns
torpbp 46 | ORP Bypass Delay - |(05] - |07] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
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Commercial
Internal Timing Parameters!
-80 -60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX.| MIN. [MAX]

Outputs

tob 47 | Output Buffer Delay - |30} - |40] ns
toen 48 | 1/O Cell OE to Output Enabled - |50}) - |67] ns
todis 49 | I/0 Cell OE to Output Disabled - |50 - |67} ns
Clocks

toyo 50 | Clock Delay, YO to Global GLB Clock Line (Ref. clock) 45| 451 6.0 | 6.0 ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 55146 | 73| ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50} 13| 66| ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/0 Cell Global Clock Line 35| 55)46| 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line 10| 50113 | 66 ] ns
Global Reset

tor | 55 | Global Reset to GLB and I/ Registers | - [oo] - [120] ns

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

External Timing Parameters

Over Recommended Operating Conditions

4-28

PARAMETER |TEST¥|#% | DESCRIPTION' UNITS
tpd1 1 |1 | Data Propagation Delay, 4PT bypass, ORP bypass ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® MHz
fmax (Ext.) — | 4 | Clock Frequency with External Feedback (‘uf—mﬂ) MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle* MHz
tsut - | 6 | GLB Reg. Setup Time before Clock, 4PT bypass ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass ns
th1 — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass ns
tsu2 — | 9 | GLB Reg. Setup Time before Clock 183 | - ns
tco2 — |10 GLB Reg. Clock to Output Delay - |16 | ns
th2 - |11 GLB Reg. Hold Time after Clock 0 - | ns
tr1 1 |12 Ext. Reset Pin to Output Delay - |225]| ns
trwi — |13| Ext. Reset Pulse Duration 13 - ns
ten 2 ' |14] Input to Output Enable - | 24| ns
tdis 3 |15] Input to Output Disable - | 24| ns
twh — {16 Ext. Sync. Clock Puls - | ns
twl - [17 ! - | ns
tsus - |18 25| - | ns
ths - |19 85| - | ns

1.

2.

3.

4. fmax (Toggle) may be less }

5. Reference Switching Tes!

9/92. Rev. C



Specifications ispLSI 1024

Industrial
-60
PARAMETER| # | DESCRIPTION UNITS
MIN. [MAX.
Inputs
tiobp 20 | I/O Register Bypass ns
tiolat 21 | I/O Latch Delay ns
tiosu 22 | /0 Register Setup Time before Clock ns
tioh 23 | I/O Register Hold Time after Clock ns
tioco 24 | 1/O Register Clock to Out Delay ns
tior 25 | I/O Register Reset to Out Delay ns
tdin 26 | Dedicated Input Delay 53| ns
GRP
torp1 27 | GRP Delay, 1 GLB Load —T20] ns
tgrpa 28 | GRP Delay, 4 GLB Loads - | 27| ns
torps 29 | GRP Delay, 8 GLB Loads - | 40| ns
torp12 30 | GRP Delay, 12 GLB Loads - | 50| ns
torp16 31 | GRP Delay, 16 GLB Loads - |60 ns
torp24 32 | GRP Delay, 24 GLB Loads - | 83| ns
GLB
taptop 33 - | 86| ns
t1ptxor 34 - 193] ns
t20ptxor 35 - |10.6]| ns
txoradj 36 - [12.7] ns
tobp 37 - [ 13| ns
tgsu 13| - | ns
toh 60| - | ns
tgco - 27| ns
tor - 33| ns
totre diciTerm Reset to Register Delay - [13.3] ns
tptoe P Uct Term Output Enable to I/0 Cell Delay - |12.0] ns
tot [:B.Product Term Clock Delay 46 | 99| ns
ORP
torp ORP Delay - | 83| ns
torpbp ORP Bypass Delay - 07| ns
1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
9/92. Rev. C
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Industrial

Internal Timing Parameters!

PARAMETER| # | DESCRIPTION UNITS
Outputs
tob 47 | Output Buffer Delay ns
toen 48 | /0 Cell OE to Output Enabled ns
todis 49 | /O Cell OE to Output Disabled ns
Clocks
toyo 50 | Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 60| ns
toy1/2 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 73| ns
tocp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 13| 66 | ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 46 | 73 | ns
tiocp 54 | Clock Delay, Clock GLB to I/O Cell Global Clock Lins 1.3 | 66 | ns
Global Reset
tor | 55 ] Global Reset to GLB and I/0 Registers I - I 12.0L ns

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

ispLS! 1024 Timing Model

11O Cell GRP GLB ORP 110 Cell
N Al —— A A
~ - ~ — ~ ~
Feedback
| Ded. In )- 726 ) I.:I
. 110 Reg Bypass »| GRP4 4PTB GLB Rog Bypass ORP Bypass
Erg-opr ey e S i) o i1 g O
(Input) L —:I ( (Output)
Input J_ GRP 20 PT GLB Reg ORP #48, 49
D Register @ Lgae&‘-liianyg XOR Delays Delay Delay
' RST >
#55 1-25 #27, 29, * #34, 35, 36 b Q #45
R 30,31, 32 RST
[
Reset )@ #55 > *3& 41"
Z\
3

Clock = Control RE

Distribution PTs oE

I Y1,23 > 1 #61,52, 42,43, CK

53,54 44 |
Yo > #50 >

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

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

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

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

tsu = Logic + Reg su - Clock (min)
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyo(min) + tgco + tgcp(min))
= (#20 + #28 + #35) + (#38) - (#50 + #40 + #52)
7.0ns= (2.0 +2.0+8.0)+(1.0)- (3.0 + 2.0+ 1.0)
th = Clock (max) + Reg h - Logic
= (tgyo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tarpa + t20ptxor)
= (#50 + #40 + #52) + (#39) - (#20 + #28 + #35)
25ns= (3.0+2.0+50)+(45)-(2.0+2.0+80)
tco Clock (max) + Reg co + Output

2lgy0(max) +tgco + tgep(max)) + (tgco) + (torp + tob)
#50 + #40 + #52) + (#40) + (#45 + #47)
17508 = (3.0+2.0 4 5.0) + (2.0) + (2.5 + 3.0)

1. Calculations are based upon timing specs for the ispLSI 1024-80.
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Figure 3. Typical Device Power Consumption vs fmax
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Figure 4. Maximum GRP Delay vs GLB Loads
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Specifications ispLSI 1024

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 allthe 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.

Figure 5. ispLSI Programming Interface

All necessary programming is done via five TTL level logic
interface signals. These five signals are fed into the on-
chip programming circuitry where a state machine controls
the programming. The interface signals are isp Enable
(ispEN), Serial Data In (SDI), Serial Data Out (SDO), Serial
Clock (SCLK) and Mode (MODE) control. Figure 5 illus-
trates the block diagram of one possible scheme for
programming the ispLSI devices. For details on the
operation of the internal state machine and programming
of the device please refer to the in-system programming
section in this pLSI and ispLSI Data Book Supplement.

ispEN
iSpEN
iSpEN
MODE
SCLK
Programming
Control —» N
Circuitry . < .
ispLSI »| ispLSI ] ispLSI
Device Device Device
SDI |
SDO
9/92. Rev. C
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aEm : L1
SEEEEn
SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
Vcer Programming Voltage Commercial 473 > i \'
Industrial » 45 5 55

Iccp Programming Supply Current ispEN = Low - 50 100 mA
VIHP Input Voltage High 2.0 - Vcep \%
ViLp Input Voltage Low 0 - 0.8 \'
lip Input Current - 100 | 200 HA
VOHP Output Voltage High lon = -3.2 mA 2.4 - Veep \
VoLp Output Voltage Low lo. =5 mA 0 - 0.5 \Y
t Input Rise and Fall - - 0.1 us
tisp m to Output 3-State - 2 10 us
{su Setup Time 0.1 0.5 - us
tco Clock to Output 0.1 0.5 - us
th Hold Time 0.1 0.5 - us
tclkh, telki Clock Pulse Width, High and Low 0.5 1 - us
towv Verify Pulse Width 20 30 - us
towp Programming Pulse Width 40 - 100 ms
tbew Bulk Erase Pulse Width 200 - - ms
trst Reset Time From Valid Vogp 45 - - us

434 9/92. Rev. C
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Figure 6. Timing Waveforms for in-System Programming

I3

vccP bt \

— —
U“i‘;spelg /////A/// ispLS| Pins are 3-Stated During Programming //////// \
Unused ~ HI-Z
Output 7|
—> tisp
ispEN ‘\
:Ilsua— th ——l
e—th tispfe—
MODE / \
SDI AN
SCLK
Vi tsu th vou teo —|
$DO Valid W\
ViL VoL

Figure 7. Program, Verify & Bulk Erase Waveforms

Execute State (Program, Verify or Bulk Erase Instruction)
N
MODE N\ N
lﬂ- tpwp, tbew, or tpwv
N
Sl tsu le—— th ———»\ / \_
e— toikh +tsu "I
SCLK

Ii— teii :
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Figure 8 illustrates the address and data shift register bits  Device Layout discussion inthe pLSI and ispLS! Architec-
forthe ispLSI 1024. For a detailed explanation refertothe tural Description section of this Data Book Supplement.

Figure 8. ispL Sl Device & Shift Register Layout

D D
A A
T T
| ]
Data In 119... High Order Shift Register -0
(SDI) 239.. Low Order Shift Register 120 }’ Sbo
SDI

101

@

@

o

[

@

E

»

E2CMOS Cell Array o

2

°

©

<

0]y
SDO

Note: A logic "1" in the Address Shift Register bit position enables the row for programming or verification.
A logic "0" disables it.
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mEEnEn
EEEEEs
Pin Description
Name PLCC Pin Numbers Description

1/100-1/03 22, 23, 24, 25, Input/Output Pins - These are the general purpose I/0 pins used by the
I104-1y07 26, 27, 28, 29, logic array.
110 8-1/1011 30, 31, 32, 33,
110 12-1/0 15 37, 38, 39, 4o,
110 16 - /0 19 41, 42, 43, 44,
11020 - 110 23 45, 46, 47, 48,
110 24 - 110 27 56, 57, 58, 59,
1/0 28 - 1/0 31 60, 61, 62, 63,
1/0 32 - 1/10 35 64, 65 66, 67,
110 36 - /0 39 3, 4, 5, 6,
1/0 40 - /0 43 7, 8, 9, 10,
1/0 44 - /0 47 11, 12, 13, 14
IN4-INS 2, 15 Dedicated input pins to the device.
ispEN 19 Input — Dedicated in-system programming enable input pin. This pin

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

SDI/INO 21 Input—This pin performs two functions. Itis adedicated input pinwhen
ispEN is logic high. When ispEN is logic low, it functions as an input
pin to load programming data into the device. SDV/IN 0 also is used as
one of the two control pins for the isp state machine.

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

SDO/IN 1 34 Input/Output — This pin performs two functions. It is a dedicated clock
inputpinwhen ispEN is logic high. When ispEN is logic low, it functions
as an output pin to read serial shift register data.

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

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

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

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

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

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

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

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

Vce 17, 36, 53, 68 Ve

9/92. Rev. C
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Pin Configuration

ispLSl 1024 PLCC Pinout Diagram

939383858, 008383858%
22922929222522222222
mininininisisisisinisisisisisinln!
9 87 65 4 3 2 1 6867 66656463 62 61
110 43 10 60 [ vo 28
110 44 11 50 [1 vo 27
1o 45 12 58 [] 1026
o046 13 s7[J vo2s
10 47 14 56 [ ] V0 24
IN5 []15 55 [ 1 MODE/IN 3
Yo Q16 541 Y1
vee 17 53 [ vee
GND 18 ispLSI 1024 52 [1 GND
ispEN []19 51 y2
RESET [J20 50 [J Y3
SDVINO [J21 49 [] SCLK/IN2
voo []22 4811023
o1 23 470 V022
Vo2 a4 4[] vo 21
o3 a5 4517 11020
o4 o6 4[] 1019
27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43
OoOoooOoooooooooooog
can®oee-C-ogQueTReRe
8822829088 %00000¢2¢
a
(2]
Package Diagram
68-Pin PLCC
0042  4so Dimensions in inches MIN./MAX. 0020
0.048 ooso  Migimum
' BSC
: 4
T
Top View
O OO T T, —L
0.090
0950 | 2
0.985
0.995 ) '
Seating Plane
Coplanarity not
to exceed 0.004
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Part Number Description

ispLSI 1024 - XX X X X

Device Family ——-] —l—— Grade
Blank = Commercial
| = Industrial
Device Number Package
J=PLCC
Speed — Power
80 = 80 MHz fmax L=Low
60 = 60 MHz fmax
'Ordering Information
COMMERCIAL
fmax (MHz) | tpd (ns) Ordering Number Package
80 15 ispLSI 1024-80LJ 68-Pin PLCC
60 20 ispLSI 1024-60LJ 68-Pin PLCC
INDUSTRIAL
fmax (MHz) | tpd (ns) Ordering Number Package
60 20 ispLSI 1024-60LJI 68-Pin PLCC

4-39
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ispLSI” 1032

in-system programmable Large Scale Integration

High-Density Programmable Logic

Features

+ IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC

— Member of Lattice’s ispLSI Family

— Fully Compatible with Lattice's pLSI™ Family

— High-Speed Global Interconnects i

— 64 /O Pins, Eight Dedicated Inputs

— 192 Registers

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

— Small Logic Block Size for Fast Random Logic

— Security Cell Prevents Unauthorized Copying

» HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— fmax = 80 MHz Maximum Operating Frequency
— 1pd = 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 FLEX-
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS

— Complete Programmable Device can Combine Glue
Logic and Structured Designs

— 100% Routable with High Utilization

— Four Dedicated Clock Input Pins

— Synchronous and Asynchronous Clocks

— Flexible Pin Placement

— Optimized Global Routing Pool Allows Giobal
Interconnectivity

* pLSVispLSI DEVELOPMENT SYSTEM (pDS™)

pDS Software
— Easy to Use PC Windows™ Interface
— Boolean Logic Compiler
— Manual Partitioning
— Automatic Place and Route
— Static Timing Table
pDS+™ Software
— Industry Standard, Third Party Design
Environments
— Schematic Capture, State Machine, VHDL
— Automatic Partitioning
— Automatic Place and Route
— Comprehensive Logic and Timing Simulation
— PC and Workstation Platforms

Functional Block Diagram
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The Lattice ispLSI 1032 is a High-Density Programmable

Logic Device featuring 5-Volt in-system programmability
and in-system diagnostic capabilities. The device contains
192 Registers, 64 Universall/Opins, 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. Itis architecturally and parametri-
cally compatible to the pLSI 1032 device, but multiplexes
four of the dedicated input pins to control in-system pro-
gramming.

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
ispLSI 1032 device. Each GLB has 18 inputs, a program-
mable AND/OR/XOR array, and four outputs which canbe
configured to be either combinatorial or registered. Inputs
to the GLB come from the GRP and dedicated inputs. All
of the GLB outputs are brought back into the GRP so that
they canbe connectedto the inputs of any other GLB onthe
device.

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UltraMOS are regi J
ks of : o Pl i ‘

ks of Lattice Corp. pLSI, ispL.SI, pDS, pDS+ and Generic Array Logic are

Lattice i Corp. Th and

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

herein are subject to change without notice.

September 1992. Rev. C

Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-800-LATTICE (528-8423)
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Functional Block Diagram {

Figure 1. ispLSI 1032 Functional Block Diagram
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The device also has 64 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
control. Additionally, all outputs are polarity selectable,
active high or active low. The signal levels are TTL
compatible voltages and the output drivers can source 4
mA or sink 8 mA.

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

Clocks in the ispLSI 1032 device are selected using the
Clock Distribution Network. Four dedicated clock pins
(YO0, Y1, Y2 and Y3) are brought into the distribution
network, and five clock outputs (CLK 0, CLK 1, CLK 2,
I0CLK 0 and IOCLK 1) are provided to route clocks to the
GLBs and I/0 cells. The Clock Distribution Network can
also be driven from a special clock GLB (CO0 on the ispLSI
1032 device). The logic of this GLB allows the user to
create an internal clock from a combination of internal
signals within the device.

4-42
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sunmmas

Supply Voltage Vg . . .o oo -0.5t0 +7.0V

Input Voltage Applied. .............. -2.5t0 Vgc +1.0V

Off-State Output Voltage Applied ... ... .. -2.5t0 Vgo +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 Conditions

SYMBOL PARAMETER MIN. MAX. UNITS
Commercial Ta= 0°Cto+70°C 475 5.25
Vcc Supply Voltage v
Industrial Ta=-40°Cto +85°C 45 55
ViL Input Low Voltage 0 0.8 \"
VIH Input High Voltage 2.0 Vee + 1 v

Capacitahce (T,=25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM! UNITS | TEST CONDITIONS
C, Dedicated Input Capacitance 8 pf Ve=5.0V, Vj=2.0V
C, /O and Clock Capacitance 10 pf Vee=5.0V, V,q, Vy=2.0V

1. Guaranteed but not 100% tested.

Data Retention Specifications

PARAMETER MINIMUM MAXIMUM UNITS
Data Retention 20 - YEARS
Erase/Reprogram Cycles - 1000 CYCLES

9/92. Rev. C
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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% L5V

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 1.5V R1

Output Load See Figure 2 Device o Te‘st
3-state levels are measured 0.5V from steady-state Output — Point
active level.

*

R2 CL

)

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

Test Condition R1 R2 CL
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 5pF
atV,, +0.5V

DC Electrical Characteristics

Over Recommended Operating Conditions

SYMBOL PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
VoL Output Low Voltage lo =8 MA - - 0.4 V'
VOoH Output High Voltage low =-4 mMA 2.4 - - v
I Input or I/O Low Leakage Current | 0V <V, <V, (MAX.) - - -10 HA
IH Input or I/0 High Leakage Current | V<V <V - - 10 MA
liL-isp | isp Input Low Leakage Current 0V <V <V, (MAX) - - -150 uA
liL-Pu | /O Active Pull-Up Current oVsVy<sV, - - -150 nA
los? Output Short Circuit Current Veo =5V, Vour -60 - | 200 | mA
IcC2 | Operating Power Supply Current | V, =05V, V,,=3.0V| Commercial - 135 | 195 mA

froaaie = 20 MHz Industrial - 135 | 220 mA

-

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

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER |TESTS|4?| DESCRIPTION! %0 0 unrrs
MIN. [MAX.] MIN. |MAX.

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass - |15 - 120 ] ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path - 120} - | 25 ns
fmax 1 | 3 | Clock Frequency with Internal Feedback® 80| — | 60 - | MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (i) 50 | - |38 - | MHz
fmax (Tog.) — | 5 | Clock Frequency, Max Toggle* 100 — | 8 | - | MHz
tsu1 — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns
tco1 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - | 10) - | 13| ns
thi —~ | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns
tsu2 - | 9 | GLB Reg. Setup Time before Clock 10 -]13] -1 ns
tco2 — [10| GLB Reg. Clock to Output Delay - {12 -]16] ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - 0 - ns
tr1 1 |12| Ext. Reset Pin to Output Delay » - 117 ] - |225] ns
trw1 - |13 Ext. Reset Pulse Duration 10| -113| -] ns
ten 2 [14] Input to Output Enable - 118} -] 24] ns
tdis 3 |15/ Input to Output Disable ’ - (18} -|24] ns
twh — |16] Ext. Sync. Clock Pulse Duration, High 5 - - ns
twl — |17 Ext. Sync. Clock Pulse Duration, Low 5 - - ns
tsus — |18] I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 125 | - ns
ths — [19] I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 65| - 85| - ns

1. Unless noted otherwise, all parameters use a GRP load of 4 GLBs, 20 PTXOR path, ORP and YO clock.

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

3. Standard 16-Bit loadable counter using GRP feedback.

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

5. Reference Switching Test Conditions Section.
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Commercial

PARAMETER| #? | DESCRIPTION 80 60 UNITS

MIN. [MAX.[MIN. [MAX,
Inputs
tiobp 20 | I/O Register Bypass - (20 - |27] ns
tiolat 21 | 1/O Latch Delay - |[30] - |40] ns
tiosu 22 | I/O Register Setup Time before Clock 55| - 173 - | ns
tioh 23 | I/0 Register Hold Time after Clock 10| - |13 - | ns
tioco 24 | I/0 Register Clock to Out Delay - |30] - |40] ns
tior 25 | I/O Register Reset to Out Delay - - 1251 - | 33] ns
tdin 26 | Dedicated Input Delay - 40| - | 53] ns
GRP |
tgrp1 27 | GRP Delay, 1 GLB Load - |15] - |20] ns
tgrpa 28 | GRP Delay, 4 GLB Loads - |20} - |27] ns
torps 29 | GRP Delay, 8 GLB Loads - |30 - [40] ns
tgrp12 30 | GRP Delay, 12 GLB Loads - |38] - |50] ns
tgrp16 31 | GRP Delay, 16 GLB Loads - |45] - | 60] ns
torpa2 32 | GRP Delay, 32 GLB Loads - |80] - [106] ns
GLB
t4ptop 33 | 4 Product Term Bypass Path Delay - |65) - |86] ns
t1ptxor 34 | 1 Product Term/XOR Path Delay - |70 - | 93] ns
t2optxor 35 | 20 Product Term/XOR Path Delay - | 80] - |10.6] ns
txoradj 36 | XOR Adjacent Path Delay® - |95] - [127] ns
tobp 37 | GLB Register Bypass Delay - |10} - | 13}] ns
tgsu 38 | GLB Register Setup Time before Clock 10| - 13| - ns
toh 39 | GLB Register Hold Time after Clock 45| - 60| - | ns
tgco 40 | GLB Register Clock to Output Delay - |20 - |27] ns
tor 41 | GLB Register Reset to Output Delay - 1251 - | 33] ns
tptre 42 | GLB Product Term Reset to Register Delay - |10.0] - ]|13.3] ns
tptoe 43 | GLB Product Term Output Enable to I/0 Cell Delay - | 980] - |120] ns
tptck 44 | GLB Product Term Clock Delay 35175146 |99} ns
ORP
torp 45 | ORP Delay - |25] - |33} ns
torpbp 46 | ORP Bypass Delay - |05} - |[07] ns

1. Internal Timing Parameters are not tested and are for reference only.
2. Refer to Timing Model in this data sheet for further details.
3. The XOR Adjacent path can only be used by Lattice Hard Macros.
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Commercial
Internal Timing Parameters?
-80 -60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX | MIN. [MAX|

Outputs

tob 47 | Output Buffer Delay - |30 - [40] ns
toen 48 | /O Cell OE to Output Enabled - |50 - |67] ns
todis 49 | /0 Cell OE to Output Disabled - |50 - |67} ns
Clocks

toyo 50 | Clock Delay, Y0 to Global GLB Clock Line (Ref. clock) 45| 45160 | 6.0] ns
toy12 51 | Clock Delay, Y1 or Y2 to Global GLB Clock Line 35| 5546 |73 ns
tacp 52 | Clock Delay, Clock GLB to Global GLB Clock Line 10| 50f 1.3 | 6.6 ns
tioy2/3 53 | Clock Delay, Y2 or Y3 to I/0 Cell Global Clock Line 355546 | 73] ns
tiocp 54 | Clock Delay, Clock GLB to I/0 Cell Global Clock Line 10| 50} 13|66} ns
Global Reset

tor | 55 LGIobaI Reset to GLB and |/O Registers I - I 9.0 L - [12.0] ns

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

External Timing Parameters

Over Recommended Operating Conditions

PARAMETER 550%5 # DESCRIPTION' 60 UNITS
MIN; [MAX.

tpd1 1 | 1 | Data Propagation Delay, 4PT bypass, ORP bypass 20 | ns
tpd2 1 | 2 | Data Propagation Delay, Worst Case Path 25 ns
fmax 1 .| 3 | Clock Frequency with Internal Feedback® # MHz
fmax (Ext) | - |4 | Clock Frequency with External Feedback (grriissy) MHz
fmax (Tog.) | - |5 | Clock Frequency, Max Toggle? MHz
tsu1 — | 6 | GLB Reg. Setup Time before Clock, 4PT bypass - ns
tcot 1 |7 | GLB Reg. Clock to Output Delay, ORP bypass - | 13| ns
tht — | 8 | GLB Reg. Hold Time after Clock, 4 PT bypass 0 - ns
tsu2 ~ | 9 | GLB Reg. Setup Time before Clock 13| - | ns
tco2 - {10| GLB Reg. Clock to Output Delay -1 16| ns
th2 — |11| GLB Reg. Hold Time after Clock 0 - ns
tr1 1 |12 Ext. Reset Pin to Output Delay - |225| ns
trwi — |13 Ext. Reset Pulse Duration 13 | - ns
ten 2 |14/ Input to Output Enable - | 24| ns
tdis 3 |15/ Input to Output Disable - | 24| ns
twh - |16 6 | - | ns
twi - |17 6 | — | ns
tsus - |18 25| - | ns
ths - |19 85| - ns

1. Unless noted otherwise, all parame

2. Refer to Timing Model in this datd

3. Standard 16-Bit loadable count ing ac

4. fmax (Toggle) may be less.than “#/(tivh’ S to allow for a clock duty cycle of other than 50%.

5. Reference Switching Te!

9/92. Rev. C
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Industrial
-60
PARAMETER| #° | DESCRIPTION UNITS
MIN. [MAX.
Inputs
tiobp 20 | /O Register Bypass
tiolat 21 | /O Latch Delay
tiosu 22 | /O Register Setup Time before Clock
tioh 23 | I/O Register Hold Time after Clock
tioco 24 | 1/O Register Clock to Out Delay
tior 25 | /O Register Reset to Out Delay
tdin 26 | Dedicated Input Delay
GRP
torp1 27 | GRP Delay, 1 GLB Load
torp4 28 | GRP Delay, 4 GLB Loads
tgrp8 29 | GRP Delay, 8 GLB Loads
torp12 30 | GRP Delay, 12 GLB Loads
torpt6 31 | GRP Delay, 16 GLB Loads
tgrp32 32 | GRP Delay, 32 GLB Loads - |108] ns
GLB
taptbp -~ | 86| ns
t1ptxor - 193] ns
t20ptxor - |10.6| ns
txoradj - [12.7] ns
tobp - | 13| ns
tgsu 13| - | ns
6.0 | - ns
- | 27| ns
- | 33 ns
3 Produet Term Reset to Register Delay - |133| ns
LB Product Term Output Enable to /O Cell Delay - [120] ns
GLBProduct Term