


pLSI and ispLSI Product Index 

Commercial Grade pLSI and ispLSI Devices 

DEVICE tpd fmax DESCRIPTION PAGE 

pLSI1016 12, 15, 20 90, 80, 60 44-pin programm~ble Large Scale Integration Device 3-1 

pLSI1024 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 

ispLSI1016 12, 15, 20 90, 80 , 60 44-pin in-system programmable Large Scale Integration Device 4-1 

ispLSI1024 15, 20 80, 60 68-pin in-system programmable Large Scale Integration Device 4-21 

ispLSI1032 15, 20 80, 60 84-pin in-system programmable Large Scale Integrati~n Device 4-41 

ispLSI1048 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 

pLSI1032 20 60 84-pin programmable Large Scale Integration Device 3-33 

pLSI1048 24 50 120-pin programmable Large Scale Integration Device 3-49 

ispLSI1016 20 60 44-pin in-system programmable Large Scale Integration Device 4-1 

ispLSI1024 20 60 68-pin in-system programmable Large Scale Integration Device 4-21 

ispLSI1032 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 
'. 

tpd fmax 
, 

PAGE DEVICE DESCRIPTIO~ 

pLS11016/883 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 10321883 20 60 84-pin programmable Large Scale Integration Device 5-23 

pLS11048/883 24 50 132-pin programmable Large Scale Integration Device 5-33 

ispLS11016/883 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-pin in-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 ispLSI 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. 
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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 ispLSI 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 E2CMOS 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 IspLSI Device Families 

pLSI 1016 

ispLSI1016 

44-Pin PLCC 

pLSI1024 

ispLSI1024 

68-Pin PlCC 
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Introduction to 
pLSI and ispLSI 

pLSI and IspLSI Product Features 

a 90 MHz System Performance 

a 12 ns Pin-to~Pin Delay 

a Deterministic Performance 

a High Density (2,000-8,000 PLD Gates) 

a Flexible Architecture 

a Easy-to-Use 

a In-System Programmable (isplSI) 

a Low Power Consumption 

pLSI and IspLSI Technology 
a E2CMOS - thePLD Technology of Choice 

a Proven UhraMOS Technology 

a Electrically Erasable/Programmabiel 
Reprogrammable 

a 100"10 Tested During Manufacture 

a 100"10 Programming Yield 

a High-Speed Programming 

pLSI and IspLSI Development Tools 

a Easy-to-Use Graphicallntertace (MS Windows) 

a Boolean Equations and Macro Input 

a VHDL and Schematic Capture Entry 

a Industry-Standard Third~Party Design 
Environments and Platforms 

a Timing and Functional Simulation 

plSI1032 

ispLSI1032 

84-Pin PlCC 

o 

plS11048 

isplSl1048 

120-PhJ PQFP 
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Introduction to pLSI and ispLSI 

Family Overview 

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

WithPLD 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. 

Each device contains multiple Generic Logic Blocks (GLBs), 
which are designed to maximize system flexibility and 
performance. A balanced ratio of registers and 1/0 cells 
provides the optimum combination of internal logic and 
external connections. A global interconnect scheme ties 
everything together, enabling utilization of up to 80% of 
available logic. Table 1-1 describes the family attributes. 

The pLSI and ispLSI Architecture 

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

0 High Speed 

0 Predictable Performance 

0 Integration of MuHiple Logic Functions 

0 Asynchronous Designs 

0 Flexible Logic Paths 

0 Advanced Global Clock Network 

Table 1-1. pLSI and ispLSI Family Attributes 

Family Member 1016 

Density (PLD Gates) 2,000 

Speed: fmax (MHz) 90 

Speed: tpd (ns) 12 

GLBs 16 

Registers 96 

Inputs + I/O 36 

The Global Routing Pool (GRP) 

Central to the pLSI and ispLSI architecture is the Global 
Routing Pool (GRP) which connects all ofthe 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. pLS11032 Architecture 
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Introduction to pLSI and ispLSI 

Generic Logic Block (GLB) 

The basic logic element in the pLSI and ispLSI 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 PTSAaliows 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 
optimum input-to-output ratio, allows the GLB to implement 
virtually all 4-bit MSI functions. 

Each ofthe four outputs from the PTSA feeds into a flexible 
Output Logic Macrocell (OLMC), consisting of aD-type 
flip-flop with an Exclusive-OR (XOR) gate on the 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, TorJ-K. 

The GLB can be clocked synchronously or asynchro
nously. Global clocks from external pins or internally 
generated, provide all GLBs and 1/0 cells with synchro
nous clock signals with selectable polarity. This provides 
multiple synchronous clock phases to all GLBs and I/0s. 

Figure 1-3. Simplified Generic Logic Block Functionality 
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Introduction to pLSI and ispLSI 

The GLB has several configuration options for each OLMC. 
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. 

o Bypasses the PTSA and the Internal XOR Gate of 
the OLMC 

o Provides Four Product Terms Per Output 

XOR Configuration 

o Utilizes Powerful XOR Architecture 

Standard Configuration 

o GLB Outputs have 4, 4, 5 or 7 Product Terms 

o Powerful for Counters, Comparators and ALU 
Functions 

o The PTSA Can Combine up to 20 PTs per GLB Multl·Mode Configuration 
Output to Meet the Needs of Both Wide and 0 Individual Outputs are Independently Configu-
Narrow Logic Functions. rable 

High-Speed Bypass Configuration 

o For Speed-Critical Timing Paths 

o PTSA Allows Flexibility on the Number and Selec
tion of Product Terms Per Output 

o Enables Design of Fast Address Decoders 

Figure 1-4. GLB: Multi-Mode Configuration 

Inputs From Dedicated 
Global Routing Pool Inputs --. 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

AND Array 

0 

~ . 
4 , 
~ 7 

8 
Q 

:,n' 
11 

" " 14 

" ',.1 
l' 
19 

PTReset 

Global RESET 

Product Term 
Sharing Array 

J?> 
[0 

FrE> 
P 

D Registers 
3 + 4 (Shared) 

15~~oo 
,""- I tfi~ o Q X 02 

~lU~O' ,l-
-7+4(Shared) 1 ~, 

prs ~ U r.J X 00 

Control CLKO-""'- r--

CLKl - ~ Functions 
CLK 2 _ MUX MUX 

PTClock-
'-- '"'""-

To 
Global 
Routing 
Pool and 
OU1put 
Routing 
Pool 

PTOu1put 
Enable ~ 

ToOu1put 
EnableMux 

1-4 



Introduction to pLSI and ispLSI 

In-System Programmability 

The in-system programmable Large Scale Integration . 
(ispLSI) 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 revolutionizethewayboards 
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 

ispLSI 
Memory 
Control 

Micro 
Processor 

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 on a board. Multiple hardware configurations can be 
implemented with the same circuit board design. Multiple 
protocols or multiple system interfaces can be defined on 
a generic board as the last step in the manufacturing flow. 

Diagn0stjc Capabiljty - Using the ispLSI device, the diag
nostic capability of the system can be enhanced. A test 
pattem 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. 

Easier Fjeld Updates - 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. 

ispLSI 
Graphic 
Control 

ispLSI 
Vector 

Manipulation 

Mult!ple ispLSI devices can be reconfigured through 
multiplexed signals interfaced via an edge connector, 
5-post connector, microcontroiler or microprocessor. 

[] ispLSI Devices 

• isp Interface 
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Introduction to pLSl and ispLSl 

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. Qualityisenhancedwhen product handling 
steps are reduced, in this case, those associated with 
programming, labeling and re-inventorying muHiple 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 Enhancec:l Flow 
Using PLOslFPGAs Using IspLSI Devices 

Board Test 
• Diagnostics UsIng IspLSI 
• Final Programming 
• Final 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 (MultI
Chip SOlution) 

isp-Enab 

ispLSI ispLSI 
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I 

11 
MUX] _ Serial Data In 

/ - Serial Data Out 
Ie c: P' - Mode Control 

" 4 -Clock 

<::::> --5-pin 
isp Interface 

ispLSI 
1016 
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Introduction to pLSI and ispLSl 

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/ispLSI Development System (pDS) 

Features 

o High-Performance, Low-Cost Development 
Environment 

o Supports pLSI and ispLSI Device Families 

o Boolean Logic and Text File Design Entry 

o Windows Based Graphical User Interface 

DOver 225 Macros Available 

o Automatic Place and Route 

o Static Timing Table 

o Logic Simulation with Viewlogic™ Viewsim™ 

Figure 1-8. pDS Design Flow 

• Boolean Equations 
• Macros (>225) 

L.-_~ __ "" • "ABEL"-Uke Syntax 

• Logic Minimization 
• Checks for Signal Availability 

'---"'""T""----' 

,....--"'"---, • Automatic 
• Optimized 

..... _~ __ .... 'Fast 

...... -,...-_ ..... 
'Viewsim 
• EDIF Compatible 

• JEDEC File Generation 
• Download to Programmer 
or to Device (ispLSI) 

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

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

o JEDEC File Download Direct to Programmer or The Lattice Place and Route assigns pins and critical 
ispLSI Device speed paths while routing the design. 

General Description Quick compilation speeds the deSign, debug and rework 
process dramatically. Incremental design techniques are 

Both the pLSI and ispLSI families are supported by Lattice's also supported. 
low-cost pDS software. It runs on IBM-compatible (386/486) 
PCs with Microsoft®Windows. 

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

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

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

1-7 
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Introduction to pLSl and ispLSl 

pLSI ispLSI Development System Plus (pDS+) 

Features 

a Supports pLSI andispLSI Device Families 

a Schematic Capture, State Machine and VHDL 
Design Entry 

a Expanded Macro Library (>350) 

a Automatic Logic Minimization and Partitioning 

a Automatic Place and Route 

a Logic and Timing Simulation 

a EDIF Compatible 

Third Party Programming Support 

The pLSI and ispLSI families are supported by popular 
third-party logic programmers including Data VO, 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. 

a JEDEC File Download Direct to Programmer or Table 1·2. Programming suppon 
ispLSI Device 

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 utili;zes industry standard third-party 
design environments such as Viewlogic's Viewdraw™ 
and Data 110's ABEL. 

Running on IBM compatible (386/486) PCsorworkstation 
platforms, pDS+ software supports automatic logic 
minimization and partitioning as well as place and route, 
resulting in 100% routability at greater than 80% utilization. 

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

Programmer Vendor Model 

Pilot-U84 

Advin Systems Pilot-U40 

Pilot-GUGCE 

BP-Microsystems 
PLD-1128 

CP-1128 

2900 

Data 1/0 3900 

Unisite 

Logical Devices 
Allpro40 

Allpro88 

SMS Micro Systems Sprint Expert 

Stag 
System 3000 

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. 
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pLSI and ispLSI 
~hnectutalDescription 

Introduction 

The basic unit of logic forthe pLSI and ispLSI families is the 
Generic Logic Block (GLB). Figure 2-1 illustrates the pLSI 
1032 with its 32 GLBs labelled AO, A1 .. D7. There are a 
total of 16 GLBs in the pLSI and ispLSI 1016 device, 
increasing to 48 GLBs in the pLSI and ispLSI1 048 device. 
Each GLB has 18 inputs, a programmable AN D/ORIXOR 
array, and four outputs which can be configured to be either 
combinatorial or registered. Inputs to the GLB come from 
the Global Routing Pool (GRP) and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB onthe 
device. 

The devices also have 32 to 96 1/0 cells, each of which is 
directly connected to an 1/0 pin. Each 1/0 cell can be 
individually programmed to be a combinatorial input, reg
istered input, latched input, output or bi-directionall/O pin 
with 3-state control. Additionally, all outputs are polarity 
selectable, active high or active low. The signal levels are 
TIL compatible voltages and the output drivers can source 
4 mA or sink 8 mA 

Figure 2·1. pLSI1032 Functional Block Diagram 

The 1/0 cells are grouped in sets of 16 as shown in figure 
2-1. Each ofthese 1/0 groups is associated with a Megablock 
through the use of the Output Routing Pool (ORP). 

Eight GLBs, 16 1/0 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 1/0 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-directionall/O cells. All of 
these signals are made available to the inputs ofthe GLBs. 
Delays through the GRP have been equalized to minimize 
timing skew. 

Clocks in the devices are selected using the Clock 
Distribution Network. The dedicated clock pins 
(YO, Y1, Y2 and Y3) are brought into the distribution 
network, and five outputs (CLK 0, CLK1, CLK 2, 10CLK 0 
and 10CLK 1) are provided to route clocks to the GLBs and 
1/0 cells. The Clock Distribution Network can also be 
driven from a special GLB (CO on the pLSI and ispLSI1 032 
device). The logic of this GLB allows the user to create an 
intemal clock from a combination of internal signals 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-DensitypLSI and ispLSI 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 AN D 
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 1/0 cells. The two remaining 
inputs come directly from two dedicated input pins. These 
signals are available to the product terms in both the logical 
true and the complemented forms which makes boolean 
logic 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 
PLA device. If the user's main concern is speed, the PTSA 
can use a bypass circuit which provides four product terms 
to each output, to increase the performance olthe cell (see 
figure 2-3). This can be done to any or all ofthe four outputs 
from the GLB. 

The Reconfigurable Registers consist of four D-type flip
flops with an XOR gate on the input. The XOR gate in the 
GLB can be used either as a logic element orto reconfigure 
the D-type flip-flop to emulate a J-K or Hype flip-flop (see 
figure 2-4). This greatly simplifies the design of counters, 
comparators and ALU type functions. The registers can be 
bypassed if the user needs a combinatorial output. Each 
register output is brought back into the Global Routing Pool 
and is also brought to the 1/0 cells via the Output Routing 
Pool. Reconfigurable registers are not available when the 
four product term bypass is used. 

Figure 2-2. GLB: Product Term Sharing Array Example 
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Figure 2-3. GLB: Four Product Tenn Bypass Example 
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Figure 2-4. GLB: XOR Gate Example 
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pLSI and ispLS/ Architectural Description 

Generic Logic Block (continued) 

The PTSA is flexible enough to allow these features to be 
used in virtually any combination that the user desires. In 
the GLBshown infigure2-5, OutputThree (03) is configured 
using the XOR gate while Output Two (02) is configured 
using the four Product Term Bypass. Output One (01) 
uses one of the inputs from the five Product Term OR gate 
while Output Zero (00) 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 from any of three 
sources developed in the Clock Distribution Network (see 

Clock Distribution Network section) or from a product term 
within the GLB. The Reset Signal for the GLB can corne 
from the Global Reset pin (RESET) or from a product term 
within the block. The global reset pin is always connected 
and is logically "ORed" with the PT reset (if used). An active 
reset signal always sets the a of the registers to a logic 0 
state. The Output Enable for the VO cells associated with 
the GLB cornes 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 logic intensive functions. Thesefeatures 
are accessille 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 12 is not used inthe four product term bypass mode. When 
in the various modes. As an example, Product Term 12 can GLB output one is used in the XOR mode Product Term 12 
be used as an inputto the five input OR gate in the standard becomes one of the inputs to the four input OR Gate. If 
configuration. This OR gate under standard configuration Product Term 12 is not used in the logic, then it is available 
can be routed to any of the four GLB outputs. Product Term for use as either the Asynchronous Clock signal orthe GLB 

Reset signal. 

Table 2-1. Product Tenn Sharing Matrix 

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

3 2 1 0 3 2 1 0 3 

0 • • • • • • 1 • • • • • 2 • • • • • 3 • • • • • 
4 • • • • • 5 • • • • • 
6 • • • • • 7 • • • • • 
8 • • • • • 9 • • • • • 10 • • • • • 11 • • • • • 12 • • • • 
13 • • • • • 14 • • • • • 15 • • • • • 16 • • • • • 17 • • • • 18 • • • • 19 • • • • 

The Megablock 

A Megablock consists of eight GLBs, an ORP, 16110 cells, 
two dedicated inputs and a common OE. Each of these will 
be explained in detail in the following sections. These 
elements are coupled together as shown in figure 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 

2 

• 

1 0 3 3 2 2 1 1 0 0 

• • • • 
• • • • 

• • • • • • .elK/Reset 

• • • • • • • • .OElReset 

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

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

pLSI and IspLSI Devices Megablocks 
1016 2 
1024 3 
1032 4 
1048 6 

Figure 2·6. The MegablOCk Block Diagram 

Input Routing 

Signal inputs are handled in two ways within the device. 
First, each 1/0 cell within the device has its input routed 
directly to the GRP. Thisgives every GLB within the device 
access to each VO cell input. Second, each Megablock has 
two dedicated inputs which are directly routed to the eight 
GLBs within the Megablock. Both input paths are shown in 
figure 2-6. 

GLBs I/O Cells Dedlcatec:llnputs 
16 32 4 
24 48 6 
32 64 8 
48 96 10 

The Output Routing Pool 

The ORP routes signals from the GLB outputs to 1/0 cells 
configured as outputs or bi-directional pins (see figure 
2-7). The purpose ofthe ORP is to allow greater flexibility 
when assigning 1/0 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 1/0 cells. 
Further flexibility is provided by using the PTSA, (figures 
2-2 through 2-5) which makes theGLB outputs completely 
interchangeable. This allows the routing program to freely 
interchange the outputs to achieve the best routability. This 
is an automatipprocess and requires no intervention on the 
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 1/0 cells at a 
faster speed. The bypass path tends to restrict the routability 
of the device and should only be used for critical signals. 
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Figure 2-7. Output Routing Pool 
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The 1/0 cell (see figure 2-9) is used to route input,output 
or bi-directional signals connected to the 1/0 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 110 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 jnput pin is needed. The Global Reset 
(RESET) signal is driven by the active low chip reset pin. 

This reset is always connected to all GLB and 110 registers. 
Each 1/0 cell can individually select one of the two clock 
signals (IOCLK 0 or 10CLK 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-directionall/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 
all pins. This improves the noise immunity and reduces Icc 
for the device. 
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Figure 2·9. 1/0 Cell Architecture 
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The Output Enable Control . 

One OE signal can be generated within each GLB using the buffer (refer to the 1/0 cell section). Only one OE signal is 
OE Product Term (PT19). One of the eight OE signals allowed per Megablock for 3-state operation. The aelvan
within a Megablock is then routed to all of the 1/0 cells within tageto this approach is thatthe OE signal can be generated 
that Megablock (see figure 2-11). This OE signal can in any GLB within the Megablock whiCh happens to have 
simultaneously control all ofthe 16 VO cells which are used an unused OE product term. This frees up the other OE 
in 3-state mode. Individual 110 cells also have independent product terms for use as logic. 
control for permanently enabling or disabling the output 

Figure 2-11. Output Enable COntrol for a MegablOCk 
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pLSI and ispLSl Architectural Description 

Global Routing Pool 

The GRP is a Lattice proprietary interconnect structure and similarly an input from an VO pin is available as an input 
which offers fast predictable speeds with complete con- to all of the GlBs. Because of the uniform architecture of 
nectivity. The GRP allows the outputs from the GlBs or the the plSI and ispLSI devices, the delays through the GRP 
1/0 cell inputs to be connected to the inputs of the GlBs. are both consistent and predictable. However, they are 
Any GlB output is available to the input of all other GlBs, slightly affected by GlB loading as shown in the example 

plSI1 032-80 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 
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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 10ClK 1. The first three, ClK 0, 
ClK 1 and ClK 2 are used for clocking all the GlBs in the 
device. Similarly, 10ClK 0 and IOClK 1 signals are used 
for clocking all of the 1/0 cells in the device. There are four 
dedicated system clock pins (YO, Y1, Y2, Y3), three for the 
plSI andisplSI1016 (YO, Y1, Y2), which can be directed 
to any GlB or any 1/0 cell using the Clock Distribution 
Network. The other inputs to the Clock Distribution Net
workare the four outputs of a dedicated clock GlB ("CO" for 
the plSI1032 is shown in figure 2-1). These clock GLB 
outputs can be used to create a user-defined internal 
clocking scheme. 

8 12 16 

GlB loads 

For example, the clock GlB can be clocked using the 
external main clock pin YO connected to global clock signal 
ClK O. The outputs of the clock GlB in tumcan generate 
a "divide by" signal of the ClK 0 which can be connected 
to ClK 1, ClK 2, 10ClK 0 or IOClK 1 global clock lines. 

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

The two VO clocks generated in the Clock Distribution 
Network 10CLK 0 and 10CLK 1, are brought to all the 1/0 
cells and the user programs the 1/0 cell to use one of the 
two. 
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Figure 2-13. Clock Distribution Networks 
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A security cell is 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 ispLSI 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. 

pl SI and isplSI1016 

Clock Distribution 
Network 

YO Y1* Y2 

ClK! 
Reset 

Dedicated Clock 
Input Pins 

Generic logic 
Block "BO" 

00 01 02 03 

ClKO 
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*Note: Pin Y1 has the Clo 
Reset Functions M 

ckand 
ultiplexed 

on the plSI and IsplSI1 016, 
Selection is controlled in 
the software tools. 

Latch-up Protection 

pLSI and ispLSI devices are designed with an on-board 
charge pump to negatively bias the substrate. The negative 
bias is of sufficient magnitude to prevent input undershoots 
from causing the internal circuitry to latch-up. Additionally, 
outputs are designed with n-channel pull-ups instead ofthe 
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 delays together (figure 2-15). Critical timing paths are 
simple and straightforward. The device timing model is shown in figure 2-14, using data sheet parameters. Note 
Shown in figure 2-14. To determine the time that it takes for thatthe Intemal timing parameters are given for reference 
data to propagate through the device, simply determine the only, and are not tested. (Extemal timing parameters are 
path the data is expected to follow, and add the various tested and guaranteed on every device). 

Figure 2·14. pLSI and IspLSI Timing Model1 

I/O Cell GRP GLB ORP I/O Cell 
~...-"--o.'_----""~----__ ",,_-..A"-_'_f _.-1"-_ 

Feedback 

"Note: Y1 and Y2 only for the pLSI and ispLS11016. 

Figure 2·15. pLSI and IspLSI Timing Model Examples1 

Combinatorial Paths 

tpd1 - tiobp + tgrp4 + t4ptbp .+ torpbp + lob 
#1 #20 + #28 + #33 + #46 + #47 

tpd2 = tiobp + tgrp4 + txoradj + torp + 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: 

tsu1 = (tiobp + tgrp4 + t4ptbp) + tgsu - tgyO(min) 
#6 (#20 + #28 + #33) + #38 #50 

th1 = tgyO(max) + tgh (tiobp + tgrp4 + t4ptbp) 
#8 #50 + #39 (#20 + #28 + #33) 

. tco1 = tgyO(max) + tgco + (torpbp + lob) 
#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 Examples1 (continued) 

tsu2 .. (tiobp + tgrp4 + !xoradj) + tgsu + tgyO(min) 
#9 (#20 + #28 #36) + #38 + #50 

th2 .. tgyO(max) + tgh (tiobp + tgrp4 + !xoradj) 
#11 = #50 + #39 (#20 + #28 + #36) 

tco2 = tgyO(max) + tgco + (tarp + tab) 
#10 .. #50 + #40 + (#45 + #47) 

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, th and teo. . 

~ Logic Level Logic Level 
~ ..... ~ #1 t---t~ #2 t---t~ 

20PTXOR 20PTXOR 
GLB Reg 

tsu .. Logic +Reg su - Clock (min) 

- (tiobp + tgrp4 + t20ptxor + tgbp + tgrp4 + t20ptxor) + tgsu - tgyO(min) 
(#20 + #28 + #35 + #37 + #28 + #35) + #38 - #50 

19.5 ns .. (2.0 + 2.0 + 8.0 + 1.0 + 2.0 + 8.0) + 1.0 - 4.5 

th Clock (max) + Reg h - Logic 

.. tgyO(max) + tgh - (tiobp + tgrp4 + t2optxor + tgbp + tgrp4 + t20ptxor) 

.. #50 + #39 - (#20 + #28 + #35 + #37 + #28 + #35) 
-14.0 ns 4.5 + 4.5 - (2.0 + 2.0 + 8.0 + 1.0 + 2.0 + 8.0) 

tco Clock (max) + Reg co + Output 

• tgyO(max) + tgco + (torpbp + tab) 
#50 + #40 + (#46 + #47) 

10.0 ns 4.5 + 2.0 + (0.5 + 3.0) 

1. The delay values used are for a pLSI 1032-80 device. 
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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 ofthe device is controlled by the internal isp 
state machine. The in-system programming enable (ispEN) 
signal controls the device operation modes. 

Figure 2·17. IspLSI Programming Interface 

isoEN 

ispEN 

MODE 
SCLK 

Programming 
Control -=: Circuitry 

ispLSI . 
Device 

SOl r 
SOO 

Theprogrammingiscontrolledbytheon-chipstaternachine 
via five programming interface signals. The ispEN signal 
is used to enable and disable the four programming control 
signals which include Serial Data In (SOl), Mode (MODE), 
Serial Data Out (SOO) and Serial Clock (SCLK). When the 
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 muHiple ispLSI devices. With this scheme 
the ispEN signal for individual devices is enabled separately 
and one device is placed in the edit mode at a time. Since 
the other devices are in the normal mode, they can continue 
to perform normal system functions. This simple scheme 
requires connecting all four programming control signal 
pins together and precludes their use as dedicated inputs 

. for normal system functions. ispEN istheonlyprogramming 
interface signal that is dedicated to a pin. 

isoEN 

4 ~, 
ispLSI L..-..t- ispLSI 
Device Device 

~r ~r 
I-
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Normal Mode 

In Normal Mode the four programming control pins become 
Oedicated 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 
designer to utilize the four programming control signal pins 
for performing normal system functions. Intemal to the 
device, the programming functions are completely isolated 
from the normal operating functions when the device is in 
Normal Mode. Keeping the ispEN signal high puts the 
device in Normal Mode. For simplicity, the four program
ming control pins can be left unused for normal input 
functions. These pins can be reserved for isp use using the 
isp switch in the development tools. By leaving these pins 
unused, the programming interface is simplified when the 
programming signals and the Normal Mode input signals 
are not multiplexed. 

Edit Mode 

Programming circuitry is enabled by driving the ispEN 
signal low which puts the device in Edit Mode. In Edit 
Mode, all the functional 110 pins and input pins that are not 
used during programming are 3-stated. With the exception 
of the SOO signal, the remainder of the programming 
interface signals are input signals. When multiplexing the 
programming interface signals, the input driving the SOO 
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 MOOE and SOl signals. SCLK· is used to clock 
programming data in and out through SOl and SOO pins. 
SOl has a dual role as one of the two control signals forthe 
state machine and as the serial data input. To avoid any 
intemal 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, SOl, 
MOOE, SOO and SCLK. Once in Edit Mode, programming 
is col'ltrolled by SOl, MOOE, SOO 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 (VIU and disables the programming control pins when 
it is driven high (VIH). All other 110 pins are 3-stated during 
Edit Mode and pulled up by the intemal active pull-up 
resistors (equivalent to 100Kn). -

SOl 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, SOl's function is controlled by the MOOE signal. 
When MOOE is low SOl is the serial input to the shift 
registers and when MOOE is high SOl becomes the control 
signal. Intemal to the device, the SOl 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 SOl. 

The MOOE signal combined with the SOl 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 Iow-to-high (positive) 
clock transition clocks the state machine. It also connects 
in paraDel to all ispLSI devices. Similar to SOl, the shift 
instructions determine which of the shift registers are 
clocked for the data input from SOL 

SOO is the output of the serial shift registers. The selection 
of shift register is determined by the state machine's shift 
instruction. In the flow through instruction and when MOOE 
is driven high, the SOO connects directly to the SOl, 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 <>perations 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 all the 
ispLSI devices. Any device specific information like the 
size of the shift registers and the device . specific timing 
information can be found in the individual device data 
she.et. 
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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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pLSI and ispLSl Architectural Description 

Critical Tlmlng 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 (tpwp) and 
the bulk erase pulse width (tt-). 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. 

Time delay that must elapse between events. It is 
the time delay from the termination of the previous 
event. 

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

Hold time of the control signal after the SCLK. It 
also applies to the same input signals from the set 
uptime. 

Minimum clock pulse width. 

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

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

All the programming timing parameters are summarized in 
the timing diagram (see figure 2-21). 

r-----~ 
Execute State (Program, Verify or Bulk Erase Instruction) 

MODE 

tpwp, tbew, or tpwv 
SOl 

th--~~---+-----------' 
14-+1+-tclkh~ tsu 

. ~tcI~~· ,'----/ ' ..... ;--SCLK ____ --J 

Figure 2-21. isp Programming Timing Requirements 

IspLSI Pins are 3-Stated During Programml 

Unused ~~::Z~r!!H!..::I-~Z-----------------i Output ~ 

MODE ___ +-_-' 

SOl -----+-----+---~--------~~~=--'I~----_r-

SCLK __ -:--~---

SOO Valid 
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Figure 2-22. Programming State Machine 
Shift 

10 

Note: 
Control signals: MODE, SOl 

State Machine Operation 

The state machine has three states to control the program
ming and uses the MOOE and SOl as inputs for each state. 
Based on these input signals, each ofthe three states make 
decisions to either stay in the same state or to branch to 
another state. The three states are Idie/lO 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. 

IdleJlD State 

The Idie/lD state is the first state which is active when the 
device gets into the Edit Mode. The state machine is inthe 
Idie/lO 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 MOOE high, SOl low and clocking the state 
machine with SClK. Once the 10 is loaded, it is read out 
serially by driving MOOE low. Notice that when reading the 
device 10 serially, SOl can either be high or low (don't care) 
and the state machine needs only seven clocks to read out 
eight bits of 10. The default state for the control signals is 
MOOE high and SOl low. State transition to Command 
Shift State occurs when both MOOE and SOl are high while 
state machine gets a clock transition. Table 2-3 lists the 
eight bit device I O's for all the ispLSI devices. As with most 
shift registers the Least Significant Bit (LSB) of the 10 9(lts 
shifted out from the SOO first. 

Command Shift State 

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

Load 
Command 

Execute 
Command 

Table 2-3. IspLSI Device 10 Codes 

Device MSB lSB 

ispLSI1016 00000001 

ispLSI1024 00000010 

isplSI1032 00000011 

ispLSI1048 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. Oriving both MOOE and SOl 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 Idie/lO 
State by driving MOOE high and SOl low. 

Execute State 

In the Execute State, the state machine executes instruc
tions that are loaded into the device in the Command Shift 
State. For some instructions, the state machine requires 
more than one 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 MOOE is driven low and SOl 
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 SOl high will 
take the state machine back to the Command Shift State 
and MODE high and SOl low will take the state machine to 
the Idle/ID State. 

Instructions 

Table 2-4 lists the instructions that can be loaded into the 
state machine in the Command Shift State and then 
executed in the Execute State. Notice that reading the 
device identification is done during the Idle/ID State and 
does not require an instruction. 

Table 2-4. State Machine Instruction Set 

Instruction Operation Description 

00000 NOP No operation performed. 

00001 ADDSHIFT Address Register Shift: Shift address into the address shift register 
from SOL 

00010 OATASHIFT 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. 

00110 ARCH BE Architecture Bulk Erase: Bulk erases the architecture array and I/O 
configuration only. 

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

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

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

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

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

01110 FLOWTHRU Flow Through: Bypasses all the internal shift registers and SOO 
becomes the same as SDI. 

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

10011 VE/LDL Verify Erase/Load Low Order Bits: Load the data from the selected 
row's low order bits into the data shift register for erased verification. 
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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 
translate the JEDECforrnat programming file into the serial 
data stream format for programming ispLSI devices. Two 
main factors determine how the translation is implemented. 
The length ofthe 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 programmed in each row. 
Both registers operate on the First In First Out (FIFO) basis 
where the Least Significant Bit (LSB) ofthe data or address 
is shifted in first and the Most Significant Bit (MSB) of the 
data or address is shifted in last. For the data shift register, 
the low order bits and the high order bits are separately 
shifted. 

Figure 2-23 on page 2-21 illustrates the general layout of 
all the ispLSI devices. Between all ispLSI devices there are 
exactly the same number of rows for the VO 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 ispLSI 
devices. 

Table 2-5. Summary of Address Shift Register Rows 

Address SR Rows IspLSI1016 

1/0 & Arch. Array 12 

GLBArray 72 

GRPArray 12 

Total Address SR Rows 96 

Using ispLSI1 032 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: 

LOOOOO 01010101.... .. • .010101010* 

LOOO4O 11111111.... .. .. 111111111* 

LOOO8O 00000000.... .. .. 000000000* 

L00120 11111111.... .. .. 111111111* 

LOO160 01010101.... .. .. 010101010* 

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

IspLSI1024 IspLS11032 IspLSI1048 

12 12 12 

72 72 72 

18 24 36 

102 108 120 
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Figure 2-23. ispLSI Device & Shift Register Layout 

Oata In 
(501) 

D 
A 
T 
A 

High Order Shift Rister 
Low Order Shift Register 

E2CMOS Cell Array 

Table 2-6. Summary of Data Shift Register BHs 

DataSR Bits IspLSI1016 ispLSI1024 

High Order Data SR LSB 0 0 

High Order Data SR MSB 79 119 

Low Order Data SR LSB 80 120 

Low Order Data SR MSB 159 239 

Data SR Size (Bits) 160 240 
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Translating the JEDEC programming file into the Diagnostic Register Preload 
ispLSI1032deviceformat,thelayoutshouldbeasfoliows: This section explains how to preload all. of the buried 

LSB MSB 

Rowt 0000 High LOOOOO •••• .... LOO159 

Rowt 0000 Low LOO160 .... .... L00319 

Rowt 0001 High LOO320 .... .... L00479 

Rowt 0001 Low LOO48O .... .... L00639 

The least significant 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 all the devices. 
By keeping the SDI to a known level (either high or low), the 
ID shift can be terminated when a sequence of eight ones 
or eight zeros is read. From the device ID the serial bit 
stream for programming can be arranged. A typical 
programming sequence is as follows: 

1) ADDSHFT command shift 

2) Execute ADDSHFT command 

3) Shift address 

4) DATASHFT command shift 

5) Execute DATASHFT command 

6) Shift high order data 

7) PRGMH command shift 

8) Execute PRGMH 

9) DATASHFT command shift 

10) Execute DATASHFTcommand 

11) Shift low order data 

12) PRGML command shift 

13) Execute PRGML 

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

registers and VO registers to a known state to test the logic 
function of a device. The process of loading the registerwill 
reduce the time necessary to test a function that is deeply 
into the logic of an ispLSI device . 

To preload a device the isp state machine is used with the 
same five pins that are used for programming ispEN, SDI, 
MODE, SDO and SCLK. Two state machine commands 
preload all of the registers: GLBRLD and 10PRLD. These 
two commands enable two different shift registers and 
enable data to be loaded into the device. The process of 
loading data into the device is: 

1. Enter the isp programming mode by driving ispEN pin to 
ViI. 

2. Load command GLBRLD and execute command (wait 
onetclk). 

3. Clock in the GLB preload data. 

4. Load the command 10PRLD and execute the command 
(wait one tClk). 

5. Clock in the 1/0 preload data. 

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

7. Execute the vectors. 

When pre loading a device it is important to keep the 
dedicated input pins (RESET, VO, V1, V2 and V3) 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 1/0 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 00) indicating output 0, of GLB A7). 
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Table 2·7. Preload Shift Registers 

Device GLB Shift Reg. Length VO Shift Reg. Length 

ispLSI1016 64 bits 

ispLSI1024 96 bits 

ispLSI1032 128 bits 

ispLSI1048 192 bits 

Figure 2·24. GLB Shift Register and 1/0 Shift Register Format 

Oata In 
(SOl) 

Oata In 
(SOl) 
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(SOl) 

Oata In 
(SOl) 

Oataln 
(SOl) 

Oataln 
(SOl) 

Oataln 
(SOl) 

Oata In 
(SOl) 

GLB Shift Register Format 
1016 GLB Rister Preload Format 

(A700) (A7 01) ... (AO 02) (AO 03) (8000) (80 01) ... (87 02) (87 03) 

(8400) ... (87 03) (CO 00) ... (C7 03) 

(CO 00) ... (C7 03) (00 00) ... (07 03) 

1048 GLB Re ister Preload Format 

(C700) ... (CO 03) (B7 00) ... (80 03) (A700) ... (AO 03) (continued) 

(continued) (00 00) ... (07 03) (EO 00) ... (E7 03) (FO 00) ... (F7 03) 

110 Shift Register Format 
10161/0 Rister Preload Format 

(1/015) (110 14) (1/0 13) ... (110 1) (1/0 0) (1/0 16) (VO 17) ... (1/0 29) (1/0 30) (1/0 31) 

1024 1/0 Rister Preload Format 

(1/023) (11022) (VO 21) ... (1/0 1) (110 0) (1/0 24) (1/025) ... (11045) (VO 46) (1/0 47) 

2-23 

32 bits 

48 bits 

64 bits 

96 bits 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

OataOut 
(SOO) 

• 



pLSI and ispLSl Architectural Description 

Diagnostics Using IspLSI Devices 

A different type of diagnostic feature takes advantage of 
the in-system programmability. Fordiagnostics, the ispLSI 
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 support use ofthe ispLSI 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: 

o Programming a Device. 

o Verifying a Device. 

o Reading a Device. 

o Securing a Device. 

o Bulk Erasing a Device. 

These routines are provided to guide development of 
custom ispLSI drivers for individual applications. 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- Member of Lattice's pLSI Family 
- High-Speed Global Interconnects 
- 32 110 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 nsPropagation 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 

• pLSl/ispLSFM DEVELOPMENT SYSTEM (pDSTM) 

pDS Software 

- Easy to Use PC WindowsTM Interface 
- Boolean Logic Compiler 
- Manual Partitioning 
- Automatic Place and Route 
- Static Timing Table 

pD5+™ 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 

pLSI™ 1016 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

I··•·· ~ i g [E] 

I···.· a.. r'A21 .. Cl~ 
..... r:::: 

·····5 l&J 
I·····~~ ..... '[@] 

I •••• · 81A61 
••••• IA71 ..... 

I 

I 
@]I····· 

r-- B "'" IB61 g .•.••• 
Logic B 'I B51 ~ I.·.·. 
Array R GLB . lEl:g •••.•• 

u . IB31~ I······ '-- B // IB21 ~ .•• 

~? 
Global Routing Pool (GRP) 

Description 

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

The basic unit of logic on the pLSI 1016 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. B7, (see figure 1). There are a total of 16 GLBs in the 
pLSI1016 device. Each GLB has 18 inputs, a program
mable AN D/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 

Copyright e 1992 ~attice ~emiconduotor Corp. GAL, E2CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corp. pLSl, isplSI, pOS, pDS+ and Generic Array Logic are 
trademarks of Lattice Sem,,;:onductor Corp. The speo~ications and information 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) 
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Functional Block Diagram 

Figure 1. plSI1 016 Functional Block Diagram 

Generic 
Logic Blocks 

(GLBs) 

.. ------------- -- -, , , , 

Specifications pLSI1016 
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V014 
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INI :---------f-/ 
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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 mAo 

Eight GlBs, 16 1/0 cells, two dedicated inputs and one 
ORP are connected together to make a Megablock (see 
figure1). The outputs of the eight GlBs are connected to 
a set of 16 universal 1/0 cells by theORP. TheplSI1016 
device contains two of these Megablocks. 

YO 
Yl' 
Y2 

Clock 
Dlslr1bulion 

Nelwork 

CLK2 
IOClKO 
IOClKl 

I 
V020 

VO 19 
VO 18 
V017 

VO 16 

'Note: Yl and ~ 
are m uhiplexed 
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-directionall/O cells. All of 
these signals are made available to the inputs ofthe 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 
(YO, Y1 and Y2) are brought into the distribution network, 
and five clock outputs (ClK 0, ClK 1 , ClK 2, 10ClK 0 and 
10ClK 1) are provided to route clocks to the GlBs and 1/0 
cells. The Clock Distribution Network can also be driven 
from a special clock GlB (BO on the plSI1 016 device). The 
logic of this GlB allows the user to create an intemal clock 
from a combination of intemal signals within the device. 
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Specifications pLS/1 016 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.OV 

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

Off-State Output Voltage Applied ...... -2.5 to Vee + 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 

Commercial TA = O·C to +70·C 
VCC Supply Vo~age 

Industrial TA = -40·C to +85·C 

VIL Input Low Voltage 

VIH Input High Voltage 

Capacitance (TA=25°C, f=1.0 MHz) 

SYMBOL PARAMETER MAXIMUMl 

C1 Dedicated Input Capacitance 8 

C2 1/0 and Clock Capacitance 10 

1. Guaranteed but not 100% tested. 

Data Retention Specifications 

PARAMETER MINIMUM 

Data Retention 20 

EraselReprogram Cycles -

3-3 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

UNITS TEST CONDITIONS 

pf Vcc=5.0V, V'N=2.0V 

pf Vcc=5.0V, V,iO' Vy=2.0V 

MAXIMUM UNITS 

- YEARS 

100 CYCLES 

9/92. Rev. e 
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Specifications pLSI1 016 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

Input Rise and Fall Times s 3ns 10% to 90% 
+5V 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Device Test 
Output ------.--~~--..... Point 

Output Load CondHlons (see figure 2) 

Test Condition Rl R2 CL 
*CL includes Test Fixture and Probe Capacitance. 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 5pF 
3 at VOH - 0.5V 

Active Low to Z 4700 3900 5pF 

at VOL + O.5V 

DC Electrical Characteristics 
Over Recommended Operating Conditions 

SYMBOL PARAMETER CONDITION MIN. Typ.3 MAX. UNITS 

VOL Output Low Voltage IOL=8 mA - - 0.4 V 

VOH Output High Voltage 10H =-4 mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV S Y'N S V'L (MAX.) - - -10 J.lA 
IIH Input or 1/0 High Leakage Current V,H s Y'N S Vee - - 10 J.lA 
hL-PU 1/0 Active Pull-Up Current OVSV,N SV,L - - -150 J.lA 
10S1 Output Short Circuit Current Vee = 5V, VOIJf -50 - -200 mA 

ICC2 Operating Power Sl!Pply Current V'L = 0.5V, V,H = 3.0V I Commercial - 100 150 mA 

froGGLE = 20 MHz I Industrial - 100 170 mA 

1. One output at a time for a maximum duration of one second. 
2. Measured using four lS-bit counters. 
3. Typical values are at Vee = 5V and TA = 25°C. 
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Specifications pLSI 1016 
Commercial 

External Timing Parameters 
Over Recommended Operating Conditions 

TESTS I DESCRIPTION1 
·90 -80 ·60 

PARAMETER UNITS COND. 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 - 20 - 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 90.9 - 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback . Liau2~tcol) 58.8 - 50 - 38 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 125 - 100 - 83 - MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 - ns 

teo1 1 7 GLB Reg. Clock to Output Delay, ORP bypass - 8 - 10 - 13 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock 9 - 10 - 13 - ns 

tco2 - 10 GLB Reg. Clock to Output Delay - 10 - 12 - 16 ns 

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

tr1 1 12 Ext. Reset Pin to Output Delay - 15 - 17 - 22.5 ns 

trw1 - 13 Ext. Reset Pulse Duration 10 - 10 - 13 - ns 

ten 2 14 Input to Output Enable - 15 '- 18 - 24 ns 

!dis 3 15 Input to Output Disable - 15 - 18 - 24 ns 

twh - 16 Ext. Sync. Clock Pulse Duration, High 4 - 5 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 4 - 5 - 6 - ns 

tsu5 - 18 110 Reg. Setup Time before Ext. Sync. Clock (Y1, Y2) 2 - 2 - 2.5 - ns 

th5 - 19 1/0 Reg. Hold Time after Ext. Sync. Clock (Y1, Y2) 6.5 - 6.5 - 8.5 - 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 is·Bit loadable counter using GRP feedback. 
4. fmax (Toggle) may be less thim 1/(twh + twI). This is to allow for a clock duty cycfe of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters1 

PARAMETER #2 DESCRIPTION 

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/O Register Clock to Out Delay 

tior 25 I/O Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product Term/XOR Path Delay 

t20ptxor 35 20 Product TermlXOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to I/O Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

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 

Specifications pLSI 1016 
Commercial 

·90 ·80 -60 
UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

- 1.0 - 2.0 - 2.7 ns 

- 2.0 - 3.0 - 4.0 I'1S 

4.5 - 5.5 - 7.3 - ns 

2.0 - 1.0 - 1.3 - ns 

- 2.0 - 3.0 - 4.0 ns 

- 2.5 - 2.5 - 3.3 ns 

- 2.0 - 4.0 - 5.3 ns 

- 0.7 - 1.5 - 2.0 ns 

- 1.0 - 2.0 - 2.7 ns 

- 1.8 - 3.0 - 4.0 ns 

- 2.6 - 3.8 - 5.0 ns 

- 3.4 - 4.5 - 6.0 ns 

- 6.5 - 6.5 - 8.6 ns 

- 7.0 - 7.0 - 9.3 ns 

- 8.0 - 8.0 - 10.6 ns 

- 9.5 - 9.5 - 12.7 ns 

- 0.5 - 1.0 - 1.3 ns 

1.0 - 1.0 - 1.3 - ns 

3.5 - 4.5 - 6.0 - ns 

- 1.5 - 2.0 - 2.7 ns 

- 2.5 - 2.5 - 3.3 ns 

- 10.0 - 10.0 - 13.3 ns 

- 9.0 - 9.0 - 12.0 ns 

3.5 7.5 3.5 7.5 4.6 9.9 ns 

- 2.5 - 2.5 - 3.3 ns 

- 0.5 - 0.5 - 0.7 ns 
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Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Outputs 

lob 47 Output Buffer Delay 

toen 48 1/0 Cell OE to Output Enabled 

lodis 49 1/0 Cell OE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 

tgyll2 51 Clock Delay, Yl or Y2 to Global GLB Clock Line 

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

tioyll2 53 Clock Delay, Yl or Y2 to 1/0 Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock Line 

Global Reset 

tgr 55 Global Reset to GLB and VO 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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Specifications pLSI1016 
Commercial 

·90 -80 -60 
UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

- 2.5 - 3.0 - 4.0 ns 

- 4.0 - 5.0 - 6.7 ns 

- 4.0 - 5.0 - 6.7 ns 

3.5 3.5 4.5 4.5 6.0 6.0 ns 

2.5 4.5 3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.0 5.0 1.3 6.6 ns 

2.5 4.5 3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.0 5.0 1.3 6.6 ns 

- 7.5 - 9.0 - 12.0 ns 

9192. Rev.C 
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Specifications pLSI1 016 

Industrial 
External Timing Parameters 

Over Recommended Operating Conditions 

TESTS #2 DESCRIPTION1 
-60 

PARAMETER UNITS CONDo 
MI.N~. MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass 1<:·." \ 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path 1·'·· .. .,\ " 25 ns 

fmax 1 3 Clock Frequency w~h Internal Feedback3 .. ,;.::::::::: ... ; ....... 
"""'60. .. ,"'""",,> MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (iou2~tc.l) .. ' C"'" '\ i~: ;W.,·. . .::::: MHz 
, .. "" .. ' 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 <. ..<,./" .. ", ..... .,~: - MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass .............. ,': "9 - ns 

tc01 1 7 GLB Reg. Clock to Output Delay, ORP bypass .,\, ... , .. , .. , ... , .. , ... , .. , ... )/,/ - 13 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass //' \.\'./., .(,' 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock .""", ......•. "",':.,',,'\ .. "\.,,"':"""' .. ,.",: .. ,./ 13 - ns 

tc02 - 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 ",( ... ;; ... ,", ... "'\""',. . ,.;:' .•... ") - 22.5 ns 

trw1 - 13 Ext. Reset Pulse Duration /// <:c "\,"" .. ""\",.,/,::{,.<"" 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~9I;ifati~t.l:('t!i~h ":, ,:::: /' 6 - ns 

twl - 17 Ext. Sync. Clock Pfkt.~,~ bt:J(~tiort}.~oW;:·' 6 - ns 

tsu5 - 18 110 Reg. Setup Time b~fQreE1\I~"W.y.nC. Clock (Y1, Y2) 2.5 - ns 

th5 - 19 110 Reg. H9ldTime aft~rt*t, Syfi'c. Clock (Y1, Y2) 8.5 - ns 
.: .... ", 

1. Unless noted otherwise, all parame~f8"tI~ a GflP lo!¢! cif'4 GLBs, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timin9 Model in this dat,asheel fo'N~rth&r..~¥. 
3. Standard 16-Bit loadable COUI)~~.(j'~I~g,.GRP'~db~i;I( 
4. 'max (Toggle) may be less.lhim"V(~h·t tWlhThi.!>fS to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Testl;lo(lpition'~ .. ~9n.:::':-··" 
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Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Inputs 
tiobp 20 110 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/O Register Clock to Out Delay 

tior 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

GLB 
t4ptbp 

t1ptxor 34 1 Product TermlXOR PathJr~)h,,:.<~> .. >,. \<>/ 
t2Optxor 

txoradj 

tgbp 

tgsu 

tgh 

tgco 
tgr 

tptre 4?, .. ~ ,*od~¢.l,Teim' Reset to Register Delay 

tptoe . t:~··Gl~.p;~d&if~rm Output Enable to I/O Cell Delay 

torp"" .. ,",'\., <4,5 .... ORP Delay 

torpbp """",., 4.~/· ORP Bypass Delay 

1. Internal Timiriil"'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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Specifications pLSI1016 
Industrial 

·60 
~--'r-----IUNITS 
MIN. MAX. 

,/'7 (' 2.7 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ris 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 

9192. Rev. C 
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Internal Timing Parameters1 

PARAMETER If DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 110 Cell OE to Output Enabled 

todis 49 110 Cell OE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 

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

Specifications pLSI1016 
Industrial 

-60 
~...,.--;UNITS 
MIN. MAX. 

:[" ... , ....... _. . ..... ~.!, ns 

"·s.O ns 

7.3 ns 

S.S ns 

tioy112 53 Clock Delay, Y1 or Y2 to 110 Cell Global Clock Line .f> \'t·".;",· ··'., ... ,::>i 4.S 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line '(.,.",,\\ \"':,l"·?:",l' 1.3 S.S ns 

Global Reset 
tgr 55 Global Reset to GLB and 110 Registers 12.0 ns 
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Specifications pLSI1 016 

pLSI1016 Timing Model 

110 Cell GRP GLB ORP 110 Cell 

~~~------"'------,~~ 
Feedback 

Derivations of tsu, th and tco from the Product Term Clock1 

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

8.0 ns = (1.0 + 1.0 + 8.0) + (3.5) - (1.0 + 1.0 + 3.5) 

th 

2.5 ns = 
tco 

Clock (max) + Reg h - Logic 
(tiobp + tgrp4 + tptck(max) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
(#20 + #28 + #44) + (#39) - (#20 + #28 + #35) 
(1.0 + 1.0 + 7.5) + (3.0) - (1.0 + 1.0 + 8.0) 

Clock (max) + Reg co + Output 
= (tiobp + tgrp4 + tptck(max) + (!gco) + (torp + tab) 
= (#20 + #28 + #44) + (#40) + (#45 + #47) 

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

Derivations of tsu, th and tco from the Clock GLB1 

tsu Logic + Reg su - Clock (min) 
(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min) 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (1.0 + 1.0 + 8.0) + (3.5) - (3.5 + 2.0 + 1.0) 

th 

3.5 ns = 

tco 

Clock (max) + Reg h - Logic 
(tgyO(max) + tgco + tgcp(max) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 
(3.5 + 2.0 + 5.0) + (3.0) - (1.0 + 1.0 + 8.0) 

Clock (max) + Reg co + Output 
= (tgyO(max) + tgco + tgcp(max) + (tgco) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

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

1. Calculations are based upon timing specs for the pLSI1 016-90. 
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Specifications pLSI1016 

Figure 3. Typleal.Devlce 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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Pin Description 

Name 

1100-1103 
1/04-1/07 
1/08-1/011 
1/012 -1/015 
11016-1/019 
1/0 20 - 1/0 23 
1/0 24 - 1/0 27 
1/028 -1/0 31 

IN 0 -IN 3 

YO 

Y1/RESET 

Y2 

NC 

GND 
VCC 

PLCC Pin Numbers 

15, 16, 17, 18, 
19, 20, 21, 22, 
25, 26, 27, 28, 
29, 30, 31, 32, 
37, 38, 39, 40, 
41, 42, 43, 44, 
3, 4, 5, 6, 
7, 8, 9, 10 

14, 24, 36, 2 

11 

35 

33 

13 

1, 23 
12, 34 

Specifications pLS/1 016 

Description 

Input/Output Pins -These are the general purpose 1/0 pins used by the 
log ic array. 

• Dedicated input pins to the device. 

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

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 
andlor 1/0 cell on the device. 

- Active Low (0) Reset pin which resets all of the GLB and 1/0 
registers in the device. 

Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any 1/0 cell in the 
device. 

This pin should be left floating or tied to V cc' 
This pin should never be tied to GND. 

Ground (GND) 

Vee 
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Specifications pLSI1 016 

Pin Configuration 

pLSI1016 PLCC Pinout Diagram 

Package Diagram 

1/028 1/018 

1/029 1/017 

11030 1/016 

1/031 IN2 

YO Y1/RESET 
VCC pLSI1016 VCC 

NC Y2 

INO 1/015 

1100 1/014 

1/01 1/013 

1/02 1/012 

44-Pln PLCC 

Dimensions in inches MIN.lMAX. 
0.042 X 450 

0.048 0.050 

0.020 
Minimum 

~ 
~~~E~~~ 

t 
~11 

0.590 
Top View 0.630 

0.656 0.120 
0685 0.165 
-'- 0.180 
0.695 Seating Plane 

Coplanarity not 
to exceed 0.004 
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Specifications pLSI1016 

Part Number Description 

pLSI 1016 - XX 

Device Family _1 T 
X X X 1 T G_ 

.. Blank = Commercial 

Device Number ~ I = Industrial 
Package 

Speed -------------' 
J = PLCC 

'------- Power 
90 = 90 MHz fmax 
80 = 80 MHz fmax 
60 = 60 MHz fmax 

Ordering Information 

fmax (MHz) 

90 

80 

60 

fmax(MHz) 

60 

tpd (ns) 

12 

15 

20 

tpd (ns) 

20 

L= Low 

COMMERCIAL 

Ordering Number Package 

pLS11016-90W 44-Pin PLCC 

pLS11016-80W 44-Pin PLCC 

pLS11016-60W 44-Pin PLCC 

INDUSTRIAL 

Ordering Number Package 

pLSI 1016-60WI 44-Pin PLCC 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- Member of Lattice's pLSI Family 
- High-Speed Global Interconnects 
- 48 1/0 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 E2CMOS'" TECHNOLOGY 

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

• pLSllispLSITM DEVELOPMENT SYSTEM (pDSTM) 

pDS Software 

- Easy to Use PC Windows™ Interface 
- Boolean Logic Compiler 
- Manual Partitioning 
- Automatic Place and Route 
- Static Timing Table 

pD5+™ 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 

pLSI™ 1024 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

I 

I;~ ~B "" Ws1;1 
6.J ~ ~ Logic B '" ~ ~ I····· iii OS ~ Array IDiiI GLB , ~ OS .•.•. 

I •• ··· ~ ~ ~ ,/ [C3l ~ I····· 
..... B- 0] '-- U " I c21 E- ••••. 

I ~ ~ Global Routing Pool (GRP) ; ~ I 
I ~~~§]~~~~I~E 

I Output Routing Pool I '-...... ....--
IilII EErlEJ BllJl] IlEIE BllJl] ~ 

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. 

The basic unit of logic on the pLSI 1024 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. C7, (see figure 1). There are a total of 24 GLBs in the 
pLSI1024 device. Each GLB has 18 inputs, a program
mable ANDIORIXOR 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 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, PCMOS and U~raMOS are registered trademarks of Lattice Semiconductor Corp. plSl, ispLSI, pOS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information herein are subject to change w~hout 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) 
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Functional Block Diagram 

Figure 1. pLSI1024 Functional Block Diagram 
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The device also has 48 1/0 cells, each of which is directly 
connected to an 1/0 pin. Each 1/0 cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional 1/0 pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TIL 
compatible voltages and the output drivers can source 4 
rnA or sink 8 rnA. 

Eight GLBs, 16 1/0 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 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-directionall/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 thepLSI 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, 
10CLK 0 and 10CLK 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 (84 on the pLSI 
1024 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications pLS11024 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

. Off-State Output Voltage Applied ...... -2.5 to Vee + 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 

VCC 
Commercial TA= O·C to +70'C 

Supply Voltage 
Industrial TA = -4Q'C, to +85'C 

VIL InpUt Low Voltage 

VIH Input High Voltage 

SYMBOL PARAMETER MAXIMUM1 

C, Dedicated Input Capacitance 8 

C2 110 and Clock Capacitance 10 

1. Guaranteed but not 100% tested. 

Data Retention Specifications 

PARAMETER MINIMUM 

Data Retention 20 

EraselReprogram Cycles -

3-19 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

UNITS TEST CONDITIONS 

pf Vcc;=5.0V. V'N=2.0V 

pf Vcc;=S.OV. VIJO' V,,-2.0V 

MAXIMUM UNITS 

- YEARS 

100 CYCLES 

9/92. Rev. e 
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Specifications pLS11024 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

Input Rise and Fall TImes ~ 3ns 1 0% to 90% 
+SV 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

Device Test 
Output ------+----...... ,....----1~ Point 

Output Load COnditions <see figure 2) 

*CL includes Test Fixture and Probe Capacitance. 
Test Condition R1 R2 CL 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 3SpF 

Active High to Z 00 3900 SpF 
3 atVoH-O.SV 

Active Low to Z 4700 3900 SpF 

at VOL +O.SV 

DC Electrical Characteristics 

Over Recommended Operating COnditions 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage 10L-a mA - - 0.4 V 

VOH Output High Voltage IOH=-4 mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV S V'N S V'L (MAX.) - - -10 j.lA 

IIH Input or 1/0 High Leakage Current V'H ~ V'N S Vee - - 10 j.lA 

IIL-PU 1/0 Active Pull-Up Current OV~V'N~V'L - - -1S0 j.lA 

los1 Output Short Circuit Current Vee=5V. VOIIT -60 - -200 mA 

ICC2 Operating Power Supply Current V'L = O.SV. V'H = 3.0V I Commercial - 130 190 mA 

fTOGGLE = 20 MHz I 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 Vee = SV and TA = 25"C. 
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Specifications pLS11024 
Commercial 

External Timing Parameters 
Over Recommended Operating COnditions 

TESTS tI DESCRIPTION1 
-80 -60 

PARAMETER UNITS CONDo MIN. MAX. MIN. MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 15 - 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path - 20 - 25 ns 

fmax 1 3 Clock Frequency with Intemal Feedback3 . 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i.u2 ~ ,",oJ 50 - 38 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 100 - 83 - MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns 

teo1 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 - 12 - 16 ns 

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

tr1 1 12 Ext. Reset Pin to Output Delay - 17 - 22.5 ns 

trw1 - 13 Ext. Reset Pulse Duration 10 - 13 - ns 

ten 2 14 Input to Output Enable - 18 - 24 ns 

tdls 3 15 Input to Output Disable - 18 - 24 ns 

twh - 16 Ext. Sync. Clock Pulse Duration, High 5 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 5 - 6 - ns 

tsu5 - 18 I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 2.5 - ns 

th5 - 19 I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 6.5 - 8.5 - 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 dala sheet for further details. . 
3. Slandard 16-Bit loadable counter using GRP feedback. 
4. flnax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters1 

PARAMETER #2 DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tiolat 2t 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 110 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrpl 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, '4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp24 32 GRP Delay, 24 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

tlptxor 34 1 Product TermlXOR Path Delay 

t20ptxor 35 20 Product Term/XOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to 1/0 Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

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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Specifications pLSI1 024 
Commercial 

·80 ·60 
UNITS 

MIN. MAX. MIN. MAX. 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

5.5 - 7.3 - ns 

1.0 - 1.3 - ns 

- 3.0 - 4.0 ns 

- 2.5 - 3.3 ns 

- 4.0 - 5.3 ns 

- 1.5 - 2.0 ns 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

- 3.8 - 5.0 ns 

- 4.5 - 6.0 ns 

- 6.3 - 8.3 ns 

- 6.5 - 8.6 ns 

- 7.0 - 9.3 ns 

- 8.0 - 10.6 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.0 - 1.3 - ns 

4.5 - 6.0 - ns 

- 2.0 - 2.7 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 12.0 ns 

3.5 7.5 4.6 9.9 ns 

- 2.5 - 3.3 ns 

- 0.5 - 0.7 ns 
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Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 110 Cell DE to Output Enabled 

todis 49 I/O Cell DE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 

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

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line 

Global Reset 
tgr 55 Global Reset to GLB and 110 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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Specifications pLS11024 
Commercial 

·80 ·60 
UNITS 

MIN. MAX. MIN. MAX. 

- 3.0 - 4.0 ns 

- 5.0 - 6.7 ns 

- 5.0 - 6.7 ns 

4.5 4.5 6.0 6.0 ns 

3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.3 6.6 ns 

3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.3 6.6 ns 

- 9.0 - 12.0 I ns 
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Specifications pLS11024 
Industrial 

External Timing Parameters 
Over Recommended Operating CondHlons 

PARAMETER TEST 5 tI DESCRIPTION1 CONDo 

tpd1 Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 2 Data Propagation Delay, Worst Case Path 

fmax 3 Clock Frequency with Internal Feedback3 

fmax (Ext.) 4 Clock Frequency with External Feedback (i.u2 ~ leOi) 
fmax (Tog.) S Clock Frequency, Max Toggle4 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tco1 7 GLB Reg. Clock to Output Delay, ORP bypass 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass 

tsu2 9 GLB Reg. Setup Time before Clock 

tc02 10 GLB Reg. Clock to Output Delay 

th2 11 GLB Reg. Hold Time after Clock 

tr1 12 Ext. Reset Pin to Output Delay 

trw1 13 Ext. Reset Pulse Duration ,/f'{ ''''" .. , ..... , .. . A;,./' 
ten 2 14 Input to Output Enable \,. \'" .,\,.. .",~. ..,/ 

tdis 

twh 

twl 

tsus 18 1/0 Reg. Setup Time t:i'eI~re'~. ~A6. Clock (Y2, Y3) 

thS 19 1/0 Reg. HgJt(time aft~r.,.Ext, SYrlc. Clock (Y2, Y3) 

..... /. ":~:::' 
":, 

3-24 

·60 
1----,---jUNITS 
MJ~ MAX . 

. C,,- % 20 ns 

ris 

MHz 

MHz 

MHz 

ns 

13 ns 

0 ns 

13 ns 

16 ns 

0 ns 

22.5 ns 

13 ns 

24 ns 

24 ns 

6 ns 

6 ns 

2.S ns 

8.S ns 
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Internal Timing Parameters1 

PARAMETER , DESCRIPTION 

Inputs 
tiobp 20 I/O Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

!din 26 Dedicated Input Delay 

GRP 
tgrpl 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp24 

GLB 
t4ptbp 

tlptxor 34 1 Product TermlXOR path·~!aY·"',., . . j ... ,/ 

t20ptxor 35 20 Product TermlX¢R Path ;~tay.>f·· 
txoradj 

tgbp 

tgsu 

tgco 4Q.· ;'G!..B ~egi~! 6i9C~to Output Delay 

tgr 

tptre ... ",.··""42'·' ., GLB,PrQdl:let Term Reset to Register Delay 

tptoe, .. , ...... ·/·\4:r Gl..B Ptbduct Term Output Enable to 110 Cell Delay 

tptck/,.'·",·:;".t4 Gte· Product Term Clock Delay 

ORP ..... ~'.' 

torp '>45 ORP Delay 

torpbp 46 ORP Bypass Delay 

1. Intemal TIming Parameters are not tested and are for reference only. 
2. Refer to Timin9 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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Specifications pLS11024 
Industrial 

-60 
f-----.--I UNITS 

MIN. MAX. 

ns 

:t:: .. , .. ,... - \ .. 4.0 ns 

ns 

ns 

t""··'··'·, •. , .. , .. ,.. .'\\... .,~> ' - 3.3 ns 

5.3 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.3 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 
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Specifications pLS11024 
Industrial 

Internal Timing Parameters1 

·60 
PARAMETER If DESCRIPTION t----,---jUNITS 

MIN. MAX. 

Outputs 
tob 47 Output Buffer Delay 

toen 48 110 Cell DE to Output Enabled 

todis 49 110 Cell DE to Output Disabled . .f~." \; :::'\ 6;7'" ns 

Clocks ... l:;~ -;':.,~:\~)~ ..... ::m~"'::~~;·=:}{'=:l· 
tgyO 50 Clock Delay, YO to Global GlB Clock Line (Ref. clock) "'''.". """" "::~t6 6.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GlB Clock Line C"'···,.,.. \,~ ,if 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GlB to Global GlB Clock Line j'" \ 't"> .... ,.,?'''' 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line {>,.,>" \ ":l {/ 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GlB to I/O Cell Global Clock Li9€"·'··"'N.~"M}~>·"" }:;,l 1.3 6.6 ns 

tgr 12.0 ns 
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Specifications pLSI1024 

pLSI1024 Timing Model 

I/O Cell GRP GLB ORP 110 Cell _---' .. "--...".--,,...,.-----r-.... -----.... ~~ 
Feedback 

Derivations of tsu, th and t.co from the Product Term Clock 1 

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

5.5 ns = (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) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco Clock (max) + Reg eo + Output 
= (tiobp + tgrp4 + tptck(max) + (tgco) + (torp + tab) 
= (#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 GLB1 
tsu Logic + Reg su - Clock (min) 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min) 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (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) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) 

teo Clock (max) + Reg eo + Output 
= (tgyO(max) + tgco + tgcp(max) + (tgco) + (torp + tab) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

17.5 ns = (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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Specifications pLSl1024 

Figure 3. Typical Device Power COnsumption vs fmax 

200 

50 

o 10 20 30 40 50 60 70 80 

fmax(MHz) 

Notes: Configuration of Six 16-bH Counters 
Typical Current at SV, 2S'C 

Figure 4. Maximum GRP Delay vs GLB Loads 
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Pin Description 

Name PLCC Pin Numbers 

1100-1/03 22, 23, 24, 25, 
1104-1107 26, 27, 28, 29, 
1108-11011 30, 31, 32, 33, 
11012 -I/O 15 37, 38, 39, 40, 
1/016 -I/O 19 41, 42, 43, 44, 
11020-1/023 45, 46, 47, 48, 
1/024 -1/027 56, 57, 58, 59, 
11028 -1/0 31 60, 61, 62, 63, 
11032 -1/035 64, 65, 66, 67, 
11036-1/039 3, 4, 5, 6, 
11040 -I/O 43 7, 8, 9, 10, 
11044-1/047 11, 12, 13, 14 

IN 0 -IN 3 21, 34, 49, 55, 
IN 4-IN 5 2, 15 

RESET 20 

YO 16 

Y1 54 

Y2 51 

Y3 50 

NC 19 

GND 1, 18, 35, 52 
VCC 17, 36, 53, 68 

Specifications pLS11024 

Description 

Input/Output Pins - These are the general purposellOpins used by the 
logic array. 

Dedicated input pins to the device. 

Active Low (0) Reset pin which resets all of the GLB and 1/0 registers 
in the device. 

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

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

Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB andlor 
any 110 cell on the device. 

Dedicated clock input. This clock input is brought into. the clock 
distribution network, and can optionally be routed to any 1/0 cell on the 
device. 

This pin should be left floating or tied to V 00. 

This pin should never be tied to GND. 

Ground (GND) 

Vee 

3-29 9/92. Rev. C 



~~~Lattice 
•••••• •••••• •••••• 

Specifications pLS11024 

Pin Configuration 

pLSI1024 PLCC Pinout Diagram 

V043 

V044 
V045 
V046 
V047 

INS 

YO 

vee 
GND 

Ne 
RESET 

INO 
VOO 
VO 1 
V02 
V03 
V04 

Package Diagram 

pLSI1024 

68-Pln PLCC 

Dimensions in inches MIN.lMAX. 

V028 

V027 
V028 
V025 
V024 

IN3 
Y1 

vee 
GND 

Y2 

Y3 

IN2 
V023 

V022 

V021 
V020 
V019 

0.020 QJMg x 45° 
0.048 0.050 Minimum 

:;Ti~~~~~~~ ~ 
t 

Top View 

"11-

1 
0.890. 
0.930 

E. 0.950=1 

~J 
0.090 

0.956 
0.986 
0.996 

3-30 

Seating Plane 
Coplanarity not 

to exceed 0.004 

0.120 
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Specifications pLSI1 024 

Part Number Description 

pLSI 1024 - XX X x X 

Device Family ___ =r----I 1T ~ Blank = Commercial 

Device Number --------' 
I = Industrial 

Package 

Speed -------------' 
80 = 80 MHz fmax 

J = PLCC 
'------- Power 

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 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- Member of Lattice's pLSI Family 
- High-Speed Global Interconnects 
- 64 1/0 Pins, Eight Dedicated Inputs 
-192 Registers 
- Wide Input Gating for Fast Counters, State 

Machines, Address Decoders, etc. 
- Small Logic Block Size for Fast Random Logic 
- Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 

- fmax = 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
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS 

- Complete Programmable Device can Combine Glue 
Logic and Structured Designs 

-1000110 Routable with High Utilization 
- Four Dedicated Clock Input Pins 
- Synchronous and Asynchronous Clocks 
- Flexible Pin Placement 
- Optimized Global Routing Pool Allows Global 

Interconnectivity 

• pLSl/ispLSITM DEVELOPMENT SYSTEM (pDSTM) 

pDS Software 

- Easy to Use PC WindowsTM . Interface 
- Boolean Logic Compiler 
- Manual Partitioning 
- Automatic Place and Route 
- Static Timing Table 

pDS+TM 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 

pLSI™ 1032 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

III mEE8 I:lEiB EmllIJ I1EllJ3 liliiii 
I Output Routing Pool I 
§J§]§l~§]§J~[§] I 

I~ [§lIB 
61 g ~ r- B "" ~ g I 
IB 0.. @] Logic B ,,@] ~ II 
(I ~ @] Array \iiOI GLB IE1 ~ I 
I•·· .• · ~ ~ ~ ,/ I c31 ~ I ••• · 

••••• ·S~ ~B" IC2Is.·.·. 
~ '~ 

! 0 I:' I ~'~m§]~~~(~~ !~ 
I Output Routing Pool I 

IIIIIIII •. · . .,..14.· .• ' r.·'··l··.·' ... ·j Ft· •• ····.,···, ,.···'···.1··· .... ··, •.•. ; •....•..•••. 

Description 

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

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

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UltraMOS are regis'tered trademarks of Lattice SemiQOndudor Corp. plSI, ispLSI, pOS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The speoWications and information herein are subject to ohange w~hout 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) 
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Functional Block Diagram 

Figure 1. pLS11032 Functional Block Diagram 

Specifications pLSI1032 
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The device also has 64 I/O cells, each of which is directly 
connected to an I/O pin. Each I/O cell can be individually 
programmed to be a combinatorial 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 TIL 
compatible voltages and the output drivers can source 4 
rnA or sink 8 rnA. 

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-directionalliO 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 
(YO, V1, V2 and V3) are brought into the distribution 
network, and five clock outputs (ClK 0, CLK1, CLK 2, 
10CLK 0 and 10CLK 1 ) are provided to route clocks to the 
GLBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GLB (CO on the pLSI 
1032 device). The logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications pLSI 1032 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.OV 

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

Off-State Output Voltage Applied ...... -2.5 to Vee + 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 condHions 
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 

Commercial TA= O'C to +70'C 
VCC Supply Voltage 

Industrial TA = -40'C to +85'C 

VIL Input Low Voltage 

VIH Input High Voltage 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

Capacitance (T A=25°C, f=1.0 MHz) . 

SYMBOL PARAMETER MAXIMUM1 UNITS TEST CONDITIONS 

C1 Dedicated Input CapacHance 8 pi Vcc=5.0V, V'N=2.0V 

C2 1/0 and Clock Capacitance 10 pf Vcc=5.0V, V'JO' 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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Specifications pLSI1 032 

Switching Test Conditions 

Input Pulse Levels GNDt03.0V Figure 2. Test Load 

Input Rise and Fall Times :s; 3ns 10% to 90% 
+5V 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

Device Test 
Output -----..... --~~--.... Point 

Output Load COnditions (see figure 2) 

Test Condition R1 R2 CL *CL includes Test Fixture and Probe Capacitance. 

1 4700 3900 3SpF 

2 Active High 00 3900 3SpF 

Active Low 4700 3900 3SpF 

Active High to Z 00 3900 SpF 
3 at VOH - O.SV 

Active Low to Z 4700 3900 SpF 

at VOL + O.SV 

DC Electrical Characteristics 

Over Recommended Operating COnditions 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage IOL=8 mA - - 0.4 V 

VOH Output High Voltage 10H =-4 mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV:s; V,N s V'L (MAX.) - - -10 I1A 
IIH Input or 1/0 High Leakage Current V,H:S; V,N:S; Vee - - 10 I1A 
IIL-PU 1/0 Active Pull-Up Current OV:S;V,N :S;V,L - - -150 I1A 
10S1 Output Short Circuit Current Vee = SV, VOIJT -60 - -200 mA 

ICC2 Operating Power Supply Current V'L = 0.5V, V,H = 3.0V I Commercial - 135 195 mA 

fTOGGLE = 20 MHz I 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 Vee = 5V and TA = 25°C. 
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Specifications pLSI1032 
Commercial 

External Timing Parameters 
Over Recommended Operating CondHlons 

TESTS If DESCRIPTION 1 
·80 -60 

PARAMETER UNITS CONO. MIN. MAX. MIN. MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 15 - 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path - 20 - 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (ioU2 ~tcol) 50 - 38 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max T09gle4 100 - 83 - MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns 

tc01 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 

tc02 - 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 - 17 - 22.5 ns 

trw1 - 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 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 5 - 6 - ns 

tsu5 - 18 I/O Reg. Setup Time before Ext. Sync. Clock (Y2,Y3) 2 - 2.5 - ns 

th5 - 19 I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 6.5 - 8.5 - 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 IS-Bit loadable counter using GRP feedback. 
4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters1 

PARAMETER #2 DESCRIPTION 

Inputs 
tiobp 20 1/0 Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp32 32 GRP Delay, 32 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product TermlXOR Path Delay 

t20ptxor 35 20 Product TermlXOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to 1/0 Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

1. Intemal 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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Specifications pLSI1 032 
Commercial 

-80 -60 
UNITS 

MIN. MAX. MIN. MAX. 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

5.5 - 7.3 - ns 

1.0 - 1.3 - ns 

- 3.0 - 4.0 ns 

- 2.5 - 3.3 ns 

- 4.0 - 5.3 ns 

- 1.5 - 2.0 ns 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

- 3.8 - 5.0 ns 

- 4.5 - 6.0 ns 

- 8.0 - 10.6 ns 

- 6.5 - 8.6 ns 

- 7.0 - 9.3 ns 

- 8.0 - 10.6 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.0 - 1.3 - ns 

4.5 - 6.0 - ns 

- 2.0 - 2.7 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 12.0 ns 

3.5 7.5 4.6 9.9 ns 

- 2.5 - 3.3 ns 

- 0.5 - 0.7 ns 
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Internal Timing Parameters1 

PARAMETER tI DESCRIPTION 

Outputs 
tab 47 Output Buffer Delay 

toen 48 I/O Cell DE to Output Enabled 

todis 49 110 Cell DE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 

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

tioy2!3 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line 

Global Reset 
tgr 55 Global Reset to GLB and 110 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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Specifications pLSI1 032 
Commercial 

..ao -60 
UNITS 

MIN. MAX. MIN. MAX 

- 3.0 - 4.0 ns 

- 5.0 - 6.7 ns 

- 5.0 - 6.7 ns 

4.5 4.5 6.0 6.0 ns 

3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.3 6.6 ns 

3.5 5.5 4.6 7.3 ns 

1.0 5.0 1.3 6.6 ns 

- 9.0 - 12.0 ns 
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Specifications pLSI1032 
Industrial 

External Timing Parameters 

OVer Recommended Operating Conditions 

PARAMETER TESTs i DESCRIPTION 1 
COND. 

tpdl Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 2 Data Propagation Delay, Worst Case Path 

fmax 3 Clock Frequency with Internal Feedback3 

fmax(Ext.) 4 Clock Frequency with External Feedback (iaU2 ~ICO;) 
fmax (Tog.) 5 Clock Frequency, Max T09gle4 

tsul 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tcol 7 GLB Reg. Clock to Output Delay, ORP bypass 

thl 8 GLB Reg. Hcild Time after Clock, 4 PT bypass 

tsu2 g GLB Reg. Setup Time before Clock 

tc02 10 GLB Reg. Clock to Output Delay 

th2 

trl 

trwl 13 Ext. Reset Pulse Duration /,..... \". ·"'\..;'v<J.~······ 

ten 2 14 Input to Output Enable \:.\;>.. '\" .) / ..... . 
tdis 3 15 Input to Output Disable •. /' .... "., .. <l,\............. :.:>,. 
twh 

twl 17 Ext. Sync. Clock P\:I~. DUr~ion>~aw>:··· 

tsu5 18 1/0 Reg. Setup. Time befQ{e Ext .• <$.yric. Clock (Y2, Y3) 

th5 19 1/0 Reg. HOld time aft8t~ ~·;,c. Clock (Y2, Y3) 

1. Unless noted otherwise, all parsmfil~"~ a 'Qf:JP I~ q1"~ GLBs, 20 PTXOR path, ORP ~d YO clock. 
2. Refer to Timing Model in this da.tB:!W!liiH....· er·.g$11s. 
3. Standard 16-Bit loadable coupti!(.ij···13 rk. 
4. fmax (T09gle) may beles!} . .tfi~.,{("'h···'\.. ' .. 'is to allow for a clock duty cycle of other than 50010. 
5. Reference Switching Test{laildition~· ... n . ./· 

~ .. : .. ;~.;.~ .... :. "::~:. ":"':" .:::: ..•.....•..•...• 
"~. '~\::.". 

.......... :~ ~ .... 
;:~·~·:~;:~·<S:: :~L~··/ 

.:; .. :\:::::~>..... .::;::~. . . 
. ,.:., . \" ...... ~. "'::~" .. /~~: ..... : .. :: .. 

....... /.... ::: ", ", 

.: ........ . .. "" 
...... ;::}' .. {" .. ' 

.(.~:: ..... . . ..... 

•.•• '::::,,~. <:" 

.... ) .. ,/ 

.. :: ..... 
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-60 
, UNITS 

"'.lNt MAX. 

..•... / ....... '.~ .• , •. 25 ns 

MHz 

MHz 

MHz 

ns 

13 ns 

0 ns 

13 ns 

16 ns 

0 ns 

22.5 ns 

13 ns 

24 ns 

24 ns 

6 ns 

6 ns 

2.5 ns 

8.5 ns 
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Internal Timing Parameters1 

PARAMETER tI DESCRIPTION 

Inputs 
tiobp 

tiolat 

tiosu 

tioh 

tioco 

tior 

tdin 

GRP 
tgrp1 

tgrp4 

tgrp8 

tgrp12 

tgrp16 

tgrp32 

GLB 
t4ptbp 

t1ptxor 

t20ptxor 

txoradj 

tgbp 

tgsu 

tgh 

tgco 

tgr 

tptre 

20 I/O Register Bypass 

21 1/0 Latch Delay 

22 1/0 Register Setup Time before Clock 

23 1/0 Register Hold Time after Clock 

24 1/0 Register Clock to Out Delay 

25 1/0 Register Reset to Out Delay 

26 Dedicated Input Delay 

27 GRP Delay, 1 GLB Load 

28 GRP Delay, 4 GLB Loads 

29 GRP Delay, 8 GLB Loads 

30 GRP Delay, 12 GLB Loads 

31 GRP Delay, 16 GLB Loads 

32 GRP Delay, 32 GLB Loads ...... /. . .•. ".".\,\\.,,' "». 
33 4 Product Term Bypass:?at/1 D"~y .. \." .. ? 
34 1 Product Term~OB Path D~Rw ... , ,<yo 
35 20 Product Te.miIxOB Path'V&!.i.// 

36 XOR Adjli98rit::e~tl:tDetay'3 .J // 
37 GLB FjeQist,;\3Yp. . .. 

39 ... GtS·f!e~~er·i'tQId:)'\ine after Clock 

.. , ;;'41... ·ill:;l3 .. ~gi~~/Reset to Output Delay 

.' ... 42"QLB'P@juct Term Reset to Register Delay 

."'\ ... \¢' ~~··Product Term Output Enable to 1/0 Cell Delay 
.... :." 

·····.·'A4."". GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

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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Specifications pLS11032 
Industrial 

·60 
f----r-..,UNITS 

Mlt,t.:. MAX . 
...... { 

............. . ::,·····.A, ',~ 2.7 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

10.6 ns 

8.6 ns 

9.3 ns 

10.6. ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 
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Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 110 Cell DE to Output Enabled 

todis 49 110 Cell DE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GlB Clock Line (Ref. clock) 

tgy1/2 

Specifications pLS11032 
Industrial 

.~, <-( .. 1/" 

-60 
t--,---;UNITS 
MIN. MAX. 

6.0 ns 

4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GlB to Global GlB Clock Line .. "l') \\;».,., .. ·'~~.l· 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line \"<,,,,~," 'ik\/ 4.6 7.3 ns 

tiocp 1.3 6.6 ns 

Global Reset 
tgr 55 Global Reset to GlB and 110 Registers 12.0 ns 

1. Inlemal Timing Pararnelers are notlested and are for reference9fi1}t. "', 
2. Refer to Timing Model in this data sheet for further details. \ \, '. 
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Specifications pLS11032 

pLSI1032 Timing Model 

I/O Cell GRP GLB ORP I/O Cell ___ " __ -.,, ____ " ___ ,~.-_____ r-... _____ " ... __ " ___ " ... __ ' __ 

Feedback 

Ded.lnr---=--t--------, 

'---~ Dlg~'l:'.l'tiOn 
Y1,2,3 >---------I-t ,~:~~ 

YO 
#50 

Derivations of tsu, th and teo from the Product Term Clock 1 

tsu Logic + Reg su - Clock (min) 

#38,39, 
40,41 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min) 
(#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 

5.5 ns = (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) 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2.0 + 2.0 + 8.0) 

tco = Clock (max) + Reg eo + Output 
= (tiobp + tgrp4 + tptck(max) + (tgeo) + (torp + tab) 
= (#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 teo from the Clock GLB1 

tsu = Logic + Reg su - Clock (min) 
(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min) 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1.0) - (3.0 + 2.0 + 1.0) 

th = Clock (max) + Reg h - Logic 
(tgyO(max) + tgeo + tgcp(max) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4.5) - (2.0 + 2.0 + 8.0) . 

teo = Clock (max) + Reg eo + Output 
= (tgyO(max) + tgco + tgcp(max) + (tgeo) + (torp + tab) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

17.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 

1. Calculations are based upon timing specs for the pLSI1 032-80. 
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Specifications pLS11032 

Figure .3. typical Device Power Consumption vsfmax 
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50 

pLSI1032 

o 10 20 30 40 50 60 70 80 

fmax (MHz) 

Notes: Configuration of eight 16-bit Counters 
Typical Current at SV. 2S"C 

Figure 4. Maximum GRP Delay vs GLB Loads 
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Pin Description 

Name 

1/00-1/03 
1/04-1/07 
1/08-1/011 
I/O 12 -1/015 
1/016 -1/019 
110 20 - 110 23 
110 24 - 110 27 
1/028 - 1/031 
110 32 - 110 35 
110 36 - 110 39 
110 40 - 110 43 
110 44 - 110 47 
1/048 - 1/051 
110 52 - 110 55 
110 56 - 110 59 
110 60 - 110 63 

INO-IN3 
IN4-IN7 

RESET 

YO 

Y1 

Y2 

Y3 

NC 

GND 
VCC 

PLCC Pin Numbers 

26, 27, 28, 29, 
30, 31, 32, 33, 
34, 35, 36, 37, 
38, 39, 40, 41, 
45, 46, 47, 48, 
49, SO, 51, 52, 
53, 54, 55, 56, 
57, 58, 59, 60, 
68, 69, 70, 71, 
72, 73, 74, 75, 
76, 77, 78, 79, 
80, 81, 82, 83, 
3, 4, 5, 6, 
7, 8, 9, 10, 
11, 12, 13, 14, 
15, 16, 17, 18 

25, 42, 44, 61 
67, 84, 2, 19 

24 

20 

66 

63 

62 

23 

1, 22, 43, 64 
21, 65 

Specifications pLS11032 

Description 

Input/Output Pins -Theseare the general purpose 110 pins used by the 
logic array. 

Dedicated input pins to the device. 

Active Low (0) Reset pin which resets all of the GLB and 110 registers 
in the device. 

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

Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 
Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB and/or 
any 110 cell on the device. 

Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any 110 cell on the 
device. 

This pin should be left floating or tied to V co 
This pin should never be tied tQ GND. . 

Ground (GND) 

Vee 
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Pin Configuration 

pLS11032 PLCC Pinout Diagram 

1/057 

1/058 

1/059 

1/060 

1/061 

1/062 

1/063 

IN7 
YO 

vee 
GND 

Ne 
RESET 

INO 
1/00 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

pLSI1032 

Specifications pLS11032 

1/038 

1/037 

1/036 

71 1/035 

1/034 

1/033 

1/032 

IN4 
Y1 
vee 
GND 
Y2 
Y3 

61 IN3 
1/031 

1/030 

1/029 

1/028 

1/027 

1/026 

1/025 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 
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Specifications pLS11032 

Package Diagram 

84-Pln PLCC 

Dimensions In Inches MIN.lMAX. 
0.042 x 45' M?ril':m 

0.048 ~~~~~~~~~ F---'--"~l 

Top View 1.090 
iJ30 

. J 
E 1150===:J r g-~ • 1:156 • !--0.165 0.120 

1.185 0.180 
1.195 Sealing Plane 

coplanarity not 
10 exceed 0.004 

Part Number Description 

x X X 
DevIce Fomlly r 10r2 - XX 

Device Number 

1T ~ Blank,., Commercial 
I = Industrial 

Package 
J = PLCC 

Speed ------------' 
80 = 80 MHz fmax 

L..-_____ Power 

L=Law 
60 = 60 MHz fmax 

Ordering Information 

COMMERCIAL 

fmax(MHz) tpd (n5) Ordering Number Package 

80 15 pLS11032-80LJ 84-Pin PLCC 

60 20 pLSI1032-60LJ 84-Pin PLCC 

INDUSTRIAL 

fmax(MHz) tpd (n5) Ordering Number Package 

60 20 pLSI1032-60LJI 84-Pin PLCC 

3-47 9/92 Rev. C 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- Member of Lattice's pLSI Family 
- High-Speed Global Interconnects 
- 96 I/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 
-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 Devica can Combine Glue 
Logic and Structured Designs 

....,.100% Routeble with High Utilization 
- Four Dedicated Clock Input Pins 
- Synchronous and Asynchronous Clocks 
- Flexible Pin Placement . 
- Optimized Global Routing Pool Allows Global 

Interconnectivity . 

• pLSl/ispLSI1M DEVELOPMENT SYSTEM (pDS1M) 

pDS Software 

- Easy to Use PC Windows1M Interface 
- Boolesn Logic Compiler 
- Manusl Psrtitioning 
- Automatic Place and Route 
......; Static Timing Table 

pDS+1M Software 

- Industry Standard, Third Party Design 
Environments 

- Schematic capture, State Machine, VHDL 
- Automatic Partitioning 
- Automatic PlaQa and Route 
- Comprehensive Logic and Timing Simulation 
- PC and Workstation Platforms 

/ 

pLS/™ 1048 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

Description 

The Lattice pLSI 1048 is a High-Density Programmable 
Logic Device which contains 288 Registers, 96 Universal 
VO pins, ten Dedicated Input pins, four Dedicated Clock 
Input pins and a Global Routing Pool (GRP). The. GRP 
provides completeinterconnectivity between all of these 
elements. 

The baSic unit of logic on the pLSI 1048 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. F7, (see figure 1). There are a total of 48 GLBs in the 
pLS11048 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 can be connected to the inputs of any otherGLB onthe 
device . 

Copyright @ 1992lat1ioo Senioondu_ Coop. GAL. E'CMOS and UlraMOS ara regi_lradtmarka of I.a11ioe Samiconduc:Ior Coop. pLSI, iopLSI, pOS, pOS+ and Gonorio AlTaY Logic ora 
trademarks of Lotti .. Semiconductor Coop. The specifiootions and information herein ora subjoot to chango without notioo. 

LATTICE SEMICONDUCTOR CORP .• 5555 Norlhaast Moore Ct.. Hillsboro. Oregon 97124. U.S.A. 
Tel. (503) 681-0118; FAX (503) 681·3037; Applications Hotline: HIOO·LATTICE (528-8423) 
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Functional Block Diagram 

Figure 1. pLS11048 Functional Block Diagram 

, , 
~~ :1;;;;: 
1102 I:~. 

1103 : :':" 

Specifications pLS11048 

IIOKHOIfO 1I01iOVOVO VOVOVOIlO IIOWOIlOVO nnnH n~nn ~n.M ~ •• M 

'N7 
'NO 

110. 1 I/O" 
1/011 . I/O .. 

I/O .. 
110 .. 

IfOS I ..... 1104 :1' 
VOl : ;.:: 
1107 I.···· , 

E.: 11':;~ ~ 

Global 
Routing 

Pool 
(GRP) 

!I 1/0&1 
I/O .. 

I 
1/066 

'::: 
I/O .. 
11081 .. , 110" 

V011 : .-:. 

00":1';< ~~: : ~::~ 
11016 1:' .. <: , 
." '11:=="# 1N1 :. " 

~1~-' 

I 
1/0&1 
I/O .. 

,. I/O" 
1/041 
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16171810 20212223 "252627 .5S031 "INS RUNS5 sa'l1S8. 404142. 444& 48 iii 

The device also has 96 1/0 cells, each of which is directly 
connected to an 1/0 pin. Each 1/0 cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional lID 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 
rnA or sink 8 rnA. 

Eight GLBs, 16 lID 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 set of 16 
universal lID 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 lID 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 
(YO, V1, V2 and V3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK 1, CLK 2, 
10CLK 0 and 10CLK 1) are provided to route clocks to the 
GLBs and lID cells. The Clock Distribution Network can 
also be driven from a special clock GLB (DO on the pLSI 
1048 device). The. logic of this GLB allows the user to 
create an internal clock from a combination of internal 
signals within the device. 
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Specifications pLS11048 

Absolute Maximum Ratings 1 

Supply VoHage Vee .................... -0.5 to +7.0V 

Input VoHage Applied ............... -2.5 to Vee + 1.0V 

Off-State Output VoHage Applied ...... -2.5 to Vee + 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 

Commercial TA= O'C to +70'C 
VCC Supply Voltage 

Industrial TA = -40'C to +85'C 

VIL Input Low Voltage 

VIH Input High Voltage 

Capacitance (TA=25°C. 1=1.0 MHz) 

SYMBOL PARAMETER MAXIMUM1 

C1 Dedicated Input Capacitance 8 

C2 110 and Clock Capacitance 10 

1 . Guaranteed but not 100% tested. 

Data Retention Specifications 

PARAMETER MINIMUM 

Data Retention 20 

Erase/Reprogram Cycles -

3-51 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

UNITS TEST CONDITIONS 

pf Vcc;=5.0V, V1N-2.0V 

pf Vcc;=5.0V, VIJO' Vv=2.0V 

MAXIMUM UNITS 

- YEARS 

100 CYCLES 

9192. Rev. E 
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Specifications pLSI1 048 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

Input Rise and Fall Times 5: 3ns 10% to 90% 
+SV 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

Device Test 
Output -----~-------.. Point 

Output Load Conditions (see figure 2) 
*CL includes Test Fixture and Probe Capac~ance. 

Test Condition R1 R2 CL 

1 470n 390n 3SpF 

2 Active High 00 390n 35pF 

Active Low 470n 390n 35pF 

Active High to Z 00 390n 5pF 
3 at VOH - 0.5V 

Active Low to Z 470n 390n 5pF 

at VOL + 0.5V 

DC Electrical Characteristics 

Over Recommended Operating Conditions 

SYMBOL PARAMETER CONDITION MIN. Typ.3 MAX. UNITS 

VOL Output Low Voltage IOL=8 mA - - 0.4 V 

VOH Output High Voltage 10H =-4mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV 5: VIN 5: VIL (MAX.) - - -10 J.lA 
IIH Input or 1/0 High Leakage Current VIH 5: VIN 5: Vee - - 10 J.lA 
IIL-PU 1/0 Active Pull-Up Current OV 5: VIN 5: VIL - - -1S0 J.lA 
10sl Output Short Circu~ Current Vee = SV, VOIJf -60 - -200 mA 

ICC2 Operating Power Supply Current VIL = O.SV, VIH = 3.0V I Commercial - 165 235 mA 

fTOGGLE = 20 MHz I 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 Vee = 5V and TA = 25°C. 
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Specifications pLS11048 
Commercial 

External Timing Parameters 
Over Recommended Operating CondHlons 

TESTS i DESCRIPTION 1 
·70 ·50 

PARAMETER UNITS CONDo MIN. MAX. MIN. MAX. 

tpdl 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 Feedback3 71.4 - 53.6 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i.u2~lCol) 41.7 - 31.3 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 83 - 71.4 - MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass 9 - 12 - ns 

tcol 1 7 GLB Reg. Clock to Output Delay, ORP bypass - 12 - 16 ns 

thl - 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 - 18.7 ns 

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

trl 1 12 Ext. Reset Pin to Output Delay - 17 - 22.7 ns 

trwl - 13 Ext. Reset Pulse Duration 10 - 13 - ns 

ten 2 14 Input to Output Enable - 20 - 26.7 ns 

tdis 3 15 Input to Output Disable - 20 - 26.7 ns 

twh - 16 Ext. Sync. Clock Pulse Duration, High 6 - 7 - os 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 6 - 7 - ns 

tsu5 - 18 110 Reg. Setup Time before Ext. Sync. Clock (V2, V3) 2 - 2.7 - ns 

th5 - 19 110 Reg. Hold Time after Ext. Sync. Clock (V2, V3) 6.5 - 8.7 - os 

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 Ioadable counter using GRP feedback. 
4. fmax (Toggle) may be less than lI(twh + twl). This is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters 1 

PARAMETER i- DESCRIPTION 

Inputs 

tiobp 20 liD Register Bypass 

tiolat 21 liD Latch Delay 

tiosu 22 liD Register Setup Time before Clock 

tioh 23 liD Register Hold Time after Clock 

tioco 24 liD Register Clock to Out Delay 

tior 25 liD Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp48 32 GRP Delay, 48 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1 ptxor 34 1 Product Term/XOR Path Delay 

t20ptxor 35 20 Product Term/XOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to liD Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

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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Specifications pLS11048 
Commercial 

-70 -50 
UNITS 

MIN. MAX. MIN. MAX. 

- 3.0 - 4.0 ns 

- 4.0 - 5.3 ns 

6.0 - 8.1 - ns 

0.5 - 0.9 - ns 

- 3.0 - 3.9 ns 

- 3.5 - 4.6 ns 

- 6.0 - 8.0 ns 

- 2.5 - 3.3 ns 

- 3.0 - 4.0 ns 

- 4.0 - 5.3 ns 

- 5.0 - 6.7 ns 

- 6.0 - 8.0 ns 

- 16.0 - 21.3 ns 

- 6.5 - 8.6 ns 

- 7.0 - 9.3 ns 

- 7.5 - 10.0 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.5 - 2.0 - ns 

6.0 - 8.0 - ns 

- 2.5 - 3.3 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 11.9 ns 

3.5 7.5 4.6 9.9 ns 

- 3.5 - 4.7 ns 

- 1.5 - 2.0 ns 
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Internal Timing Parameters 1 

PARAMETER i DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 110 Cell OE to Output Enabled 

todis 49 110 Cell OE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, VO to Global GLB Clock Line (Ref. clock) 

tgy112 51 Clock Delay, V1 or V2 to Global GLB Clock Line 

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

tioy213 53 Clock Delay, V2 or V3 to 110 Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line 

Global Reset 
tgr 55 Global Reset to GLB and 110 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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Specifications pLS11048 
Commercial 

·70 -50 
UNITS 

MIN. MAX. MIN. MAX. 

- 3.0 - 4.0 ns 

- 5.0 - 6.7 ns 

- 5.0 - 6.7 ns 

5.0 5.0 6.7 6.7 ns 

4.0 6.0 5.3 8.0 ns 

1.0 5.0 1.3 6.6 ns 

4.0 6.0 5.3 8.0 ns 

1.0 5.0 1.3 6.6 ns 

- 8.0 - 10.6 ns 

9192. Rev. E 
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Specifications pLS11048 
Industrial 

External Timing Parameters 
OVer Recommended Operating Conditions 

·50 
. .. UNITS 

f.!.flNf MAX. 
PARAMETER J~~1~ #2 DESCRIPTION1 

tpd1 1 Data Propagation Delay, 4PT bypass, ORP bypass ns 

tpd2 2 Data Propagation Delay, Worst Case Path -,~o.J ns 

fmax 3 Clock Frequency with Internal Feedback3 MHz 

fmax (Ext.) 4 Clock Frequency with External Feedback li0u2~tco:!L MHz 

fmax (Tog.) 5 Clock Frequency, Max Toggle4 MHz 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass ns 

tc01 7 GLB Reg. Clock to Output Delay, ORP bypass 16 ns 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass o ns 

tsu2 9 GLB Reg. Setup Time before Clock 16 ns 

tc02 10 GLB Reg. Clock to Output Delay ·t;/'.··",···· 18.7 ns 

th2 11 GLB Reg. Hold Time after Clock o ns 

tr1 12 Ext. Reset Pin to Output Delay 22.7 ns 

trw1 13 Ext. Reset Pulse Duration 13 ns 

ten 2 14 Input to Output Enable \· ... ··\::···....··"""""., ..• i:~(.····/· 26.7 ns 

tdis 3 15 Input to Output Disable.,:::';:. 26.7 ns 

twh 16 Ext. Sync. Clock Puls~·Q~raiioQ;Blgh.,.\/ 7 ns 

twl 17 Ext. Sync. Clock PUIS&.pur~!on,1;;o\.V) 7 ns 

tsu5 18 110 Reg. Setl.JpTime bejdr.~. Ext·$Ync. Clock (Y2, Y3) 2.7 ns 

th5 19 110 Reg .. H~ldTi(l1e aft6~~:.SYnc. Clock (Y2, Y3) 8.7 ns 

1. Unless noted otherwise, all paramEitet&.u$!\ •. ll Gl'if.' l~cI.·oI4 GLBs, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this cIi4.·stteeHor IUl;!her>di)liiils. 
3. Standard 16-Bit loadable cg.mtEi~u~iii9 .. GIilP,f~98Ck. 
4. fmax (To99le) may be le~:!h<iln 1*wlJ..:r1i-\flf'1)ris is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching J~tqonOj~ons:~.Elb.jiOr.v· 
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Internal Timing Parameters 1 

PARAMETER i DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tlolat 21 110 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

30 GRP Delay, 12 GLB Loads 

31 GRP Delay, 16 GLB Loads 

32 GRP Delay, 4B GLB Loads 

t1ptxor 34 1 Product TermlXOR pjitfi D~hIy "\::\ .. » . ...'. 
t20ptxor 35 20 Product TermIX9R patti''Q~lah . .. ,,L .. / 
txoradj 36 XOR Adjacent eaf~'belay3"" .. , .. '·\, .... / 

tgco 40 GLB:~~jstef¢1b~ ~'butput DelilY 

tgr 4 t·;;GI.,B ijegi~~"r R~~tlt to Output Delay 

Specifications pLS11048 
Industrial 

.... . .... : .. ; .. 
/;;~t?·····~":.':: . ..,.t:· .. ·· .. ~;vN~·: .. ••• ..... :.;, .•.•.• ~l~ 

·50 
1---.,--'" UNITS 
MIN. MAX. 

3.3 ns 

4.0 ns 

5.3 ns 

6.7 ns 

8.0 ns 

21.3 ns 

8.6 ns 

9.3 ns 

10.0 ns 

12.7 ns 

1.3 ns 

2.0 ns 

8.0 ns 

3.3 ns 

3.3 ns 

13.3 ns 

tptoe.,/ ""'lIi"--., GCB"Prkdubt Term Output Enable to 1/0 Cell Delay 11.9 ns 

tptck .. "".."'· (: '.' \4+ Gt,Bpfuduct Term Clock Delay 4.6 9.9 ns 

torp '·'··.1 4~"" ORP Delay 4.7 ns 

torpbp '" /46 ORP Bypass Delay 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. 
3. The XOR Adjacent path can only be used by lattiCe Hard Macros. 
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Internal Timing Parameters 1 

PARAMETER DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 1/0 Cell OE to Output Enabled 

todis 49 1/0 Cell OE to Output Disabled 

Clocks 
tgyO 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 

tioy213 53 Cicek Delay, Y2 or Y3 to 110 Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock Line 

Global Reset 
tgr 55 Global Reset to GLB and 1/0 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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Specifications pLSI1 048 
Industrial 

ns 

ns 

ns 
........ 

". 
'~'. 

···~O: ·/6.7 ns 
"::::. 

5:3 8.0 ns 

1.3 6.6 ns 

5.3 8.0 ns 

1.3 6.6 ns 

ns 
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Specifications pLS11048 

pLSI1048 Timing Model 

110 Cell GRP GLB ORP I/O Cell _-...... "--.... ,,------.,~,..----.... -""'-----'r,..---. .. -_,,_--'&""'--_ 

Derivations of tsu, th and tco from the Product Term Clock 1 

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

5.5 ns = (3.0 + 3.0 + 7.5) + (1.5) - (3.0 + 3.0 + 3.5) 

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

6.0 ns= 

tco 

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

Clock (max) + Reg eo + Output ' 
= (tiobp + tgrp4 + tptck(max» + (tgco) + (torp + tob) 
= (#20 + #28 + #44) + (#40) + {#45 + #47}. 

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

Derivations of tsu, th and tco from the Clock GLS1 
tsu Logic + Reg su - Clock (min) 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min» 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

6.5 ns = (3.0 + 3.0 + 7.5) + (1.5) - (5.0 + 2.5 + 1.0) . 

th = Clock (max) + Reg h - Logic 
= (tgyO(max) + tgeo + tgcp(max» +. (tgh) - (tiobp + tgrp4 + t20ptxor) 

(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 
5.0 ns = (5.0 + 2.5 + 5.0) + (6.0) - (3.0 + 3.0 + 7.5) 

teo Clock (max) + Reg eo + Output 
= (tgyO(max) + tgco + tgcp(max» + (tgeo) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

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

1. Calculations are based upon timing specs for the pLSI1 048-70. 
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Specifications pLS11048 

Figure 3. Typical Device Power Consumption vs fmax 
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« .s 150 
o 
.!J 100 

50 

fmax (MHz) 
Notes: Configuration of Twelve 16-bit Counters 

Typical Current at SV, 2S"C 

Figure 4. Maximum GRP Delay vs GLB Loads 
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Pin Description 

Name 

1/00-1/05 
I/O 6 -I/O 11 
I/O 12 -I/O 17 
I/O 18 -I/O 23 
1/024-1/029 
I/O 30 -11035 
1/036-1/041 
1/042-1/047 
1/048-1/053 
1/054-11059 
1/060-1/065 
I/O 66 -I/O 71 
1/072 -1/077 
I/O 78 ·1/0 83 
1/084.11089 
1/090-1/095 

IN 0 -IN 5 
IN 6 -IN 11 

YO 

Y1 

Y2 

Y3 

NC 

GND 
Vce 

PQFP Pin Numbers 

20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 
38, 39, 40, 41, 42, 43, 
49, 50, 51, 52 .. 53, 54, 
55, 56, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 71, 72, 
80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 
92, 93, 94, 95, 96, 97, 
98, 99,100,101,102,103, 

109,110,111,112,113,114, 
115,116,117,118,119,120, 

1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12 

14, 44, - 47, 48, 73, 
79,104,105, - 108, 13 

18 

14 

78 

75 

74 

17 

46, 76,106, 16 
15, 45, 77, 107 

Specifications pLS1104B 

Description 

Input/Output Pins -These are the general purpose I/O pins used by the 
logic array. 

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

Active Low (0) Reset pin which resets all of the GLB and I/O registers 
in the device. 
Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 

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

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

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. 

This pin should be left floating or tied to V 00. 

This pin should never be tied to GND. 

Ground (GND) 

Voo 
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Pin Configuration 

pLS11048 PQFP Pinout Diagram 

Package Diagram 

I" 

V084 
V085 
V086 
V087 
V088 
V089 
V090 
V091 
V092 
V093 
V094 
V095 
IN11 

YO 
vee 
GND 

Ne 
AEm 

INO 
1100 
110 1 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 

VO 10 

(!) 
Pin 1 

0.913 
REF 

Top View 

pLSI1048 

120·Pln PQFP 

Specifications pLSI 1048 

11058 
110 57 
V056 
11055 
V054 
110 53 
11052 
11051 
11050 
11049 
110 48 
IN6 
Y1 
vee 
GND 
Y2 
Y3 
INS 
11047 
110 46 
11045 
11044 
11043 
11042 
11041 
11040 
11039 
11038 
11037 
110 36 

Dimensions in inches MIN.lMAX. 

"I 0.0315 
esc Detail A 

° 1 
T -1. 

t 
0.012 
1i.1ii8 

t==0 1'098~OJ 
" 1.106 

1.218 
1.238 

Coplanari1y not to 
exceed 0.004 

~0.125-1 
0.144 

Detail A 
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Specifications pLSI1 048 

Part Number Description 

X X X pLSI 1048 - XX 

DIMCO Fam;'y T I 1 T G~do 
Blank = Commercial 

Device Number 
I = Industrial 

Package 

Speed ---------------' 
70 = 70 MHz fmax 

Q=PQFP 
'-------Power 

L= Low 
50 = 50 MHz fmax 

Ordering Information 

COMMERCIAL 

fmax (MHz) tpd (ns) Ordering Number Package 

70 18 pLS11048-70LQ 120-Pin PQFP 

50 24 pLSI 1048-50LQ 120-Pin PQFP 

INDUSTRIAL 

fmax (MHz) tpd (ns) Ordering Number Package 

50 24 pLSI 1048-50LQI 120-Pin PQFP 
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Features 

• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 
- Member of Lattice's ispLSI Family 
- Fully Compatible with Lattice's pLSIT" Family 
- High-Speed Global Interconnects 
- 32 VO Pins, Four Dadicated 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 E2CMosa TECHNOLOGY 
- fmax = 90 MHz Maximum Operating Frequency 
- tpd = 12 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T 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 

• pLSVispLSI DEVELOPMENT SYSTEM (pDSTM) 
pDS Software 

- Easy to Use PC WlndowsTM Interfaca 
- Boolean Logic Complier 
- Manual Partitioning 
- Automatic Place and Route 
- Static Timing Table 

pDS+TM Software 

- Industry Standard, Third Party Design 
Environments 

- Schemetic Cepture, State Machine, VHDL 
- Automatic Partitioning 
- Automatic Place and Route 
- Comprehensive Logic and Timing SilTlulat.lon 
- PC and Workstation Platforms 

ispLS/™ 1016 
in-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

Global Routing Pool (GRP) 

Description 

The Lattice ispLSI1016 is a High-Density Programmable 
Logic Device featuring S-VoH in-system programmability 
and in-system diagnostic capabilities. The device contains 
96 Registers, 32 Universal 110 pins, four Dedicated Input 
pins, three Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete intercqnnectivity 
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 ispLSI1016 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 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 e 1992 Lattice Semiconductor CoJp. GAL, ~'CMOS and UItraMOS are registered trademarks of Lattioe Samioondudor Corp. pLSI, ispLSI, pOS, pDS. and G!>neric Array Logic are 
tredemarks of Lattice Semicondudor CoJp. The speoWioaliorls and informetion herein are subject to change wilhout notioe. 

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) 
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Functional Block Diagram 

Figure 1.lspLS11016 Functional Block Diagram 

Generic 
Logic Blocks 

(GLBs) 

i------------- -- -, , , 

"00 :1'" 1/ I .'.~'. 

110 1 : .:~:> 
1102 : .:::=:. 
1103 : .::%: , 

Specifications ispLSl1 016 

IN3 
MODElIN2 

11031 
11030 
11029 
11028 

11027 
,- 11025 
,~m 11025 ~: ll-:--

1106 : .~~ 
1107 : ::~::- i 

~: ll';;:' ~ 

Global 
Routing 

Pool 
(GRP) 

1 ~ ",- 11024 

~I 11023 
11022 

"'-
110 10 : .::.~. 

110 11 : :~~:.~~ 
, 

11012 il-K 
V013 ,- '< 
11014 : :=:::~: 
110 15 : :~>. 

, , 
SOVINO : 

SDOJINI 

The device also has 32 I/O cells, each of which is directly 
connected to an 1/0 pin. Each 1/0 cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional 110 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 
rnA or sink 8 rnA. 

Eight GLBs,. 16 1/0 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 universall/Ocells by the ORP. The ispLSl1 016 
device contains two of these Megablocks. 

-«<- 11021 
11020 

I 110 19 
110 18 
110 17 
110 16 

ClKO 

Clock 1 

Dis1ribution ClK2 
10C Network IOCLK1 

'Note: YI and Iim'I' 
are muliplaxad 
on the Bama pin 

The GRP has as its inputs the outputs from all of the GlBs 
and all of the inputs from the bi-directionall/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 
(YO, Y1 and Y2) are brought into the distribution network, 
and five clock outputs (ClK 0, ClK 1, ClK 2, 10ClK 0 and 
10ClK 1) are provided to route clocks to the GlBs and 1/0 
cells. The Clock Distribution Network can also be driven 
from a special clock GlB (BO on the ispLSl1 016 device). 
The logic of this GlB allows the user to create an internal 
clock from a combination of internal signals within the 
device. 
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Specifications ispLSI1 016 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.OV 

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

Off-State Output Voltage Applied ...... -2.5 to Vee + 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 T.= O·C to +70·C 4.75 5.25 
VCC Supply Vo~age V 

Industrial T. = -40·C to +85·C 4.5 5.5 

VIL Input Low Voltage 0 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 1 V 

Capacitance (T A=2SoC, f=1.0 MHz) 

SYMBOL PARAMETER MAXIMUM 1 UNITS TEST CONDITIONS 

C, Dedicated Input Capacitance 8 pf V cc=5.0V. V'N=2.0V 
C2 110 and Clock Capacitance 10 pf Vcc=5.0V. V'IO' 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 

4-3 9/92. Rev. C 
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Specifications ispLSl1 016 

Switching Test Conditions 

Input Pulse Levels GNDto3.0V Figure 2. Test Load 

Input Rise and Fall TImes S 3ns 10% to 90% 
+SV 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

Device -----..... --..... ----1~ Test 
Output Point 

Output Load Conditions (see figure 2) 
':" 

*CL includes Test Fixture and Probe Capacitance. 

Test Condition R1 R2 CL 

1 470n 390n 35pF 

2 Active High 00 390n 3SpF 

Active Low 470n 390n 3SpF 

Active High to Z 00 390n SpF 
3 atVoH-o.SV 

Active Low to Z 470n 390n SpF 

atVOl+O.SV 

DC Electrical Characteristics 

Over Recommended Operating COnditions 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage IOl"'S mA - - 0.4 V 

VOH Output High Voltage IOH --4 mA 2.4 - - V 

. ilL Input or 110 Low Leakage Current OV S V1N S V1l (MAX.) - - -10 !IA 
IIH . Input or 110 High Leakage Current V1H S V1N S Vee - - 10 !IA 
IIL-isp isp Input Low Leakage Current OV S V1N S V1l (MAX.) - - -1S0 !IA 
IIL-PU 110 Active Pull-Up Current oV SV1NSVIl - - -1 SO !IA 
10Sl Output Short Circuit Current Vee = SV, VOUT -60 - -200 mA 

Icc2 Operating Power Supply Current V1l a O.SV, V1H - 3.0V I Commercial - 100 1S0 mA 

fTOGGLE .. 20 MHz I 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 Vee = SV and TA .. 2SoC. 
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Specifications ispLSl1 016 
Commercial 

External Timing Parameters 
Over Recommended Operating Conditions 

TESTS #I- DESCRIPTION 1 
·90 ·80 ·60 

PARAMETER UNITS CONDo MIN. MAX. MIN. MAX. MIN. MAX. 

tpdl 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 12 - 15 - 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path - 17 - 20 - 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 90.9 - 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i.u2~I1:0;) 58.8 - 50 - 38 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 125 - 100 - 83 - MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass 6 - 7 - 9 - ns 

teal 1 7 GLB Reg. Clock to Output Delay, ORP bypass - 8 - 10 - 13 ns 

thl - 8 GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock 9 - 10 - 13 - ns 

tco2 - 10 GLB Reg. Clock to Output Delay - 10 - 12 - 16 ns 

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

trl 1 12 Ext. Reset Pin to Output Delay - 15 - 17 - 22.5 ns 

trwl - 13 Ext. Reset Pulse Duration 10 - 10 - 13 - ns 

ten 2 14 Input to Output Enable - 15 - 18 - 24 ns 

!dis 3 15 Input to Output Disable - 15 - 18 - 24 ns 

twh - 16 Ext. Sync. Clock Pulse Duration, High 4 - 5 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 4 - 5 - 6 - ns 

tsu5 - 18 110 Reg. Setup Time before Ext. Sync. Clock (''1'1, Y2) 2 - 2 - 2.5 - ns 

th5 - 19 110 Reg. Hold Time after Ext. Sync. Clock fV1, Y2) 6.5 - 6.5 - 8.5 - ns 

1. Unless noted 01l1erwise. all parameters use a GRP load of 4 GLBs, 20 PlXOR path, ORP and YO clock. 
2. Refer to TIming Model in 1I1is data sheet for fur1her details. 
3. Standard IS-Bit loadable counter using GRP feedback. 
4. frnax (Toggle) may be less 1I1an 1/(lWh + twI). This is to allow for a clock duty cycle of 01l1erthan 50%. 
5. Reference Switching Test Conditions Saction. 

4-5 9192. Rev. C 

I 



~~~Lattice 
•••••• ••••• !I 
•••••• 

Internal Timing Parameters 1 

PARAMETER #2 DESCRIPTION 

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/O Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product TermlXOR Path Delay 

t20ptxor 35 20 Product TermlXOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgee 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to I/O Cell Delay 

!ptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORPDelay 

torpbp 46 ORP Bypass Delay 

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

4-6 

Specifications ispLSl1016 
Commercial 

-90 -80 ·60 
UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

- 1.0 - 2.0 - 2.7 ns 

- 2.0 - 3.0 - 4.0 ns 

4.5 - 5.5 - 7.3 - ns 

2.0 - 1.0 - 1.3 - ns 

- 2.0 - 3.0 - 4.0 ns 

- 2.5 - 2.5 - 3.3 ns 

- 2.0 - 4.0 - 5.3 ns 

- 0.7 - 1.5 - 2.0 ns 

- 1.0 - 2.0 - 2.7 ns 

- 1.8 - 3.0 - 4.0 ns 

- 2.6 - 3.8 - 5.0 ns 

- 3.4 - 4.5 - 6.0 ns 

- 6.5 - 6.5 - 8.6 ns 

- 7.0 - 7.0 - 9.3 ns 

- 8.0 - 8.0 - 1M ns 

- 9.5 - 9.5 - 12.7 ns 

- 0.5 - 1.0 - 1.3 ns 

1.0 - 1.0 - 1.3 - ns 

3.5 - 4.5 - 6.0 - ns 

- 1.5 - 2.0 - 2.7 ns 

- 2.5 - 2.5 - 3.3 ns 

- 10.0 - 10.0 - 13.3 ns 

- 9.0 - 9.0 - 12.0 ns 

3.5 7.5 3.5 7.5 4.6 9.9 ns 

- 2.5 - 2.5 - 3.3 ns 

- 0.5 - 0.5 - 0.7 ns 

9192. Rev. C 
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Internal Timing Parameters1 

PARAMETER #2 DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 1/0 Cell OE to Output Enabled 

todis 49 1/0 Cell OE to Output Disabled 

Clocks 

Specifications ispLSl1 016 
Commercial 

-90 -80 ·60 
UNITS 

MIN. MAX. MIN. MAX. MIN. MAX. 

- 2.5 - 3.0 - 4.0 ns 

- 4.0 - 5.0 - 6.7 ns 

- 4.0 - 5.0 - 6.7 ns 

tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 3.5 3.5 4.5 4.5 6.0 6.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 2.5 4.5 3.5 5.5 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line 1.0 5.0 1.0 5.0 1.3 6.6 ns 

tioy112 53 Clock Delay, Y1 or Y2 to 1/0 Cell Global Clock Line 2.5 4.5 3.5 5.5 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock Line 1.0 5.0 1.0 5.0 1.3 6.6 ns 

Global Reset 

tgr 55 Global Reset to GLB and 1/0 Registers - 7.5 - 9.0 - 12.0 ns 

1. Internal Timing Parameters are not tested and are for reference only. 
2. Refer to liming Model in this data sheet for further details. 
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Specifications ispLSl1 016 
Industrial 

External Timing Parameters 

Over Recommended Operating Conditions 

TEST 5 II DESCRIPTIONl 
-60 

PARAMETER UNITS CONDo 
M.!tfr MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass /<~t 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path ./~.f" . . ;. ... ....:-~. 25 ns .. 
fmax 1 3 Clock Frequency with Intemal Feedback3 . ~:?'~.:~~;;~~. ".>SQ,. .\,<} MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (iaul ~ .... J .. /<~ ~Et z .-of' MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 .... '" .~~ MHz -=".;;;;--=:::. ~'::.. 

tau1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass ». ",\,. »,\,/ ,,<~"9 - ns 

tco1 1 7 GLB Reg. Clock to Output Delay, ORP bypass \ .. ·;o-::·-:-.;. .. x:-.; .••• ): ./:'~~. - 13 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass ./? '\ \:~;:"/». .. :. """F 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock oJo~> ... « ..... ;~~<::::> \.oJo::#..>. ".:-,;f-" 13 - ns 

tco2 - 10 GLB Reg. Clock to Output Delay ~// .. ·-:-... (o:+.w .. ..;.,,;:;: .. -''=:::,,\t.//>· - 16 ns 

th2 - 11 GLB Reg. Hold Time after Clock /?'V. ' ....... ,"':..:W.»>N~»NN."W .. '/ 0 - ns 

tr1 1 12 Ext. Reset Pin to Outp~t Delay ".L:,~,~"\'J) - 22.5 ns 

trw1 - 13 Ext. Reset Pulse Duration ./ <., .. .f./ 13 - ns 

ten 2 14 "P~to """~ E,"'. ~) / - 24 ns 

tdis 3 15 Input to Output Disable , .. ,-of .""<.. ..,-;y - 24 ns 

twh - 16 Ext. Sync. Clock Puls"r)i~ " 6 - ns 

twl - 17 Ext. Sync. Clock ~¢$~e D'bcati , 6 - ns 

tau5 - 18 1/0 Reg. SetuR Ti~~ befW;, c. Clock (Y1, Y2) 2.5 - ns 

th5 - 19 1/0 Reg. I-1pfd 'time aft~~~ ~rfiC:. Clock (Y1, Y2) 8.5 - ns ...... , __ , .. --.G .... "'''''''''_ORP ... ''''_ 2. Refer to nming Model in this data"~h.t kiNIII'tMr, . . 
3. Standard l6-Bit Ioaclable cou~,a~fQtI'·GR • ,. 
4. fmax (Toggle) may be less)l'Iim''1{(~·"t . Is to allow for a clock duty cycle of other than 50%. 
5. Reference SWitching Tes(.COQditidri· ' .. 

. ~::,F·:··w,"::~'\ ..... ~ .. ~~ .. ::·.t~:::~:~'::·· 
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Internal Timing Parameters1 

PARAMETER If DESCRIPTION 

Inputs 
tiobp 

tiolat 

tiosu 

tioh 

tioco 

tior 

tdin 

GRP 
tgrpl 

.tgrp4 

tgrp8 

tgrp12 

tgrp16 

GLB 

20 1/0 Register Bypass 

21 1/0 Latch Delay 

22 1/0 Register Setup Time before Clock 

23 1/0 Register Hold Time after Clock 

24 1/0 Register Clock to Out Delay 

25 1/0 Register Reset to Out Delay 

26 Dedicated Input Delay 

27 GRP Delay, 1 GLB Load 

28 GRP Delay, 4 GLB Loads 

29 GRP Delay, 8 GLB Loads 

30 GRP Delay, 12 GLB Loads 

31 GRP Delay, 16 GLB Loads 

t4ptbp 33 4 Product Term Bypass PatlJ.J)e~y,h··'···\.): /"., 

t2Cptxor 35 20 Product TermlXOR i'aiff{~elliy,,1 .. ,,/ 

tgbp 37 GLB Register~~y:pass .. pelay\ "\{,/' 

tptre . .42 . :"'P~Prod.@tT.Bi~ Reset to Register Delay 

tptoe .......... "'4$.·,.. GiJ~'PrQ..Q!ld Term Output Enable to 1/0 Cell Delay 

tptck ,./:;,/"" 44!'·Gl,.B "f'~rJduct Term Clock Delay 

torp , .... ,. ~S". ORP Delay 

torpbp :;" ... ltS ORP Bypass Delay 

1. Internal Timing Parameters are nol 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. 

Specifications ispLS/ 1016 
Industrial 

·60 
f-----,----l UNITS 
MIN. MAX. 

.;. ... -:::::~. 4.0 ns 

5.3 ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 

9/92. Rev. C 
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Specifications ispLSl1 016 
Industrial 

Internal Timing Parameters 1 

PARAMETER i DESCRIPTION f---'-r~---1UNITS 
MIN,: MAX. 

Outputs 
tob 47 Output Buffer Delay 

toen 48 1/0 Cell OE to Output Enabled 

·49 1/0 Cell OE to Output Disabled ~:> .... "'... ii, -:" ~ §.f· 
I------'--~-----....:..------'-----------~ ." .~'''<-. .• ', " .," 

Clocks\<:>·.",. Y.",~ l ., 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) .... "\"".~"" .. / :--Ko 6.0 

todis ns 

ns 

tgyll2 51 Clock Delay, Yl or Y2 to Global GLB Clock Line \""""~"' .... ,.,)~j/ 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line .}/'> \·~'\')·.'i.,.,,:;l'· 1.3 6;6 ns. 
tioyll2 53 Clock Delay, Yl or Y2 to 1/0 Cell Global Clock Line <",,\,:~ ... ,... '\ . {"'A '("f' 4.6 7.3 ns 
tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock L~,··w·"·.",, ........ ,:.i' .... , ... , ... } .. f'/ 1.3 6.6 ns 
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Specifications ispLSI 1016 

ispLSI1016 Timing Model 

1/0 Call GRP GlB ORP I/O Cell 

~'---"'r------"""-----,~,,---"'-----

Derivations of tsu, th and tco from the Product Term Clock1 

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

8,0 ns = (1.0 + 1.0 + 8.0) + (3.5) - (1,0 + 1.0 + 3.5) 

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

2.5 ns = (1.0 + 1.0 + 7.5) + (3.0) - (1.0 + 1.0 + 8.0) 

tco = Clock (max) + Reg co + Output 
= (tiobp + tgrp4 + tptck(max» + (tgco) + (torp + tab) 
= (#20 + #28 + #44) + (#40) + (#45 + #47) 

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

Derivations of tsu, th and tco from the Clock GLB1 
tsu Logic + Reg su - Clock (min) 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min» 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (1.0 + 1.0 + 8.0) + (3.5) - (3.5 + 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) 

3.5 ns = (3.5 + 2.0 + 5.0) + (3.0) - (1.0 + 1.0 + 8.0) 

tco = Clock (max) + Reg co + Output 
= (tgyO(max) + tgco + tgcp(max» + (tgco) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

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

1. Calculations are based upon timing specs for the ispLSI 1016-90. 
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Specifications ispLSI1 016 

Figure 3. Typical Device Power COnsumption vs fmax 
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o 

ispLSI 1016 
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Notes: Configuration of Four l6-bit Counters 
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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 (pLSI) devices. By integrating all the high 
voltage programming circuitry on-chip, the programming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed, the non-volatile 
E2CMOS cells will not lose the pattern even when the 
power is turned off. 

Figure 5. ispLSI Programming Interface 

ispEN 

ispEN 

MODE 

SCLK 

Programming 
Control 4 Circuitry 

ispLSI 
Device 

SOl r 
SOO 

Specifications ispLSI1 016 

All necessary programming is done via five TIL 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 (SOl), 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 

-=: ~ 
ispLSI ispLSI 
Device 

~ Device -r -r r-

4-13 9/92. Rev. C 

I 



~~~Lattice 
•••••• •••••• •••••• 

Programming VoltagelTiming Specifications 

SYMBOL PARAMETER 

VCCP Programming Voltage 

Iccp Programming Supply Current 

VIHP Input Voltage High 

VllP Input Voltage low 

liP Input Current 

VOHP Output Voltage High 

VOlP Output Voltage low 

tr, tt Input Rise and Fall 

tisp ispEN to Output 3-State 

tsu Setup Time 

teo Clock to Output 

th Hold Time 

tclkh, tclkl Clock Pulse Width, High and low 

tpwv Verify Pulse Width 

tpwp Programming Pulse Width 

tbew Bulk Erase Pulse Width 

trst Reset Time From Valid.Vccp 

4-14 

Specifications ispLSI1 016 

CONDITION MIN. TYP. MAX. UNITS 

Commercial 4.75 5 5.25 
V 

Industrial 4.5 5 5.5 

ispEN = low - 50 100 mA 

2.0 - Vecp V 

0 - 0.8 V 

- 100 200 ~ 

10H = -3.2 mA 2.4 - Vccp V 

IOL=5mA 0 - 0.5 V 

- - 0.1 f.ls 

- 2 10 f.lS 

0.1 0.5 - f.lS 

0.1 0.5 - f.lS 

0.1 0.5 - f.ls 

0.5 1 - f.lS 

20 30 - f.lS 

40 - 100 ms 

200 - - ms 

45 - - f.lS 

9/92. Rev. C 
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Specifications ispLSl1 016 

Figure 6. Timing Wavefonns for In-System Programming 

ispLSI Pins are 3-Stated During Programming 

Unused 
Output 

ispEN 

MODE 

SOl 

SCLK 

SDO Valid 

Figure 7. Program, Verify & Bulk Erase Wavefonns 

Execute State (Program, Verify or Bulk Erase Instruction) 

MODE 

tpWp, tbew, ortpwv 

SOl 
~---th~--~'----+-------------' 

1+-~=.!tC~lk:!!;h ~ tsu 

" 7-Ftclld~ 
SCLK __ -oJ ,----/ '---
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Specifications ispLSI1 016 

Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec
for the ispLSI1 016. For a detailed explanation refer to the tural Description section of this Data Book Supplement. 

Figure 8. IspLSI Device & Shift Register Layout 

D 

Oata In 
(501) 

A 
T 
A 

Hi h Order Shift Re ister 

E2CMOS Cell Array 

D 
A 
T 
A 

95 

{) 

500 

501 

500 

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

Name 

1100 -lID 3 
1/04 -lID 7 
1108-1/011 
11012 - 110 15 
1/016 -lID 19 
110 20 - 110 23 
110 24- 110 27 
1/028 - 1/031 

IN3 

--
ispEN 

SDI/IN 0 

MODE/IN 2 

SDO/IN 1 

SCLKN2 

YO 

--
Yl/RESET 

GND 
Vee 

PLCC Pin Numbers 

15, 16, 17, 18, 
19, 20, 21, 22, 
25, 26, 27, 28, 
29, 30, 31, 32, 
37, 38, 39, 40, 
41, 42, 43, 44, 
3, 4, 5, 6, 
7, 8, 9, 10 

2 

13 

14 

36 

24 

33 

11 

35 

1, 23 
12, 34 

Specifications ispLSI1 016 

Description 

InputlOutput Pins -These are the general purpose 110 pins used by the 
logic array. 

Dedicated input pins to the device. 

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. 
Input-This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 
Input-This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 
control the operation of the isp state machine. 
Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, it functions 
as an output pin to read serial shift register data. 
Input - This pin performs two functions. It is a dedicated 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 andlor 
110 cell on the device. When ispEN is logic low, it functions as a clock 
pin for the Serial Shift Register. 

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

- Active Low (0) Reset pin which resets all of the GLB and 110 
registers in the device. 

Ground (GND) 

Vee 
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Pin Configuration 

Specifications ispLSl1 016 

ISplSI1016 PlCC Pinout Diagram 

I/O 28 

1/029 

1/030 

1/031 

YO 

vee 

ispEN 

SOIIIN a 
1/00 
1/01 

1/02 

Package Diagram 

ispLSI1016 

44-Pln PlCC 

Dimensions in inches MIN.lMAX. 
0.042 x 45· 
0.048 0.050 

:;Ti~~~~~~ 
t 

31 

0.020 
Minimum 
"1r-

1 
0.590 

Top View 0.630 

'E~'=~ :--to:::=aJl ~i: . 0.165 
0.685 0:180 
0.695 Seating Plane 

Coplanarity not 
to exceed 0.004 

4-18 

1/018 

1/017 

1/016 

MODE/IN2 

Y1/RESET 

vee 

SeLKlY2 

1/015 

1/014 

1/013 

I/O 12 
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Part Number Description 

ispLSI 1016 - XX 

Device Family _=r- T 
X X X 

L Grade Blank = Commercial 

Device Number--.J 
I = Industrial 

Package 

S~d--------------------~ 

90 = 90 MHz fmax 

J = PLCC 
'----------- Power 

L=Low 
80 = 80 MHz fmax 
60 = 60 MHz fmax 

Ordering Information 

COMMERCIAL 

fmax (MHz) tpd (ns) Ordering Number Package 

90 12 ispLS11016-90LJ 44-Pin PLCC 

80 15 ispLS11016-80LJ 44-Pin PLCC 

60 20 ispLS11016-60LJ 44-Pin PLCC 

INDUSTRIAL 

fmax (MHz) tpd (ns) Ordering Number Package 

60 20 ispLS11016-60LJI 44-Pin PLCC 

4-19 9/92. Rev. C 
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Features 

• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 
- Member of Lattice's ispLSI Family 
- Fully Compatible with Lattice's pLS/TM Family 
- High-Speed Global Interconnects 
- 48 I/O Pins, Six Dedicated Inputs 
-144 Registers 
- Wide Input Gating for Fast Counters, State 

Machines, Address Decoders, etc. 
- Small Logic Block Size for Fast Random Logic 
- Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 
- fmax = 80 MHz Maximum Operating Frequency 
- tpd = 15 ns Propagation Delay 
- TTL Compatible Inputs and Outputa 

• IN-SYSTEM PROGRAMMABLE (5-YOL T ONLY) 

- Change Logic and Interconnects "on-the-fly" In 
Seconds 

- Reprogram Soldered Device for Debugging 
- Non-Yolatile 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 Utilizetion 
- Four Dedicated Clock Input Pins 
- Synchronous and Asynchronous Clocks 
- Flexible Pin Placement 
- Optimized Global Routing Pool Allows Global 

Interconnectivlty 

• pLSl/ispLSI DEYELOPMENT SYSTEM (pDSTM) 

pDS Software 

- Easy to Use PC Windows™ Interface 
- Boolean Logic Compiler 
- Manual Partitioning 
- Automatic Place and Route 
- Static Timing Table 

pDS+TM 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 

ispLSI™ 1024 
In-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

I;:: ~ :" glM] 

I'" a.. 1"A';;"lA2 
« Cl~ 
" c: " '5IA31 

I':': ~ /A4/ 
" ~ IA51 ," c. 

I 
[Q] I' r-- E] "" Icel g " 

R "IC51 ~c: I," Logic LJ ~ 

,----
ArraY[j R G"L,B", JC41 '5 ", 

LJ [§~ I'~' 
IC2/~ :,: 

m81Aei 
I 1m 
I 

Global Routing Pool (GRP) @I) 6 1:': @Q] ,: 

Description 

The Lattice ispLSI 1024 is a Higl1CDensity Programmable 
Logic Device featuring 5-Voft in-system programmability 
and in-system diagnostic capabilities. The device contains 
144 Registers, 48 Universal 110 pins, six Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconn9ctivity 
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 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 AO, A1 
.. C7 (see figure 1). There are a total of 24 GLI~s in the 
ispLSI 1024 device. Each GLB has 18 inputs, a program
mable AND/ORIXOR array, andfouf outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GAP and dedicated inputs. All 
of the GLB outputs are brought back into the GRPso that 
theycan be comected to the inputs of any other GLB on the 
device. 

Copyright e 1992 Lattice So_uctor Corp, GAl. E'CMOS ,and UlraMOS ant registered tr8demarIcs of lattice Semiconductor Carp, plSI, ispLSl, pOS, pos. and GonericArray Logic are 
trademarks of Lattice Semiconductor Corp, The opeoilioations and information herein ant subject to change _out notice. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct, Hillsboro, Oregon 97124, U,S.A. 
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hotline: 1-80D-LATIICE (528·8423) 
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Functional Block Diagram 

Figure 1. IsplSI1024 Functional Block Diagram 

Generic 
Logic Blocks 

(GLBs) 

-------------------1 . . 

V04 il}? 
1105 :t~{ 

:;~~ 1········· ~ 
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Specifications ispLSI1 024 

on 
" <D 
:; 
.s 

CLKO 
CLK1 
CLK2 
IOCLKO 
IOCLK1 

I 
I 
I 
I 

IN 5 
IN4 

V047 
0046 
V045 

V044 

V043 
11042 
110 41 

V040 

V039 
110 38 

110 37 
1/0 36 

V035 
110 34 
VO 33 

V032 

00000000 00000000 00000000 00000000 
1617 1819 20 21 22 23 24252627 2829 30 31 

The device also has 48 I/O cells, each of which is directly 
connected to an 1/0 pin. Each I/O cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directional 1/0 pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TTL 
compatible voltages and the output drivers can source 4 
rnA or sink 8 mA. 

Eight GlBs, 16.1/0 cells, two dedicated inputs and one 
ORPare 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 1/0 cells 
within the Megablock also share a common Output 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-directionall/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, 
10ClK 0 and 10ClK 1) are provided to route clocks to the 
GlBs and I/O cells. The Clock Distribution Network can 
also be driven from a special clock GlB (B4 on the isplSI 
1024 device). The logic of this GlB allows the user to 
create an internal clock from a combination of intemal 
signals within the device. 
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Specifications ispLSI1 024 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

Storage Temperature .................. -65 to 125°C 

Ambient Temp. w~h 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 cond~ions 
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 

Commercial TA= O'C to +70'C 
VCC Supply Voltage 

Industrial TA = -40'C to +85'C 

VIL Input Low Voltage 

VIH Input High Voltage 

Capacitance (T A=25°C, f=1.0 MHz) 

SYMBOL PARAMETER MAXIMUM1 

C, Dedicated Input Capacitance 8 

C2 110 and Clock Capac~ance 10 

1. Guaranteed but not 100% tested. 

Data Retention Specifications 

PARAMETER MINIMUM 

Data Retention 20 

Erase/Reprogram Cycles -

4-23 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+1 V 

UNITS TEST CONDITIONS 

pf V cc=5.0V, VIN=2.0V 

pf Vcc=5.0V, V1ro, Vy=2.0V 

MAXIMUM UNITS 

- YEARS 

1000 CYCLES 

9/92. Rev. e 
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Specifications ispLSI1 024 

Switching Test Conditions 

Input Pulse Levels GNDto 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 

Output Load See Figure 2 

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

Device Test 
Output -----4-----11-----. Point 

Output Load Conditions 

Test Condition R1 R2 CL *CL includes Test Fixture and Probe Capacitance. 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 5pF 
3 at VOH - 0.5V 

Active Low to Z 4700 3900 5pF 

at VOL +0.5V 

DC Electrical Characteristics 
Over Recommended Operating Conditions 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage IOL=8 mA - - 0.4 V 

VOH Output High Voltage 10H =-4 mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV::; V,N ::; V'L (MAX.) - - -10 ~ 

IIH Input or 1/0 High Leakage Current V,H ::; V,N ::; Vee - - 10 ~ 

IIL-isp isp Input Low Leakage Current OV ::; V,N ::; V'L (MAX.) - - -150 ~ 

IIL-PU 1/0 Active Pull-Up Current OV::;V,N::;V,L - - -150 ~ 

10Sl Output Short Circuit Current Vee =5V,VolJr -60 - -200 mA 

ICC2 Operating Power Supply Current V'L = 0.5V, V,H = 3.0V I Commercial - 130 190 mA 

fTOGGLE = 20 MHz I 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 Vee = 5V and TA = 25°C. 
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Specifications ispLSl1 024 
Commercial 

External Timing Parameters 
OVer Recommended Operating COndHlons 

TESTS II DESCRIPTION' 
·80 ·60 

PARAMETER CONDo UNITS 
MIN. MAX. MIN. MAX. 

tpdl 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 15 - 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path - 20 - 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i0u2 ~ leo') 50 - 38 - MHz 

fmax(Tog.) - 5 Clock Frequency, Max Toggle4 100 - 83 - MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns 

tcol 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 - 12 - 16 ns 

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

tr1 1 12 Ext. Reset Pin to Output Delay - 17 - 22.5 ns 

trw1 - 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 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 5 - 6 - ns 

tsu5 - 18 1/0 Reg. Setup Time before Ext, Sync. Clock (Y2, Y3) 2 - 2.5 - ns 

th5 - 19 1/0 Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 6.5 - 8.5 - 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 1S·Bit loadable counter Using GRP feedback. 
4. fmax (Toggle) may be less than 1/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters1 

PARAMETER II DESCRIPTION 

Inputs 
tiobp 20 1/0 Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp24 32 GRP Delay, 24 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product Term/XOR Path Delay 

t20ptxor 35 20 Product TermIXOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

tptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to 1/0 Celi Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

1. Internal Timin9 Parameters are not tested and are for reference only. 
2. Refer to Timin9 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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Specifications ispLSI1 024 
Commercial 

·80 ·60 
UNITS I MIN. MAX. MIN. MAX. 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

5.5 - 7.3 - ns 

1.0 - 1.3 - ns 

- 3.0 - 4.0 ns 

- 2.5 - 3.3 ns 

- 4.0 - 5.3 ns 

- 1.5 - 2.0 ns 

- 2.0 - 2.7 ns 

- 3.0 - 4.0 ns 

- 3.8 - 5.0 ns 

- 4.5 - 6.0 ns 

- 6.3 - 8.3 ns 

- 6.5 - 8.6 ns 

- 7.0 - 9.3 ns 

- 8.0 - 10.6 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.0 - 1.3 - ns 

4.5 - 6.0 - ns 

- 2.0 - 2.7 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 12.0 ns 

3.5 7.5 4.6 9.9 ns 

- 2.5 - 3.3 ns 

- 0.5 - 0.7 ns 
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Specifications ispLSl1024 
Commercial 

Internal Timing Parameters 1 

PARAMETER tI DESCRIPTION 
-SO -60 

UNITS 
MIN. MAX. MIN. MAX. 

Outputs 
tob 47 Output Buffer Delay - 3.0 - 4.0 ns 

toen 48 I/O Cell OE to Output Enabled - 5.0 - 6.7 ns 

todis 49 1/0 Cell OE to Output Disabled - 5.0 - 6.7 ns 

Clocks 
tgyo 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 4.5 4.5 6.0 6.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 3.5 5.5 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line 1.0 5.0 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 1/0 Cell Global Clock Line 3.5 5.5 4.6 7.3 ns 

tiocp 54 Clock Delay, ClockGLB to I/O Cell Global Clock Line 1.0 5.0 1.3 6.6 ns 

Global Reset 
tgr 55 Global Reset to GLB and I/O Registers - 9.0 - 12.0 ns 

.. 1. Internal Tlmln9 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 ispLSl1 024 
Industrial 

External Timing Parameters 
Over Recommended Operating Conditions 

PARAMETER TEST 5 tI DESCRIPTION1 CONDo 

tpd1 Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 2 Data Propagation Delay, Worst Case Path 

fmax 3 Clock Frequency w~h Internal Feedback3 

fmax (Ext.) 4 Clock Frequency with External Feedback (i0u2 ~ teo,) 
fmax (Tog.) 5 Clock Frequency, Max Toggle4 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tco1 7 GLB Reg. Clock to Output Delay, ORP bypass 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass 

tsu2 9 GLB Reg. Setup Time before Clock 

tco2 10 GLB Reg. Clock to Output Delay 

th2 11 GLB Reg. Hold Time after Clock 

tr1 12 Ext. Reset Pin to Output Delay 

ten 2 14 Input to Output Enable ~\\.. "~'\",. ""') .,'/' 

twl 17 Ext. Sync. Clock P'y~e D\lratioh.;~W::>/ 
tsu5 18 1/0 Reg. Setu!) Time b~re~ .. §y,,nf. Clock (Y2, Y3) 

th5 19 1/0 Reg. HgkfJ'ime aft~r.J~xt. ~Yric. Clock (Y2, Y3) 

I. Unless noted otherwise. an parametl!4"tiIIB ~"G.RP Imld 6t~·'GLBs. 20 PTXOR path. ORP and YO clock. 
2. Reier to Timin9 Model in thi . ",y ··''f..turtfl8{,.~~:· . 
3. Standard IS-Bit Ioadable cour\. . ~,bRP··.dDil9k· 
4. fmax (Toggle) may belessJI:jiin".,l(~"t ~~ 1)liliAli to allow for a clock duty cycle of other than 50%. 

5. Reference Switching Test''gQ!!.~:~ilIi~::~~n.:>'i''· 
.. ,~ ~~ ...... ;;,.' 

.: .. ~.: .... -.;. 

~ .}~::.. ",/ .:::.. ...... ~. . . .::; .... /,., 
-.:.;.: J'::;;" 

'\~.. ···.;:,.~ ... ; .... <f· 

4-28 

·60 
1------r---lUNITS 
MIt1~ MAX • 

. (':;;- t 20 ns 

. ./f" ....... ",,{ ',; 25 ns 

13 ns 

0 ns 

13 ns 

16 ns 

0 ns 

22.5 ns 

13 ns 

24 ns 

24 ns 

6 ns 

6 ns 

2.5 ns 

8.5 ns 
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Internal Timing Parameters1 

PARAMETER II DESCRIPTION 

Inputs 
tiobp 20 1/0 Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 

Specifications ispLSl1 024 
Industrial 

-60 
r---,---1 UNITS 
MIN. MAX. 

/;.:;:- ,!, 2.7 ns 

tgrp1 27 GRP Delay, 1 GLB Load ~:::';::":'';~~:.":.>.~.... '\ ( .....• ~ .:;.~/ 2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

tgrp24 32 GRP Delay. 24 GLB Loads \\.. ''\'''- '''\/./ 8.3 ns 

8.6 ns 

9.3 ns 

t20ptxor 35 20 Product Ter~QR PathbQ.laY···'v'oj/ 10.6 ns 

txoradj 36 XOR Adjacent,p.!tl1{)elay3 <, . ..,..)// 12.7 ns 

tgbp 37 GLB Regis,tei~yp¥s ~Iay J /J' 1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

tptre . (4-~Gt;B'·.f?rod·J(¥T erm Reset to Register Delay 13.3 ns 

tptoe ./,.,:::"::.: 43,' '@LEN~~uCt Term Output Enable to VO Cell Delay 12.0 ns 

4.6 9.9 ns 

torp "", 4,5/ ORP Delay 3.3 ns 

torpbp l'46 ORP Bypass Delay 0.7 ns 
1. Intemal Timing Parameters are not tested and are for reference only. 
2. Refer to Timing Model in this data sheet for further details. 
3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLSl1 024 
Industrial 

Internal Timing Parameters1 

PARAMETER tI DESCRIPTION 
·60 

t------,r----t UNITS 
MIN. MAX. 

Outputs flj; 
lob 47 Output Buffer Delay ~-+tr. -4-.0--'-n-s-i 

f-:-to-e-n---+-4-a-+-I-10-'C'-e-I-1 0-E-tO-0-U-tp!..ut-E-na-b-led----------------.,-:<r-~, .. !3.7 ns 

todis 49 1/0 Cell OE to Output Disabled ,.'/,m '\ . .:::'\, 6:y" ns 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 6.0 ns 

7.3 ns tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 
'::.. 
"<', .. ./ 4.6 

6.6 ns tgep . . ~~-:~:"'''~''-::i::;i'~ 
. .;:." 52 Clock Delay, Clock GLB to Global GLB Clock Line 1.3 

tioy213 53 Clock Delay, Y2 or Y3 to 1/0 Cell Global Clock Line~<.,.,.·'\. \v:,/ ':;:,/'" 4.6 7.3 ns 

tioep 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock Li~o .. ,.« .. w •• ~ ••. :::<'··" .. \ '2 1.3 6.6 ns 

tgr 55 Global Reset to GLB and 1/0 Registers .,/: """" ·\'>"'hh,. 12.0 ns 

1. Intemal Timing Parameters are not tested and are for reference o~>} "'\. ,., ... ,.. ,-L/,i 
2. Refer to Timing Model in this data sheet for further details. {... ~\.. '\,_ .... ::/ 

~\,~ 
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Specifications ispLS/ 1024 

ispLSI 1024 Timing Model 

I/O Cell GRP GLB ORP I/O Cell 
_-....... "--""',,--..~.-----.... r--.... ----_·\r_---.. -_'i __ .... __ 

Feedback 

Derivations of tsu, th and teo from the Product Term Clock 1 

tsu Logic + Reg su .. Clock (min) 
- (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobp + tgrp4 + tptck(min» 

(#20 + #28 + #35) + (#38) - (#20 + #28 + #44) 
5.5 ns = (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) 
4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) .. (2.0 + 2.0 + 8.0) 

tco Clock (max) + Reg co + Output 
= (tiobp + tgrp4 + tptck{max» + (tgco) + (torp + tab) 
= (#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 teo from the Clock GLB1 

tsu Logic + Reg su .. Clock (min) 
- (tiobp + tgrp4 + t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min» 

(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 
7.0 ns = (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) 

2.5 ns= (3.0 + 2.0 + 5.0) + (4.5) .. (2.0 + 2.0 + 8.0) 

tco Clock (max) + Reg co + Output 
= (tgyO(max) + tgco+ tgcp(max» + (tgco) + (tarp + tab) 
= (#50 + #40 + #52) + (#40) + {#45 + #47} 

17.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 

1. Calculations are based upon timing specs for the ispLSI 1024-80. 
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Specifications ispLSl1 024 

Figure 3. Typical Device Power Consumption vs fmax 

200 

150 

1i 
o 100 

.S:? 

50 

ispLSI1024 

o 10 20 30 40 50 60 70 80 

fmax (MHz) 

Notes: Configuration of Six l6-blt Counters 
Typical Currant at 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 (pLSI) devices. By integrating all the high 
voHage programming circuitry on-chip. the pl'Qgramming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed. the non-volatile 
E2CMOS cells will not lose the pattem even when the 
power is tumed off. 

Figure 5. IspLSI Programming Interface 

ispEN 

ispEN 

MODE 
SCLK 

Programming 
Control ~ Circuitry 

ispLSI 
Device 

SOl r 
SOO 

Specifications ispLSl1024 

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 (SOl). Serial Data Out (SDO). Serial 
Clock (SCLK) and Mode (MODE) control. Figure 5 iHus
trates the block diagram of one possible scheme for 
programming the ispLSI devices. For details on the 
operation of the intemal state machine and programming 
of the device please refer to the in-system programming 
section in this pLSI and ispLSI Data Book Supplement. 

i~EN 

~ ~ ispLSI ispLSI 
Device ~ Device r-r r-r r-

4-33 
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Programming Voltage Timing Specifications 

SYMBOL PARAMETER 

VCCP Programming Voltage 

Iccp Programming Supply Current 

VIHP Input Voltage High 

VllP Input Voltage low 

lip Input Current 

VOHP Output Voltage High 

VOlP Output Voltage low 

tr, tf Input Rise and Fall 

tisp ispEN to Output 3-State 

tsu Setup Time 

tcc Clock to Output 

th Hold Time 

tclkh, tclkl Clock Pulse Width, High and low 

tpwv Verify Pulse Width 

tpwp Programming Pulse Width 

tbew Bulk Erase Pulse Width 

trst Reset Time From Valid Veep 

4-34 

Specifications ispLSI1 024 

CONDITION MIN. TYP. MAX. UNITS 

Commercial 4.75 5 5.25 
V 

Industrial, 4.5 5 5.5 

ispEN = Low - 50 100 mA 

2.0 - Veep V 

0 - 0.8 V 

- 100 200 I1A 
IOH = -3.2 mA 2.4 - Veep V 

IOL- 5mA 0 - 0.5 V 

- - 0.1 IJ.S 

- 2 10 IJ.S 
0.1 0.5 - IJ.S 
0.1 0.5 - IJ.S 
0.1 0.5 - IJ.S 
0.5 1 - IJ.S 
20 30 - IJ.S 
40 - 100 ms 

200 - - ms 

45 - - IJ.S 
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Figure 6. Timing Waveforms for In-System Programming 

ispLSI Pins are 3-Stated During Programming 

Unused ~~2L~~....!:!!..:.!;"""-----------------} Output ~ 

tis 
MODE ___ -;-__ 

SOl _ .......... +-.......... ~ ..... ~~ ............... ~~~~~~~ ............... ~_ 

SCLK __ ~+-:--_"' 

SDO Valid 

Figure 7. Program, Verify & Bulk Erase Waveforms 

Execute State (Program, Verify or Bulk Erase Instruction) 

MODE 

SOl 
~ ..... -th-""'~~~""'+-""'''''''''''''''''''''''''' 

~~~t~Clk~h~ bu 

'- /. 
FtclkJ~ '--_/ '---SCLK ___ oJ 
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Specifications ispLSl1 024 

Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec
for the ispLSI1 024. For a detailed explanation refer to the tural Description section of this Data Book Supplement. 

Figure 8. IspLSI Device & Shift Register Layout 

o 

Data In 
(501) 

A 
T 
A 

Hi h Order Shift Rister 
Low Order Shift Register 

E2CMOS Cell Array 

o 
A 
T 
A 

SOC 

501 
101 

() 
500 

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 

1100-1/03 
1104-1107 
1/08-1/011 
I/O 12 -1/015 
I/O 16 -1/019 
110 20 - 1/0 23 
1/024 -110 27 
1/028 -110 31 
1/0 32 - 1/0 35 
I/O 36 - 1/0 39 
I/O 40 - I/O 43 
I/O 44 - 1/0 47 

IN4-IN5 

ispEN 

SDI/IN 0 

MODE/IN 3 

SDO/IN 1 

SClKlIN2 

RESET 

VO 

V1 

V2 

V3 

GND 
VCC 

PLCC Pin Numbers 

22, 23, 24, 25, 
26, 27, 28, 29, 
30, 31, 32, 33, 
37, 38, 39, 40, 
41, 42, 43, 44, 
45, 46, 47, 48, 
56, 57, 58, 59, 
60, 61, 62, 63, 
64, 65, 66, 67, 
3, 4, 5, 6, 
7, 8, 9, 10, 
11, 12, 13, 14 

2, 15 

19 

21 

55 

34 

49 

20 

16 

54 

51 

50 

1, 18, 35, 52 
17, 36, 53, 68 

Specifications ispLS/ 1024 

Description 

InpuVOutput Pins -These are the general purpose 1/0 pins used by the 
logic array. 

• Dedicated input pins to the device. 

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. 
Input-This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDIIiN 0 also is used as 
one of the two control pins for the isp state machine. 
Input-This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 
control the operation of the isp state machine. . 
Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, it functions 
as an output pin to read serial shift register data. 
Input - This pin perform!! 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. 

Active low {OJ Reset pin which resets all of the GlB and 110 registers 
in the device. 
Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GlBs on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GlB on the 
device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionaHy be routed to any GlB andlor 
any VO cell on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any 1/0 cell on the 
device. 

Ground (GND) 
Vee 
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Specifications ispLS/ 1024 

Pin Configuration 

IspLSI1024 PLCC Pinout Diagram 

1/043 
1/044 
V045 

11046 
1/047 

IN5 
YO 

VCC 

GND 
ispEN 

RESET 
SDVINO 

VOO 
VO 1 

002 
V03 
V04 

Package Diagram 

~.~~~~~ Qu~~~~~2~ 
ggggggg~~~ggggggg 

ispLSI1024 

~m~~OO~~OON~~~m~m 

ggggggg~~~ggggggg 
Ul 

68-PlnPLCC 

60 
59 
58 
57 
56 

Dimensions in inches MIN.IMAX. 
0.042 x 450 

0.048 0.050 

0.020 
Minimum 

~~~~~~=t~ 
t 

top View. 

~~ 

1 
0.890 
0.930 

0.956 0.165 
0.985 0:995 . 

4-38 

Ssating Plans 
Coplanarity not 

10 exceed 0.004 

11028 
11027 
11026 
0025 
0024 
MODEIIN 3 
Y1 
VCC 

GND 
Y2 
Y3 
SClKlIN2 
1/023 

11022 
0021 
11020 
1/019 
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Specifications ispLSl1024 

Part Number Description 

x X X ispLSI 1024 - XX 

DevIce F.";" T I 1 L G~. 
. Blank = Commercial 

I = Industrial 
Package Device Number 

S~ed--------------------~ 

80 = 80 MHz fmax 

J=PLCC 
"----------- Power 

L=Low 
60 = 60 MHz fmax 

Ordering Information 

COMMERCIAL 

fmax (MHz) tpd (n8) Ordering Number Package 

80 15 ispLSI 1024-80LJ 68-Pin PLCC 

60 20 ispLSI 1024-60LJ 68-Pin PLCC 

INDUSTRIAL 

fmax(MHz) tpd (n8) Ordering Number Package 

60 20 ispLSI 1024-60LJI 68-Pin PLCC 

4-39 9192. Rev. C 
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Features 

• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 
- Member of Lattice's ispLSI Family 
- Fully Compatible with Lattice's pLSITM Family 
- High-Speed Global Interconnects 
- 64 110 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 
- TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T ONLY) 
- Change Logic and Interconnects "on-the-fly" in 

Seconds 
- Reprogram Soldered Device for Debugging 
- Non-Volatile E'CMOS 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 

• pLSllispLSI DEVELOPMENT SYSTEM (pDSTM) 

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

pD5+™ 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 

ispLSI™ 1032 
in-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

II IlEEEI EEEEI IlEEEI EEEEI .. 
I Output Routing Pool I 
§]§]~~~§]§]§] I 

13~ (£]1.···· rm (5 ~ - EI "" ~ (5 ••••• 

n~ :~,:~~: min 
fB0[E] @TI°I 
IlI@]GlobalRoutingPool (GRP) ~O 

I ~~§]§]~~~§J ClK 
I Output Routing Pool I 

III • EEIlJlJ El1lEEJ EDlE IlEEB 

Description 

The Lattice isplSI 1 032 is a High-Density Programmable 
logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
192 Registers, 64 Universal 110 pins, eight Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. It is the first device which 
offers non-volatile "on-the-fly" reprogrammability of the 
logic, as well as the interconnects to provide truly 
reconfigurable systems. It is architecturally and parametri
cally compatible to the plSI1 032 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 AO, A1 
.. 07 (see figure 1). There are a total of 32 GlBs in the 
ispLSI1032 device. Each GlB has 18 inputs, a program
mable AN D/OR/XOR array, and four outputs which can be 
configured to be either combinatorial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GlB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GlB on the 
device. 

Copyright © 1992 Lattice Semiconductor Corp. GAL. PCMQS and UhraMOS are registered trademarks of Lattice Semiconductor Corp. plSI, ispLSI, pDS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information 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) 
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Functional Block Diagram ' 

Figure 1. ispLSI1032 Functional Block Diagram 

Specifications ispLS/1 032 

00000000 00000000 00000000 00000000 
~~~~ ~~D~ ~~~~ ~~~~ 

Generic 
Logic Blocks 

(GLBs) 

,. -- - ---- --- ------ --, , , 

1100 :1"""" 1101 : )): 
1102 : ;:;:::::: 

1/0 3 : ~:}~:: , 

:;~: il 
:~~~ ;11 ~ 

, CD 

UO 8 : I":"": ~ 1109 : ;:::;::: -
1/010 : ::;;:::; 

I/O 11 : ::~:~:~:: 
, 

:~~~: ll:~:i~~~: 
:;~;: ! "' •• :::: 

, 
SOI/INO : 

MODE/IN 1 :-----f-------' 
Megablock 

110 110 110 110 110 110110 110 
16 17 18 19 20 21 22 23 

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

Eight GLBs, 16 1/0 cells, two dedicated inputs and one 
ORP are connected together to. make a Megablock(see 
figure 1). The outputs of the eight GLBs are connected to 
a set of 16 universal 1/0 cells by the ORP. The 1/0 cells 
within the Megablock also share a common Output Enable 
(OE) signal. The ispLSI1 032 device contains four of these 
Megablocks. 

110 110 110 UO 110110 UO 110 
24 25 26 27 28 29 30 31 

., 
:J 

CD 

S 
E 

CLKO 
CLK1 
CLK2 
IOCLKO 
10CLK1 

I 11047 

11046 
1/045 

U044 

1 11043 

11042 
11041 

1/040 

I 11039 

U038 
11037 
11036 

I 
11035 

U034 
U033 
11032 

The GRP has as its inputs the outputs from all of the GLBs 
and all of the inputs from the bi-directionalllO 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 
(YO, Y1, Y2 and Y3) are brought into the distribution 
network, and five clock outputs (CLK 0, CLK1, CLK 2, 
10CLK 0 and 10CLK 1) are provided to route clocks to the 
GLBs and 110 cells. The Clock Distribution Network can 
also be driven from a special clock GLB (CO 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. 
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Specifications ispLSI1 032 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.OV 

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

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

Storage Temperature .................. -65 to 125°C 

AmbientT emp. 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 oond~ions 
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 

Commercial TA= O'C to +70'C 
VCC Supply Voltage 

Industrial TA = -40'C to +85'C 

VIL Input Low Voltage 

VIH Input High Voltage 

Capacitai1ce (T A=25°C, f=1.0 MHz) 

SYMBOL PARAMETER MAXIMUM1 

C1 Dedicated Input Capacitance 8 

C2 I/O and Clock Capac~ance 10 

1. Guaranteed but not 100% tested. 

Data Retention Specifications 

PARAMETER MINIMUM 

Data Retention 20 

Erase/Reprogram Cycles -

4-43 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

UNITS TEST CONDITIONS 

pf Vcc=5.0V, V,N=2.0V 

pf Vcc=5.0V, V'JO' Vy=2.0V 

MAXIMUM UNITS 

- YEARS 

1000 CYCLES 

9/92. Rev. C 
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Specifications ispLSI1 032 

Switching Test Conditions 

Input Pulse Levels GNDt03.0V Figure 2. Test Load 

Input Rise and Fall Times s; 3ns 10% to 90% 
+5V 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Device Test 
Output ------.-----1~--... Point 

Output Load Conditions (see figure 2) 

·CL includes Test Fixture and Probe Capacitance. 

Test Condition R1 R2 CL 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 5pF 
3 at VOH - 0.5V 

Active Low to Z 4700 3900 5pF 

at VOL + 0.5V 

DC Electrical Characteristics 

Over Recommended Operating CondHlons 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage IOL=8 mA - - 0.4 V 

VOH Output High Voltage 10H =-4 mA 2.4 - - V 

IlL Input or 110 Low Leakage Current OV S; Y'N S; V,L (MAX.) - - -10 ~ 

IIH Input or 110 High Leakage Current V,H S; Y'N S; Vee - - 10 ~ 

IIL-isp isp Input Low Leakage Current OV S; Y'N S; V,L (MAX.) - - -150 ~ 

IIL-PU 110 Active Pull-Up Current OV S; Y'N S; V,L - - -150 ~ 

10Sl Output Short Circuit Current Vee = 5V, VOUT -60 - -200 mA 

ICC2 Operating Power Supply Current V,L = 0.5V, V,H = 3.0V I Commercial - 135 195 rnA 

fTOGGLE = 20 MHz I Industrial - 135 220 rnA 

1. One output at a time for a maximum duration of one second. 
2. Measured using eight l6-bit counters. 
3. Typical values are at Vee = 5V and TA = 25°C. 
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Specifications ispLSl1 032 
Commercial 

External Timing Parameters 
Over Recommended Operating Conditions 

TESTS II DESCRIPTION1 
·80 -60 

PARAMETER UNITS CONO. 
MIN. MAX. MIN. MAX. 

tpdl 1 1 Data Propagation Delay, 4PT bypass, ORP bypass - 15 - 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path - 20 - 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 80 - 60 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (iau2 ~tcol) 50 - 38 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 100 - 83 - MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass 7 - 9 - ns 

tcol 1 7 GLB Reg. Clock to Output Delay, ORP bypass - 10 - 13 ns 

thl - 8 GLB Reg. Hold Time after Clock, 4 PT bypass 0 - 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock 10 - 13 - ns 

tco2 - 10 GLB Reg. Clock to Output Delay - 12 - 16 ns 

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

trl 1 12 Ext. Reset Pin to Output Delay - 17 - 22.5 ns 

trwl - 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 - 6 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 5 - 6 - ns 

tsu5 - 18 I/O Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 2.5 - ns 

th5 - 19 I/O Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 6.5 - 8.5 - 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-Bitloadable counter using GRP feedback. 
4. fmax (Toggle) may be less than l/(twh + twl). This is to allow tor a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 

9/92. Rev. C 
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Internal Timing Parameters 1 , 

PARAMETER tI DESCRIPTION 

Inputs 
tiobp 20 1/0 Register Bypass 

tiolat 21 110 Latch Delay 

tiosu 22 110 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 110 Register Clock to Out Delay 

tior 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp32 32 GRP Delay, 32 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product TermlXOR Path Delay 

t20ptxor 35 20 Product Term/XOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

Iptre 42 GLB Product Term Reset to Register Delay 

tptoe 43 GLB Product Term Output Enable to 110 Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

1. Internal Timin9 Parameters are not tested and are for reference only. 
2. Refer to Timing t./Iodel in this data sheet for further details. 
3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLSI1 032 
Commercial 

-80 -60 
UNITS 

MIN. MAX. MIN. MAX. 

- 2,0 - 2.7 ns 

- 3.0 - 4,0 ns 

5.5 - 7,3 - ns 

1,0 - 1.3 - ns 

- 3.0 - 4,0 ns 

- 2.5 - 3.3 ns 

- 4.0 - 5.3 ns 

- 1.5 - 2.0 ns 

- 2.0 - 2.7 ns 

- 3.0 - 4,0 ns 

- 3,8 - 5.0 ns 

- 4.5 - 6,0 ns 

- 8.0 - 10,6 ns 

- 6.5 - 8.6 ns 

- 7,0 - 9.3 ns 

- 8,0 - 10.6 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.0 - 1,3 - ns 

4.5 - 6.0 - ns 

- 2.0 - 2.7 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 12.0 ns 

3,5 7.5 4.6 9.9 ns 

- 2.5 - 3.3 ns 

- 0.5 - 0.7 ns 
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Specifications IspLSl1 032 
Commercial 

Internal Timing Parameters 1 

PARAMETER tI DESCRIPTION 
-80 -60 

UNITS 
MIN. MAX. MIN. MAX. 

Outputs 
tob 47 Output Buffer Delay - 3.0 - 4.0 ns 

toen 48 1/0 Cell OE to Output Enabled - 5.0 - 6.7 ns 

todis 49 110 Cell OE to Output Disabled - 5.0 - 6.7 ns 

Clocks 
tgyO 50 Clock Delay, YO to GlobalGLB Clock Line (Ref. clock) 4.5 4.5 6.0 6.0 ns 

tgyll2 51 Clock Delay, Yl or Y2 to Global GLB Clock Line 3.5 5.5 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line 1.0 5;0 1.3 6.6 ns 

tioy2/3 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line 3.5 5.5 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line 1.0 5.0 1.3 6.6 ns 

Global Reset 

tgr 55 Global Reset to GLB and 110 Registers - 9.0 - 12.0 ns 

1. Internal Timing Parameters are not tested and are for raterenos only. 
2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLSl1 032 
Industrial 

External Timing Parameters 
Over Recommended Operating CondHlons 

TEST 5 tI DESCRIPTION' 
·60 

PARAMETER UNITS COM). 
M,IN~' MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass <}~\. 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path /, ...... . ~ ... : ... -::a::~: ':' 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 ,/'''-''<'' '""$. ... "~> MHz 

-fmax (Ext.) 4 Clock Frequency with External Feedback u...a ~ 1001) /.r) L 
..... ~ .) ;:-:« .. .~,.:' .......... :... MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 '~:''::-'"'\''' "!:::::>.(N"::::: .. 

!sUI - 6 GLB Reg. Setup Time before Clock, 4PT bypass ~'~"":'.;o., , .. '"' \.. ... -:-

teal 1 7 GLB Reg. Clock to Output Delay, ORP bypass .~~ '~'"*':"':'~ ... : •• .1l .. // 
thl - 8 GLB Reg. Hold Time after Clock, 4 PT bypass //1 \\».",>" 
tsu2 - 9 GLB Reg. Setup Time before Clock ·'¥-;-.... ~<:::.(o2·\-::~ \. \ .. : .. -::\ '., 

tea2 - 10 GLB Reg. Clock to Output Delay .f/ .. ' , "\M' / 

/.7 ~"'N"OM_:" th2 - 11 GLB Reg. Hold Time after Clock ,/ ... :.,. 

tr1 1 12 Ext. Reset Pin to Output Delay ,/ .~,.. ~V~~~ 
.. (~:0=::~ /' 

trwl - 13 Ext. Reset Pulse Duration j/ .... '" "\, »", 
··\~.:~f):-/ 

ten 2 14 Input to Output Enable ' ' y-:--:::, .'\. ,/ .. \" . " .(. ........ 

tdis 3 15 Input to Output Disable.)"/ ". ,-;.">.~\ .. \ ............. ~~/ 

twh - 16 Ext. Sync. Clock PuIS.!tQtrr8tic(i\;;,HiQ~ \{,/ 
twl - 17 Ext. Sync. Clock P~Jat Dj)f.<ltion;·~bw'>" 

tsu5 - 18 I/O Reg. Setu~Time b8~e i:xtAvfic. Clock (Y2, Y3) 

th5 - 19 110 Reg. I:;\did rime afttf~* ~nc. Clock (Y2, Y3) 
.{ .« ''; .'::. .... 

1. Unless noted otherwise, all paramjlte(f u~ a Ga.P IoIjd cf4 GLBs, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this dl!.11(~b. ,... ',.rthet."s. 
3. Stenderd IS-Bit loadable cou .' .... ~~b~ 
4. fmax (Toggle) may be less.-tlian . ,,:miS'is to allow for a clock duty cycle of other than 50%. 
5_ Reference Switching Te~redfl!.!itici ~ . n,;V 

~)?yY 
." ...... , .. (,\.;> 

~~: ....•. / 

4-48 

.~.~ ..... 

8~' - MHz -. , 9 - ns 

- 13 ns 

0 - ns 

13 - ns. 

- 16 ns 

0 - ns 

- 22.5 ns 

13 - ns 

- 24 ns 

- 24 ns 

6 - ns 

6 - ns 

2.5 - ns 

8.5 - ns 
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Internal Timing Parameters 1 

PARAMETER #I DESCRIPTION 

Inputs 
tiobp 20 lID Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 lID Register Setup Time before Clock 

tioh 23 lID Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 I/O Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

</ 
,l""",::,' 

Specifications ispLSl1 032 
Industrial 

·60 
UNITS 

MIN. MAX. 

A 
LL:':l 2.7 ns 

.,{/". r······""" 4.0 ns 
.. {"' ... ' ...... '~ ~ 32 ns 

.. "",{', ... < ........ \ J', ,J& ~ ns 

'<: ...... """', .. 
'" -;.' 

..... ; ..... ::: .. :.:t 4.0 ns 
.. """""', .......... ,'/ 

....... 
./, .. , •..... - 3.3 ns 

~ ~dZ - 5.3 ns 

L \'\:"""""' •.. "' .. ,,/"""" 
............... <,"".\.'\ .. /'). '.' - 2.0 ns 

""<{,ii"'" - 2.7 ns 

.. ""'i:"., - 4.0 ns 

tgrp12 30 GRP Delay, 12 GLB Loads .. ,i:/ .. \.,<" ),' - 5.0 ns 

tgrp16 31 GRP Delay, 16 GLB Loads {i~ ~ ~ - 6.0 ns 

tgrp32 32 GRP Delay, 32 GLB Loads .·i·'··. \'":'\t',,, ····· .. ·· ... ,,' .... '.i""",· - 10.6 ns 

GLB .i:", .. ·· •.. , ... ··'···'··'····'~ 
t4ptbp 33 4 Product Term Bypass flathPela~,.2~ - 8.6 ns 

t1ptxor 34 1 Product T ermlXOR P~tfio.el~Y" .. . ..... - 9.3 ns 

t20ptxor 35 20 Product Term{X9R Path QiJ~y 
'.:; .. ;. ........ 

- 10.6 ns 

txoradj 36 XOR Adjace~r&llttiD~lay3 '" '.' - 12.7 ns 

tgbp 37 GLB Reg~~;B¥piH;s d~yi, - 1.3 ns 

tgsu 38 GLBfl49tsi~f~et"!P,ni'J.l~b~fore Clock 1.3 - ns 

tgh 39 GLBRe.gisM(HQtdTi~ after Clock 6.0 - ns 

tgco 40 .. , ~LBF!eglst~rCto~\~ Output Delay - 2.7 ns 

tgr .. ,4'1" ·G~eReg.i~~iJil~~et to Output Delay - 3.3 ns 

tptre .... '.",4'~"". GL~PrQ9I,jct Term Reset to Register Delay - 13.3 ns 

tptoe c.;;;:::>" ······,····., .. 43 &~Bpidduct Term Output Enable to I/O Cell Delay - 12.0 ns 

tptcl{ ..•......•.. i,44 Gt:~Product Term Clock Delay 4.6 9.9 ns 

ORP .. """""""" .... , . 

torp . :}15 ORP Delay - 3.3 ns 

torpbp 46 ORP Bypass Delay - 0.7 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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Specifications ispLSl1 032 
Industrial 

Internal Timing Parameters 1 

PARAMETER r DESCRIPTION 
·60 

UNITS 
Mlti~ MAX. 

Outputs ,'(~. ~ 
tob 47 Output Buffer Delay J 

J :~~~1 4.0 ns 

toen 48 I/O Cell OE to Output Enabled ... -::.;~~~~;'~~ :'Wt::::;~ 1"6..7', ns 

todis 49 I/O Cell OE to Output Disabled f~·/'v.,\ } 
A· 

. yd ns 

Clocks ~(~.~:~. '%':~~-:"''::' .. ~.' ::..-::.~) • 

tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) "'Y'o}, "\.~~. ·"v::::'6.0 6.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line \. ;"~"»-':'-:--:..,:v«- ~L 4.6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line f''''f \\""'?' L -.1 \::=--:-' .... ¢~'='-~~:. 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line '<:;::"~';"~-:~~ ........ "\ <,/~:, -:--=:;f" 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to I/O Cell Global Clock Jiti'e 
:.;..'N.lo: ... , .... ..:-.~ .... ' 

''''' ... j ./'" 1.3 6.6 ns 

Global Reset j<t'~:':''''~'''«''''''m/ 
tgr 55 Global Reset to GLB and I/O Registers fr·{'\", ............ V\, .. ;) - 12.0 ns 

1. _ ..... , .. ", """" .... _ .. _ ... _~.' .... ::;,*-:-
2. Refer to Timing Model in this data sheet for further details. ",...,. . ""~"., 

.... « '':' 

<~~~ " . ::,S"/ 
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Specifications ispLSl1 032 

ispLSI 1032 Timing Model 

110 Cell GRP GLB ORP 110 Cell ____ " __ .... ,..--... r,.. _____ r-... _____ ~ ,,.._-"'*_-.,,,,.._~" __ 

Derivations of tsu, th and teo from the Product Term Clock1 

tsu .. Logic + Reg su - Clock (min) 
{tiobp + tgrp4 + t20ptxor} + {tgsu} - (tiobp + tgrp4 + tptck(min)} 
{#20 + #28 + #35} + {#3S} - (#20 + #28 + #44) 

5.5 ns = (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} 

4.0 ns = (2.0 + 2.0 + 7.5) + (4.5) - (2,0 + 2.0 + 8.0) 

tco = Clock (max) + Reg eo + Output 
= (tiobp + tgrp4 + tptck(max)} + {tgeo} + {lorp + lob} 
= {#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 teo from the Clock GLB1 

tsu Logic + Reg su - Clock (min) 
(tiobp + tgrp4 + t20ptxor) + {tgsu} - (tgyO(min) + tgeo + tgcp(min)} 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

7.0 ns = (2.0 + 2.0 + 8.0) + (1.0) - (3,0 + 2.0 + 1.0) 

th = Clock (max) + Reg h - Logic 
(tgyO(max) + tgeo + tgcp(max)} + {tgh} - {tiobp + tgrp4 + t20ptxor} 
(#50 + #40 + #52) + {#39} - (#20 + #28 + #35) 

2.5 ns = (3.0 + 2.0 + 5.0) + (4,5) - (2.0 + 2.0 + 8.0) 

teo = Clock (max) + Reg eo + Output 
.. (tgyO(max) + tgeo. + tgcp(.max)} + (tgeo) + (torp + lob) 
.. (#50 + #40 + #52) + (#40) + {#45 + #47} 

17.5 ns = (3.0 + 2.0 + 5.0) + (2.0) + (2.5 + 3.0) 

1. Calculations are based upon timing specs for the ispLSI1 032-80. 
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Specifications ispLSl1 032 

Figure 3. Typical Device Power Consumption vs .max 
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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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In-System Programmability 

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

Figure 5. IspLSI Programming Interface 

ispEN 

ispEN 

MODE 
SCLK 

Programming 
Control ~ Circuitry 

ispLSI 
Device 

SOl r 
SDO 

Specifications ispLSl1032 

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 (SOl), Serial Data OUt (SDO) , Serial 
Clock (SCLI<) 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 intemal state machine and programming 
of the device please refer to the in-system programming 
section in this pLSI and ispLSI Data Book Supplement. 

isoEN 

~ ~ ispLSI ispLSI 
Device ----+ Device 

~r r-r -
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Programming Voltage Timing Specifications 

SYMBOL PARAMETER 

VCCP Programming Voltage 

Iccp Programming Supply Current 

VIHP Input Voltage High 

VllP Input Voltage low 

liP Inpot Current 

VOHP Output Voltage High 

VOlP Output Voltage low 

trtf Input Rise and Fall 

tisp ispEN to Output 3-State 

tsu Setup Time 

teo Clock to Output 

th Hold Time 

tclkh, tclkl Clock Pulse Width, High and low 

tpwv Verify Pulse Width 

tpwp Programming Pulse Width 

tbew Bulk Erase Pulse Width 

trst Reset Time From Valid Vccp 

4-54 

Specifications ispLSl1 032 

CONDITION MIN. TYP. MAX. UNITS 

Commercial 4.75 5 5.25 
V 

Industrial 4.5 5 5.5 

ispEN = low - 50 100 mA 

2.0 - VccP V 

0 - 0.8 V 

- 100 200 IIA 
IOH = -3.2 mA 2.4 - VccP V 

IOL=5mA 0 - 0.5 V 

- - 0.1 I1S 

- 2 10 I1S 
0.1 0.5 - I1S 
0.1 0.5 - I1S 
0.1 0.5 - I1S 
0.5 1 - I1S 
20 30 - I1S 
40 - 100 ms 

200 - - ms 

45 - - I1S 
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Specifications ispLSI1 032 

Figure 6. Timing Wavefonns for In-System Programming 

ispLSI Pins are 3-Stated During Programming 

Unused ~22~~~~~~------------------------------------} Output .to 

MODE ____ -j-__ 

SCLK ___ -:-+-:-_J 

SDO Valid 

VIL VOL 

Figure 7. Program, Verify & Bulk Erase Waveforms 

Execute State (Program, Verify or Bulk Erase Instruction) 

MODE 

tpwp, tbew, or tpwv 

SOl 
~------th-----~'---+-----------J 

SCLK 

1+-~~~tC:llilk~h ~ tsu 

\.. / 
Ftc'kl~ 

"' __ --.J/ "'---
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Specifications ispLSI1 032 

Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI Architec
for the ispLSI1 032. For a detailed explanation refer to the tural Description section of this Data Book Supplement. 

Figure 8. ispLSI Device & Shift Register Layout 

o 

Data In 
(SOl) 

A 
T 
A 

Hi h Order Shift Rister 
Low Order Shift Register 

E2CMOS Cell Array 

o 
A 
T 
A 

SOO 

SOl 
107 

() 
SOO 

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 

1/00-1/03 26, 27, 28, 29, 
1104-1107 30, 31, 32, 33, 
1108-11011 34, 35, 36, 37, 
11012 -11015 38, 39, 40, 41, 
11016-11019 45, 46, 47, 48, 
11020 -110 23 49, 50, 51, 52, 
110 24 - 110 27 53, 54, 55, 56, 
11028 -110 31 57, 58, 59, 60, 
11032 -110 35 68, 69, 70, 71, 
I/O 36 - 110 39 72, 73, 74, 75, 
11040- 110 43 76, 77, 78, 79, 
110 44 - 110 47 80, 81, 82, 83, 
1/048 -110 51 3, 4, 5, 6, 
11052 -110 55 7, 8, 9, 10, 
11056 -110 59 11, 12, 13, 14, 
110 60 - 110 63 15, 16, 17, 18 

IN 4 -IN 7 67, 84, 2, 19 

ispEN 23 

SDI/IN a 25 

MODEIIN 1 42 

SDOIIN2 44 

SCLKlIN 3 61 

RESET 24 

YO 20 

Yl 66 

Y2 63 

Y3 62 

GND 1, 22, 43, 64 
VCC 21, 65 

Specifications ispLSI 1032 

Description 

InputlOutput Pins -These are the general purpose 110 pins used by the 
log ic array. 

• 
Dedicated input pins to the device. 

Input - Dedicated in-system programming enable input pin. This pin 
is brought low to enable the programming mode. The MODE, 501, 
500 and SCLK options become active. 

Input-This pin performs two functions. It is adedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDIlIN a also is used as 
one of the two control pins for the isp state machine. 

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

InputlOutJ:!ut - This pin performs two functions. It is a dedicated input 
pin when ispEN is logic high. When ispEN is logic low, it functions as 
an output pin to read serial shift register data. 

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. 

Active Low (0) Reset pin which resets all of the GLB and 110 registers 
in the device. 

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

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

Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB andlor 
any 110 cell on the device. 

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. 

Ground (GND) 

Vee 
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Specifications ispLSI 1032 

Pin Configuration 

IspLSI 1032 PLCC Pinout Diagram 

1/057 

1/058 

1/059 

1/060 

I/O 61 

liD 62 

1/063 

IN 7 

YO 
vee 

GND 

ispEN 
RESET 

SOI/IN 0 

lIDO 

1101 

1/02 

1/03 

1/04 

liD 5 
I/O 6 

ispLSI1032 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

4-58 

61 

1/038 

1/037 

1/036 

1/035 

1/034 

1/033 

1/032 

IN4 

Y1 
vee 

GNO 

Y2 

Y3 

seLKlIN 3 

1/031 

1/030 

11029 

1/028 

1/027 

1/026 

1/025 
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Specifications ispLSl1 032 

Package Diagram 

84-PlnPLCC 

Dimensions in inches MIN.IMAX. 
QM.2 x 450 

0.048 0.050 
0.020 

Minimum 

~~~~~~~~~ 
t 

TopViIm 
1 

1.090 
1.130 

. J E 1.150===:] ~ ~0'090 1.156 • !!J§§ 0.120 
1.185 0.180 
1.195 Seating Plane 

. . coplanarity not 
to exceed 0.004 

Part Number Description 

X X X ispLSI 1032 - XX 

Device Family ----==r- T 
Device Number ~ . L Grade Blank = Commercial 

I = Industrial 
Package 

Speed ------------' 
J = PLCC 

'-------Power 
80 = 80 MHz fmax 
60 = 60 MHz fmax 

Ordering Information 

fmax (MHz) 

80 

60 

fmax (MHz) 

60 

tpd (n5) 

15 

20 

tpd (ns) 

20 

L= Low 

COMMERCIAL 

Ordering Number Package 

ispLSI 1032-80LJ 84-Pin PLCC 

ispLSI 1032-60LJ 84-Pin PLCC 

INDUSTRIAL 

Ordering Number Package 

ispLS11032-60LJI 84-Pin PLCC 
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Features 

• IN-5YSTEM PROGRAMMABLE HIGH·DENSITY LOGIC 
- Member of Lattice's ispLSI Family 
- Fully Compatible with Lattice's pLSITM Family 
- High·Speed Global Interconnects 
- 96 I/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 

• IN·SYSTEM PROGRAMMABLE (5-VOLT ONLy) 
- Change Logic and Interconnects "on·tha-fly" In 

Seconds 
- Reprogram Soldered Device for Debugging 
- Non·Vola~ile EICMOS 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% Routsble with High Utilizetion 
- Four Dediceted Clock Input Pins 
- Synchronous and Asynchronous Clocks 
- Flexible Pin Placement 
- Optimized Global Routing Pool Allows Global 

Interconnectivity 

• pLSl/ispLSI DEVELOPMENT SYSTEM (pDSTM) 
pDS Software 

- Easy to Use PC Windows™ Interface 
- Boolean Logic Compiler 
- Manual Partitioning 
....... Automatic Place and Route 
- Static Timing Table 

pDS+TM Software 
- Industry Standard, Third Party Design 

Environments 
- Schematic Cepture, State Machine, VHDL 
- Automatic Partitioning 
- Automatic Place and Route 
- Comprehensive Logic and Timing Simulation 

. - PC and Workstation PIaHorrns 

ispLSI™ 1048 
in-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

Description 

The Lattice ispLSI 1048 is a High-Density Programmable 
Logic Device featuring 5-Volt in-system programmability 
and in-system diagnostic capabilities. The device contains 
288 Registers, 96 Universal VO pins, ten Dedicated Input 
pins, four Dedicated Clock Input pins and a Global Routing 
Pool (GRP). The GRP provides complete interconnectivity 
between all of these elements. 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 parametri
cally compatible to the pLSI 1048 device, but multiplexes 
four of the dedicated input pins to control in-system pro
gramming. 

The basic unit of logic on the ispLSl1048 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, A 1 
.. F7 (see figure 1). There are a total of 48 GLBs in the 
ispLS11048 device. Each GLB has 18 inputs, a program
mable AND/ORIXOR array, and four outputs which can be 
configured to be either combinatOrial or registered. Inputs 
to the GLB come from the GRP and dedicated inputs. All 
of the GLB outputs are brought back into the GRP so that 
they can be connected to the inputs of any other GLB onthe 
device. 

Copyright C 1992 LaUi .. Semioondu_ CoIp. GAL. E'CMOS and UftraMOS a .. regiaIored lredomarlca of Lattice Samiconduc:tor Corp. plSl, iopLSI, pOS, pD5+ and Generio Array Logic.re 
lrademarko of Lattice Samiconduotor CoIp. The speclI.ationa and inlonnali .. horein are subject to change without notice. 

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

Figure 1. ispLSI1048 Functional Block Diagram 
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::::: VOO2 
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11015 I:::::: , 

SDVINO 
MODE/IN 1 

Ii;IlII' m 
SDOI 110110 110 110 110110110110 VO VOIfO ro 110110110110 
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The device also has 96 1/0 cells, each of which is directly 
connected to an 1/0 pin. Each 1/0 cell can be individually 
programmed to be a combinatorial input, registered input, 
latched input, output or bi-directionall/O pin with 3-state 
control. Additionally, all outputs are polarity selectable, 
active high or active low. The signal levels are TIL 
compatible voltages and the output drivers can source 4 
mA or sink 8 mAo 

Eight GlBs, 16 1/0 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 set of 16 
universal 1/0 cells by the ORP. The isplSl1048 device 
contains six of these Megablocks. 

I 
11051 

,,:::: 11050 
.::;:: '040 
.;:::: '046 

.., SCLK/VOIIO VOIIO IfOVOVOVO IfOVOLtOIfO VOVOIIOVO 
.. INS 3233:U 35 36 37 38 38 40 41 42 G 44 46 46 47 

The GRP has as its inputs the outputs from all of the GlBs 
and all of the inputs from the bi-directionalllO 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 1048 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, 
10ClK 0 and 10ClK 1) are provided to route clocks to the 
GlBs and 1/0 cells. The Clock Distribution Network can 
also be driven from a special clock GlB (DO on the isplSI 
1048 device). The logic of this GlB allows the user to 
create an internal clock .from a combination of internal 
signals within the device. 
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Specifications ispLSl1 048 

Absolute Maximum Ratings 1 

Supply VoHage Vee .................... -0.5 to +7.0V 

Input VoHage Applied ............... -2.5 to Vee + 1.0V 

Oft-State Output Voltage Applied ...... -2.5 to Vee + 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 

Commercial TA .. O'Cto +70'C 
VCC Supply Voltage 

Industrial TA = -4Q'C to +85'C 

VIL Input Low Voltage 

VIH Input High Voltage 

MIN. MAX. UNITS 

4.75 5.25 
V 

4.5 5.5 

0 0.8 V 

2.0 Vcc+ 1 V 

Capacitance (TA=25°C. f=1.0 MHz) , 

SYMBOL PARAMETER MAXIMUMl UNITS TEST CONDITIONS 

C1 Dedicated Input Capacitance 8 pf V~-5.0V. V1N=2.0V 

C2 110 and Clock Capacitance 10 pf V~=5.0V. VlJO• 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 
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Specifications ispLSl1048 

Switching Test Conditions 

Input Pulse Levels GNDt03.0V Figure 2. Test Load 

Input Rise and Fall Times s 3ns 10% to 90% 
+5V 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Device -----+--...... ----1~ Test 
Output Point 

Output Load COnditions (see figure 2) 

Test Condition R1 R2 CL 
*CL includes Test Fixture and Probe Capacitance. 

1 470n 390n 35pF 

2 Active High 00 390n 35pF 

Active Low 470n 390n 35pF 

Active High to Z 00 390n 5pF 
3 at VOH - 0.5V 

Active Low to Z 470n 390n 5pF 
at VOL +0.5V 

DC Electrical Characteristics 

Over Recommended Operating COnditions 

SYMBOL PARAMETER CONDITION MIN. TYP.3 MAX. UNITS 

VOL Output Low Voltage 101.=8 mA - - 0.4 V 

VOH Output High Voltage IOH =-4 mA 2.4 - - V 

IlL Input or 1/0 Low Leakage Current OV S VIN S VIL (MAX.) - - -10 IIA 
IIH Input or 1/0 High Leakage Current VIH S VIN S Vee - - 10 IIA 
IIL-isp isp Input Low Leakage Current OV S VIN S VIL (MAX.) - - -150 IIA 
IIL-PU 1/0 Active Pull-Up Current OVS VIN SVIL - - -150 IIA 
1051 Output Short Circuit Current Vee = 5V, Voor -60 - -200 mA 

Icc2 Operating Power Supply Current VIL = 0.5V, VIH = 3.0V I Commercial - 165 235 mA 

fTOGGLE • 20 MHz I 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 cc = 5V and TA = 25"C. 
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Specifications ispLSI1 048 
Commercial 

External Timing Parameters 
Over Recommended Operating CondHions 

lEST 5 if DESCRIPTION! 
-70 -50 

PARAMETER UNITS CONDo 
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 Feedback3 71.4 - 53.6 - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback li0u2~tco:;l 41.7 - 31.3 - MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 83 - 71.4 - MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass 9 - 12 - ns 

tc01 1 7 GLB Reg. Clock to Output Delay, ORP bypass - 12 - 16 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 

tc02 - 10 GLB Reg. Clock to Output Delay - 14 - 18.7 ns 

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

tr1 1 12 Ext. Reset Pin to Output Delay - 17 - 22.7 ns 

trw1 - 13 Ext. Reset Pulse Duration 10 - 13 - ns 

ten 2 14 Input to Output Enable - 20 - 26.7 ns 

tdis 3 15 Input to Output Disable - 20 - 26.7 ns 

twh - 16 Ext. Sync. Clock Pulse Duration, High 6 - 7 - ns 

twl - 17 Ext. Sync. Clock Pulse Duration, Low 6 - 7 - ns 

tsu5 - 18 110 Reg. Setup Time before Ext. Sync. Clock (Y2, Y3) 2 - 2.7 - ns 

th5 - 19 110 Reg. Hold Time after Ext. Sync. Clock (Y2, Y3) 6.5 - 8.7 - 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 !/(twh + twl). This is to allow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Conditions Section. 
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Internal Timing Parameters1 

PARAMETER tI DESCRIPTION 

Inputs 

tiobp 20 1/0 Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp48 32 GRP Delay, 48 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Path Delay 

t1ptxor 34 1 Product TermlXOR Path Delay 

t20ptxor 35 20 Product TermlXOR Path Delay 

txoradj 36 XOR Adjacent Path Delay3 

tgbp 37 GLB Register Bypass Delay 

tgsu 38 GLB Register Setup Time before Clock 

tgh 39 GLB Register Hold Time after Clock 

tgco 40 GLB Register Clock to Output Delay 

tgr 41 GLB Register Reset to Output Delay 

Iptre 42 GLB Product Term Reset to Register Delay 

Iptoe 43 GLB Product Term Output Enable to 1/0 Cell Delay 

tptck 44 GLB Product Term Clock Delay 

ORP 
torp 45 ORP Delay 

torpbp 46 ORP Bypass Delay 

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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Specifications ispLSl1 048 
Commercial 

·70 -so 
UNITS 

MIN. MAX. MIN. MAX. 

- 3.0 - 4.0 ns 

- 4.0 - 5.3 ns 

6.0 - 8.1 - ns 

0.5 - 0.9 - ns 

- 3.0 - 3.9 ns 

- 3.5 - 4.6 ns 

- 6.0 - 8.0 ns 

- 2.5 - 3.3 ns 

- 3.0 - 4.0 ns 

- 4.0 - 5.3 ns 

- 5.0 - 6.7 ns 

- 6.0 - 8.0 ns 

- 16.0 - 21.3 ns 

- 6.5 - 8.6 ns 

- 7.0 - 9.3 ns 

- 7.5 - 10.0 ns 

- 9.5 - 12.7 ns 

- 1.0 - 1.3 ns 

1.5 - 2.0 - ns 

6.0 - 8.0 - ns 

- 2.5 - 3.3 ns 

- 2.5 - 3.3 ns 

- 10.0 - 13.3 ns 

- 9.0 - 11.9 ns 

3.5 7.5 4.6 9.9 ns 

- 3.5 - 4.7 ns 

- 1.5 I - 2.0 ns 
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Specifications ispLSl1 048 
Commercial 

Internal Timing Parameters 1 

tI ·70 -50 
PARAMETER DESCRIPTION UNITS 

MIN. MAX. MIN. MAX. 

Outputs 
tob 47 Output Buffer Delay - S.O - 4.0 ns 
toen 48 1/0 Cell OE to Output Enabled - 5.0 - 6.7 ns 

todis 49 1/0 Cell OE to Output Disabled - 5.0 - 6.7 ns 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clQck) 5.0 5.0 6.7 6.7 ns 
tgy112 51 Clock Delay, Y1 or Y2 to Global GLB ClQck Line 4.0 6,0 5.S B.O os 
tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line 1.0 5.0 1.S 6.6 ns 

tioy213 53 Clock Delay, Y2 or YS to 1/0 Cell Global Clock Line 4.0 6.0 5.S B.O ns 

tiocp 54 Clock Delay, Clock GLB to I/O Cell Global Clock Line 1.0 5.0 1.S 6.6 ns 

Global Reset 
tgr 55 Global Reset to GLB and 1/0 Registers I - B.O - 10.6 ns 

1. Internal Timing Paramsters are not IIlSted and are for reference only. 
2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLSl1 048 
Industrial 

External Timing Parameters 

Over Recommended OperatIng ConditIons 

TESTS if DESCRIPTION1 
·50 

PARAMETER UNITS 
CO~. MIN • MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass .. /~{ 24 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path /"~'~"i \ 30.7 ns 

fmax 1 3 Clock Frequency with Internal FeedbackS / 
.1#.:,,»,:,.- 53.S ~""-"" MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i0u2~\C01) ~ .. 
./ .... » ..... '\ 3f3, 7/~ MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 . .// \\. / .. '«" Y·~l·:~f ....... - MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass .. ~;~.? ........ 
.•.. . '\,.''\' . "w:tZ - ns 

tco1 1 7 GLB Reg. Clock to Output Delay, ORP bypass ( ..... :v,. .... .;o .. ~~ ••.• ...... 0;': .' 16 
' . ./ - ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass 
'/:::'" \ .• ~.::~ ........... .... .: ...... ~'< .. ~-::,/::" 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock .<~., .. \. \~ t··>·· .. ·.:··:·~f: l~:~~ 16 - ns 

tco2 - 10 GLB Reg. Clock to Output Delay ..... :-~ .. w.:';O .. M:.;o.:::~:~y~ \ :~ .. ~:> - 18.7 ns 

th2 - 11 GLB Reg. Hold Time after Clock A;~:"" .. ,.,~~ .....• ~ .•. , ....,/ 0 - ns 

tr1 1 12 Ext. Reset Pin to Output Delay /~" - 22.7 ns 

trw1 - 13 Ext. Reset Pulse Duration /Y"', ';;'/> 13 - ns 

ten 2 14 Input to Output Enable ( .... ';;::;;;;\, . ':::"')/' - 26.7 ns 

tdis 3 15 Input to Output Disable /h.'h .•. \'i3t,,,, ' ..... ::;,"'~.1:"4~>/ - 26.7 ns 

twh - 16 Ext. Sync. Clock Pulse 9Ufttiqp~. F/lgh\,} / 7 - ns 

twl - 17 Ext. Sync. Clock Pu!~ Q!Jrat1o{j;{, f*' 7 - ns 

I"" - "va Roo . ...., T;Y liY'1JjiCbd< (Y2. "") 2.7 - ns 

th5 - 19 1/0 Reg. HoktTime a . Syfft': Clock (V2, V3) 8.7 - ns 

1. Unless noted otherwise. all parametefS~Gs8'a..~RP .GlBs. 20 PTXOR path. ORP and YO clock. 
2. Refer to Timin~ Model in this data.~·fqr fu~r . .' 
3. Standard l6-Bit Ioadable counll!f''U 
4. fmax (Toggle) may be less thjit'i {-
5. Reference Switching Test~~d . 

eedb~I~ly< 
IJ'fO allow for a clock duty cycle of other than 50%. 

-:~. 

~ 
.... » ... ~ ::·l .... f.· ........ ·?'· 

~s;:t~:;.·........ .~~~:~;..~./.. " " 
..•.. ~:. 

""<:,:::'::> 
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Internal Timing Parameters1 

PARAMETER ;;- DESCRIPTION 

Inputs 

Specifications ispLSl1048 
Industrial 

-50 
1-----,--:-:-:":-1 UNITS 
MIN. MAX. 

- 5.3 

+-- /" "" '"11'1'12 30 GRP Delay, 12 GLB Loads ~; >r.--"' .... >..::--_\""", .. "'" .. ..:;;,.x.'-r"' .. '--_____ -t-_+-_t-n_s-j - 6.7 

tgrp16 31 GRP Delay, 16 GLB Loads ./ .<~'%. ......" 1,// ns 
~~~~------~--+--r--1 

tgrp48 32 GRP Delay, 48 GLB Loads \." '\" .'/ ns 

- 8.0 

- 2h3 

- 8:6 ns 

t1ptxor 34 1 Product TermlXOR P~Delay "\:",,,,>;,,,7 - 9:3 ns 

- 10.0 ns 

txoradi 36 XOR AdiacentJ?lit(belay3 .(r';,\ // - 12.7 ns 

tgbp 37 GLB Regis~"l~ss·'9.elay J 7' - 1.3 ns 

tgsu 38 GLB R~~tS.iMup'llme<'ti;rore Clock 2.0 - ns 

8.0 - ns 

- 3.3 ns 

tgr 41;": "Gl,!:i Fjegi~~{. R~~ to Output Delay - 3.3 ns 

tptre (~'Gta.p;:;;aiiCiir~rm Reset to Register Delay - 13.3 ns 

- 11.9 ns 

4.6 9.9 ns 

torp ····',l ~/ ORP Delay - 4.7 ns 

torpbp 'l'46 ORP Bypass Delay - 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. 
3. The XOR Adjacent path can only be used by Lattice Hard Macros. 
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Specifications ispLSl1048 
Industrial 

Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 1/0 Cell OE to Output Enabled 

todis 49 1/0 Cell OE to Output Disabled .;. ....... / (~. ) A~ ;~.~.f\· :~ .. 6: 7 ns 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) ..... " .. ":: ... 7 6.7 6.7 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line A,. \, "'~"'" ." ..• , .. , .. , ... <>./ 5.3 8.0 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line .<~, <-. \. ""':> .... " .. ? ... /.... 1.3 6.6 ns 

'tioy213 53 Clock Delay, Y2 or Y3 to 1/0 Cell Global Clock Liney.·.·.,''',.«w'»<>'',. \"<> 5.3 8.0 ns 

tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clo~.Y.M.M ... ".w......... . ''f,........ 1.3 6.6 ns 

Global Reset 
tgr 55 Global Reset to GLB and 1/0 Registers ./7' ".,.\,.",.,. l~ .. // 10.6 ns 
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Specifications ispLSl1 048 

ispLSI1048 Timing Model 

I/O Cell GRP GLB ORP 110 Cell ..--........ --.... ,.----. r.------~-----""''' .----..-....-, -, _ ..... *--
Feedback 

DerIVations of tsu, th and tco from the Product Tenn Clock1 

tsu = Logic + Reg su - Clock (min) 
(tiobp + tgrp4 + t2Optxor) + (tgsu) - .(tiobp + tgrp4 + tptck(min) 
(#20 + #28 + #35) + (#3S) - (#20 + #28 + #44) 

5.5 ns = (3.0 + 3.0 + 7.5) + (1.5) - (3.0 + 3.0 + 3.5) 

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

6.0 ns = (3.0 + 3.0 + 7.5) + (6.0) - (3.0 + 3.0 + 7.5) 

tco = Clock (max) + Reg co + Output 
= (tiobp + tgrp4 + tptck(max) + (tgco) + (torp + tab) 
= (#20+#28+#44)+ (#40) + (#45+#47) 

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

DerIVations of tsu, th and teo from the ClOCk GLB1 
tsu Logic + Reg su - Clock (min) 

(tiobp + tgrp4 + t2Optxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min) 
(#20 + #28 + #35) + (#38) - (#50 + #40 + #52) 

6.5 ns = (3.0 + 3.0 + 7.5) + (1.5) - (5.0 + 2.5 + 1.0) 

th Clock (max) + Reg h - Logic 
(tgyO(max) + tgco + tgcp(max) + (tgh) - (tiobp + tgrp4 + t2Optxor) 
(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

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

tco = Clock (max) + Reg co + Output 
= (tgyo(max,) + tgco + tgcp(max) + (tgco) + (torp + lob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

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

1. Calculations ara based upon timing specs for the ispLSI 1048-70. 
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Figure 3. typical Device Power Consumption vs flnax 
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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 (plSI) devices. By integrating all the high 
voltage programming circuitry on-chip. the programming 
can be accomplished by simply shifting data into the 
device. Once the function is programmed. the non-volatile 
E2CMOS cells will not lose the pattem even when the 
power is turned off. 

Figure 5. IspLSI Programming Interface 

ispEN 

ispEN 

MODE 

SCLK 

Programming 
Control ~ Circuitry 

ispLSI 
Device 

SOl r 
SDO 

Specifications ispLSl1048 

. All necessary programming is done via five TIL level logic 
interface signals. These five signals are fed into the on
chip programming circuitry where a state machine controls 
the pl!>Qramming. The interface signals are isp Enable 
(ispEN). Serial Data In (SOl). Serial Data Out (SOO). Serial 
Clock (SCll<) 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 intemal state machine and programming 
of the device please refer to the in-system programming 
section in this plSI and isplSI Data Book Supplement. 

ispEN 

.~ 
isplSI 
Device 

4 
~ ispLSI 

Device 

~r ~r 
~ 
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Programming Voltage Timing Specifications 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VCCP 
Commercial 4.75 5 5.25 

Programming Voltage V 
Industrial 4.5 5 5.5 

Iccp Programming Supply Current ispEN-low - SO 100 mA 

VIHP Input Voltage High 2.0 - Veep V 

YllP Input Voltage Low 0 - 0.8 V 

liP I nput Current - 100 200 IIA 
VOHP Output Voltage High IOH --3.2 mA 2.4 - Veep V 

VOlP Output Voltage low IOL -5mA 0 - 0.5 V 

tr. tf Input Rise and Fall - - 0.1 J.LS 

tisp ispEN to Output 3-State - 2 10 J.LS 

tsu Setup Time 0.1 0.5 - J.LS 

teo Clock to Output 0.1 0.5 - J.LS 

th Hold Time 0.1 0.5 - J.LS 

tclkh. tclkl Clock Pulse Width. High and low 0.5 1 - J.LS 

tpwv Verify Pulse Width 20 30 - J.LS 

tpwp Programming Pulse Width 40 - 100 ms 

tbew Bulk Erase Pulse Width 200 - - ms 

trst Reset Time From Valid VccP 45 - - J.LS 
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Figure 6. Timing Wavefonns for In-System Programming 

ispLSI Pins are 3-Stated During Programming 
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Output 

ispEN 

MODE 

SOl 

SCLK 

SDO Valid 

Figure 7. Program, Verify & Bulk Erase Wavefonns 
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Specifications ispLSl1 048 

Figure 8 illustrates the address and data shift register bits Device Layout discussion in the pLSI and ispLSI 
for the ispLSI1 048. For a detailed explanation refer to the Architectiural Description section of this Data Book Supple

ment. 

Figure 8. IspLSI Device & Shift Register Layout 

D 

Oata In 
(501) 

A 
T 
A 

High Order Shift Register 
Low Order Shift Register 

E2CMOS Cell Array 

D 
A 
T 
A 

500 

SOl 
119 

6 
SOO 

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 

1/00 -1/0 5 
1106-1/011 
11012 -1/017 
1/018 - 1/023 
1/0 24 - 1/0 29 
110 30 - 1/0 35 
1/036 -110 41 
1/0 42 - 1/0 47 
1/0 48 - 1/0 53 
1/0 54 - 1/0 59 
1/0 60 - 1/0 65 
1/0 66 - 110 71 
1/0 72 - 1/0 77 
1/0 78 - 1/0 83 
1/0 84 - 1/0 89 
1/0 90 - 1/0 95 

IN4 
IN6-IN11 

ispEN 

SDI/IN 0 

MODE/IN 1 

SDO/IN 3 

SCLKlIN 5 

RESET 

YO 

Yl 

Y2 

Y3 

GND 
VCC 

PQFP Pin Numbers 

20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 
38, 39, 40, 41, 42, 43, 
49, 50, 51, 52, 53, 54, 
55, 56, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 
67, 68, 69, 70, 71, 72, 
80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 
92, 93, 94, 95, 96, 97, 
98, 99,100,101,102,103, 

109,110,111,112,113,114, 
115,116,117,118,119,120, 

1, 2, 3, 4 5, 6, 
7, 8, 9, 10, 11, 12 

48, 
79,104,105, - 108, 13 

17 

19 

44 

47 

73 

18 

14 

78 

75 

74 

46, 76,106, 16 
15, 45, 77,107 

Specifications ispLSI1 048 

Description 

Input/Output Pins -These are the general purpose I/0pins used by the 
log ic array. 

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

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. 
Input - This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as an input 
pin to load programming data into the device. SDI/IN 0 also is used as 
one of the two control pins for the isp state machine. 
Input - This pin performs two functions. It is a dedicated input pin when 
ispEN is logic high. When ispEN is logic low, it functions as a pin to 
control the operation of the isp state machine. 
Input/Output - This pin performs two functions. It is a dedicated clock 
input pin when ispEN is logic high. When ispEN is logic low, itfunctions 
as an output pin to read serial shift register data. 
Input - This pin performs two functions. It is a dedicated input when 
ispEN is logic high. When ispEN is logic low, it functions as a clock pin 
for the Serial Shift Register. 

Active Low (0) Reset pin which resets all of the GLB and 1/0 registers 
in the device. 
Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB andlor 
any 1/0 cell on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any 1/0 cell on the 
device. 

Ground (GND) 

Vee 
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Specifications ispLSI1 048 

Pin Configuration 

IspLSI1D48 PQFP Pinout Diagram 

11084 
V085 
VOBB 
V087 
11088 
V089 
V090 
11091 
11092 
11093 
11094 
11095 
IN 11 

YO 
vee 
GNO 

R~ 
SOl/INa 

1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 

11010 

Package Diagram 

ispLSI1048 

120-Pln PQFP 
Dimensions in inches MIN.lMAX. 

~o 1'098~O 
1.106 
1.218 
1.238 

Coplanarity not to 
exceed 0.004 

4-78 

11058 
11057 
11056 
11055 
1/054 
11053 
11052 
11051 
1/050 
11049 
11048 
INS 
Yl 
vee 
GNO 
Y2 
Y3 
seLKIIN 5 
11047 
1/046 
1/045 
11044 
11043 
1/042 
11041 
1/040 
1/039 
1/038 
1/037 
1/036 

[fi1~J.g:g~i 
0.010 
0.013 

j..!ill§-1 
0.144 

Detail A 
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Specifications ispLSl104B 

Part Number Description 

X X X ispLSI 1048 - XX 

Device Family _--:-r .T 
Device Number-.--J 

T T G_ 
Blank = Commercial 
I = Industrial 

Package 

Speed-----------~ 

70 = 70 MHz fmax 

Q= PQFP 
'-------- Power 

L=Low 
50 = 50 MHz fmax 

Ordering Information 

COMMERCIAL 

fmax (MHz) tpd (ns) Ordering Number Package 

70 18 ispLS11048-70LQ 120-Pin PQFP 

50 24 ispLSI 1048-50LQ 120-Pin PQFP 

INDUSTRIAL 

fmax(MHz) tpd (ns) Ordering Number Package 

50 24 ispLSI 1048-50LQI 120-Pin PQFP 
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CORPORATE PHILOSOPHY 
Lattice Semiconductor is committed to leadership in 
performance and quality. Our families of Military pLSI and 
ispLSI devices are consistent with this philosophy. Lattice 
manufactures all devices under strict Quality Assurance 
guidelines. All grades, Commercial through MIL-STD-883, 
are monitored under a quality program conformant to 
MIL-M-38510 Appendix A with inspections conformant to 
MIL-I-45208. 

Complete reviews of Lattice's procedures, documentation 
and technical data are welcomed and can be arranged at 
the Company's facility near Portland, Oregon. 

For the latest availability information on MIL-STD-883 
processed pLSI and ispLSI devices, please contact your 
local sales office. 

QUALITY AND TESTABILITY 
Lattice Semiconductor processes its Military pLSI and 
ispLSI devices in strict conformance with MIL-STD-883 
Class B. In conjunction with the Military flow, the inherent 
testability of E2CMOS technology allows Lattice to achieve 
a quality level superior to other PLD or FPGA technologies. 

All pLSI and ispLSI devices are patterned and tested 
dozens of times throughout the manufacturing flow. Every 
device is tested under worst case configurations to assure 
customers achieve 100% yields. Tests are performed 
using the same E2 cell array that will be used for the final 
patteming of the devices. The 100% "actual test" philoso
phy eliminates the correlated and simulated testing that is 
necessary with other technologies. 
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Military Program 
Overview 

MIL·STD·883 COMPLIANCE 
MIL-STD-883 provides a uniform and precise method for 
environmental, mechanical and electrical testing which 
ensures the suitability of microelectronic devices for use in 
military and aerospace systems. Table I (page 5-2) sum
marizes the MIL-STD-883 Class B Flow. Table II 
summarizes the detailed Quality Conformance Inspection 
tests rigorously performed by Lattice as required by 
MIL-STO-883, Method 5005. 

MIL·M-38510 
MIL -M-3851 0, when used in conju nction with MIL -STD-883, 
defines deSign, packaging, material, marking, sampling, 
qualification and quality system requirements for military 
devices. 

GROUP DATA 
Group A and B data is taken on every inspection lot per 
MIL-STD-883, Class B requirements. This data, along with 
Generic Group C and 0 can be supplied upon written 
request, with your device shipment. Your Lattice sales 
representative can advise you of charges and leadtime 
necessary for providing this data. 

STANDARD MILITARY DRAWINGS 
Lattice actively supports the DESC Standard Military Draw
ing (SMD) Program. The SMD Program offers a cost 
effective aHernative to source control drawings and pro
vides standardized MIL-STD-883 product specifications to 
simplify military procurement. 

Lattice recognizes the growing demand for SM 0 qualified 
devices, and in response, all new 883 products released by 
Lattice will be submitted to DESC for SMD qualification. 
Customers may facilitate this process by submitting a 
"Nonstandard Part Approval Request", DO Form 2052, to 
DESC. This form allows you to recommend to DESC the 
qualification of Lattice devices to SMD status. 

• 



Military Program Overview 

MILITARY SCREENING FLOW 
(TABLE I) 

Screen Method 

Internal Visual 2010 Cond. B 
Temp. Cycling 1010 Condo C 
Constant Acceleration 2001 Cond. E, Yl axis 
Hermeticity 1014 

Fine Condo Aor B 
Gross Condo C 

Endurance Test 1033 
Retention Test Unbiased Bake 

24 Hrs. 
TA=180'C 

Pre Burn-in Electrical Applicable Device 
Specification 
TC - 2S'C 

Dynamic Burn-in 1015 Condo 0 
Post Bum-in Electrical Applicable Device 

Specification 
TC = 2S'C 
PDA= 5% 

Final Electrical Test Applicable Device 
Specification 
TC -12S'C 

Final Electrical Test Applicable Device 
Specification 
TC = S5'C 

Final Electrical Test Applicable Device 
Specification 
TC - 2S'C 

External Visual 2009 
QCI Sample Selection MIL-M-38510 

Sec . .4.S and 
MI L-STO-883 
Sec. 1.2 

Requirement 

100% 
100% 
100% 
100% 

100% 
100% 

100% 

100% 

100% 

100% 

100% 

100% 
Sample 
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MILITARY QUALITY CONFORMANCE 
INSPECTIONS (TABLE II) 

Subgroup Method Sample 

GROUP A: Electrical Tests 
Subgroups 1, 7, 9 Applicable Device Spec. LTPD= 2 
Electrical Test 2S'C 

Subgroups 2, 8A, 1 a Applicable Device Spec. LTPD = 2 
Electrical Test Max. Operating Temp. 

Subgroups 3, 88, 11 Applicable Device Spec. LTPD = 2 
Electrical Test Min. OperatinQ Temp. 

GROUP B: Mechanical Tests 
Subgroup 2 4(0) 
Solvent Resistance 2015 

Sungroup3 LTPD = 10 
Solderability 2003 

Subgroup 5 LTPD = 15 
Bond Strength 2011 

GROUP C: Chip Integrity Tests 
Sungroup 1 LTPD = 5 

Dynamic Life Test 1005, 1,000 Hrs., 125'C 
End Point Electrical Applicable Device Spec. 

Subgroup 2 LTPD =5 
Unbiased Retention 1,000 Hrs., 150'C 
End Point Electrical Applicable Device Spec. 

GROUP D: Environmental Integrity 
Sungroup 1 LTPD=15 
Physical Dimensions 2016 

Subgroup 2 LTPD = 5 
Lead Integrity 2004, Condo B 
Hermeticity 1014 

Subgroup 3 LTPD = 15 
Thermal Shock 1011, Cond. B, 15 Cycles 
Temp. Cycle 1010, Cond. C, 100 Cycles 
Moisture Resistance 1004 
Hermeticity 1014 
Visual Examination 1004,1010 
Endpoint Electrical Applicable Device Spec. 

Subgroup 4 LTPD = 15 
Mechanical Shock 2002, Condo B 
Vibration 2007, Cond. A 
Constant Acceleration 2001, Condo E, Y 1 axis 
Hermiticity 1014 
Visual Examination 10to, 1011 
Endpoint Electrical Applicable Device Spec. 

Subgroup 5 LTPD = 15 
Salt Atmosphere 1009, Condo A 
Hermeticity 1014 
Visual Examination 1009 

Subgroup 6 3(0) 
Internal Water Vapor 1018<5,000 PPM, 100'C 

Subgroup 7 LTPD = 15 
Lead Finish Adhesion 2025 
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programmable Large Scale Integration 
High-Density Programmable Logic 

Features Functional Block Diagram 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- MIL-5TD-883 Version of the pLSI1016 
- High-Speed Global Interconnects 
- 32 110 Pins, Four Dedicated Inputs 
- 96 Registers I ~ 
- Wide Input Gating for Fast Counters, State ~. LM.J 

Machines, Address Decoders, etc. .~ "8 ~ 
- Small Logic Block Size for Rendom Logic I'X a. I A21 
- Security Call Prevents Unauthorized Copying ~; .~ r;;.;'I 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY ... , "5 ~ 
- fmax = 60 MHz Maximum Operating Frequency I ~ I A41. (., ••.... '. """'" 

- tpd = 20 ns Propagation Delay a. : AS r. \, \;:~':':"l'l .!:: .. ;::;:e.!:=.J. 
- TTL Compatible Inputs and Outputs '"5',.!1' .... ",' 
_ Electrically Erasable and Re-Programmable :" 0 A6' > .. ,. \, <. "'" '. 
- 100% Tested :- "",., I.A7 r "Glob@!ijdGting Pool (GRP) 

• COMBINES EASE OF USE AND THe FAST SYSTEM /' 'I" ········~:~S:::"· .... ·'"'" .... ··'·w ..• / 

:'~I~ g~ ~:ft.~ ~I~~~~i~::~r: ::fe 'i~:AYS /1:;;".0'. "'\". . ..... ::;",,:;;). 
- Complete Programmable Device can Combine Gil": .>... .. , ... ,. ··\,,·~;;:t/ 

Logic and Structured Designs - '\ '\., '+-"';:".~ .. ","''';'''''-------''''''';;=~-' 
-100% Routable with High Utilization ..... /',.' ..... ".<\\\', 
- Three Dediceted Clock Input Pins .,l">·,'···,'Z:., .. " ". '\.; .'/ 
-Syn~hron~us and Asynchronous CICI9..JB '<'" "'<:",>.:, ... , .. J:~ L H' MIL-STD-883 LSI 1016 . H' h-D. tty 

Description 

_ FleXible Pin Placement .f ",.\ "", """"\..",,e a Ice p IS a IQ ens 
_ Optimized Global Routing Pool AIIO~~ ~~~h,...2/.,./"'· Prog~mmable Log~c Device whic.h contains 96 ~egisters, 

Interconnectivity .J> ·\"v.7 32 UnIVersal VO pinS, four Dedicated Input pinS, three 

• pLSlIlspLSITM DEVELOPMENT,,tjystEM (PD$&t/f" Dedicated Clock input pi.ns and a GIOb~1 Routing ~~ol 
. ./,,~., .. '\"" ""'" "'.f (GRP). The GRP provides complete InterconnectMty 

pDS Software .. l',:~ .... ~.,.:::) \, """"""":,,,<'" between all of these elements. 

- Easy to Usa PC ~!vfn(o"~ Itiltr)a9fi"" 

.. ~~" 
""';;;::'$phliitjatic Capture, State Machine, VHDL 
- AUtpmlHiC}Partitioning 
- Autolndc Place and Route 
- ComPrehensive Logic and Timing Simuletion 
- PC and Workstation Platforms 

The basic unit of logic on the pLSI1 0161883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. B7, (see figure 1). There are a total of 16 GLBs in the 
pLS110161883 device. Each GLB has 18 inputs, a pro
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLBcome 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 C 1992 Lattice Sonioonduolor COIp. GAL. E'GMOS and URraMOS .'" regiotered trademarks of Lattioe Semioondudor Corp. pLSI, ispLSI, pDS, p!)S+ and Ganerio Array Logic are 
trademarks of Lattico Semiconductor Corp. The specilioations and information herein .... subjeot to chango wiIhout notice. , 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681·0118; FAX (503) 681·3037; Applications Hodine: 1·80o-LATTlCE (528.8423) 
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Absolute Maximum Ratings 1 

Supply VoHage Vee .................... -0.5 to +7.OV 

Input VoHage Applied ............... -2.5 to Vee + 1.0V 

Off-State Output VoHage Applied ...... -2.5 to Vee + 1.0V 

Storage Temperature .................. -65 to 150°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 cond~ions 
above those indicated in the operational sections of this speci
fication is not implied (while programming, follow the 
programming specifications). 

Specifications pLSI10161883 

DC Recommended Operating Conditions 0 

SYMBOL PARAMETER MAX. UNITS 

Tc Case Temperature -55 +125 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage o 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 1 V 

Capacitance (T A=25°C, f=1.0 MHz) 
......... 

SYMBOL MAXIMUM1 UNITS TEST CONDITIONS. 

c1 10 pf 

10 pf Vcc=5.0V, V11O' V =2.0V 

1. Guaranteed.PIlt i\qt iOoo/"t~~f~.;/ 

Data Retention Specifications 

,': 

PARAME:rE~/ MINIMUM MAXIMUM UNITS 

Data ReteQ~jOh (at 55'C) 20 - YEARS 

Erase/Reprogram Cycles - 100 CYCLES 

5-4 9/92. Rev. A 
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Specifications pLSI10161883 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times :s; 3ns 10% to 90% 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Output Load COndhlons (see figure 2) 

Test Condition R1 R2 CL 

1 470n 390n 35pF 

2 Active High 00 390n 35pF 

Active Low 470n 390n 35pF 

Active High to Z 00 390n 5pF 
3 atVoH - 0.5V • ..,y .. lf~ ~ 

Active Low to Z 470n 390n 5pF\·\. 

at VOL + 0.5V :~..,.;::::::-:~Y"~';:":":;~: ~ 
.,~. ~';'. >. 

DC Electrical Characteristics 

Figure 2. Test Load 

SYMBOL PA.~' .. ,,,'\'<;. >-., CONDITION 
,.:.' ":', ,', .. , '.; ..... ::-..§ 

IOL-8 mA 

10$1 "',P'\l*Put Sh9l'f Circuit Current Vee" 5V, Vwr 

fTOGGLE = 20 MHz 

1. One outputat a time for a maximum duration of one second (25'0 only). 
2. Measured using four 16-bit counters. 
3. Typical values are at Vee" 5V and T c .. 25°0. 

5-5 

+5V 

MIN. TYP.3 MAX. UNITS 

0.4 V 

2.4 V 

-10 IIA 
10 IIA 

-150 IIA 
-60 -200 mA 

100 170 mA 

9/92. Rev. A 
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Specifications pLSI10161883 

External Timing Parameters 
OVer Recommended Operating CondHlons 

PARAMETER TEST 5 tI DESCRIPTION1 CONDo 

tpd1 Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 2 Data Propagation Delay, Worst Case Path 

fmax 3 Clock Frequency with Internal Feedback3 

fmax (Ext.) 4 Clock Frequency with External Feedback (ieu2 ~ ""';) 

fmax (Tog.) 5 Clock Frequency, Max Toggle4 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tc01 7 GLB Reg. Clock to Output Delay, ORP bypass 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass 

tsu2 9 GLB Reg. Setup Time before Clock ,i"': <- \ \f~>"·//".i' 
tco2 10 GLB Reg. Clock to Output Delay .•.. v •• , ••••••. '.' "\">.,,,. \. \ .. ,':;;,. 
th2 11 GLB Reg. Hold Time after Clock .. ,l':~..\,t,/'· 

tr1 12 Ext. Reset Pin to Output Delay .. "f:>: '\';;:~:'\ .. 
trw1 13 Ext. Reset Pulse Duration ./<~/~::,..\\.. ",\,""";:.> 
ten 2 14 Input to Output Enable .0" "\". . .. ,\,.. '\ ... ::::}, ...... 

tdis 3 15 Input to Output Disable .. :"""" \ ... :,:..... .., \. ,.Z/'·· 

twl 17 Ext. Sync. Clock Pylt~~'OU(at!O~;'lq,~ \; .. ~,i' 

tsu5 18 110 Reg. Setup T1~, befG(e El<t~ stj:ic: Clock (Y1, Y2) 

th5 19 1/0 Reg. HqktTime aft&( Ext,~. Clock (Y1, Y2) 

5-6 

1----,----iUNITS 
MIN. MAX. 

ns 

ns 

MHz 

MHz 

MHz 

ns 

13 ns 

0 ns 

13 ns 

16 ns 

0 ns 

22.5 ns 

13 ns 

24 ns 

24 ns 

6 ns 

6 ns 

2.5 ns 

8.5 ns 

9/92. Rev. A 
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Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Inputs 
tiobp 20 liD Register Bypass 

tiolat 21 liD Latch Delay 

tiosu 22 liD Register Setup Time before Clock 

tioh 23 liD Register Hold Time after Clock 

tioco 24 liD Register Clock to Out Delay 

tior 25 liD Register Reselto Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrpl 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

GLB 
t4p1bp 

tlptxor 

t2Optxor 

txoradj 

Specifications pLSI10161883 

.... l~) 

·60 
t-----,-----i UNITS 
MIN. MAX. 

.. ,/. t 2.7 ns 

ns 

3.3 ns 

5.3 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

!ptoe fj:.4i",>~.~ ·P~baJ.cl'Term Output Enable to liD Cell Delay 12.0 ns 

!Ptck .. ,(':.:': .,',¥". Gtij)~roduct Term Clock Delay" 4.6 9.9 ns 

tojp·\ .. , <:". ~ ORP Delay I - 13.3 ns 

torpbp·", .. ::4~· ORP Bypass Delay 0.7 ns 
1. Internal Tirilirig 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. 

5-7 9/92. Rev. A 
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Specifications pLSI10161883 

Internal Timing Parameters1 

PARAMETER #2 DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay ns 

toen 48 1/0 Cell OE to Output Enabled ns 

todis 49 1/0 Cell OE to Output Disabled ns 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns 

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

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

tioy1/2 53 Clock Delay, Y1 or Y2 to 1/0 Cell Global Clock Line ns 

tiocp 54 ns 

Global Reset 
tgr 55 Global Reset to GLB and 1/0 Registers ns 

1. Internal Timing Parameters are not tested and are for reference 
2. Refer 10 Timing Model in this data sheet for further details. 

5-8 9/92. Rev. A 
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Specifications pLSI10161883 

pLSI 1016883 Timing Model 

ItO Call GRP GLB ORP ItO Call ,--_ ...... --.,..--...--..,... .. -----"'------..,,--.., .. 
Feedback 

Ded.lnr--:--:-:-:-:---t-------. 

~ _ ~~7 
DerivationS of tsu, th and teo from the Product Te~~k<"\, "> .", •. /. 

tsu = Logic + Reg su - Clock (min) {f., """"" "'\'" ""'::;7/ 
(tiobp + tgrp4 + t20ptxor) + (tgsu) - ,. ""'-.;1" -, '{min) 
(#20 + #28 + #35) + (#3S) - {#20" . 

7.3ns= (2.7+2.7+ 10.6)+(1.3)-(2.7t~T,.,'4i;~,,\. {, 
• .-:.«' { ::\~ ...... . .. : .. .;. .. ~... '\ 

th Clock (max) + Reg h - LogK;/.\,,'\.,"· ..... ,'j,'":'·1· 
(tiobp + tgrp4 + tptck(max}}<i:"(t!lh},o:;. (ti§bp4·tgrp4 + t20ptxor) 
(#20 + #28 + #44) + (~) - (#2(1''1; #29'*,~5) 

5.3 ns = (2.7 + 2.7 + 9.9) +J.e:or<!2.7 + .~. 9'6) 

teo = Clock (max) + ~:ca't oi:ltP.ut ; • .; 
= (tiobp + tgrp.~<,,·~(¢.k(~)r+<{ftJbo) + (torp + lob) 
= (#20 + #2.!},;:j: (44j ..... ,.(#4Q) "+ (,as + #47) 

25.3 ns,. (2.7 + 2.(f',~.9l~ .(2)j't ~;S' + 4.0) 
• .; • .; ..... : •• :0... ...... -::::::.., >:;// .:l 

Derivations ot~r.,~h'~nd:~~IJ6;;, the Clock GLB 
tsu ",,/I09h.,jia:;;g'··~J:~;;6Jbck (min) 

'/'"';';'<':"';(~iQ,bP .. ·t .. t~/l..·4·t2oPtxor) + (tgsu) - (tgyO(min) + tgeo + tgcp(min)} 
... ,/';'/""'''''' (f20k..#~<+#35) + (#38) - (#50 + #40 + #52) 

.. i,,1.3 ~ ,"l .(2.7 + .~.r·+ 10.6) + (1.3) - (6.0 + 2.7 + 1.3) 

'th·""".,'·:<'C!9ck (~ax) + Reg h - Logic 
\' ... :::(19Yo(max) + tgco + tgcp(max)} + (tgh) - (tiobp + tgrp4 + t20ptxor) 

#/{#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 
5.3 ns ;'" (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

teo = Clock (max) + Reg eo + Output 
= (tgyO(max) + tgeo + tgcp(max)} + (tgeo) + (torp + tab) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns - (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 

5-9 9/92. Rev. A 
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Pin Description 

Name 

1/00·1/03 
1104·1107 
1/08·1/011 
1/012·1/015 
1/016·1/019 
110 20 . 110 23 
110 24 • 110 27 
1/028 • 1/031 

INO·IN3 

YO 

Y1/RESET 

Y2 

NC 

GND 
VCC 

JLCC Pin Numbers 

15, 16, 17, 18, 
19, 20, 21, 22, 
25, 26, 27, 28, 
29, 30, 31, 32, 
37, 38, 39, 40, 
41, 42, 43, 44, 
3, 4, 5, 6, 
7, 8, 9, 10 

14, 24, 36, 2 

11 

35 

33 

Description 

InputlOutput Pins· These are the general purpose 110 Rins used by the 
logic array. ,/'" t 

.(.:~. % 
,.{o:-" .:: l 

/''''L~\> 
.. {;~: ...... '~"\<~.«~~. ~'v~.J 

~. . .: .... ~.. .~ .~~ 

Dedicated Clock inp '\irhiii~ .i.npuff?i:onnected to one of the 
clock inputs of all of.< 'LB ' df(m9:'d~ice. 

This pin perfor~t~~Lf ;( ""'" 'v 

- Dedicated, ck input. input is brought into the Clock 
Di :rqtwark~"af!lfk n optionally be routed to any GLB 

cilCbQ th.e device. 
1:. . ~ "=::,.. .,:.: ..... ~~. 

- A~"'b!{w :'(Q) REI,'~H)in which resets all of the GLB and 110 
~f Iste"'-lntfMl,~ce. 

[Y. ,Clo~jltliut. This clock input is brought into the clock ,,/' "''''~~' '" '~r' and can optionally be routed to any 110 cell in the 

"f~~>'" :~~\ . }s i~~6ry test pin a~d it should be left floating or tied to V cc. 13 
f' "'" "hould never be tied to GND . . :? .... 

1, 23 
12, 34 ,",/(~'. 

5·10 9192. Rev. A 
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Pin Configuration 

pLS11016/883 JLCC Pinout Diagram 

Package Diagram 

V~28 

V029 
V030 

V031 

YO 
vcc 

NC 

IN 0 

VOO 
VO 1 

V02 

17 

18 

Specifications pLSI10161883 

pLSI 1016/883 

.'. ,. ·<·13 

··'·"V012 I 

28 
Sealing Plane 

~~.~ 

5-11 9/92. Rev. A 



~~~Lattice 
•••••• •••••• •••••• 

Part Number Description 

pLSI 1016 - XX 

Device Family ---=r- . T 
Device NUmbar~ 
SpHd------------------~ 

60 = 60 MHz fmax 

Ordering Information 

fmax (MHz) tpd (ns) 

60 20 

Specifications pLSI10161883 

x 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- MIL-STD-883 Version of the pLSI1024 
- High-Speed Global Interconnects 
- 48 110 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 E2CMOS" TECHNOLOGY 

- fmax = 60 MHz Maximum Operating Frequency 
- tpd = 20 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 
- Electrically Erasable and Re-Programmable 
-100% Tested 

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

pLSI™ 10241883 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS /7' .~. 
~/ "'::' 

- Complete Programmable Device can Combine Gluef '\. 
Logic and Structured Designs . \\" ~' .•.. -"",-... ~';;;;;=;;";;=;;;;"==;";;;;=~==-"" 

- 1 00% Ro~table with High Utilization "/: .... ,.,,, ..•. <\\ 
- Four Dedicated Clock Input Pins /'1<>'''<',%'''''' \. "0/ 

Description 

-syn~hrOn?UsandAsynchronousClock,..,· .\. .'-... .. ',.,.",",:rl:. Latt· MIL-STD-883' . LSI 1024 . H· h-D ity 
_ FleXible Pin Placement / '.' " ". ".'w.1,·..,.1e Ice p IS a IQ ens 
_ Optimized Global Routing Pool Allow~~lbttal"""'" )/, .. :Program~le Logic D~ice.which. contains 1~ Regis-

Interconnectivity/":", .,'»,.. ',.,.> ters, 48 UnIVersal I/O pinS, SIX DedIcated Input pinS, four 

• pLSllispLSJTM DEVELOPMENT SV§T~ (PD~)''> // Dedicated Clock Input p~ns and a Glob~1 Routing ~~ol 
./<:/ ."\, .... ,." J .7" (GRP). The GRP proVIdes complete Interconnectivity 

pDS Software ."/",.,.";;'\, "'~. "",:,-</ between all of these elements. 
- Easy to Use PC Wjna4~'n(jn .. fiQe .... /' 
- Boolean Logic COPlpll.ri vw."\\ ·\t·/ 
- Manual Part~ioniAg ."\'" '\,:;//./ 
- Automatic .P/llq ar\.d Ri)u.te ....... / 

PDS+S:~.~:{~::~~;:~~,:~):·······/ . 

- II)C(~ S1!Iri~rd';'1fiird Party Design 
/t:n\lir.orlin8nts) ... / 

.:ii~e~j'c Capt~re, State Machine, VHDL 
- Autbl:!'attc'f'.iIrtilioning 
- Autom.tiQ·'Place and Route 
- Compr8t1ensive Logic and Timing Simulation 
- PC and Workstation Platforms 

The basic unit of logic on the pLSI 10241883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A 1 .. C7, (see figure 1). There are a total of 24 GLBs in the 
pLSI 10241883 device. Each GLB has 18 inputs, a pro
grammable AND/ORIXOR 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 back into the GRP so that 
they can be connected to the inputs of any other GLB on the 
device. 

Copyright@ 1992 Lattice Semconductar Corp. GAL, E'CMOS and UItroMOS are regislored trademarks of Lattioo Semiconduolor Corp. plSI, isplSI, pDS, pos. and Generic Array logic are 
trademarks of Lattice Semiconductor Corp. The specifications and infonnation 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: 1·80()"LATIICE (528·8423) 
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Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

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

Tc Case Temperature 

VCC Supply Voltage 

VIL Input Low Voltage 
,.:!o";" 

.(.::-~« ....... 

VIH Input High Voltage,.,,/)- ..... ~:;.. 

Capacitance (TA=25°C, f=1.0 MHz) 

Specifications pLSI10241883 

.. ~\ ... .. ~::;;~~~ MIN • MAX. UNITS 
,", /' ,.' 
'~~ .... <:~~j" .... -55 +125 °c 

4.5 5.5 V 

0 0.8 V 

2.0 Vcc+ 1 V 

MAXIMUM1 UNITS TEST CONDITIONS 

10 pf 

10 pf Vr;c=5.0V. VI/O. Vy=2.0V 

Data Retention Specifications 

", ...... 

PARAMEniA MINIMUM MAXIMUM UNITS 

Data Retention (at 55'C) 20 - YEARS 

Erase/Reprogram Cycles - 100 CYCLES 

5-14 9/92. Rev. A 
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Specifications pLSI10241883 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

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

Input Timing Reference Levels 1.5V 
+5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Device Test 
Output -----.... ---::""'1r=""';:',,""-i .. ~ Point 

Output Load Conditions (see figure 2) 

Test Condition Rl R2 
1 470n 390n 

2 Active High 00 390n 

Active Low 470n 390n 

Active High to Z 00 390n 
3 at V OH - 0.5V 

Active Low to Z 470n 390n 

at VOL + 0.5V 

DC Electrical Characteristics 

IIHi)n.f.!ut 01j{.9 Hlgtt~eakage Current 

IIL-P..t:fVC?Aptive ~i:Jlt·tJp Current 

105l Outi?ut,Shori Circuit Current 

ICC2 bRer#.tiiig Power Supply Current 

* CL includes T e'~;~tJi'&a.o.~Pr.Clt;~Gapacitance. 
CL 

35pF 

35pF 

35pF 
... :: ... :: ..... ; ..•.. ::::::::: .. . '.::::~., ..... 

5pF 

5pF 

CONDITION 

10H =-4 mA 

Vee = 5V, VOUT 

V,L = 0.5V, V,H = 3.0V 

fTOGGLE = 20 MHz 

~«; .. : .• , •. ' .• " •.. :' .• ~.{/ 

MIN. TYP.3 MAX. UNITS 

0.4 v 
2.4 v 

-10 

10 

-150 

-60 -200 mA 

130 215 mA 

1. One output at a time for a maximum duration of one second (25'C only). 
2. Measured using six 16-bit counters. 
3. Typical values are at Vee = 5V and T c = 25°C. 

5-15 9/92. Rev. A 
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SpecificationspLSl10241883 

External Timing Parameters 

TESTS • .2 
PARAMETER CONDo ,,-

tpd1 1 1 

tpd2 1 2 

Over Recommended Operating Conditions 

DESCRIPTION1 

Data Propagation Delay, 4PT bypass, ORP bypass 

Data Propagation Delay, Worst Case Path 

·60 
t------,r----t UN1TS 
MIN. MAX. 

MHz Clock Frequency with Internal Feedback3 ~k':"""'" 60 " -
Clock Frequency with External Feedback (i.u:I:tco"i) "\ 

r.--~~~--+-+-~~~--~--~--.-----~~~--------~ ~~~~ 
Clock Frequency, Max Toggle4 .,m. . - MHz 

~~~~+---+-+-----~--~--~~------------------~~~~~ ~--r-~ 
GLB Reg. Setup Time before Clock, 4PT bypass ·V '''\. '( .. , .... , "",,.g;: - ns 

fmax 1 3 

fmax (Ext.) - 4 

fmax (Tog.) - 5 

tsu1 6 

MHz 

-
tco1 1 7 GLB Reg. Clock to Output Delay, ORP bypass ( ... ' •.. ,"' ..... , '..;" - 13 ns 

th1 - 8 

tsu2 - 9 

GLB Reg. Hold Time after Clock, 4 PT bypass . '" \ .. l!~._:::: .. w'S,f· 
1-;-----+---t....,..-1f-,G::cL-=B'"'R=-eg...:·-. -=-Se-t-up......",Ti,-m-e-:"b-ef:-o-re-C::clo-ck-:--......:..:----t., ~:.'~F ... +\-+.\\j,f'·'~{i/· 

ns 

ns 

tco2 - 10 GLB Reg. Clock to Output Delay ns 

th2 - 11 GLB Reg. Hold Time after Clock ns 

tr1 1 12 Ext. Reset Pin to Output Delay ns 

trw1 - 13 Ext. Reset Pulse Duration .,f<)/""""" ""'" ') ./' ns 

!dis 3 15 Input to Output Disable ..'\.'t~'''' .,,, /.;/ ns 
~~~~~-----------------r~~--r-~ 

twh - 16 Ext. Sync. Clock Pulse !. 111{)h\\j"'" ns 
~~~------------------~~---+--~ 

twl - 17 Ext. Sync. Clock Put" . ". "" \V ns 
~~~--:-~--------------~~---+--~ 

tsu5 - 18 1/0 Reg. Setup Tim.~for~<Fxt. ··~"fj.iiClock (Y2, Y3) ns 

th5 - 19 1/0 Reg. HoI9'Time after'~, ~ Clock (Y2, Y3) ns 
1. Unless noted otherwise, all pararne •. ". '{Us8<il,,~9RP I~. -;t""B-S.-20-PTX-'-O-R"'-p-at...:.h-. O-R-P-an-d -YO-c-Io-ck-.---......... - ......... - ......... -~ 
2. Refer to Timing Model in this dala .• ~·lq.r fuil:lw.r de.' 
3. Standard 1 6-Bit loadable coun·.~jr.ij<QRP-! ,.-" 
4. fmax (Toggle) may be less f{~''ij: )."This ,,>fo allow for a ciock duty cycle of other than 50%. 
5. Reference SWitching TestJ3"6ndl~ . ' ... '/:// . 

,/f5JjiJf 
.. :~., .::l .. ;=:;:~\ .. :::,,;/ 

<;;;~':~". {/ (./" 
'\:"'::-' > ........ ). 

-':::;. ..)' 
./ .... . ::::~:=~. 

5 .. 16 9/92. Rev. A 
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Specifications pLSI10241883 

Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Inputs 
tiobp 20 1/0 Register Bypass 

tiolat 21 1/0 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

24 1/0 Register Clock to Out Delay 

25 1/0 Register Reset to Out Delay 

26 Dedicated Input Delay 

27 GRP Delay, 1 GLB Load 

28 GRP Delay, 4 GLB Loads 

29 GRP Delay, 8 GLB Loads 

-60 
1----.---iUNITS 
MIN. MAX. 

.~'~" 

...... / ~.: ... .;:t1.:: 4.0 ns 

....... >".", .~ 1.3'- .. ,..,., ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.3 ns tgrp24 32 GRP Delay, 24 GLB Loads / ,~.,---"·'.:s···"'"\''''''k'~,('·;''''· .'-.. /_ .... _______ --1.._-'-_ ....... -'-----1 

GLB/./ ."""".'.\\>'",,,,/ 
8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

tgr 4)": 'Gt:;3 ~egis.ifr., R~8t to Output Delay 3.3 ns 

tptre .:;:42···Gt.B·f:>..~dJb.f1~rm Reset to Register Delay 13.3 ns 

tptoe ... ·::::·... 4?t.:" ·.(3L1!heiJ.;aift Term Output Enable to 1/0 Cell Delay 12.0 ns 

4.6 9.9 ns 

torp ....... , 4$/ ORP Delay 3.3 ns 

torpbp ''}'46 ORP Bypass Delay 0.7 ns 

1. Intemalliming 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. 

5-17 9/92. Rev. A 
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Specifications pLSI10241B83 

Internal Timing Parameters1 

PARAMETER If DESCRIPTION 
.eo 

f---.,.--I UNITS 
MIN. MAX. 

Outputs 
ns I-:-to_b ___ +-4_7+-0_ut-..:P~u_t_B_uff_e_r_D_el-..:ay~ _______________ ---""7'4,rt \, 4.0 

toen 48 110 Cell DE to Output Enabled .. /' .. ' 6.7 ns 

todis 49 110 Cell DE to Output Disabled/'>:"<:"+,·._;:::.,."·~1> ns 

Clocks 
tgyo 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) .(,h>,.. \".:>, .. ,',..... s:g. 6.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line ,'". '\",\"'/ t'4:6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line\,. . .. , .. , ...... " .. , .. , .. ,. ),./'''' 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line:,l".? \, \~>:.::,:""""'/;' 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line<'i"'\,::~"" \(./.,,"':/ 1.3 6.6 ns 

tgr 55 Global Reset to GLB and 110 Registers .. /,':"<' \<""" 12.0 ns 

5-18 9/92. Rev. A 
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Specifications pLSI10241883 

pLSI 1024883 Timing Model 

110 Cell GRP GLS' ORP 110 Cell 

---"'''---.,~,.-----'';''''-----"",,,,,--''---,,,,,,-''''''''--
Feedback 

Oed. In )----;::;:;:---+-------, 

:"~--------~~~~======;Z!~<: ~.:.~.; .. ~v / .. ~/;;1":~.~:;. ~ "'~ .. ~ ......... ~ 
/\, 

Derivations of tsu. th and teo from the Product TerlJt·:¢t~'''>. . .. / 
,,'" '=::::.,. -:-" ~,. ~y*;.~., 

tsu Logic + Reg su - Clock (min) {. "''''' ""\."'~/ 
(tiobp + tgrp4 + t20ptxor) + (tgsu) - (~~p \·~.(~!~~in) 
(#20 + #28 + #35) + (#3S) - {#20 +f28 + '#44i <"'" . :,/ 

7.3 ns ~ (2.7 + 2.7 + 10.6) + (1.3) - (2.7 + ?t"~i<¥··("6};·"" . \1~'// 
~ . /~?... ~;~. o).~ ... \ ::. < .. 

th a Clock (max) + Reg h _ Logic /< "'" '·, .. >" .. :.>,v' 
(tiobp + tgrp4 + tptck(m ... ax) ¥1l§J1) ~'-{~iobp ttQrp4 + t20ptxor) 
(#20 + #28 + #44) + (~9J - (#20 +'*'?8~) . 

5.3 ns = (2.7 + 2.7 + 9.9) + (~P) - t~. 7 + 2. "(+"ko:9t 
... -::....... .... ':.. .. 

teo = Clock (max) + R9Jl'1i:(I.v P\I! ..1./ 
= (tiobp + tgrp4.-*Jp.tcg{m + 1t4Qol + (tarp + tab) 
= (#20 + #28 .+·#~l·'t·{"~111't '. /~ + #47) 

25.3 ns = (2.7 + 2.7 'i;f9.l?) +'~11J' p.~ "'" 4.0) 
...... ~/ ... :.,.: ... »-:;~. .o!;\::.. '~~\~ .... :/:./"" 

Derivations of t:au{tt.l and t¢q. frQril the Clock GLB 
tsu = ,;:~~i~'\,~~~;u';:b~6k (min) 

........ " ... ,(tiqbp +tg,rjlt.·.+,l2optxor) + (tgsu) - (tgyO(min) + tgeo + tgcp(min) 
.. ,/><iii"""',(#~ ¥iJ21i"{135) + (#38) - (#50 + #40 + #52) 

7':-3 nih;, .. :'(2;1 + 2,7 ;1"'10.6) + (1.3) - (6.0 + 2.7 + 1.3) 
~' ... :.... .~ ... : .. ,': .. -:.... . 

tii' ........ = ··C.loe;/( (max) + Reg h - Logic 
......... (fo.YO(max) + tgeo + tgcp(max) + (tgh) - (tiobp + tgrp4 + t2optxor) 
= <!#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = '(6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

teo = Clock (max) + Reg eo + Output 
= (tgyO(max) + tgco + tgcp(max) + (tgeo) + (tarp + tab) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns - (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 

5-19 9/92. Rev. A 
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Pin Description 

Name 

1/00-1/03 
1/04-1/07 
1108-11011 
1/012 -110 15 
1/016 -110 19 
110 20 - 110 23 
110 24 - 110 27 
1/028 -1/031 
110 32 - 110 35 
110 36 - 110 39 
110 40 - 110 43 
1/044 - 110 47 

IN 0 -IN3 
IN4-IN5 

RESET 

YO 

Y1 

Y2 

Y3 

NC 

GND 
VCC 

JLCC Pin Numbers Description 

22, 23, 
26, 27, 
30, 31, 
37, 38, 
41, 42, 
45, 46, 
56, 57, 
60, 61, 
64, 65, 
3, 4, 
7, 8, 
11, 12, 

21, 34, 
2, 15 

20 

16 

54 

51 

50 

24, 25, 
28, 29, 
32, 33, 
39, 40, 
43, 44, 
47, 48, 
58, 59, 
62, 63, 
66, 67, 
5, 6, 
9, 10, 
13, 14 

49, 55, 
~ ~ ... ". f" 

Dedicated input pins '1h@'u.ev~.;( .~" (/ 
~:l~:'~""«';',w,~:""",~~*,'>""""') ·:~..:i;· 

~ive LOW)oi:1t;~~:'whlcn'h'll~s all of the GLB and 110 registers 
In the d e. '-., ".". 'v.,/") 

Dedi., . ~ 'ill{lut,irJ1fs clock input !s connected to one of the 
clo~1 8IJ of ltj.,''GLBs on the deVICe. 

atqc~,~. This clock input is brought into the clock 
nelWftn<, and can optionally be routed to any GLB on the 

~~~ .fl' 
,P'Piock input. This clock input is brought into the clock 
Ii network, and can optionally be routed to any GLB and/or 
ell on the device. 

f'<, .. ' "'. . ... cated clock input. This clock input is brought into the clock 
.fi '· «, .... , .. ,. i>· ,) piStribution network, and can optionally be routed to any 110 cell on the 

<!" ."'. ." ? ~Vdevice. 

19.,/;;;~"i.:~;~~)·':\::::::""'\'<\::;:> ,.' i~:: ~:~ :~~~:~ ~:~:~ ~:~:~gt~~~g~o V 00' 

Ground (GND) 

Voo 

5-20 9/92. Rev. A 
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Pin Configuration 

Specifications pLSI10241883 

pLS110241883 JLCC Pinout Diagram 

Package Diagram 

."" 

...• 

1/043 
1/044 
1/045 
1/046 
1/047 

INS 
YO 

vcc 
GND 

NC 

RESET 
INO 

1/00 
1/01 

1/02 
I/O 3 

I/O 4 

pLS11024/883 

I/O 28 

I/O 27 

:;;:i .. .//' 
. ···f~23 
,·Iio 22 

I/O 21 
~ ./ I/O~ 

26 .... (.::~ .. \. .~:~~ ::\. '~~.; .... :> 44 1/0 19 
27 28 28 30 31 32 33 :W~ 36 :n.38 3&,,40 "" ... ,42 43 

44 

43 

seating Plana 

~~.~ 
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Part Number Description 

""" .. F .. ,Oy :T' 1 r -XX 

Device Number 

~------------------~ 
60 = 60 MHz fmax 

Ordering Information 

fmax (MHz) tpd (n8) 

60 20 

Specifications pLSI10241883 

x 

5-22 9/92. Rev. A 



~~~Lattice 
•••••• •••••• •••••• 

Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- MIL-STD-883 Version of the pLSI1032 
- High-Speed Global Interconnects 
- 64 110 Pins, Eight Dedicated Inputs 
-192 Registers 
- Wide Input Gating for Fast Counters, Stete 

Machines, Address Decoders, etc. 
- Small Logic Block Size for Random Logic 
- Sscurity Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E2CMOS· TECHNOLOGY 

- fmax = 60 MHz Maximum Opersting Frequency 
- tpd = 20 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 
- Electrically Erassble and Ra-Programmable 
-10Q% 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 
Logic and Structured Designs 

-100% Routable with High Utilization 
- Four Dedicated Clock Input Pins 
- Synchronous and Asynchronous 
- Flexible Pin Placement 
- Optimized Global Routing Pool 

Interconnectivlty 

• pLSllispLSI''M 

Scti.l8th::'~.ptLlre, Stete Machine, VHDL 

Automllfic Place and Route 
- Comprehensive Logic and Timing Simulation 
- PC and Workstation Platforms 

pLS/7M 10321883 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

Description 

MIL-8Te-883 pLSI 1032 is a High-Density 
"v"':Pirlnr::llmnnRh,IA Logic Device which contains 192 Regis

.' ters, 64 Universal VO pins, eight Dedicated Input pins, four 
Dedicated Clock Input pins and a Global Routing Pool 
(GRP). The GRP provides complete interconnectivity 
between aU of these elements. 

The basic unit of logic on the pL81 10321883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .• D7, (see figure 1). There are a total of 32 GLBs in the 
pLSI 10321883 device. Each GLB has 18 inputs, a pro
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 

Copyright e 1992 Lattioe Somconductor Corp. GAL. E'CMOS and UlraMOS are rogislored trademarks of l.aItice Somicond..- Carp. plSI. isplSI. pDS. pos. and Generic Array logic are 
trademarks of lattice Semiconductor Corp. Tho ~icationo and informalion ho"'n are oubjeot to chango without notioo. 

LATTICE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct, Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-0118; FAX (503) 681-3037; Applications Hodine: 1-800-LATTICE (528-8423) 
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Specifications pLSI103218B3 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

Off-State Output VoRage Applied ...... -2.5 to Vee + 1.0V 

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

Tc Case Temperature 

.. \ .... 

.. :~ .. ::~ .. , 

VCC Supply Voltage ...........\.:\, ~ U 
VIL Input Low Voltage .ii·' .... · ... ··:···\:U 
VIH Input High Voltage ....... ii··· .. ;.... .. :: •.... ;: .... :: ..... 

Capacitance (T A=2SoC, f=1.0 MHz) 

SYMBOL MAXIMUM1 

c, 10 

10 

1 . Guaranteed bulfi6t 1 oOo/itsllt~d} 

Data Retention Specifications 

":', '::' 

....... MIN. 

-55 

4.5 

0 

2.0 

UNITS 

pf 

pf 

PARAMETER····· MINIMUM '.::. .::.' 

Data Retenti~ptat 55"C) 20 

Erase/Reprogram Cycles -

5-24 

... i; .......... ~ ... ~ ......... \ .............. : ... : ................... : ......... . 
./ •••.••...... :.; .....•... : .....•.......•.•.... :~ ..•. : .•. : 

,:::<.,.;:::" 

..:::::':":" 

::y/ 
MAX . UNITS 

+125 ·C 

5.5 V 

0.8 V 

Vcc+ 1 V 

TEST CONDITIONS 

MAXIMUM UNITS 

- YEARS 

100 CYCLES 

9/92. Rev. A 
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Switching Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Timing Reference Levels 

Output Load 

GNDto 3.0V 

:'> 3ns 10% to 90% 

1.5V 

1.5V 

See Figure 2 

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

Output Load COnditions (see figure 2) 

Test Condition R1 R2 CL 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 5pF 
3 at VOH - 0.5V 

Active Low to Z 4700 3900 5pF ........ 

at VOL + 0.5V 

DC Electrical Characteristics 

Specifications pLSI1 0321883 

Figure 2. Test Load 

+5V 

Device Test 
Output -----4-----i"""""""";;..-.... Point 

* ..., .. , .. ,' \."" .. ",> .. , ... , .. , ...... 
CL includes Te§iI..Eixture arid.,.pr6b1'j:Capacitance. 

Ov';!r Recqrg~ridid Operating Conditions 
,", ,', .... {:.' " 

SYMBOL CONDITION MIN. TYP.3 MAX. UNITS 

VOL OutP41··'o';;"V¢lt~g~:,"',· .. ::" 100=BmA 0.4 V 

IOH =-4 mA 2.4 V 

IIL/ll'lplJtor:j/O ~¢w L~kage Current OV < YiN < VIL (MAX.) -10 jJA 

VIH :,> VIN :,> Vee 10 jJA 

IlL _PU ......... H ··\flQ Acti¥~~f'tifl-Up Current OV:,>VIN:,>VIL -150 jJA 

lo~r{) i Oufp,utShort Circuit Current Vee = 5V, VOUT = 0.5V -60 -200 mA 
IC02 '·,'· Opef.iiting Power Supply Current ...... ~ .. VIL = 0.5V, VIH = 3.0V 135 220 mA 

fTOGGLE = 20 MHz 

1. One output /ita time for a maximum duration of one second (25'C only). 
2. Measured using eight 16-bit counters. 
3. Typical values are at V cc = 5V and T c = 25'C. 
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External Timing Parameters 
Over Recommended Operating COndHlons 

PARAMETER TEST 5 #2 DESCRIPTIONI CONDo 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 1 2 Data Propagation Delay, Worst Case Path 

fmax 3 Clock Frequency w~h Internal Feedback3 

fmax (Ext.) 4 Clock Frequency w~h External Feedback(iau2~tcol) 
fmax (Tog.) 5 Clock Frequency, Max Toggle4 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tc01 7 GLB Reg. Clock to Output Delay, ORP bypass 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass 

tsu2 9 GLB Reg. Setup Time before Clock 

tc02 10 GLB Reg. Clock to Output Delay 

th2 11 GLB Reg. Hold Time after Clock ....•........•.........••.• : •.• < •.. ":'" .••. , 

tr1 12 Ext. Reset Pin to Output Delay ........................... : .......• :; .......... . 

trw1 13 Ext. Reset Pulse Duration .......... 

ten 2 14 Input to Output Enable 

tdis 3 15 Input to Output Disable ·;t.···· 
twh - 16 Ext. Sync. Clock Pulse Dur~iiq.Q! HI~~ ...... . 
twl 17 Ext. Sync. Clock Pulse Qur.~tig.~, [()~\O; .'''' 

tsu5 18 110 Reg. Setup Tim~bli~rer:lI.t~yRC<,qjObk (Y2, Y3) 

th5 19 110 Reg. Hold Tim'aft~r E1ct. SY~:·'·Q.jbck (Y2, Y3) 

1. Unless noted otherwise, all parameters U~jJ"!I- GRP load''ll 4 Gte~'; 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this data shee.~.flir,Jurther de.taijs>.. . ......... . 
3. Standard IS-Bit loadable counter us!~$fQRP·fl!.edbac·~ ....• ( ........ . 
4. fmax (Toggle) may be less than ll{tw~ .. + '~I). Tl$. is¢ .(IIlow for a clock duty cycle of other than 50%. 
5. Reference Switching Test Con9~9~.$\!ctioth.. '. ..' ..••.. 

5-26 

·60 
I----,---j UNITS 
MIN. MAX. 

20 ns 

,i) 25 ns 

MHz 

MHz 

MHz 

ns 
ns 

ns 

ns 

16 ns 

o ns 

22.5 ns 

13 ns 

24 ns 

24 ns 

6 ns 

6 ns 

2.5 ns 

8.5 ns 
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Specifications pLSI10321883 

Internal Timing Parameters1 

II -60 
PARAMETER DESCRIPTION UNITS 

MIN. MAX. 

Inputs 
tiobp 20 1/0 Register Bypass b 2.7 ns 

tiolat 21 110 Latch Delay I"~: 4.0 ns 

tiosu 22 1/0 Register Setup Time before Clock .•. ".,'" !'l,~ - ns 

tioh 23 1/0 Register Hold Time after Clock .. ,./~"{:::,: ... , ... ,J.,;3 r·"""",::::;"""". ns 

tioco 24 1/0 Register Clock to Out Delay .. "" .. ,' ........ , .. < } -"'" +,~ ns 

tior 25 1/0 Register Reset to Out Delay :,...:, ········· .. i', .• : "i;..} "3.3 ns 

tdin 26 Dedicated Input Delay ."." .. ",. ~ .·., ... ,.·L 5.3 ns 

GRP ( .... , .. , .. ,.,., ...... , .... ~ 
tgrpl 27 GRP Delay, 1 GLB Load' .. ",,...i} \,.t>,... . Z - 2.0 ns 

tgrp4 28 GRP Delay, 4 GLB Loads .,:'.,/ .. , ..... , .. :""""" \,'{' - 2.7 ns 

tgrp8 29 GRP Delay, 8 GLB Loads ......... eo" ...••.. ··"\""",:: ......... ," .. 4.0 ns 

tgrp12 30 GRP Delay, 12 GLB Loads .. ,.,,} .... ' .... ,"", ......... }'. 5.0 ns 

tgrp16 31 GRP Delay, 16 GLB Loads .,{ .. "\"'" ·······:.'· .. t - 6.0 ns 

tgrp32 32 GRP Delay, 32 GtB Loads ....'i ~~" _~j;C' - 10.6 ns 

GlB . ,:.\:.:.,\:,"', ................. .:\ ;:" .. , .... ,." .. 

t4ptbp 33 4 Product Term Bypass Path ~'ia'y ..•...•....... :'\.:.:;::.,"",>. >( - 8.6 ns 

tl ptxor 34 1 Product TermlXOR Path.[j~t~Y· \ ......... , ... , ....... , .. ·\'.,<';;,i'" - 9.3 ns 

t20ptxor 35 20 Product TermlXOR ~~tQ 6~y .\.. ..... - 10.6 ns 

txoradj 36 XOR Adjacent Patl1,Delay3" . . - 12.7 ns 

tgbp 37 GLB Register I,3YPaS!> Delay, "'>.""') .... "",., .... - 1.3 ns 

tgsu 38 GLB Regi~et$;t~ Titn!'l b~foJ~;block 1.3 - ns 

tgh 39 GLB Rfi!9(st$(HdldTIme a~~tblock 6.0 - ns 

tgco 40 GL\?Regilit~i' CJo<%to:Q6tput Delay - 2.7 ns 

tgr 41 ~tl3.fle9i~te?f!~~1t60utPut Delay - 3.3 ns 

tptre 4~ G1!3 e~od\i~tT~rril'Reset to Register Delay - 13.3 ns 

tptoe .(~ ·G<~l?r~d&;ff~rm Output Enable to 110 Cell Delay - 12.0 ns 

tptck /. 44 9Lepr9pu~t Term Clock Delay 4.6 9.9 ns 

O~p .·:'. .... ),., .. i 
torp ··'A.5."". ORP Delay - 3.3 ns 

torpbp "',,4,!:r" ORP Bypass Delay - 0.7 ns 

1. Intemal Timiri!tParameters are not tested and are for reference only. 
2. Refer to Timin9 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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Specifications pLSI10321883 

Internal Timing Parameters1 

PARAMETER DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay ns 

toen 48 110 Cell DE to Output Enabled ns 

todis 49 110 Cell DE to Output Disabled ns 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns 

tgy1/2 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 
.:.' 

7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line 6.6 ns 

Global Reset 
tgr 55 Global Reset to GLB and 110 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. 
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Specifications pLS110321883 

pLSJ 1032883 Timing ModeJ 

VO Cell GRP GLB ORP 110 Cell __________ ... , --""' .. --...",.,_------r-... ------... r ... ---' ....... - .... ,,--""'*--
Feedback 

Ded.ln>---::=---i-------, 

Yl,2.3 >--------~ 
~ ';' .. ~ .. :.~... '::, /~ . 

~\ ............ ».~· ..... ;. ... ···:· ... · ...... ·~t:=!:-/·~· 
~:!': ... ~} ~ ~ ~ :0-

W - /~v 
Derivations of tsu, th and tco from the Product Term GJOCIt,>,., ,.,<'\, ..... ,>\, 

... :::t-;: ....... ;'. • ... ~:: \. ....p •• 
tsu = Logic + Reg 8U - Clock (min) ."" .. / <.'\ ~\.. ./.f 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (tiobl(:;', tg'lp.~ + fptEk.(~rnjJ 
(#20 + #28 + #35) + (#38) - {#20 + #211. + #lW~" "'" .,/ /' 

7.3 ns = (2.7 + 2.7+ 10.6) + (1.3) - (2.7 + 2.7 +,Ol"''''''\' \~'\.. ···'·<r 
Clock (max) + Reg h - Logi~ ..... ···:;i;,'·'\;:i:~~,.», .. ~' \:;;:>,/ th 
(tiobp + tgrp4 + tptck(max») t((tgh).,~ (.WJ1./.,~4 + t20ptxor) 
(#20+#28+#44) + (#39) - ·(m,t#~.+tf45L'· 

5.3 ns = (2.7 + 2.7 + 9.9) + (6.0) .;AF + 2.t':f",~ 0:&~'r:;:V' 
tco = Clock (max) + Reg C9'.~ ~tput"\\\,,»/" 

= (tiobp + tgrp4 + ~rRt!iX)h (tggo};4 (tarp + tab) 
= (#20 + #28 + #4'!J.."!'.{iI40}'t, (#4&~.47) 

25.3 ns = (2.7 + 2.7 + 9:9}.:,+ ¢'<') i:,. {~.3:-t .• <0) 
.<>....... ·\:::l~; .. ~;..::}\ -=::<~~~f"'" 

Derivations of tsu,,,,th''IlflCt··tc(ff(,~,lhe Clock GLB 
tsu = L~:+''R.~u '. ··'·in) 

= «1!pb.h,'~. te4.·.·•· ., xor) + (tgsu) - (tgyO(min) + tgeo + tgcp(min») 
.,J"""{#.?o..+ #2.~ +~IQP) + (#38) - (#50 + #40 + #52) 

7.3.Ai .. ··,d2.h·'2.,7 +'1"9:6) + (1.3) - (6.0 + 2.7 + 1.3) 

tb·<· \·, .. "hi&~ (I~f'~ Reg h - Logic 
,<" •• ' ···.·\.=<··~g¥?(m8x) + tgeo + tgcp(max») + (tgh) - (tiobp + tgrp4 + t20ptxor) 

- .• (#5.~rT#40+#52) + (#39) - (#20+#28+#35) 
5.3 ns =,/(1l;'O + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

teo = ··'Ciock. (max) + Reg eo + Output 
= (tgyO(max) + tgeo + tgcp(max») + (tgeo) + (tarp + tab) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3~3 + 4.0) 

5-29 9192. Rev. A 
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Pin Description 

Specifications pLSI10321883 

Name PGA Pin Numbers Description 

1/00-1/03 
1/04-1/07 
1/08-1/011 
I/O 12 - I/O 15 
I/O 16 -1/0 19 
I/O 20 - 110 23 
I/O 24 - 1/0 27 
I/O 28 - 1/031 
I/O 32 - I/O 35 
I/O 36 - 1/0 39 
11040 -1/0 43 
I/O 44 - 110 47 
I/O 48 - 1/0 51 
I/O 52 - 1/0 55 
I/O 56 - 1/0 59 
11060 -1/0 63 

IN ° -IN 3 
IN 4 -IN 7 

YO 

Y1 

Y2 

Y3 

NC 

GND 
VCC 

.".,: <:: ...........• · •.•• ·,'".",i' 

F1, H1, H2, 
K1, J2, L1, 
K3, L2, L3, 
L4, J5, K5, 
L7, K7, L6, 
K8, L9, L10, 
L11, K10, J10, 
J11, H10, H11, 
E9, 011, 010, 
811, C10, A11, 
89, A10, AS, 
A8, B6, B7, 
A5, B5, C5, 
B4, A3, A2, 
A1, B2, C2, 
C1, 02, D1, 

G2, K6, J7, 
E10, C7, A6, 

G1 

E1 

E11 

G9 

G11 

.~~i 

·.......bf. .• ·.·.·,·.·.·.·.f.; .. ".·.·.· •. ·.~;1'>i F9, 
~2; 1::. 

J1, 
K2, 
K4, 
L5, 
L8, 
K9, 
K11, 
F10, 
C11, 
810, 
B8, 
A7, 
A4, 
B3, 
B1, 
E3 

G10 
E2 

Input/Output Pins -These are the general purpose I/O pins used by the 
logic array. 

Acti.yS'l.:6~ (o}F!es~t,pi~which resets all of the GLB and I/O registers 
in th,e·,devk:e. ......... ..i"'·· 

~~i~t~d 6k)(*'~p~t. This clock input is connected to one of the 
i :clocklnii!ifsof aJfof the GLBs on the device. 

,i:::) ··"'"Piii~ic1'lted"C.t6~k input. This clock input is brought into the clock 
.t'.<..:"" ,,\,,\~~;~;~~?fi:'network' and can optionally be routed to any GLB on the 

.... '.. Detjjel:lted Clock input This clock input is brought into the clock 
/\" .. ,\. qj$fribution network, and can optionally be routed to any GLB and/or 

. ···,(.",any I/O cell on the device . 

J6 

.. ,'. 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. 
This pin should be left floating or tied to V cc. 
This pin should never be tied to GND. 

Ground (GND) 
Vcc 
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Pin Configuration 

pLS11032/883 PGA Pinout Diagram 

11 10 9 8 

Specifications pLSI·10321883 

7 6 5 4 3 2 

88888888888 

88 
888 E 

F 
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Specifications pLSI10321883 

Package Diagram 

I-- 1.08850 --1 I 1.180 I 

""''''''/"n ----lLiJj----

Part Number Description 

84-Pln PGA 

Dimensions in inches MIN.IMAX. 

0.070 
o:r.i5 
0.160 
IiToii 

0.080 MAX. DIAMETER 

INDEX 
PIN 

pLSI 1032 - XX ,~\r 
Dm ... Family ------=:y- J ,\ ",,, '> }1':-MIL....... /883 = 883 p"""", 

:;::NUmber -------' /'~ ~ ~~PI"PGA 
60 = 60 MHz fmax L = Low 

..::l~>· 
.. ~.::;::" ::::~ 

Ordering Information 

Ordering Number Package 

pLSI 1032-60LG/883 84-Pin PGA 
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Features 

• PROGRAMMABLE HIGH-DENSITY LOGIC 

- MIL-STD-883 Version of the pLS11048 
- High-Speed Global Interconnects 
- 96 1/0 Pins, Ten Dedicated Inputs 
- 288 Registers 
- Wide Input Gating for Fast Counters, State 

Machines, Address Decoders, etc. 
- Small Logic Block Size for Random Logic 
- Security Cell.Prevents Unauthorized Copying 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 

- fmax = 50 MHz Maximum Operating Frequency 
- tpd = 24 ns Propagation Delay 
- TIL Compatible Inputs and Outputs 
- Electrically Erasable and Re-Programmable 
-100% Tested 

pLS/7M 1048/883 
programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

Description 

• ;~~:6N5; ~t;sE~~~~~:~~J~~::~~ ~~i~~M / •• t~~Catli;~~it~$TD-883 pLSI 1048 is a High-Density 
IBILITY OF FIELD PROGRAMMABLE GATE ARRAYS /progr~mi'rn!!;)l'togic Device which contains 288 Regis-

.••.. \..i~f~, 96I,Jni..~rsall/O pins, ten Dedicated Input pins, four - Complete Programmable Device can Combine Glue··· . ... 
Logic and Structured D8Signs· •. ·:·Qedicqt~(fCIOCk Input pins and a Global Routing Pool 
100" R t bl 'th H" hUn f\(GlfIP)( The GRP provides complete interconnectivity = Fouro De~~c:te~ ~~OCk I~put ~:s Ion.. .... :::.. t)"lwreen all of these elements. 

- Synchronous and Asynchronous Cloc;l{. 
- Flexible Pin Placement ..•.... • •••••.•.. 
- Optimized Global Routing Pool 41fQws Glob·,l.. 

Interconnectivity····· 

• pLSllispLS)1M DEVELOPMEtiT§y~"J;~(PQ!:i~J;}/ 
pDS Software ..••..•. / 

::r~s~~~ 
- Autpmafic PJaceani'N~oi.lte 
- St~TimingTableN 

P~~::~:'~~:;~::;~':hird Party Design 
., Erivironments 

-Sc;hem!tic Capture, State Machine, VHDL 
- AUJomatic Partitioning 
- Automatic Place and Route 
- Comprehensive Logic and Timing Simulation 
- PC and Workstation Platforms 

/The basic unit of logic on the pLSI1 048/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, 
A1 .. F7,(seefigure1). There are a total of 48 GLBs in the 
pLSI 1048/883 device. Each GLB has 18 inputs, a pro
grammable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 

Copyright © 1992 Lattice Semiconductor Corp. GAL, E2CMOS and UltraMOS are registered trademarks of Lattice Semioonductor Corp. pLSI, ispLSI, pOS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information 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) 
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Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.OV 

Input VoHage Applied ............... -2.5 to Vee + 1.0V 

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

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

Tc Case Temperature 

VCC Supply Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

CapaCitance (TA=25°C, f=1.0 MHz) 

Specifications pLS110481883 

~\·.:-·~:v ....... 

~\:~\;;~ /~~'<-', 

... ~i;-'·":~}· 

-' 

MAX. 

+125 

UNITS 

5.5 V 

SYMBOL MAXIMUM1 UNITS TEST CONDITIONS 

c, 10 pf 

10 pf Vcc=5.0V. VIJO' V,=2.0V 

Data Retention Specifications 

.~.' ,'. "~" .. :.' .. ' ,.' .:-' 

PARAMirER:",,/, •. MINIMUM MAXIMUM UNITS 

Data Retenfi9nJs:f 55"C) 20 - YEARS 

Erase/Reprci§ram Cycles - 100 CYCLES 
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Specifications pLSI 10481883 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

Input Rise and Fall Times 53ns 10% to 90% 
+5V 

Input Timing Reference Levels 1.5V 
.,,:. 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 Device::::'\:\ Test 
Output ------.--,.~.---'c...;;;",~. Point 3-state levels are measured 0.5V from steady-state 

active level. 

Output Load Conditions (see figure 2) 

Test Condition R1 R2 CL 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 5pF .. ' 
3 at V OH - 0.5V .:(' 

" :: 

Active Low to Z 4700 3900 ... 5flF. ...... \ 
at VOL + 0.5V 

DC Electrical Characteristics 

/\~Vi!r~ended Operating Conditions 

SYMBOL 

1051 ·.puiplJV§hort Circuit Current 

Icc2 operating Power Supply Current 

CONDITION 

Vee = 5V, VOIfT 

V,L = 0.5V, V,H = 3.0V 

fTOGGLE = 20 MHz 

1. One output at a time for a maximum duration of one second (25'C only). 
2. Measured using twelve 16-bit counters. 
3. Typical values are at Vee = 5V and Tc = 25°C. 

5-35 

.:; .. ::.-::::. 

MIN. TYP.3 MAX. UNITS 

0.4 V 

2.4 V 

-10 !LA 
10 !LA 

-150 !LA 
-60 -200 mA 

165 260 mA 
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Specifications pLS110481883 

External Timing Parameters 
Over Recommended Operating Condhlons 

PARAMETER TEST 5,2 DESCRIPTIONl 
CONDo 

tpd1 Data Propagation Delay, 4PT bypass, ORP bypass 

tpd2 2 Data Propagation Delay, Worst. Case Path 

fmax 3 Clock Frequency with Intemal Feedback3 

fmax (Ext.) 4 Clock Frequency with External Feedback (i0u2 ~ leo') 
fmax (Tog.) 5 Clock Frequency, Max Toggle4 

tsu1 6 GLB Reg. Setup Time before Clock, 4PT bypass 

tco1 7 GLB Reg. Clock to Output Delay, ORP bypass 

th1 8 GLB Reg. Hold Time after Clock, 4 PT bypass 

tsu2 9 GLB Reg. Setup Time before Clock 

!co2 10 GLB Reg. Clock to Output Delay 

th2 11 . GLB Reg. Hold Time after Clock 

tr1 12 Ext. Reset Pin to Output Delay 

trw1 13 Ext. Reset Pulse Duration 
':::" ' .. ~~ .. ~:-

") /., 

ten 2 14 Input to Output Enable 
"~ 

twl 17 Ext. Sync. Clock Pul~'QUraliqf4J:'1)\'t. Y</ 
tsu5 18 1/0 Reg. Setup Tim.j.,q,efote. .. .Ext:'~yn~'·Clock (Y2, Y3) 

th5 19 1/0 Reg. Hol4.Time afte(~xt.'SytiJ;"CIock (Y2, Y3) 

5-36 

·50 
1-----,.....---tUNITS 
MIN. MAX. 

0 ns 

16 ns 

18.7 ns 

0 ns ' 

22.7 ns 

13 ns 

26.7 ns 

26.7 ns 

7 ns 

7 ns 

2.7 ns 

8.7 ns 
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Specifications pLS110481883 

Internal Timing Parameters 1 

PARAMETER tI DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tiolat 21 110 Latch Delay 

tiosu 22 110 Register Setup Time before Clock 

tioh 23 liD Register Hold Time after Clock 

tioco 24 110 Register Clock to Out Delay 

tior 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads 

tgrp48 32 GRP Delay, 48 GLB Loads 

GLB 
t4ptbp 33 4 Product Term Bypass Pllffiibei"iiy5::·" .... ,.... \"V;· 
t1 ptxor 34 1 Product TermlXOR P(tn-{lelliy.. . ""<,.,,,::;,.,'''' 

tgr 4J·····;'·Gt'a ~!!9i~, ~';;t to Output Delay 

tptre (~ 'hts"RJod'JGi'f~rm Reset to Register Delay 

tptoe ...... --::.... ~,,··,GLr3;~uCt Term Output Enable to 110 Cell Delay 

torp ..... ; 4i"; ORP Delay 

torpbp . :<'46 ORP Bypass Delay 

1. Intemal 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. 

5-37 

·50 
r---r--;UNITS 
MIN. MAX. 

...•. J ........ :;:i:,. ": 5.3 ns 

L£:j, 1 o.i··.· ."l' ns 

3.3 ns 

4.0 ns 

5.3 ns 

6.7 ns 

8.0 ns 

21.3 ns 

8.6 ns 

9.3 ns 

10.0 ns 

12.7 ns 

1.3 ns 

2.0 ns 

8.0 ns 

3.3 ns 

3.3 ns 

13.3 ns 

11.9 ns 

4.6 9.9 ns 

4.7 ns 

2.0 ns 
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Specifications pLSI1 0481883 

Internal Timing Parameters 1 

PARAMETER DESCRIPTION 

Outputs 
tab 47 Output Buffer Delay ns 

toen 48 lID Cell DE to Output Enabled ns 

todis 49 lID Cell DE to Output Disabled ns 

Clocks 
tgyo 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns 

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

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

tioy213 53 Clock Delay, Y2 or Y3 to lID Cell Global Clock Line ns 

tiocp 54 Clock Delay, Clock GLB to lID Cell Global Clock Line ns 

Global Reset 
tgr 55 Global Reset to GLB and lID Registers ns 

1. Internal TIming Parameters are not tested and are for reference 
2. Refer to Timing Model in this data sheet for further details. 
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Specifications pLSI 10481883 

pLS11048!883 Timing Model 

110 Coli GRP GLB ORP 110 Coli 
_--""---".-------- r ______ r-"'-_____ '" ~f - _ .... "---

Foodback 

DOd. In >---=--+--------, 

Y1,2,3 >-----------.( 

YO 

Derivations of tsu, th and tco from the Product Tenp.oi~ . 
tsu Logic + Reg su -Clock (min) ,0· ·c..·cc.·········):,· 

(tiobp + tgrp4 + t20ptxor) + (tgsu) - (~Rep\~r ... p4+..!~ ..... !it.5(tT1in)) 
(#20 + #28 + #35) + (#38) - (#20 + 128 + ##) \\.// 

7.4 ns = (4.0 + 4.0 + 10.0) + (2.0) - (4.0 + 4,0.+(6).. .. ...... / 
th Clock (max) + Reg h - Logic .. /0 <\::<} .... . 

(tiobp + tgrp4 + tptck(max)) + (tgr.) ~(!io~ptfgrp4 + t20ptxor) 
(#20 + #28 + #44) + (#:}9) - (#20 +#,?8 +195) . 

7.9 ns = (4.0 + 4.0 + 9.9) + (8,0)- (4.0 + 4.Q4.jp.qy 

tco = Clock (max) + Reg~¥9u;PU! J)/ 
= (tiobp + tgrp4.,!'~!C~(maxl) + (tqP6) + (torp + tab) 
= (#20 + #28 t#4:4)t(tt4q}t(#~5+ #47) 

29.9 ns = (4.0 + 4.0 (.B.!}) +(~A~r+((,!,44.0) 

Derivations of ts4~t~~~~t~~~~~;~e Clock GLB 
tsu ~qgi6+.~\1g~U,C~Sk (min) 

.. (ti9.b. e .. +. tgrp ........... ~. ,..t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min)) 
0:" {#20 +tt28 +.#35) + (#38) - (#50 + #40 + #52) 

ad n~", (4.,6 + 4,0+10.0) + (2.0) - (6.7 + 3.3 + 1.3) 

tk/ ... ··t~IO~ (~;x) + Reg h - Logic 
;;.(tQ.yo(max) + tgco + tgcp(max)) + (tgh) - (tiobp + tgrp4 + t20ptxor) 

({#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 
6.6 ns =·(6.7 + 3.3 + 6.6) + (8.0) - (4.0 + 4.0 + 10.0) 

tco Clock (max) + Reg co + Output 
= (tgyO(max) + tgco + tgcp(max)) + (tgco) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

28.6 ns = (6.7 + 3.3 + 6.6) + (3.3) + (4.7 + 4.0) 

5-39 9/92. Rev. A 
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Pin Description 

Name 
1/00-1/05 
1106-11011 
1/012 -1/0 17 
1/018 - 1/023 
1/0 24 - 1/0 29 
1/0 30 - 1/0 35 
11036 -1/0 41 
110 42 - 1/0 47 
1/0 48 - 1/0 53 
1/0 54 - 1/0 59 
1/060 -I/O 65 
1/0 66 - 1/0 71 
1/0 72 - 1/0 77 
1/0 78 - 1/0 83 
1/0 84 - 1/0 89 
1/0 90 - 1/0 95 

IN 0 -IN 5 
IN6-IN11 

RESET 

YO 

Y1 

Y2 

Y3 

GND 

VCC 

NC 

PGA Pin Numbers 
J2, J3, K1, L1, K2, M1, 
L2, K3, N1, M2, L3, P1, 
M3, P2, N3, M4, P3, N4, 
P4, M5 N5, P5, M6, N6, 
N9, M9, P10, P11, N10, P12, 
N11, M10, P13, N12, M11, P14, 
M12, N14, M13, L12, M14, L13, 
L14, K12, K13, K14, J12, J13, 
F13, F12, E14, D14, E13, C14, 
D13, E12, 814, C13, D12, A14, 
C12, A13, 812, C11, A12, 811, 
A11, C10, 810, A10, C9, 89, 
86, C6, A5, A4, 85, A3, 
84, C5, A2, 83, C4, A 1, 
C3, 81, C2, D3, C1, D2, 
D1, E3, E2, E1, F3, F2 

Description 
Input/Output Pins -These are the general purpose II0pins used by the 
log ic array. 

J1, P6, -, P8, P9, J14, Dedicated input ~J.(1.!!J9..,!h~~e~ic~>tt~:2 and IN 9 not available) 
F14, A9, A8, A6, F1 

H1 Active Low(OJJPleil~fp)nWhletfre$ets all olthe GL8 and 1/0 registers 
in the deyi6e.····· "'\. ' .......... , 

G1 

G14 

H13 

H14 

Dedi91~¢'Cipck··iQPut:"TJ.lis clock input is connected to one of the 
clo~lI( inPlits cit'~.11 of"1h"GL8s on the device. 
Ded(¢liI,ted"e!pck')nprit. This clock input is brought into the clock 

>""dfstribLltiofl n9b.v&Fk, and can optionally be routed to any GL8 on the 
.. ". ·· ... devicii, \. "./ 

,i':;<O~ted'~t~k input. This clock input is brought into the clock 
... :/ dlstnb.1!1ij;)ri"' network, and can optionally be routed to any GLB andlor 

<>.,' ....... anY"V9'6ell on the device. 

be:\l.f6~ted clock input. This clock input is brought into the clock 
<:.\ ;:;;"g~~:~~tion network, and can optionally be routed to any I/O cell on the 

These pins should be left floating, never connect these pins to ground. 
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Pin Configuration 

pLSI10481883 PGA Pinout Diagram 

5-41 

Specifications pLS110481883 

• 

9l92. Rev. A 



~~~Lattice 
•••••• •••••• ....... 
Package Diagram 

r- ~SQ -----I 
1.480 _I 

I 

~. i 

PIN 1 INDE; .~ ----g--

Part Number Description 

-~-;~ -r T 
Device Number 

Ordering Information 

Specifications pLS110481883 

132·Pln PGA 

Dimensions in inches MIN.IMAX. 

0.070 
Iil45 
0.160 
ci.2OO 

xx 

Ordering Number 

pLSI 1048-50LG/883 

5-42 

Package 
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In-system programmable Large Scale Integration 
High-Density Programmable Logic 

Features Functional Block Diagram 

• IN·SYSTEM PROGRAMMABLE HIGH·DENSITY LOGIC 
- MIL-STD-883 Version of the ispLSI1016 
- Fully Compatible with Lattice's pLSITM Military Family 
-High-Speed Global Interconnects 
- 32 110 Pins, Four Dedicated Inputs 
- 96 Registers 
- Wide Input Gating for Fast Counters, Stata 

Machines, Address Decoders, etc. 
- Small Logic Block Size for Random Logic 
- Security Cell Prevents Unauthorized Copying 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 
- fmax = 60 MHz Maximum Operating Frequency 
- tpd = 20 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T ONLy) 

~~;~ ~ :::~ ~ (!,+.;;;~;;.:.;.;;:~:_:-:~",,~;;.~_~;:_;::.:_~w_ ..... '_"';_l' ______ """;;=;;;""--I 

• COMBINES EASE OF USE AND THE FAST SY~if"<~\ Description 
SPEED OF PLDs WITH THE DENSITY AND FlEJ[«.,; . . \.) ,/, 
IBILITY OF FIELD PROGRAMMABLE GAT9""RA ''', •.. ,J'liit<tattice MIL-STD-883 ispLSI1016 is a High-Density 

- Complete Programmable Device can ~in~~1 ."./l*ogrammab.l~ Log~ Device f~aturing 5-VoH .i~~system 
Logic and Structured Designs ."'. ' ..... ,. '\:,/{/' programmability and In-system diagnostic capabilities. The 

-100% Routable with High Util~tlQiI A .. '. ",I'" device contains 96 Registers, 32 Universal 110 pins, four 
- Three Dedicated Clock Input .Fhs "\,,:..\'" Dedicated Input pins, three Dedicated Clock Input pins and 
- Syn~hron?us and AsynchrO~U&"'2I~ }.9' aGlobal Routing Pool (GRP). TheGRP providescornplete 
- Fle~lb~e Pin Placemant"l';';·7'··') . """ ',,;"f interconnectivity between all of these elements. It is the 
- Optimized GI?~al R~»tih9.,~f~.~~tJ'lObal first device which offers non-volatile "on-the-fly" 

. Interconnectlvity .~"/"\" v <.,.".) J »" reprogrammability ofthe logic, as well as the interconnects 
• pLSllispLSI DEV~J .. <?JS~NT'~YST~ttPDSTM) to provide truly reconfigurable systems. It is architecturally 

pDS Softwant,/".,C·\L,., ... ». Jr' and parametricallycompatibletothe pLSI 10 161883device, 
- Easy tctVf.e PC·)N~do-W.'ljlif Interface but muHiplexes fourof the dedicated input pinsto control in-
- B~.letn't..~!c ~~puer' system programming. 
- ~.PalltitiQ.mng .. /"· Th b' it fl' th' LSI 1 0161883 d . . th ~,'Auio(ll.ticiPlacli JI'ld Route e aslC un 0 oglc on e ISP eVlce IS e 
'£·'St,tic'1j6iing Tible Generic Logic Block (GLB). The GLBs are labeled AO, A 1 

PDS....;"SQ~. :. B7 (see figure 1). ~here are a total of 16 GL.Bs in the 
-Indust~.standard Third Party Desi n IspLSI 10161883 devICe. Each GLB has 18 Inputs,. a 

Environ';n.nts • g programmabIeAND/OR/XORarray,andfouroutputswhlch 
_ Schematic Capture State Machine VHDL can be configured to be either CQrnbinatorial or registered. 
_ Automatic Partitio~ing , Inputs to the GLB come from the GRP and dedicated 
- Automatic Place and Route inputs. All of the GLB outputs are brought back into the 
- Comprehensive Logic and Timing Simulation GRP so that they can be connected to the inputs of any 
- PC and Workstation Platforms other GLB on the device. 

Copyright @ t 992 Lattice Semiconductor Co",. GAL, E'CMOS and URraMOS .... regis_ Iradomarko of Lattice Semiconductor Coop. plSI, ioplSl, pOS, pOs. and Generic Array Logic art! 
trademarks 01 Lattice Semiconductor Co",. The specifications and information herein .... subject to change wilhoirt notice. . 

LATIlCE SEMICONDUCTOR CORP., 5555 Northeast Moore Ct., Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-0118; FAX (503) 681·3037; Applications Hotline: 1-800-LATIICE (528-8423) 
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Specifications ispLSl10161883 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

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

MAX. UNITS SYMBOL PARAMETER // (", .. \\.. '-", .. <i>·· MIN. 

r-T-c--------+-c-~--e-T-em--~-r-at-u-~----------/-.~-~~:~\~~~->~,.~~-7-~r-~_5-5---;----+-1-25-.---r----·C--~ 

v 
v 

Vcc+.1 v 

Capacitance (T A=25°C, f=1.0 MHz) 

SYMBOL MAXIMUM1 UNITS TEST CONDITIONS 

c1 10 pf 

10 pf 

Data Retention Specifications 

-';.;. ..... 

PARAMETl$i' MINIMUM MAXIMUM UNITS 

Data Retention (at 55'C) 20 - YEARS 

Erase/Reprogram Cycles - . 1000 CYCLES 
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Specifications ispLSl1 0161883 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times :!:3ns 10%t090% 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 2 

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

Output Load COndnlons (see figure 2) 

Test Condition R1 R2 

4700 3900 

2 Active High 00 3900 

Active Low 4700 3900 

Active High to Z 00 3900 
3 atVoH -0.5V 

Active Low to Z 4700 3900 

at VOL +0.5V 

~c::"" 
. .~ ....... 

••...•.. 

DC Electrical Characteristics 

Figure 2. Test Load 

"l;::::::>'PV.! AesC'.!,nlended Operating COndnlons 
.. :l;'· ~(., .(:\: .. ;." . .:-:::;;. ......... .;../:' 

SYMBOL PAAA¥.Ete~,::),\ '::<i"'~" CONDITION .. ,', " ; . .;,:. 

IOlDS mA 

IIL4W'~" 'JspJrtilut LoWl.eakage Current OV :!: V1N :!: V1l (MAX.) 

IIL-PU ""»[0 AQiye Pull-Up Current 

los 1 d'!ltpUf'Short Circuit Current 

Icc2 Operating Power Supply Current V1l = ,O.5V. V1H " 3.0V 

fTOGGLE .. 20 MHz 

1. One output at a time for a maximum duration of one second (25'C only). 
2. Measured using four 16-bit counters. 
3. Typical values are at V co ,. 5V and T c = 25°C. 

5-45 

+5V 

MIN. TYP.3 MAX. UNITS 

0.4 V 

2.4 V 

-10 J1A 
10 J1A 

-150 J1A 
-150 J1A 

-60 -200 mA 

100 170 mA 

9/92. Rev. A 
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Specifications ispLSl10161883 

External Timing Parameters 
Over Recommended Operating Conditions 

TESTS i DESCRIPTIONf 
·60 

PARAMETER UNITS COND. MIN. MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass .,~~{ 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path .f' .... <.nr\ 25 ns 

fmax I 1 3 Clock Frequency with Internal Feedback3 / 
{w . 'Ilfj \ - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i.u2 + ",ci;) j<. . \-:.. 
~ 

. 'alt . .:: ...... ~ 
'// MHz 

fmax (Tog.) 5 Clock Frequency, Max Toggle4 /{" , ,L ~~' ;,,,,,..;i._ MHz - .. :/;' .; ~ ... ".;:. ...... 
tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass V"~ /l ns 

t001 ' 1 7 GLB Reg. Clock to Output Delay, ORP bypass /-:..:. .. ""-:--. ..... '-:;;\~~. ~;::: 13 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass \, w.. '»':-":";,».~.;, ........ {//' 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock ./':1'. (, '\ V-:->i'-:-~~~ /, .. / 13 - ns 

t002 - 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 .Jl :'.( ,~~>~: - 22.5 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 \\" ~" ~~l>",i - 24 ns ... ;.:..;. ">"" 
twh - 16 Ext. Sync. Clock Pulse ~n:Hlgf\ '., ..... /;<.;,.v. 6 - ns 

twl ' - 17 Ext. Sync. Clock Pul"~ra1iqlt\,,bwt \"'/" 6 - ns 

tsu5 - 18 110 Reg. Setup Ti,q~fO'ri!. Ext~~'block (Y1, Y2) 2.5 - ns 

th5 - 19 110 Reg. Hold>Time aftehJ;,:xt:S~: Clock (Y1, Y2) 8.5 - ns 

1. Unless noted otherwise. all param={! GR:;tTlBS, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this data r fUi:t/ler 
3. Standard 16·Bit loadable coun~sj' GRp f.v /' 
4. fmax (Toggle) may be less th~J f},'Jhis 'I~ allow for a clock duty cycle of other than 50%. 
5. Reference Switching Testpondiit .}// 

,.';' .". '.~"" ". """ -.:"" ~; .. 

5-46 9192. Rev. A 



iiiLatlice 
•••••• •••••• •••••• 

Specifications ispLSl10161883 

Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tiolat 21 110 Latch Delay 

tiosu 22 110 Register Setup Time before Clock 

tioh 23 110 Register Hold Time after Clock 

tioco 24 110 Register Clock to Out Delay 

tier 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16 GLB Loads ./". (, """','" ,.,." ..... />"' .. 

I----.---!UNITS 
MIN. MAX. 

. ,(:~ t 2.7 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0. ns 

8.6 ns t4ptbp 33 4 Product Term Bypass P.~h ~~ ""',,,.\ .. \:"\\ .. ;'/ 

t1 ptxor 34 1 Product TermlXOR Patl)." . \</" 
~d---------------------4---~~~~ 

t20ptxor 35 20 Product TermlXOR ~iltb D~~y ' .. ,<)"" 

9.3- ns 

10.6 ns 

txoradj 36 XOR Adjacent Patp,Delar , ..... ,. "\,./«/' 12.7 ns 

tgbp 37 GLB Register ~p~ Delay(\ .. )· .,/. 1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

tptre 4:~/ "'(11$ ~rod4Ct,:r~' Reset to Register Delay 13.3 os 

!ptoe ;"'4$ "G$';~rodtil:¥f erm Output Enable to I/O Cell Delay 12.0 ns 

4.6 9.9 ns 

torp . . "'" <45..... ORP Delay 3.3 ns 

torpbp ""''1, 4.fr· ORP Bypass Delay 0.7 ns 

1. Intemal Timinlf'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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Specifications ispLSl1 0161883 

Internal Timing Parameters1 

PARAMETER if DESCRIPTION 
-60 

UNITS 
MIN. MAX. 

Outputs ~' . 

tob 47 Output Buffer Delay . //_{' 4.0 ns 

toen 48 I/O Cell OE to Output Enabled ,/"/:; :::: .. :,~\. 6.7 ns 

todis 49 I/O Cell OE to Output Disabled ..... :{~:.~ ..... ; ... ~ .. -.. : .... "\,?:T, ns 

//;;> > \ "'\ .' 
Clocks ........ 

.;:' ":::" .i' 

tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) . (:;;,.,. ,.,\,..?., .. , .. " . '<''6.~ 6,.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line '''-\,. .. \, •.... "" "'(6 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line \. .,., .... ., .. , ...... , •..... ,. ",\ ... // 1.3 6.6 ns 

tioy1/2 53 Clock Delay, Y1 or Y2 to I/O Cell Global Clock Line ji'}. \ ~:~':'~"'" 
.~. --= .... ~ .. ;',', 

.•.•. :::.). 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to I/O Cell Global Clock Line '(;"'\>"" \,"{i .. . ( .. , .... 1.3 6.6 ns 

Global Reset .. //' . ..,..,.,' '''''''' "" ";;:.:,.'/ .... ;.. ......... :~ 

tgr 55 Global Reset to GLB and I/O Registers .iy .. ;t~·· ... \~:~:~~~;;:::'.;.: .. w.~: ...••..•.. :.~ ..•.. -.:/ - 12.0 ns 
'" '-::" .~ .. .. : .. 
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Specifications ispLSl10161883 

ispLSI 1016 883 Timing Model 

110 Cell GRP GLB ORP 110 Cell _---''--__ '~r,.------;-.... -----,,--...... "----· ...... -
Feedback 

08<l.lnr---=--t---------, 

1138,39, 
40,41 

{:-;-":'«'~-.: .. ;...~-; ...... 
L-..r:ol]~rI~I~~~ktio:::nl I:~~\ \;:.1 :;..~~ .;..... .~ ....... 

: :~ A<~V 
Derivations of tsu, th and teo from the Product T~ Clpck>", ····"<Y' 

tsu = Logie + Reg su - Clock (min) ,' .... , )'"l'" 
(tiobp + tgrp4 + t20ptxor) + (tgsu).",,(tiotl "''i«min) 
(#20 + #28 + #35) + (#38) - (#2g,,~ 

7.3 ns = (2.7 + 2.7 + 10.6) + (1.3) - (2.~,;l2.t"t · .. f 
th - Clock (max) + Reg h - Logie '~j""'....... .'''.. • 

(tiobp + tgrp4 + tptek('.)J81) + (tg.~k . + tgrp4 + t20ptxor) 
(#20 + #28 + #44) +J~91. - (#2(}Z*'(~,j"1I35) 

5.3 ns = (2.7 + 2.7 + 9.9) ~"'~:6)...~, (2"'5{ 2. 7.t .pi6) 
teo = Clock (max) +JI'~:~;,. Outpui\,,//' 

= (tiobp + tgr,p4":(t~f~!.~>,t::f-Jt6eo) + (torp + lob) 
= (#20 + #21f~*,<f.44},\:,.{Itl!C) +'~~'45 + #47) 

25.3 ns = (2.7 +.,2"Y--+'l§}'i" (2·:11.:t'~1:t3 + 4.0) 

Derivations Of't'6::t~ akd'~~:ff'~ the Clock GLB 
tsu ,.,..,~(~ .. , ~"'~;··~u«,.d~ek (min) 

./<'::· ..... , ... {ti4P~''''',.tg#.~'· + t20ptxor) + (tgsu) - (tgyO(min) + tgeo + tgcp(min) 
./'< .... -;: AIb20 + tf2,,"4. #35) + (#38) - (#50 + #40 + #52) 
'T:j','1!,~ =··'.~.7 + 2.1+ 10.6) + (1.3) - (6.0 + 2.7 + 1.3) 

th '\iio". do~ (max) + Reg h - Logie 
=:;:".~6Yo(maxJ + tgeo + tgcp(max) + (tgh) - (tiobp + tgrp4 + t20ptxor) 
="(#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

teo = Clock (max) + Reg co + Output 
= (tgyO(max) + tgeo + tgcp(max) + (tgeo) + (Iorp + lob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 
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Specifications ispLSI10161883 

Programming Voltage Timing Specifications 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VCCP Programming Voltage 4.5 5 5.5 V 

Iccp Programming Supply Current ispEN. Low 50 tOO mA 

VIHP Input Voltage High 2.0 .,,'Veep V 

VILP Input Voltage Low o V 
lip I nput Current ~ 
VOHP Output Voltage High IOH = -3.2 mA ...... V 

VOLP Output Voltage Low 10l=5mA V 

tr, It Input Rise and Fall JI.8 
tisp ispEN to Output 3-State JI.8 
tsu Setup Time JI.8 

Clock to Output JI.8 
th Hold Time JI.8 
tclkh, tclkl Clock Pulse Width, High and Low JI.8 

Verify Pulse Width 30 JI.8 
tpwp 40 100 ms 

tbew Bulk Erase Pulse Width (' . "\. "\',,> ,·· .. :::;v 200 ms 

trst Reset Time From Valid Veep /" \ '>'" '''\ •. A~t' 45 JI.8 
~/ •••• ..;:; -=-:. ..... 

. // 
.-:.;.~.;i" •• ~.~. 

"<'.'$..:'$.':'''':-.. .~ • 

.. /,0, 
........ ~ ...... '>:; :\o~ 

., ..•. 
. /.;..).{ ........... ~,::= ~.~:::. /0' 

{ .. ""'.,.'.'~~: .... ',<".::;.:~'.~ .... ;::.' .... ' .. ::.~):..// .. : ..•.. •. :v.'···;.:·;.·~: .•• :·~;: .. <. " ,;~ .. " 
.//.<:r" -;- ;! .:.;.... . ..... ~./ 

.. ::::::: .... ,., ... ) ... /l "\. f'" 
(-::::;.~;<. '. ':~::::/' 

'.~. \;. ... . 
\.. ..::;. .... :::::;:. 

"';.;. , .... . 
): ./ 
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Specifications ispLSl10161883 

Figure 3. Timing Waveforms for In-System Programming 

ispLSI Pins are 3·Stated During Programming 

Unused ~22~22~--~~----------------------------------:?~~ Output· ~ 

MODE ___ -+-__ 

SCLK __ ~-+-~_J 

SDO Valid 

Figure 4. Program, Verify & Bulk Erase We 

.. Program, Verify or Bulk Erase Instruction) 

MODE 

tpwp, tbew, ortpwv 

SOl 

SCLK -""""""'f-J 
, __ --..J/ '---

5-51 9/92. 'Rev. A 
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Pin Description 

Specifications ispLSl10161883 

Name JLCC Pin Numbers Description 

1/00-1/03 
1/04-1/07 
1/08-1/011 
1/012 - I/O 15 
1/016 - 110 19 
110 20 - 110 23 
110 24 - 110 27 
1/028 -1/031 

IN3 

SDIIIN 0 

MODElIN2 

SOD/IN 1 

SCLKlY2 

YO 

Y1/RESET 

15, 16, 
19, 20, 
25, 26, 
29, 30, 
37, 38, 
41, 42, 
3, 4, 
7, 8, 

2 

13 

14 

36 

24 

33 

'::", ~:~.; •...• : ... ::. 
..... :.' 

.. ~ •... 

23 
34 

17, 
21, 
27, 
31, 
39, 
43, 
5, 
9, 

18, 
22, 
28, 
32, 
40, 
44, 
6, 
10 

Input/Output Pins -These are the general purpose 110 pins used by the 
logic array. ./'\ 

//~:~:~\ 

h'GY 
Input - Dedicated in-sYJttm ~~~';;:;ln'9"~'~le input pin. This pin 
is brought low to en~e'~he p~ril'rpir)'I"'mode. The MODE, SOl, 
SOD and SCLK opti&nil,~m" ~ye( 
Input - This pin "''i'f(jrms1Wb-fu~iOp$: It isa dedicated input pin when 
ispEN is log ~h!l!liJ!P,J~",,~ logic low, It functions as an input 
pin to 10 data Into the device. SDIIiN 0 also is used as 
one of o'«Ont {or the isp state machine. 

In . p~ri9r~Jw~functions.ltisadedicated input pin when 
is , '" . h. 'vyJien ispEN is logic low, it functions as a pin to 

, coi\JlqJ, thS"Q,per " i9l'1'of the isp state machine . 
. ,/~\~ut :i~in performs two functions. It is a dedicated clock 

A~ ,"40put'pi~1.le9~pEN is logic high. When ispEN is logic low, It functions 
./ (' \""~ . pin to read serial shift register data. 

/;", "" Irlpllt 'is pin performs two functions. It is a dedicated clock input 
"'\." "",wh,pr· pEN is logic high. This clock input is brought into the Clock 

'\ 'DI'$lflbution Network, and can optionally be routed to any GLB and/or 
<t',,). )/0 cell on the device. When ispEN is logic low, it functions as a clock 
l 0/' pin for the Serial Shift Register. 

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

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 
andlorllO cell on the device. 

- Active Low (0) Reset pin which resets all of the GLB and I/O 
registers inthedevice • 

Ground (GND) 

Vee 

5-52 9/92. Rev. A 
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Pin Configuration 

ispLSI10161883 JLCC Pinout Diagram 

Package Diagram 

V028 
V029 
V030 

V031 
YO 

vee 
ispEN 

SOVINO 

VOO 
VO 1 

V02 

17 

18 

Specifications ispLSl101618B3 

ispLSI 1016/883 

39 

29 

5-53 

Sealing Plana 
Coplanarl1y no1 
10 exceed 0.004 
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Specifications ispLSl1 0161883 

Part Number DescriptIOn 

Do~"""" r lr-
Device Number 

xx 

S~ed--------------------~ 

60 z 60 MHz fmax 

Ordering Information 

x 

fmax (MHz) tpd (os) Ordering Number//j f \~~e/~······' 
60 20 ispLSI 1 0 16-60Ltj!8i3::.~,., .... : ·>s.::'415r'ir(JLCC 
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Features 

• IN·SYSTEM PROGRAMMABLE HIGH·DENSITY LOGIC 
- MIL-STD-883 Version of the ispLSl1 024 

ispLSI7M 10241883 
in-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

- Fully Compatible with Lattice's pLSI''M Military Family 
- High-Speed Global Interconnects 
- 48 1/0 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 = 60 MHz Maximum Operating Frequency 
- tpd = 20 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T ONL V) 

- 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 SV~~T~i)...", 
SPEED OF PLDs WITH THE DENSITY AND 
IBILITY OF FIELD PROGRAMMABLE 

- Complete Programmable Device can 
Logic and Structured Designs 

-100% Routable with High Utiliza1~)1 
- Four Dedicated Clock 
- Synchronous and As1~nc:h~9Iri!1ih1. .. !::ldi~s 
- Flexible Pin Pla.~mlant 
-Optimizad Global "'_ ......... ··"''''..;f·A 

Interconnectlvity 

• pLSllispLSI EU:ltPMlEN"t$YlfJ:~I4,(I~DS;1'M 

pDS So'lware .. / 
-Easy 

IndILlstl:y,13itanidard, Third Party Design 
Environments 

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

MIL-STD-883 ispLSI1024 is a High-Density 
Logic Device featuring 5-Volt in-system 

programmability and in-system diagnosticcapabilities. The 
device contains 144 Registers, 48 Universal 1/0 pins, six 
Dedicated Input pins, four Dedicated Clock Input pins and 
a Global Routing Pool (GRP). The GRP provides com
plete 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 10241883 de
vice, but multiplexes four of the dedicated input pins to 
control in-system programming. 
The basic unit of logic on the ispLSI1 024/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, A 1 
.. C7(see figure 1). There are a total of 24 GLBs in the 
ispL.SI 10241883 device.' Each GLB has 18 inputs, a 
programmable AND/ORIXOR array, andfouroutputswhich 
Can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inpuis. 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 e 1992 Lattice Soniconductor CoIp. GAL. E'CMOS and URraMOS are regi,.ro,l1,adomarka of Lattice SomioondudM CoIp. pLSI, ispLSl, pDS, pD5+ and Generic Array Logic are 
tradomorks of Lattice Semiconductor CoIp. The "",,",icetions and informotion herein ... 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: 1-80O-LATIICE (528-8423) 
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Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

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

AmbientTemp. 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 

Tc Case Temperature 

VCC Supply Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

Capacitance (T A=25°C, 1=1.0 MHz) 

SYMBOL 

./,f!O··8,nd·Clod~QaP~diance 

1. Guaranteed q~t!1ot1a9%testi:!q:/ 

Data Retention Specifications 0 

PARAMEfE~/ 
Data Retentibil (at 55'C) 

Erase/Reprogram Cycles 

Specifications ispLS/1 0241883 

', ... , ...... , ......• , ...... , .. , ...•. ,;':, •... :) .. 
.:;~;;);:/ 

...... ......... > MIN. MAX, UNITS 
. '(" 

-55 +125 

4.5 5.5 v 
o 0.8 v 

2.0 Vcc+ 1 V 

MAXIMUM1 UNITS TEST CONDITIONS 

10 pf 

10 pf Vcc=5.0V, V'IO' Vy=2.0V 

MINIMUM MAXIMUM UNITS 

20 - YEARS 

- 1000 CYCLES 

5-56 9/92. Rev. A 
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Specifications ispLSl1 0241883 . 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V 

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

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

OUtput Load Conditions 

Test Condition R1 R2 CL 

1 4700 3900 35pF 

2 Active High 00 3900 35pF 

Active Low 4700 3900 35pF 

Active High to Z 00 3900 SpF 
3 atVo,,- O.SV 

Active Low to Z 4700 3900 

atVce +O.SV 

DC Electrical Characteristics 

SYMBOL PAR~,~~It,;~:) .. "':............. ··;>r· 

Figure 2. Test Load 

CONDITION 

1051 .. '\.Outp.~A;hort Circuit Current Vee = SV, Vwr 

ICC2 Op.er~ng Power Supply Current V,e = O.SV, V'H= 3.0V ...... ~., 
.\-:-~::., 

fTOGGLE - 20 MHz 

1. One output at a time for a maximum duration of one second (2S'C only). 
2. Measured using six 16-bit counters. 
3. Typical values are at V Cc = SV and T c = 2SoC. 

5-57 

+SV 

MIN. TYP.3 MAX. UNITS 

0.4 V 

2.4 V 

-10 f.IA 
.10 f.IA 

-1S0 f.IA 
-1S0 f.IA 

-60 -200 mA 

130 21S mA 
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Specifications ispLSI10241883 

External Timing Parameters 
Over Recommended Operating Conditions 

TESTS #2 DESCRIPTION1 
·60 

PARAMETER UNITS CONDo MIN. MAX. 

tpdl 1 1 Data Propagation Delay, 4PT bypass, ORP bypass LX 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path L L:i\ 25 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 L 60 b,- MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (iou2~tco1) .. i·:: "'\ . ····3·ih •••• 7/····· MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 ... ,"'/ .. "\, ... )): .... I··~~, l","""- MHz 

tsul - 6 GLB Reg. Setup Time before Clock, 4PT bypass ~~'~" ~ - ns 

teal 1 7 GLB Reg. Clock to Output Delay, ORP bypass -::: 
Y·.:." "'<"""."::;;;" - 13 ns 

thl - 8 GLB Reg. Hold Time after Clock, 4 PT bypass 
... "". \, .. """"" 

..•..•... , ......... , ..•. , .... ,':::.., .. " ... 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock ,::.{ ··\,··'i"";;"" .... ·'···i'.,i···' ... · 13 - ns 

tc02 - 10 GLB Reg. Clock to Output Delay .. " ... , .......... ... ',.:: ..... '\.'-'> - 16 ns 

th2 - 11 GLB Reg. Hold Time after Clock ,,·t':, ..... , ....... . ..... ".;".,""' .. 0 - ns 

trl 1 12 Ext. Reset Pin to Output Delay ,,/i .... ·. .",:: ...••. - 22.5 ns 

trwl - 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 

twl - 17 6 - ns 

tsu5 - 18 lID Reg. Setup Tim~b~forQ~xt>~Yh9lblock (Y2, Y3) 2.5 - ns 

th5 - 19 lID Reg. Hol4.Tjme afterfxt.Syt\~lbiock (Y2, Y3) 8.5 - ns 

1. Unless noted otherwise, all paramete~'{isei"'\.GRP l~a"Qr4JlLBs, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this data !\n.~·-IQr fuitl)er de~il$j""" 
3. Standard 16-Bitloadable counter"tJsiri·g.J3RP. fee~.!l9k .. ".i 
4. fmax (Toggle) may be less thiJri')t(~h.,flWl):·{his ·r~.t6 allow for a clock duty cycle of other than 50%. 
5. Reference SWitching Test96ndiii~ilf·~*I\,.i·//· 
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Specifications ispLSI1 0241883 

Internal Timing Parameters 1 

PARAMETER If DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tiolat 21 110 Latch Delay 

tiosu 22 1/0 Register Setup Time before Clock 

tioh 23 1/0 Register Hold Time after Clock 

tioco 24 1/0 Register Clock to Out Delay 

tior 25 1/0 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads 

tgrp16 31 GRP Delay, 16GLB Loads 

tgrp24 32 GRP Delay, 24 GLB Loads ·';',\i". 

GLB 
t4ptbp 33 4 Product Term Bypass ~,;iIhpel~y.";,, ·,.i 
t1ptxor 34 1 Product Term/XOR P'fi··Qeliy"", 

t20ptxor 35 20 Product Term~qR Path Del~y" 
txoradj 36 XOR Adjacenlfiatt;o.~lay3 ." ..... ,. 

tgco 40 .' GLBR.e~lslerClo4k1h Output Delay 

tptre <42" i341p{pd~t;lTerm Reset to Register Delay 

tptoe .. i ..... 43'.;GU3Pf¢d~ct Term Output Enable to 1/0 Cell Delay 

tptc~ .}4<i G(~Product Term Clock Delay 

ORP 
torp \.¥ ORP Delay 

torpbp 46 ORP Bypass Delay 

1. Intemal 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 ~ath can only be used by Lattice Hard Macros. 

5-59 

-60 
I-----r--i UNITS 
MIN. MAX. 

1( . .., \ 2.7 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

4.0 ns 

5.0 ns 

6.0 ns 

8.3 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 

9/92. Rev. A 

I 



EEELattice 
•••••• •••••• •••••• 

Specifications ispLSI 10241883 

Internal Timing Parameters 1 

PARAMETER DESCRIPTION 

Outputs 
tab 47 Output Buffer Delay ns 

toen 48 1/0 Cell OE to Output Enabled ns 

todis 49 1/0 Cell OE to Output Disabled ns 

Clocks 
tgyo 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) ns 

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

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

tioy2/3 53 Clock Delay, Y2 or Y3 to 1/0 Cell Global Clock Line ns 

tiocp 54 Clock Delay, Clock GLB to 1/0 Cell Global Clock Line ns 

Global Reset 
tgr 55 ns 

1. Internal Timing Parameters are not tested and are for reference 
2. Refer to Timing Model in this data sheet for further details. 
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Specifications ispLSl10241883 

ispLSI1024 883 Timing Model 

110 Cell GRP GLB ORP 110 Cell _-........ "--..,'~r,.. _____ r-... _____ ·".-_-.. .. __ , • .-_~ ........ _ 

Feedback 

Ded.lnr--:;:;:----II--------, 

v:" _ A~~§V 
Derivations of tsu, th and teo from the Product TelP'i'''el~ " .. '\, j.f" 

tsu = Logic + Reg su - Clock (min) <\,.,"''''\,,\\'') :::;;tP' 
= (tiobp + tgrp4 + t20ptxor) + (tgsu) - ... 'e}':,~~ +'~min) 

(#20 + #28 + #35) + (#38) - {#20 t.~ + #44} '\ .,\ .f" 
7.3 ns = (2.7 + 2.7 + 10.6) + (1.3) - (2.7 + .. ~'fr+ "V:./·· 

th 
.f/ \. ...........:....)-

= Clock (max) + Reg h - Logic .,t,'.... ''''" <to . 
(tlobp + tgrp4 + tptck(m~. ) :;(fgb) .:" "igrp4 + t20ptxor) 
(#20 + #28 + #44) + (~- (#20 .t.~8· 5) 

5.3 ns = (2.7+ 2.7 + 9.9) + .~~9t -'(2,.~ + 2.1\+'·1¥.15 

teo = Clock (max) + R..,g·aQ,.+·'Q~Pi'lt" .. / .• ./ 
= (tiobp + tgrp4"t"tpt~k(inaX}). + (tpeO) + (torp + lob) 
= (#20 + #2~,#'#44l, t tfl10),''i:-,{J45 + #47) 

25.3 ns = (2.7 + 2.:Lt~g~{ + {2::!> . .j:}~;h 4.0) 
./~: \ ~';:::l::.. ~""?":o$/" 

Derlv(ltlons OfJ$'!r~ ~MJ~Mr.mn the Clock GLB 
tsu =.;jt:ou,ic :t:·-a. .. ~u:'qt&k (min) 

,/"'::£, ~.!:&R,~ tg.qi~;;'ft20ptxor) + (tgsu.) - (tgyO(min) + tgeo + tgcp(min) 
.,f <' ={#?o + '#28 t4135} + (#38) - (#50 + #40 + #52) 

,t~"ns'·"·./1?l; + 2,1.,410.6) + (1.3) - (6.0 + 2.7 + 1.3) 

th "\,,?,btg,ClIf (max) + Reg h - Logic 
:;'\,(!p.y'O(max) + tgco + tgcp(max)} + (tgh) ~ (tiobp + tgrp4 + t2optxor) 
=\{#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns = (6.0 + 2.7 + 6.6) + (6.0) - (2.7 + 2.7 + 10.6) 

tco = Clock (max) + Reg eo + Output 
= (tgyO(max) + tgeo + tgcp(max) + (tgeo) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (6.0 + 2.7 + 6.6) + (2.7) + (3.3 + 4.0) 

5-61 9192. Rev. A 
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Specifications ispLSl10241883 

Programming Voltage Timing Specifications 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNn"S 

VCCP Programming Voltage 4.5 5 5.5 V 

Iccp Programming Supply Current ispEN. low - 50 lOO mA 

VIHP Input Voltage High 2.0 - ./V~p V 

VllP Input Voltage low 0 -:::~:f{. ,.\~s8 V 

liP Input Current - .1p.o .... ,., 200, IJA 
VOHP Output Voltage High IOH = -3.2 mA 2.4:","-' '" ~\ ~/. , . V 

VOlP Output Voltage low 10l-5mA .',($ .. \ .. )_/w» '.)~'" .. ~) .. V 

tr, If Input Rise and Fall .;~-::::.. '-:::. ~~~ ...... ;::., ., .. /0.1 lUI 
tisp ispEN to Output 3-5tate < .. ~-.: ";"':'~ .- .", .. 2;'l' 10 lUI 
tsu Setup Time , .. -:-(.~: .. 1'~ .,',.O.{"'·, <io:s - lUI 
teo Clock to Output l:~-"!-':,,\·, \W.AfV./ 0.5 - lUI 
th Hold Time ",~, •...... ,,,::::».,"' ... ., ·'V11 0.5 - lUI 
telkh, telkl Clock Pulse Width, High and low .. A~:"', ... ,,~., .wn· ... v·,,,w, /0.5 1 - lUI 

M 

tpwv Verify Pulse Width .,/' <1<- "~".".~ 20 30 - JI.8 
tpwp Programming Pulse Width .?'.:.';~t-y.';' '-, .... ) .. i·;·~·:/ 40 - 100 ms 

tbew Bulk Erase Pulse Width ~~<' ··v.'·· 200 - - ms 't. '~::.. .::: .. ~f 

trst Reset Time From Valid Vccp J... . '/,(,f 45 - - lUI 

. ,.<f"'~~~;<· .\:;:.J"/ <t, <:. "l; -=-... ~.::.. ';,." 
";;", -:-.... .......... ;Y 
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Figure 3. Timing Waveforms for In-System Programming 

ispLSI Pins are 3-Stated During Programming 

Unused "?:~Z~~.....1~.!..---------------~7M Output" 

MODE ___ -+ __ 

SOl -------r----~--------------~~~~~ 

SCLK ___ -+~--' 

SDO Valid 

"gu .. 4. Pro.,""" v~: & Bulk E .... W~ ~. ::j~;Y 
i':'~~~~:~~~~~~t~;:ram, Verify or Bulk Erase Instruction) 

MODE 

tpwp. tbew. or tpwv 

SOl 

SCLK "--_/ "---

5-63 
9/92. Rev. A 

• 



iiiLattice Specifications ispLSI10241883 •••••• •••••• •••••• 

Pin Description 

Name 

1100-1/03 
1/04-1/07 
lID 8 -lID 11 
lID 12 -lID 15 
lID 16 -lID 19 
lID 20 - lID 23 
lID 24 - lID 27 
lID 28 - lID 31 
lID 32 " lID 35 
lID 36 " lID 39 
110 40 - lID 43 
lID 44 " lID 47 

IN 4 -IN 5 

ispEN 

SDI/IN 0 

MODE/IN3 

SDOIIN 1 

SCLKlIN 2 

YO 

Y1 

Y2,··",:,:i'·· 

Y3 

GND 
VCC 

JLCC Pin Numbers Description 

.. :::\~. 

22, 
26, 
30, 
37, 
41, 
45, 
56, 
60, 
64, 
3, 
7, 
11, 

2, 

19 

21 

55 

34 

49 

~~. 

50 

23, 24, 
27, 28, 
31, 32, 
38, 39, 
42, 43, 
46, 47, 
57, 58, 
61, 62, 
65, 66, 
4, 5, 
8, 9, 
12, 13, 

15 

25, 
29, 
33, 
40, 
44, 
48, 
59, 
63, 
67, 
6, 
10, 
14 

Input/Output Pins -These are the general purpose lID pillS used by the 
logic array. 

.. :::' ...... ' ... ' ... ':.' .. ,....;:, ..... i'"i 

Input - Dediqert;d,..in,syst.em.pr~.gHi~ming enable input pin. This pin 
is brought.)6~to Eif.l~ble the programming mode. The MODE, SOl, 
SDO a~Ii:$.CLK.pptiO'll§·be~ome active. 

:~p~~i~~1cQri~~Q~j~~~~n~t:~~~:~ifo~~~d;~~~~~:~~P~~ fnh:u~ 
. pin tq'l9~d pfegra.mfJ'iing data into the device. SDIIIN 0 also is used as 

.. i··bn",i)j.1b~ttwo',cQ.iifrol pins for the isp state machine . 
.. 'i,,;·:l\ii.Pi!l~~rforms two functions. It is a dedicated input pin when 

ii' i'" .. ,·l~ logic high. When ispEN is logic low, it functions as a pin to 
.('." "'. rio ,.·the' operation of the isp state machine. 

............. ···' .... <.Jnp..w.d~tput - This pin performs two functions. It is a dedicated clock 
.,. ih6.liifpinwhen ispEN is logic high. When ispEN is logic low, it functions 

/:f:y} @~:{;ifi§L?~~t.~!~:;!~:~:~=;: 
Active Low (0) Reset pin which resets all of the GLB and lID registers 
in the device. 
Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB andlor 
any lID cell on the device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any lID cell on the 
device. 

1, 18, 35, 52 
17, 36, 53, 68 

Ground (GND) 
Vee 
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Pin Conti uration 

ISpLS11024/883 JLCC Pinout Diagram 

Package Diagram 

11043 

110 44 
11045 

11046 

1/047 

IN5 

YO 
vee 
GNO 

iopEN 
RESET 

SOI/INO 

1100 
110 1 

110 2 

1103 
1104 

Specifications ispLSI10241883 

ispLSI 1024/883 

........ ··\ ... ,A~;~:·· 

;: ,." ... , 6Q4'ln JLCC 
'\~~ons in inche. MIN.lMAX . 

. l" 

49 

5-65 

1/028 

1/027 

·.u622 
1/021 
110 20 

110 19 

Sealing Plane 

~1=.~~ 

9/92. Rev. A 
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Part Number Description 

ispLSI 1024 - XX 

Device Family -~ T 
Device Number ~ 
S~ed----------------------~ 

60 = 60 MHz fmax 

Ordering Information 

Specifications ispLSl102418B3 

x 

• "'~':-' ..••• ::V 

fmax (MHz) tpd (ns) Ordering Number \k.~g./·· 

60 20 
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Features 

• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 

- MIL-STD-883 Version of the ispLSI1032 

ispLSI™ 10321883 
in-system programmable Large Scale Integration 

High-Denisty Programmable Logic 

Functional Block Diagram 

- Fully Compatible with Lattice's pLSITM MllharyFaml1y 
- High Speed Global Interconnects 
- 64 1/0 Pins, Eight Dedicated Inputs 
-192 Registers 
- Wide Input Gating for Fast Counters, State 

Machines, Address Decoders, etc. 
, - Small Logic Block Size for Random Logic 

- Security Cell Prevents Unauthorized Copying 
• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 

- fmax = 60 MHz Maximum Operating Frequency 
- tpd = 20 ns Propagation Delay 
- TTL Compatible Inputs and OUtputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T 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 QV'~TCU 
SPEED OF PLDs WITH THE DENSITY AND 
IBILITY OF FIELD PROGRAMMABLE 

- Complete Programmable Device can Col!J'lbiQe 
Logic and Structured Designs 

-100% Routable with High Utilization 
- Four Dedicated Clock Input ' 
- Synchronous and AS'tnclhrolnOilis 
- Flexible Pin Pla.celnellt 
- Optimized Global ROI~tir~]~o~ilJ'lIo~vs 

Interconnectivity 
• pLSllispLSI 

Indlit@tlry1i~t~ldar'd, Third Party Design 

Sel1enrtaflicCepture, state Machine, VHDL 
- Automatic Partitioning 
- Automatic Place and Route 
- Comprehensive Logic and Timing Simulation 
- PC and Workstation Platforms 

Description 

,' .. ..,,''-''111'''''' MIL-STD-883 ispLSI1032 is a High-Density 
"c-"cy,,;;PrioaramlmBlble Logic Device featuring 5-Volt in-system 

programmability and in-system diagnostic capabilities. The 
device contains 192 Registers, 64 Universal 1/0 pins, eight 
Dedicated Input pins, four Dedicated Clock Input pins and 
a Global Routing Pool (GRP). The GRP provides com
plete 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 1032/883 de
vice, but multiplexes four of the dedicated input pins to 
control in-system programming. 

The basic unit of logic on the ispLSI1 032/883 device is the 
Generic Logic Block (GLB). The GLBs are labeled AO, A 1 
.. D7 (see figure 1). There are a total of 32 GLBs in the 
ispLSI 10321883 device. E~ch GLB has 18 inputs, a 
programmable AND/OR/XOR array, and four outputs which 
can be configured to be either combinatorial or registered. 
Inputs to the GLB come from the GRP and dedicated 
inputs. All of the GLB outputs are brought back into the 
GRP so that they can be connected to the inputs of any 
other GLB on the device. 

Copyright e 1992 Lattice Semiconductor Ce"" GAL. E'CMOS and UkraMOS are registered trademarks of Lattice Semiconductor CO!p. pLSI, ispLSl, pOS, p08+ and Generic Array Logio are 
trademarks of L~ttice Semiconductor Corp. The specifications and intonnation 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) 
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Specifications ispLSI1 0321883 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

Storage Temperature .................. -65 to 150°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
tionaloperation 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 i/ ·······Mll't 

Tc Case Temperature .. i>\\ .... .............. ::::;:::;~). -55 

VCC Supply Voltage (\ ................. ······.........i 4.5 

VIL Input Low Voltage /....i 0 

VIH Input High Voltage i /\< • . \.i 2.0 
,';', -.;.;. 

Capacitance (T A=2SoC, f=1.0 MHz) 

MAX. 

+125 

5.5 

0.8 

Vcc+ 1 

SYMBOL PARAMETiR······ MAXIMUM1 "". UNITS· TEST CONDITIONS 

UNITS 

·C 

V 

V 

V 

c, 10 pf V cc=5.0V, V'N=2.0V 

10 pf Vcc=5.0V, Vila, Vy=2.0V 

1. Guaranteed but Wif1QO%lested, 

Data Retention Specifications 

MINIMUM MAXIMUM UNITS 

Data Retehtipn(~t55'C) 20 YEARS 

Erase/ReprotJr~m Cycles 1000 CYCLES 
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Specifications ispLSl1 0321883 

Switching Test Conditions 

Input Pulse Levels GNDto 3.0V Figure 2. Test Load 

Input Rise and Fall Times !S: 3ns 10% to 90% 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 2 

3-state levels are measured O.SV from steady-state 
active level. 

Output Load COnditions (see figure 2) 

Test Condition Rl R2 

1 470n 390n 

2 Active High 00 390n 

Active Low 470n 390n 

Active High to Z 00 390n 
3 atVOH - O.SV 

Active Low to Z 470n 390n 

at VOL +O.SV 

DC Electrical Characteristics 

SYMBOL P~,M"'t:E~;'<··')·J.,»· CONDITION 

VOL .,/Qutput-Uow '~Jtaii,'/" IOL=B mA 

VOH .::/~ :: 6ti!Pw.j:iIghV9it'ge IOH--4mA 

IlL •• ::: •••••• : ••• ; •••• ;O!O '<)QPui'~ ifp·,t6w Leakage Current OV!S: V N !S: VIL (MAX.) 

IIH.",,/··'::::·\ )' Inpm, or;tJo High Leakage Current VIH!S: VIN!S: Vee 

IIIS-I$; ... , ..... </ > 
isp rf$ut Low Leakage Current - OV s: VIN!S: VIL (MAX.) 

IIL-PU •. :=:;:::;. ""Jl() Active Pull-Up Current OV!S:VIN!S:V 

1051 ?> ",., Output Short Circuit Current Vee = SV, VOUT " O.SV 
ICC2 Operating Power Supply Current VIL = O.SV, VIH = 3.0V 

fTOGGLE .. 20 MHz 

1. One output at a time for a maximum duration of one second (2S'C only). 
2. Measured using eight 16-bit counters. 
3. Typical values are at Vee = SV and Tc = 2S'C. 

5-69 

MIN. TYP.3 MAX. UNITS 

0.4 V 

2.4 V 

-10 IIA 
10 IIA 

-lS0 IIA 
-lS0 IIA 

-60 -200 mA 
135 220 mA 

9/92. Rev. A 
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Specifications ispLSl1 0321883 

External Timing Parameters 
Over Recommended Operating Condhlons 

TESTS II DESCRIPTIONI 
-60 

PARAMETER UNITS CONDo MIN. MAX. 

tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass 7:=::· 20 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path .~. ~~~~i 25 ns 

fmax 1 3 Clock Frequency with Internal FeedbacJ(3 .{o"/('.: ··<·sb.\ - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i.u2 :tcol) .::-,.«;#~:~~''''~' .< .. .3§.. ~.;.~:-....?:>;} MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 .. ./J";(-:-" ...... \. f. !P':: </- MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass <::::~ ... ~ .. ·· .... :l:~:..:.;: .. "='. ""':~J"'" - ns 

tco1 1 7 GLB Reg. Clock to Output Delay, ORP bypass .::::::::::: ' " ........ ::/ .. oW"':: 13 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass \ ":";-'w~"l".:,*.;. '):/,' 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock ~ ..... ~\. ':jV 13 - ns 
-:~.' ~ ..... 

tco2 - 10 GLB Reg. Clock to Output Delay \ .... ~, .. :""% ~:;.. .... ;.f - 16 ns 

th2 - 11 i GLB Reg. Hold Time after Clock 
I 

/./.;-.w.:.:v .... ~~.~ ..... ':«. .. :>.. •. '<:::;'».::.1 .. :l:f' 0 - ns 

tr1 1 12 Ext. Reset Pin to Output Delay ,/fj; ... ·« .......... :;:;::··-:-.... " ... ·.:.:V'o ... « .. w ..... } .. - 22.5 ns 

trw1 - 13 Ext. Reset Pulse Duration . .4.< ::::"'-:-0:: ""'>""). 13 - ns 

ten 2 14 Input to Output Enable ./~ .. (.~ < .. -""'" ·\\. .... ~~:l· - 24 ns 

tdis 3 15 Input to Output Disable \\.. """" '\ i'/' - 24 ns 

twh - 16 
En Syoo. G"'" PU. 0"B 6 - ns 

twl - 17 Ext. Sync. Clock Puls",$i.rf'alj· 6 - ns 

tsu5 - 18 1/0 Reg. Setup Timlifbefb(e E ock (Y2, V3) 2.5 - ns 

th5 - 19 1/0 Reg. Hold Tim~" a~."Ext~§Y. rilock (Y2, V3) 8.5 - ns 

1. Unless noted otherwise, all parameters ~i GRP I -:;" Cjl~s, 20 PTXOR path, ORP and YO clock. 
2. Refer to Timing Model in this data sh,etfor futther . 
3. Standard 16-Bit Ioadable ODunler \lBlIlJi ~ fi~ 

" '.:... '.' . ~. 
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Specifications ispLSI10321883 

Internal Timing Parameters1 

PARAMETER ; DESCRIPTION 

Inputs 
tiobp 20 110 Register Bypass 

tiolat 21 I/O Latch Delay .....•..•.. 

tiosu 22 I/O Register Setup Time before Clock < ..... , 
tioh 23 110 Register Hold Time after Clock ./: 'j 
tioco 24 I/O Register Clock to Out Delay ., ••••••..••••.. . 'C ..... } /( 

tior 25 I/O Register Reset to Out Delay ........ "., .....•. \,. ": 

tdin 26 Dedicated Input Delay ••••.•..•...•..•......•... ........•...•.. 
...•.... 

GRP ...••..•. \ 
... \ ... \ .....•...•.......•..•..•...•..•..•.....•. ::.::; .•.•........ 

tgrpl 27 GRP Delay, 1 GLB Load . (.: .... \ .. .\ ........• ; ............ {: ...... / . 
tgrp4 28 GRP Delay, 4 GLB Loads .•...•.... \ .. \';i 
tgrp8 29 GRP Delay, 8 GLB Loads ":(:'" ...•.. 

....•.•........ 

tgrp12 30 GRP Delay, 12 GLB Loads .......... < ... ........•... ::: .............. 

tgrp16 31 GRP Delay, 16 GLB Loads 
.. ::::::: ....... ~ .... . ............ 

tgrp32 32 GRP Delay, 32 GLB Loads '::: . 

GLB 
t4ptbp 33 4 Product Term Bypass Pat.~.~}\::: .•..... 
tl ptxor 34 1 Product Term/XOR P~fiD~y 
t20ptxor 35 20 Product Term/XOR Pati1Qel~y../ ••• •• 

txoradj 36 XOR Adjacent p'~Delay3 ".~" 
tgbp 37 GLB Regist~r$yRaS§Qelay\··(/ 
tgsu 

tgh 

tgco 

tgr 41......QJ".B ~egi~.r Re~~to Output Delay 

tptre ,42 ·Gl,.apr6dQPt:J~~m Reset to Register Delay 

tptoe ...•••.• ~ •••.. GLSPr¢uclTerm Output Enable to I/O Cell Delay 

tptck .• ii ··········44.0I.,B ~~duct Term Clock Delay 

OAP· .... ' 
torp 4S' ORP Delay 

torpbp ":46 ORP Bypass Delay 
1. Intemal TImin9 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. 

5-71 

-60 
1-----r---lUNITS 
MIN. MAX. 

.. ,£/ 2.7 ns 

I;:<;'~.\ 4.0 ns 

7:3 rc...·.- ns 

·T:g· ..... ~ .. , ns 

i,::I'Y r,.ii[o ns 

... 7····· 3.3 ns 

- 5.3 ns 

2.0 ns 

2.7 ns 

4.0 ns 

5.0 ns 

6.0 ns 

10.6 ns 

8.6 ns 

9.3 ns 

10.6 ns 

12.7 ns 

1.3 ns 

1.3 ns 

6.0 ns 

2.7 ns 

3.3 ns 

13.3 ns 

12.0 ns 

4.6 9.9 ns 

3.3 ns 

0.7 ns 

9/92. Rev. A 
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Specifications ispLSl103218B3 

Internal Timing Parameters 1 

PARAMETER i DESCRIPTION 
·60 

UNITS 
MIN. MAX. 

Outputs 

tob 47 Output Buffer Delay .<""7' 4.0 ns 

toen 48 110 Cell DE to Output Enabled J>'1.\ 6.7 ns 

todis 49 I/O Cell DE to Output Disabled £<. . ':~'~":?~ . 
.".6.7 ns 

Clocks 
:> .... ~ .............. -.;~ 

•• ,.po ./ ........ :~ 

.v.-. ..... -::; ... 

-:-~~ .. 
.~.;:} 

tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) /-::-~ 
/' 

.\ ..... j .;.~; .. -:- ~4~.·1 .(~i.0 ns 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line ........... :::::::::::. < ..... ::.o!::. .. 4.4 7.3 ns 

tgcp 52 Clock Delay, Clock GLB to Global GLB Clock Line f::::~ ... "' ... ~~.: .. 1.3 6.6 ns 

tioy213 53 Clock Delay, Y2 or Y3 to 110 Cell Global Clock Line .• .;:"'"'~ 4.6 7.3 ns 

tiocp 54 Clock Delay, Clock GLB to 110 Cell Global Clock Line .l~~~ \ ..... \'~~</;'''~;''~f::' .... /-:- 1.3 6.6 ns 

Global Reset 

tgr 55 Global Reset to GLB and I/O Registers 12.0 ns 
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ispLS11032!883 Timing Model 

110 Cell GRP GLB ORP 110 Call _---A---.,,-__ A ___ ~ ____ ....... _____ ,~..--. 

Derivations of tsu, th and tco from the PrOduct Tenp •. ¢;~~;·\:;··: 
tsu Logic + Reg su - Clock (min)(' \\.\.":)' 

(tiobp + tgrp4 + t20ptxor) : (tgsu) - (~9~P\\l.,~4+!~le~flhin») 
(#20 + #28 + #35) + (#38) (#20 + .. tf.28 + #441 \. ......... .' 

7.3 ns = (2.7 + 2.7 + 10.S) + (1.3) - (2.7 + g.~.+4;$~.. '. .... . ... 
th Clock (max) + Reg h - Logic ..•••••••••••..•• ,......... . ..•••••••• ;; ••••••••••... :.: .. >:: .•..... > 

(tiobp + tgrp4 + tptck(max .. »)~(tg.r)i.(!iOb·P;..fgrp4 + t20ptxor) 
(#20 + #28 + #44) + (#:}~). - (#20 +'1,1.28 +495) 

5.3 ns = (2.7 + 2.7 + 9.9) + (S.q)~(4.7 + 2.7i 'i<iQ.§)i 

tco = Clock (max) + Re9'+.p~ipl.l!} :)" 
= (tiobp + tgrp4.*~!'i~~m.ax.· l) +€tq;96) + (torp + lob) 
= (#20 + #28 t#44)+'<1t4q) + Vt45 + #47) 

25.3 ns = (2.7 +2. 7 *:s<~) i:(?ijt{3~~44.0) 

De~~~~;~~~~. Cl>Ck GLO 

./~(ti?b. e +tg~P:~+t20ptxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min») 
./;;;.(#20 +1.28+.#35) + (#38) - (#50 + #40 + #52) 

'b1 ns·<;, (2.,7 + 2):¥io.S)+ (1.3) - (S.O + 2.7 + 1.3) 

th/ •... ~/¢IOCk (~~x) + Reg h -Logic 
• .. (t9,YO(max) + tgco + tgcp(max») + (tgh) - (tiobp + tgrp4 + t20ptxor) 
= «#50 + #40 + #52) + (#39) - (#20 + #28 + #35) 

5.3 ns =·tS.O + 2.7 + S.S) + (S.O) - (2.7 + 2.7+ 10.S) 

tco = Clock (max) + Reg co + Output 
= (tgyO(max) + tgco + tgcp(max») + (tgco) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

25.3 ns = (S.O + 2.7 + S.S) + (2.7) + (3.3 + 4.0) 

5-73 9/92. Rev. A 

• 



~~~Lattice 
• •••••• •••••• •••••• 

Specifications ispLSl1032/883 

Programming Voltage Timing Specifications 

CONDITION MIN. TYP. MAX. UNITS 

4.5 5 5.5 V 

ispEN-Low 50 100 rnA 

2.0 Veep v 
0 - .. ,">,.6,8 V 

',,-:. 196"' 
IOH'" -3.2 rnA 2.4 .; . ..: .. )::~:.;.«. 

~ ", ~?q,l :,}'O.5 
t--:-----+------'---------+------,-;?'-« ~ \/"1(/' 05 

..... ;:. . \ • ..&~ • • 

5-74 

"'<2Op 
,,·.¥cc'~,·, '~:~. 

100 

jiA 

v 

IJS 

IJS 

rns 

rns 

9/92. Rev. A 



~~~lattice 
•••••• •••••• •••••• 

Specifications ispLSI1 0321883 

Figure 3. Timing Waveforms for In-System Programming 

ispLSI Pins are 3-Stated During Programming 

Unused ~?2Z~~...!:!.!..:.!...-----------------;~t+-Output L. 

MODE _____ -+ __ -' 

SOl -----~----_4--------------~~~~~ 

SCLK ___ -+ __ -' 

SDO Valid 

Flgu,. 4. Program, Verify & Bu'k Erase WfNff~ ~ ", 
{~~~:;~~t~;~(~~::ram, Verify or Bulk Erase Instruction) ------...... 

MODE 

tpwp, Thew, or tpwv 

SOl 

SCLK __ + .. ~i7 

~) 
.. ( .•.•................... 

, __ ----J/ ''---

5-75 9/92. Rev. A 
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Pin Description 

Name 

I/O 0 -I/O 3 
I/O 4 -I/O 7 
I/O B - 1/0 11 
I/O 12 -110 15 
1/016 -110 19 
110 20 - 110 23 
110 24 - 110 27 
110 2B - 110 31 
110 32 - 110 35 
110 36 - 110 39 
110 40 - 110 43 
1/044 -I/O 47 
110 48 - 110 51 
110 52 - 110 55 
110 56 - 110 59 
110 60 - 110 63 

IN 4 -IN 7 

ispEN 

SDI/IN 0 

MODE/IN 1 

SDO/IN2 

SCLKlIN 3 

RESET 

YO .,"',i .. ' .... · .. ""',·,",····""·,:·,,,,' 

Yl''''''''''''' 

Y2 

Y3 

GND 
VCC 

PGA Pin Numbers Description 

Fl, Hl, 
Kl, J2, 
K3, L2, 
L4, J5, 
L7, K7, 
KB, L9, 
L11, Kl0, 
Jll, Hl0, 
E9, 011, 
811, Cl0, 
89, Al0, 
AB, 86, 
A5, 85, 
84, A3, 
Al, 82, 
Cl, 02, 

El0, C7, 

G3 

G2 

K6 

J7 

~'16·"""""""'··""';;·" 

G1'",:(i 
'·'·',/ •• :.~.~.'." •••. ,.".i'· 
"""":e~"~""'" 

G9 

Gll 

H2, 
L 1, 
L3, 
K5, 
L6, 
L10, 
Jl0, 
Hll, 
010, 
All, 
A9, 
87, 
C5, 
A2, 
C2, 
01, 

A6, 

Jl, 
K2, 
K4, 
L5, 
LB, 
K9, 
Kll, 
FlO, 
Cll, 
810, 
8B, 
A7, 
A4, 
83, 
81, 
E3 

E2 

.·/:~r;:: 
::;" 

'~::" 

Input/Output Pins -These are the general purpose 110 pins used by the 
logic array. 

Inputf6~di~t~al!1-sy,~t~'programming enable input pin. This pin 
is brOught low"to ei'i~llii'''the programming mode. The MODE, SOl, 
SDq'~(1dSYLK~pti9'hs become active. 

"""'l j~ p'in,pj1orms two functions. It is a dedicated input pin when 
,,'i~p"!ilicJ~igh. When ispEN is logic low, it functions as an input 
'"",pi~1QJoad,Pt~ramming data into the device. SOl/IN 0 also is used as 

Of.1,~"<!f1tlQ;'two control pins for the isp state machine. 
"", /""""""',:)r'his pin performs two functions. It is a dedicated input pin when 

':' ,,' c.pntroi~~~~~e~~t~~:'~~~~~~~~t~~~o~~c~~~.it functions as a pin to 

'\ '" "~to f~put/Output - This pin performs two functions. It is a dedicated input 

"":::",, / ~~ :U~;~ti~rnEt~ ~e~~~e~I~lh~~h~:g:~re~~~~~~9iC low, it functions as 

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. 

Active Low (0) Reset pin which resets all of the GL8 and 110 registers 
in the device. 

Dedicated Clock input This ciock input is connected to one of the 
clock inputs of all of the GL8s on the device. 

Dedicated Clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GL8 on the 
device. 

Dedicated Clock input This clock input is brought into the clock 
distribution network, and can optionally be routed to any GL8 andlor 
any 110 cell on the device. 
Dedicated Clock input This clock input is brought into the clock 
distribution network, and can optionally be routed to any 110 cell on the 
device. 

C6, F3, F9, J6 Ground (GND) 

Vee F2, Fll 
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Pin Configuration 

IspLSI10321883 PGA Pinout Diagram 

Specifications ispLSl103218B3 

PINA1 

I 
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Package Diagram 

I-- 1.088 sa --I I 1.180 I 

Part Number Description 

Specifications ispLSI1 0321883 

84-Pln PGA 

Dimensions in inches MIN.lMAX. 

0.070 
0.145 
0.160 
0.200 

~:~~~ DIA. 
&-+--

0.080 MAX. DIAMETER 

ispLSI 1032 XX 
..••. ~ ••. ? .. :~ .. \ •... ~ •• 

::::~~~T :::~ .. fflaMaa Pm,"~ ::: :::':,----=r ______ T-l ...................... / .. 

Speed 
60 = 60 MHz fmax 

Ordering Information 

··.t~ (n6) 

G = 84-Pin PGA 
'---------Power 

L= Low 

Ordering Number Package 

20 ispLSI 1032-60LGf883 84-Pin PGA 
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Features 

• IN-SYSTEM PROGRAMMABLE HIGH-DENSITY LOGIC 
- MIL-STD-883 Version of the ispLSl1048 

ispLS/7M 10481883 
in-system programmable Large Scale Integration 

High-Density Programmable Logic 

Functional Block Diagram 

- Fully Compatible with Lattice's pLSp'M Military Family 
- High-Speed Global Interconnects 
- 96 110 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 = 50 MHz Maximum Operating Frequency 
- tpd = 24 ns Propagation Delay 
- TTL Compatible Inputs and Outputs 

• IN-SYSTEM PROGRAMMABLE (5-VOL T ONLY) Description 

- ~~~~~~09iC and Interconnects "on-the-fly" in Th~,"~~k;,e:::rvttL"SToJ~; ispLSI 1048 is a High-Density 

_ Reprogram Soldered Device for Debugging .Wogi'Q.l11maqleJ,.Qgic Device featuring 5-Volt in-system 
- Non-Volatile E2CMOS Technology,,"ptbgraihmabl!~yafid in-system diagnostic capabilities. The 
-100% Tested;: .... ·'d~viC~ .. contaifts288 Registers, 96 Universal 1/0 pins, ten 

• COMBINES EASE OF USE AND THE FAST SYSTEM\.\" .. D~d!cai~Jnput pins, four Dedicated Clock Input pins and 
SPEED OF PLDs WITH THE DENSITY AND FLEX,.,'·'·'&,(3lobc;lVRouting Pool (GRP). The GRP provides com
IBILITY OF FIELD PROGRAMMABLE GATE ARRAY$.. ."' .. ·p.l$eil'iterconnectivity between all of these elements. It is 

- Complete Programmable Device can Co.lJIblii~ (il~':: .. Jt\e'first device which offers non-volatile "on-the-fly" 
Logic and Structured Designs ."'" .. " .. "'". ·····:)reprogrammability of the logic, as well as the interconnects = ~~~~o ~~~:~!~ ~il:C~i~~~tt~:~:~> . "<,'",."t", ~~~~::~t~~:~~:~~~::~~~:sp~~~ ~r~~~~r~~ = ~~~~;:~~~;I:~:~:~~chr~1~~ e~~kS·"; ;:;,0" vice, but multiplexes four of the dedicated input pins to 

_ Optimized Global RoutirU'PoQt~liOwsClIOf,Jaj control in-system programming. 

Interconnectivity ."i .i'" .. ·· .. ) .. 0",.. The basic unit of logic on the ispLSI1 048/883 device is the 

• pLSllispLSI DEVELOPMEtfT SY~TS~ (poSTM) Generic Logic Block (GLB). The GLBs are labeled AO, A1 

~5J~~~ ~~[~~~~ 
- Indi}~rYS\'hdard, Third Party Design other GLB on the device. 

Envir~~fJ.1~nts 
- 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, PCMOS and UhraMOS are registered trademarks of Lattice Semioonductor Corp. pLSI, ispLSI, pOS, pDS+ and Generic Array Logic are 
trademarks of Lattice Semiconductor Corp. The specifications and information 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) 
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Specifications ispLSl10481883 

Absolute Maximum Ratings 1 

Supply Voltage Vee .................... -0.5 to +7.0V 

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

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

Storage Temperature .................. -65 to 150°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 /:::!-' \ •. , 

", -.;~\~::/\ ... " " 

Tc Case Temperature ~?':'V:"~-'" :i\~,{"\. ·· ......... · ...... ~f~;.f'.;.-:-··l;· 
VCC Supply Voltage 

.(..-

.<:4~·,·:\\:..· "':~ ... <\~";~ . .::.?l> 

VIL 
i' 

===\ .. 
... .;.-.:.~.;..:J . 

Input Low Voltage /~ "::'. 'v~V :-

VIH Input High Voltage '\~~~ . .;.-:::, . i #4~ 
~~~. '''''i¥ 

Capacitance (TA=25°C. f=1.0 MHz) 

MAXIMUM1 

10 

10 

Data Retention Specifications 

.... 

PARAMETe$/ MINIMUM 

Data Retention (at 55"C) 20 

EraselReprogram Cycles -

5-80 

MIN. MAX. UNITS 

-55 +125 ·C 

4.5 5.5 V 

0 0.8 V 

2.0 Vcc+ 1 V 

UNITS TEST CONDITIONS 

pf 

pf 

MAXIMUM UNITS 

- YEARS 

1000 CYCLES 

9/92. Rev. A 



iiiLattice 
•••••• •••••• •••••• 

Switching Test Conditions 

Input Pulse Levels 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Timing Reference Levels 

Output Load 

GNDto3.0V 

s 3ns 10% to 90% 

1.5V 

1.5V 

See Figure 2 

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

OUtput Load COnditions <see figure 2) 

3 

Specifications ispLSl10481883 

Figure 2. Test Load 

+5V 

Device -----...... ----:<""11-'"-+-. 
Output 

1. One output at a time for a maximum duration of one second (25'C only). 
2. Measured using twelve 16-bit counters. 
3. Typical values are at Vee = ~V and T c = 25°C. 

5-81 9192. Rev. A 
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Specifications ispLSl10481883 

External Timing Parameters 

Over Recommended operating Condhlons 

TESTS tI DESCRIPTION1 
·50 

PARAMETER UNITS COND. MIN. MAX. 
tpd1 1 1 Data Propagation Delay, 4PT bypass, ORP bypass ""."'. L f 24 ns 

tpd2 1 2 Data Propagation Delay, Worst Case Path f ~;.-~1 30.7 ns 

fmax 1 3 Clock Frequency with Internal Feedback3 .f'/ "'m - MHz 

fmax (Ext.) - 4 Clock Frequency with External Feedback (i0u2~'.o'i) .. * .. «.¥ .......... :~.\ .. "!3!! \d"" , .. j' MHz 

fmax (Tog.) - 5 Clock Frequency, Max Toggle4 {ol-:':.-' \ .... L 7t~ '.~.:.",y- MHz 

tsu1 - 6 GLB Reg. Setup Time before Clock, 4PT bypass t/,,<,< ·· .. i·f. ..... .:.. .. ;;:::. 1"1 - ns 

tco1 1 7 GLB Reg. Clock to Output Delay, ORP bypass ';''',...,. ",<, ...... ·i'· - 16 ns 

th1 - 8 GLB Reg. Hold Time after Clock, 4 PT bypass \ .... O:-';''l: ... : .. :-..~-> 0 - ns 

tsu2 - 9 GLB Reg. Setup Time before Clock /"( \. \fj~*~~ .f"' 16 - ns 

!co2 - 10 GLB Reg. Clock to Output Delay "'-'" "\.. \ \"i'»'w - 18.7 ns .. 
th2 - 11 GLB Reg. Hold Time after Clock L '.{': .(-'$.!' ,",.f' 0 - ns 

tr1 1 12 Ext. Reset Pin to Output Delay /<'/ '\. " H«v.<.,« .. - 22.7 ns ~ ...... 

trw1 - 13 Ext. Reset Pulse Duration ·4>" "", . ~\~ .. ;;~? 13 - ns 

ten 2 14 Input to Output Enable ",/' "', ............ \:;:-~;..;<t.p';'- - 26.7 ns 

!dis 3 15 Input to Output Disable .... ~") /' - 26.7 ns 

twh - 16 Ext. Sync. Clock Pulse D.,~~ion,' .' ;/' 7 - ns 

twl - 17 Ext. Sync. Clock Pul~~ralit;i~1.! \·V· 7 - ns 

tsu5 - 18 1/0 Reg. Setup Till{.4..qef(fr,.Ext:,,~block (Y2, Y3) 2.7 - ns 

th5 - 19 1/0 Reg. Hold..Jime afte~~~tlock (Y2, Y3) 8.7 - ns 
h , <. 

1. Unless noted otherwise. all parameter 
2. Refer to Timing Model in this date s 
3. Standard 16-Bit loadable oounter . 

'. ~jl9CBs. 20 PTXOR path. ORP and YO clock. 

4. fmax (Toggle) may be less 
5. Reference Switching Test 9. 

-<>::~~ .. 

~ "'""""';". ·'····~' .. :::~··»>mj .. 
-:i' '\'o!:\., ... ;;-,~. 

~~V 
<./'« 
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Specifications ispLSl10481883 

Internal Timing Parameters1 

PARAMETER II DESCRIPTION 

Inputs 
tiobp 20 I/O Register Bypass 

tiolat 21 110 Latch Delay 

tiosu 22 I/O Register Setup Time before ClocK 

tioh 23 I/O Register Hold Time after Clock 

tioco 24 I/O Register Clock to Out Delay 

tior 25 110 Register Reset to Out Delay 

tdin 26 Dedicated Input Delay 

GRP 
tgrp1 27 GRP Delay, 1 GLB Load 

tgrp4 28 GRP Delay, 4 GLB Loads 

tgrp8 29 GRP Delay, 8 GLB Loads 

tgrp12 30 GRP Delay, 12 GLB Loads /'::"'\.\'~~ .... " .• "\ 
tgrp16 

tgrp48 

GLB 
t4ptbp 

t1ptxor 

t20ptxor 

txoradj 

tgbp 

tgsu 

tgh 

tgco 

tgr 41/' .::.~ aegi8tG{. R~~ to Output Delay 

tptre ""k ··st:li.prodtlci,ierm Reset to Register Delay 

tptoe.,/··Y'···43~·· \GLe.·e:;~dad Term Output Enable to I/O Cell Delay 

torp .""'1. 4§"'" ORP Delay 

torpbp'k'4s ORP Bypass Delay 

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. 

5-83 

-50 
I-:-::::-:-r:-:-:::::-i UNITS 
MIN. MAX. 

.::~. 

,/: f 4.0 ns 

3.3 ns 

4.0 ns 

5.3 ns 

6.7 ns 

8.0 ns 

21.3 ns 

8.6 ns 

9.3 ns 

10.0 ns 

12.7 ns 

1.3 ns 

2.0 ns 

8.0 ns 

3.3 ns 

3.3 ns 

13.3 ns 

11.9 ns 

4.6 9.9 ns 

4.7 ns 

2.0 ns 

9/92. Rev. A 
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Specifications ispLSl10481883 

Internal Timing Parameters1 

PARAMETER i DESCRIPTION 

Outputs 
tob 47 Output Buffer Delay 

toen 48 liD Cell DE to Output Enabled 

todis 49 liD Cell DE to Output Disabled 

Clocks 
tgyO 50 Clock Delay, YO to Global GLB Clock Line (Ref. clock) 

tgy112 51 Clock Delay, Y1 or Y2 to Global GLB Clock Line 

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

tioy213 53 Clock Delay, Y2 or Y3 to I/O Cell Global Clock Line 

tiocp 54 Clock Delay, Clock GLB to liD Cell Global Clock Line 

Global Reset 
tgr 55 Global Reset to GLB and liD Registers 

5-84 

·50 
r----r-..,UNITS 
MIN. MAX. 

5.3 8.0 ns 

1.3 6.6 ns 

10.6 ns 
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Specifications ispLSl10481B83 

ispLSI 1048883 Timing Model 

I/O Cell GRP GLB ORP I/O Cell 
_-~"' ..... -_,~~.-____ ~-r--"" _____ ... ~r * 

Feedback 

Dad.lnr--=---r--------, 

~d ",,' 

':u _ A~~V 
Derivations of tau, th and tco from the Product Term",~ "<'\\\)':'~} 

tsu = Logic + Reg su - Clock (min) /';>'" "'" "4··V· 
(tiobp + tgrp4 + t2optxor) + (tgsu) - (t~bP\tgrp¢·* tp~j.¢~) 
(#20 + #28 + #35) + (#38) - (#20 + #~i>"~.)\'\" .;",<> "·'."]V . <-.;., -:: ;:.o)~ .. ~/' 

7.4 ns = (4.0 + 4.0 + 10.0) + (2.0) - (4.0 + 4. ". "\ .;) Jl' 
th a Clock (max) + Reg h - Logic ,If .. " 

(tiobp + tgrp4 + tptck(max) q; ... (tQ 
(#20 + #28 + #44) + (#3!!) - (#20· 

7.9 ns = (4.0 + 4.0 + 9.9) + (8.0pi·~.0 + 4.0, . ' .. , ; 
teo = Clock (max) + Re "",au 1 \ 

= (tiobp + tgrp4 -1;" •. ,_ • "e« . + (torp + lob) 
= (#20 + #28 +,tt4~).f{~~h #47) 

29.9 ns = (4.0 + 4.0 t,"9 .. 9) +,(8.3}+,{4 .0) 
-:. ..:~ ... ~::~:::.. 1:.,::,~""~):; ... lJ 

Derivations of t .. :'.t!I ai"i!!d t"C9 ffbtft'ihe Clock GlB 
tsu =!.4il* ~~O" .'. -"(min) 

.,:, ... ".,.:~.~(~~ +t{iip(~, .. Optxor) + (tgsu) - (tgyO(min) + tgco + tgcp(min) 
.f:,.., ... (#ai··"'.f#28'·.1{j5) + (#38) - (#50 + #40 + #52) 

~7'~~~ "14/ + 4':9, ";,,,rti.O) + (2.0) - (6.7 + 3.3 + 1.3) 
.. : .... ';;., ........ ,', ..... : ... 

tft·'· .'\. =., Clock (max) + Reg h - Logic 
""~t max) + tgco + tgcp(max) + (tgh) - (tiobp + tgrp4 +. t20ptxor) 

=<':~. + #40 +#52) + (#39) - (#20 + #28 + #35) 
6.6 ns = ·'·'(G.7 + 3.3 + 6.6) + (8.0) - (4.0 + 4.0 + 10.0) 

teo = Clock (max) + Reg co + Output 
= (tgyO(max) + tgco + tgcp(max) + (tgco) + (torp + tob) 
= (#50 + #40 + #52) + (#40) + (#45 + #47) 

28.6 ns = (6.7 + 3.3 + 6.6) + (3.3) + (4.7 + 4.0) 

5-85 9192. Rev. A 
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Specifications ispLS/ 10481883 

Programming Voltage Timing Specifications 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VCCP Programming Voltage· 4.5 5 5.5 V 

Iccp Programming Supply Current ispEN .. low 50 100 mA 

VIHP Input Voltage High 2.0 ifc"" . .< qcp V 

VllP Input Voltage low 0 - .. ~-:.<-:~: :/"'P$ V 

liP Input Current Jq:o ·····'··"2"ob .. IlA 
VOHP Output Voltage High IQH- -3.2mA 

VOlP Output Voltage low 10l= 5 mA 

trot! Input Rise and Fall 

tisp ispEN to Output 3-State 

tsu Setup Time 

teo Clock to Output 

th Hold Time 

tclkh, tclkl Clock Pulse Width, High and low 

tpwv Verify Pulse Width 20 30 
tpwp Programming Pulse Width 40 100 ms 

tbew Bulk Erase Pulse Width 200 ms 

trst Reset Time From Valid Vccp 
'~'~ .. , 45 
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Specifications ispLSl1 0481883 

Figure 3. Timing Wavefonns for In-System Programming 

ispLSI Pins are 3·Stated During Programming 

Unused ~~~22~~~:!----------------------------------~~$ Output" 

MODE ____ ;-_..J' 

SOl ______ +-____ ;-__ ~--------~~~~ 

SCLK ______ +~---' 

SOO Valid 

... .I<:y.~.< ... ~......... ,;;;.-;;~~:;.-;;.,.,,,.,.;t.' .. ~~:~ 
.(-=-:..... .~................. ............ .~~> .. "-.-.. 

: .. *' 
Figure 4. Program, Verify & Bulk Erase wav,sims. 'x:, ,,<\'··"':;~f.f<· 

,.:::>(>.<~>/'~ ......... v.-•• :.-;. .~\;:~:.(./':. 
f:: 8; ~{Program, Verify or Bulk Erase Instruction) .r--------'"'IJ -.~_::;.);.~1~l:-.... ';O 

~~~---------------'I 

VIL 

MODE 

tpwp. tbew. or tpwv 
SOl 

SCLK ,----/ ''---

5-87 9192. Rev. A 
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Pin Description 

Name PGA Pin Numbers 
1/0 0 - 1/0 5 J2, J3, K1, L 1, K2, M1, 
110 6 - 1/0 11 L2, K3, N1, M2, L3, P1, 
110 12- 1/0 17 M3, P2, N3, M4, P3, N4, 
110 18 - 110 23 P4, M5 N5, P5, M6, N6, 
11024-1/029 N9, M9, P10, P11, N10, P12, 
1/030-11035 N11, M10, P13, N12, M11, P14, 

Specifications ispLS/ 10481883 

Description 
Input/Output Pins -These are the general purpose 110 pins used by the 
logic array. 

1/036 -110 41 M12, N14, M13, L 12, M14, L 13, / 
11042 -110 47 L14, K12, K13, K14, J12, J13, ",. 

~i~~~ ~~~~~~~~~~tif _ ~ 
110 78 - 110 83 B4, C5, A2, 83, C4, A 1, ( ""'" ,~,,/' 
110 84 - 110 89 C3, 91, C2, D3, C1, 02, t "0"""""",,/'0/" 

r-1~/0~9_0_-_11O __ 9_5-r=D~1,~E_3~, __ E_2~, __ E~1, __ F_3~, __ F_2-1~~~~~~~~~~_\~\+:v ~#.~J?~~~ __ ~~~~ 
IN 4 P9 Dedicated input pins >tt:t~,~ev~e .,' nd IN 9 not available) 
IN6-IN11 F14 A9 A8 A6 F1 ,w«m''''m,\''''\, \ """} 

ispEN H2 Input - Dedi~A i'l~y,stem pr~ming enable input pin. This pin 
is brought ~:'fo'~'iiI?le~lliioprogramming mode. The MODE, SOl, 

SDIIINO J1 

MODE/IN 1 P6 

SDOIIN 3 P8 

SCLKlIN 5 J14 

YO 

Y1 

GND B2, B8, 
M8, N2, 

VCC B7, C7, 
M7, N7 

NC A7, P7 

SOD an t~ optl me active .. 
In pl,n p~or unctions. It is a dedicated input pin when 

gic'R4Jh: EN is logic low, ~ functions as an input 
, ogrltlJl . g data into the device. SDIIIN 0 also is used as 

/..-ooe ~ol pins for the isp state machine. 
«,.f': "'d iryjerforms two functions. It is a dedicated input pin when 

"",,),,' '\k.", ~ "high. When ispEN is logic low, it functions as a pin to ,« '>~\, CQ,~et~opera~ion.of the isp state mac~ine.. . 
." "'\ ' • ."Inpi)tlpotput - ThiS pm performs two functions. It IS a dedICated clock 

"f'" "\ "lIsp~in when ispEN is logic high. When ispEN is logic low, it functions 

~\l ~~j~~5F.~=!~:;;=~~~: 

B13, C8, H3, H12, 
N8, N13 
G2, G3, G12, G13, 

Active Low (0) Reset pin which resets all of the GLB and 110 registers 
in the device. 
Dedicated Clock input. This clock input is connected to one of the 
clock inputs of all of the GLBs on the device. 
Dedicated clock input. This clock input is brought· into the clock 
distribution network, and can optionally be routed to any GLB on the 
device. 
Dedicated clock input. This clock input is brought into the clock 
distribution network, and can optionally be routed to any GLB andlor 
any 110 cell on the device. 
Dedicated clock input. This clock, input is brought into the clock 
distribution network, and can optionally be routed to any 110 cell on the 
device. 
Ground (GND) 

These pins should be left floatinQ" never connect these pins to ground. 
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Pin Configuration 

ispLSI 1048/883 PGA Pinout Diagram 

14 13 12 11 10 9 8 

Specifications ispLSl1 0481883 

7 8 5 4 3 2 PINA1 
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Package Diagram 

r-- 1.390 80-1 
I 1.480 I 

Part Number Description 

Ordering Information 

Specifications ispLSl10481883 

132·Pln PGA 

Dimensions in inches MIN.IMAX. 

0.070 
iiT46 
Qj§Q 
0.200 

5-90 
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Package Thermal 
Resistance 

The following table provides information on the package 
thermal resistance of Lattice pLSI and ispLSI Commercial 
and Industrial grade devices. For information on the 
package thermal resistance of Lattice Military grade 
devices, please refer to MIL-STD-1835. 

Package Thermal Resistance 

Commercial/Industrial Grade Devlcea 

Package Device Type 

44-pin PLCC 
pLSI1016 

ispLSI1016 

68-pin PLCC 
pLSI1024 

ispLSI1024 

84-pin PLCC 
pLSI1032 

ispLSI1032 

120-pin PQFP pLS11048 
ispLS11048 

6-1 

Testing was performed per SEMI TEST METHOD 008-
87: "Still and Forced-Air Junction to Ambient Thermal 
Resistance Measurements of IC Packages" with devices 
mounted on a thermal test board conforming to SEMI 
SPECIFICATION G42-88: Thermal Test Board 
Standardization for Measuring Junction-to-Ambient 
Thermal Resistance of Semiconductor Packages". 

9JA 9JC 

50° C/W 16° C/W 

45°C/W 13° C/W 

42°C/W 12°C/W 

55°C/W 18° C/W • 



LATTICE SALES OFFICES 

~ .IAfAH lattice Semiconductor MINNESOTA 
Lattice Semconductor Lattice SemiConductor cartsbad Pacific Ctr. One lattice Semiconductor 
Les Bureaux de saYres N Bld9F 701 Palomar Airport Rd. 3445 Washington Dr. 
72-78, Grand Rue 2-28-3, Higashl-Nihonbashl 3rd Floor SUite 105 
92310 savres Chuo-ku, Tokyo 103 Carlsbad, CA 92009 Eagen, MN 55122 
TEL: (33) 1 45 3410 10 TEL: 813-5820-3533 TEL: (619) 931-4751 TEL: (612) 888-8747 
FAX: (33) 1 46 26 71 36 FAX: 813-5820-3531 FAX: (619) 431-1821 FAX: (612) 888-8746 

GERMANY UHIIED KlHgggM gEOBCilA HEWoIEBIEY 
Lettice Semconductor lattice Semiconductor lattice Semiconductor lattice Semiconductor 
Hanns-Braun-Str. 50 Castle HOI House 3091 Governors Lake DrIve TEL:' (201) 744-5908 
8056 Neufahm bel MOnchen Castle HHI BuHdlng 100, Suite 500 FAX: (201) 509-9309 
TEL: 08165-652-45 Windsor Norcross, Georgia 30071 
FAX: 08165-652-49 Berkshire SL4 1 PO TEL: (404) 448-2930 0BmmI 

TEL: 753-830-842 FAX: (404) 416-7404 Lattice Semiconductor 
HOHgKOHg FAX: 753-833-457 TEL: FAE - (404) 416-!l679 5555 N.E. Moore Ct 

Lattice Semiconductor Hillsboro, OR 97124 
2802 Admiralty Centre, Tower 1 HQBIH AMEB~A MASSACHUSETTS TEL: (503) 780-6771 
18 Harcourt Road Lettice Semiconductor FAX: (503) 692-1443 
Hong Kong CAUFOBHIA 67 S. Bedford Sl 
TEL: (852) 529-0356 Lattice Semiconductor Suite 400 West IEXA& 
FAX: (852) 866-2315 4000 Burton Drive Burlington, MA 01803 Lattice Semiconductor 

Santa Clara, CA 95051 TEL: (617) 229-5819 100 Decker Ct 818. 280 
TEL: (408) 980-7878 FAX: (617) 272-3213 Irving, TX 75062 
FAX: (408) 980-0839 TEL: (214) 650-1236 

FAX: (214) 650-1237 

NORTH AMERICAN SALES REPRESENTATIVES 

ALABAMA Earle Associates gEOBWA MABYLMID 
CSR Electronics, Inc. 7585 Ronson Rd. #200 CSR Electronics, Inc. Deltetronics 
303 Williams Avenue San Diego, CA 92111 1651 Mt. Vemon Rd. # 200 24048 Sugar Cane Ln. 
Ste.931 TEL: (619) 278-5441 Atlanta, GA 30338 Gaithersburg, MD 20882 
Huntsville, AL 35801 FAX: (619) 278-5443 TEL: (404) 396-3720 TEL: (301) 253-0615 
TEL: (205) 533-2444 FAX: (404) 394-8387 FAX: (301) 253-9108 
FAX: (205) 536-4031 C()L()BADO 

Waugaman Associates ILLIHQI.I MASSACHUSETTS 
ABImHA 4800 Van GordQn Heartland Tech Mktg. Comp Rep Associates 
SUmmitSaies Wheat Ridge, CO 80033 1615 Colonial Pkwy. 100 Everett Street 
7802 E. Gray Rd. #600 TEL: (303) 423-1020 Inverness, IL 60067 Westwood, MA 02090 
Scottsdale, AZ. 85260 FAX: (303) 467-3095 TEL: (708) 358-6622 TEL: (617) 329-3454 
TEL: (602) 998-4650 FAX: (708) 358-7660 FAX: (617) 329-6395 
FAX: (602) 998-5274 COHHECTJClJI 

Comp Rep Associates JQWA M~HlgAH 
CAUFOBHIA 60 Connolly Pkwy. Sian ClothIer Company Greiner & Associates 
BagerElectronics Bldg. 12 Suite 210 1930 Sl Andrews, N.E. 15324 E. Jefferson Ave. 
17220 Newhope St. #209 Harnden, CT 06514 Cedar Rapids, IA 52402 Grosse Pointe Palll, MI 48230 
Fountain Valley, CA 92708 TEL: (203) 230-8369 TEL: (319) 393-1576 TEL: (313) 499-0188 
TEL: (714) 957-3367 FAX: (203) 23CJ:.8394 FAX: (319) 393-7317 FAX: (313) 499-0665 
FAX: (714) 546-2654 

.E.LQBIDA .IWt&A& MIHHESOIA 
Bager Electronics Sales Engineering Concepts Sian Clothier Company Stan Clothier Company 
6324 Variel Ave. #314 776 S. MIHtery Trail 815 CIaIrborne, Ste. 275C 9600 W. 76th St., 818. #A 
Woodland Hills, CA 91367 Deerfield Beach, FL 33442 Olathe, Kansas 66062 Eden Prairie, MN 55344 
TEL: (818) 712-0011 TEL: (305) 426-4601 TEL: (913) 828-0073 TEL: (812) 944-3456 
FAX: (818) 712"()160 FAX: (305) 427-7338 FAX: (913) 829-0429 .FAX: (612) 944-6904 

Criterion Saias Sales Engineering Concepts 
3350 Scott Blvd, BIdg.44 600 S. Norhtlake Blvd. #230 
Santa Clare, CA 95054 Altamonte Spgs, FL 32701 
TEL: (408) 988-8300 TEL: (407) 83CJ:.8444 
FAX: (408) 986-9039 FAX: (407) 830-8684 
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MISSOURI QHIQ ~ PUERTO RICO 
Stan Clothier Company Makin & Associates West Associates Sales Engineering COncepts 
3910 Old Highway 94 South 3165 Lynwood Rd. 4615 Southwest Fwy #720 Condo. Buena Vista 
Suite 116 Cincinnati, OH 45208 Houston, TX 77027 Urb. Mercedlta 
SI. Charles, Me 63304 TEL: (513) 871-2424 TEL: (713) 621-5983 Local Commercial C-l 
TEL: (314) 928-8078 FAX: (513) 871-2524 FAX: (713) 621-5895 Ponce, P.R. 00731 
FAX: (314) 447-5214 TEL: (809) 841-4220 

Makin & Associates West Associates FAX: (809) 259-7223 
NEW JERSEY 6400 Riverside Dr. Bldg. A 9171 capita! of Texas Hwy. 
Technical Marketing Group Dublin, OH 43017 North Houston Bldg. #120 
175-3C Fairfield Ave. TEL: (614) 793-9545 Austin, TX 78759 ~ 
West Caldwell, NJ 07006 FAX: (614) 793-0256 TEL: (512) 343-1199 
TEL: (201) 226-3300 FAX: (512) 343-1922 ALBERTA 
FAX: (201) 226-9518 Makin & Associates Dynasty Components 

32915 Aurora Ave. #270 West Associates Calgary, Alberta 
NEW YORK Solon, OH 44139 801 E. campbell Rd. #350 TEL: (403) 686-2362 
Technical Marketing Group TEL: (216) 248-7370 Richardson, TX 75081 FAX: (403) 686-2364 
20 Broad Hollow Rd. FAX: (216) 248-7372 TEL: (214) 68()"2800 
Melville, NY 11747 FAX: (214) 699-0330 IBIII~tI ~QI.UMaIA 
TEL: (516) 351-8833 QKLAtlQMA Dynasty Components 
FAX: (516) 351-8667 West Associates 1ITAH Vancouver, British Columbia 

9717 E. 42nd SI. #125 Waugaman Associates TEL: (604) 597-0068 
Tri-Tech Electronics Tulsa, OK 74146 876 East Vine SI. FAX: (613) 723-8820 
300 Main SI. TEL: (918) 665-3465 Murray, UT 84107 
E. Rochester, NY 14445 FAX: (918) 663-1762 TEL: (801) 261-0802 QtITAB!Q 
TEL: (716) 385-6500 FAX: (801) 261-0830 Dynasty Components 
FAX: (716) 385-7655 QBEQQlt 174 CoIonade Rd. S. 

Components West ll!B.G!NIA Unit 21 
Tri-Tech Electronics 16300 SW Hart Rd. Deltatronics Nepean, Ontario 
14 Westview Dr. Suite G 6040 Knights Ridgeway Canada, K2E 7J5 
Fishkill, NY 12524 Beaverton, OR 97007 Alexandria, VA 22310 TEL: (613) 723-0671 
TEL: (914) 897-5611 TEL: (503) 642-9110 TEL: (703) 971-1733 FAX: (613) 723-8820 
FAX: (914) 897-5611 FAX: (503) 642-9592 FAX: (703) 971-1343 

Dynasty Components 
Tri-Tech Electronics ~EtU~~YLllAHIA WASHIHGIQH T oronlo, Ontario 
6836 E. Genesee SI. Deltatronics Components West TEL: (416) 672-5977 
Fayetteville, NY 13066 921 Penllyn Pike 4020 146th Ave. NE FAX: (613) 723-8820 
TEL: (315) 446-2881 Blue Bell, PA 19422 Suite A 
FAX: (315) 446-3047 TEL: (215)641-9930 Redmond, WA 98052 ~ 

FAX: (215) 641-9934 TEL: (206) 885-5880 Dynasty Components 
NQBIH !::ABQUHA FAX: (206) 882-0642 Montreal, Quebec 
CSR Electronics, Inc. IENNESSEE TEL: (514) 843-1879 
5848 Faringdon Place, Ste. 2 CSR Electronics, Inc. WISCQHSIH FAX: (514) 694-6826 
Raleigh, NC 27609 Grand Union Bldg. Heartland Technical Mktg. 
TEL: (919) 878-9200 406 Union Ave. 350 Bishops Way 
FAX: (919) 878-9117 Suite 550 Brookfield, WI 53005 

Knoxville, TN 37902 TEL: (414) 789-6860 
CSR Electronics, Inc. TEL: (615) 637-0293 FAX: (414) 789-6864 
6425 Creft Cr. FAX: (615) 637-0466 
Indian Trail, NC 28079 
TEL: (704) 882-3992 
FAX: (704) 882-3999 
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INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 

AUSTRAUA DalaOis .IAeAH SINGAPORE 
RAE Industrial Elect. Ply. 3 Bls Rue Rene CassIn Ado Electronic Indust. Co. Technology Distribution 
62 Moore SI. B.P84 7th Roar, Sasage Building No.1 Syed Aiwi Rd. 1105-02 
Austirner, NSW 215 91303 Massey Cedex No. 4-6 Sotokanda Song Lin Bldg. 
TEL: (61) 42-673722 TEL: (33) 69-20 4141 2-Chorne, Chlyoda-ku Singapore 0620 
FAX: (61) 42-681075 FAX: (33) 69-20 4900 Tokyo 101 TEL: (65) 368 6065 

TEL: (81) 3-3257-2600 FAX: (65) 368 0182 
ZATEK Components, Ltd. GERMANY FAX: (81) 3-3251-6796 
1059 Victoria Road Alfalron GmbH. TLX: 7812224754 IQlJIti AEBICA 
P.O Box 397, Suite 8 S~hlgruberrlng 12 

'!" 
Multikomponent 

West Ryde, NSW 2114 8000 MOnchen 82 Macnica, Inc. Cnr. Vanacht & Gewel SI. 
Sidney, 3153 TEL: (49) 89 45110-04 Hekusan High-Tech Park lsendo 1600, P.O Box 695 
TEL: (61) 2 874-0122 FAX: (49) 89 45110 -129 1-22-2 Hakusan-cho, Midori-ku TEL: (27) 119741525 
FAX: (61) 2874-6171 TLX: (49) 5216935 Yokoharne, 226 FAX: (27) 11 392 2463 

TEL: (81) 45-939-6140 TLX: 960426905 
AWiIBIA tlQNGKONG FAX: (81) 45-939-6141 
Ing. E. Steiner GmbH. RTI Industries Co. Ltd. TLX: 78128988 .&PAIN 
Hummelgasse 14 823, 3rd Roor ATD 
A-113O Wien Proficient Ind. Centre Hakuto Co., Ltd. Avenida de la Industria 
TEL: (43) 222-8n-7474-0 6, Wang Kwan Rd. 2-29, Toranomon, 1 chome No.32,2B 
FAX: (43) 222-876-5617 Kowloon Mlnato-Ku, Tokyo 105 28100 Alcobendas 

TEL: (852) 795 7421 TEL: (81) 3-3225-8910 Madrid 
KIJIW.M FAX: (852) 795 7839 FAX: (81) 3-3597-6975 TEL: (34) 1 661-6551 
Alcom Electronics B.V.B.A. TLX: J22912BRAPAN FAX: (34) 1 661 8300 
Singal3 HmIA 
2550 Kontich Hindetron Hoei Danki Co., Ltd. &WEDEfi 
TEL: (32) 3 458-3033 23B, Industry House 6-60, 2-Chome, Nlltaka Pelcon Electronics 
FAX: (32) 3 458 3126 Mahal Industry Estate Yodogawa-Ku, Fagerstagatan 6-8 

Mahakali Ceves Rd. Osaka 532 S-163 08 Spanga 
PENMABK Andheri (Eest), Bombay 400 093 TEL: (81) 6 3941113 TEL: (46) 8 795 9870 
Dill Schweitzer TEL: (91) 812 348 266 FAX: (81) 6 398 5647 FAX: (46) 8 760 7685 
Vallensbaekvel 41 FAX: (91) 812 345 022 TLX: 5233694HOEIDK J 
Postboks 5, TLX: (91) 08452741HSPL IN SWlnliBLAtiP 
DK-2605 Brendby KQBIiA Ascom Primotec AG 
TEL: (45) 42 45 30 44 lBIiLAtIP Ellen & Company TAfernstrasse 37 
FAX: (45) 42 45 92 06 Silicon Concepts Suite 11302 llbok Bldg. CH-5405 Beden-DAttwll 
TLX: 85533257 Norebank House 1602-4 Seocho-Dong TEL: (41) 5684-0171 

Greens Hill, Kilkenny Seocho-ku, Seoul FAX: (41) 5683-3454 
EJHLAtIP TEL: (353) 56 64002 TEL: (82) 02 587 5724 TLX: 828 221 aprl ch 
Ylelselektronlikka OY FAX: (353) 56 51438 FAX: (82) 02 5851519 
Luomannotko 6, PL73 IAIWAH 
02201 Espoo Ili.BAIiL tlliTtiliBLMlDS Master Electronics 
TEL: (358) 804 521622 Unltec Alcom Electronics B.V. 16F, No.182, Sec. 2 
FAX: (358) 804 523337 Rechov Maskit 1 P.O. Box 358 Tun-Hwa South Rd. 
TLX: 857123212 Herzlia B, PO Box 2123 2900 AJ Cepalle AID Iissel Taipei 

46120 TEL: (31) 104519533 TEL: (886) 02-735-0905 
E8AtICE TEL: (972) 52 576006 FAX: (31) 104586482 FAX: (886) 02-735-D902 
Alrnex FAX: (972) 52 576790 TLX: 26160 
48 Rue de l'Aubepln6 TLX: 922341990 Score Zap Industry 
BP 102 tIQBWAY 2F, No. 26, Alley 88, Lane 91 
92164 Antony Cedex IIALY HenecoA/S Sec. 1 Nel Hu Rd. 
TEL: (33) t 4096 5400 Comprel S.R.L. Trondhelmsvelen 436 Taipei 
FAX: (33) 1 4866 6028 Viale F. Test!, 115 POBox 126 TEL: (886) 2-627-7045 

20092 Cinosello B. Kaldbakken, Oslo 9 FAX: (886) 2-659-D089 
Franelec Milano TEL: (47) 2162110 
50 Rue de L'Aubepine TEL: (39) 2-61206415 FAX: (47) 2257780 UtilIliP jgtlgpgy 
B.P.158 FAX: (39) 2-6128158 TLX: 76716 Macro Marketing 
92185 Antony Cedex Buinham Lane 
TEL: (33) 1 4096 0909 Comprel S.P.A. Slough SL 1 6LN 
FAX: (33) 1 4096 0250 Via Po, 37 England 
TLX: 842250067 20031 - Cesano Mademo TEL: (44) 628 804383 

Milano FAX: (44) 628 666873 
TEL: (39) 3-62553991 TLX: 851847945 
FAX:· (39) 3-62553987 
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Micro Call 
17 Thame Park Rd. 
Thame, Oxon OX9 3XD 
England 
TEL: (44) 84 426-1939 
FAX: (44) 84 426-1678 

Silicon Concepts, ltd. 
PEC Lynchborough Rd. 
Passfield, Liphook 
Hampshire GU30 7SB 
England 
TEL: (44) 428 751617 
FAX: (44) 428 751603 

Silicon Concepts, Ltd. 
Meridale, Welsh Street 
Chepston, Gwent, NP6 5LR 
Wales 
TEL: (44) 291-624101 
FAX: (44) 291-629878 

NORTH AMERICAN DISTRIBUTORS 

ALABAMA Insight Electronics 
Arrow Electronics 1295 Oakmead Pkwy. 
1015 Henderson Rd. Sunnyvale, CA 94086 
Huntsville, AL 35816 (408)720-9222 
(205) 837-6955 

Marshall Industries 
Hall-Mark Electronics 336 Los Coches SI. 
4890 University Square Milpitas, CA 95035 
Suite 1 (408) 942-4600 
Huntsville, AL 35816 
(205) 837-8700 Marshall Industries 

3039 Kilgore Ave. #140 
Marshall Industries Rancho Cordova, CA 95670 
3313 Memorial Pkwy S. (916) 835-9700 
Huntsville, AL 35801 
(205) 881-9235 SOUIHEBN CAUEOBNIA 

Arrow Electronics 
ABJZm!A Malibu Canyon Bus. Park 
Arrow Electronics 26677 W. Agoura Road 
2415 W. Erie Drive Calabasas, CA 91302 
Tempe, AZ 85282 (818) 880-9686 
(602) 431-0030 

Arrow Electronics 
Hall-Mark Electronics 6 Cromwell, Suite 100 
4637 S. 36th Place Irvine, CA 92718 
Phoenix, AZ 85040 (714) 587-0404 
(602) 437-1200 

Arrow Electronics 
Insight Electronics 9511 Ridgehaven CI. 
1525 W. University Dr. San Diego, CA 92123 
Suite #105 (619) 565-4800 
Tempe,AZ 85281 
(602) 829-1800 Hell-Mark Electronics 

3940 B-Ruffin Road 
Marshall Industries San Diego, CA 92123 
9830 S. 51st St. #B121 (619) 268-1201 
Phoenix, AZ 85044 
(602) 496-0290 Hall-Mark Electronics 

1 Mauchly 
!!IQBIHEB!!I CALIEQRNIA Irvine, CA 92718 
Arrow Electronics (714) 727-6000 
1180 Murphy Ave. 
San Jose, CA 95131 Hall-Mark Electronics 
(408) 441-9700 9420 Topanga Canyon 

Chatsworth, CA 91311 
Arrow Electronics (818) 773-4500 
90 EastTasrnan Dr. 
San Jose, CA95134 Insight Electronics 
(408) 428-6400 4333 Park Terrace Dr. 

Suite 101 
Hall-Mark Electronics Westlake Village, CA 91361 
580 Menio Drive (818) 707- 2101 
Suite 2 
Rocklin, CA 95677 Insight Electronics 
(916) 624-9781 6885 Flanders Dr. #C 

H8II-Mark Elactronics 
San Diego, CA 92121 
(619) 587-1100 

2105 Lundy Avenue 
SanJose,CA 95131 Insight Electronics 
(408) 432-4000 2 Venture Plaza 

Suite 340 
Irvine, CA 92718 
(714) 727-3291 
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Marshall Industries 
26637 Agoura Rd. 
Calabasas, CA 91302 
(818) 878-7000 

Marshall Industries 
9320 Telstar Ave. 
EI Monte, CA 91731-3004 
(818) 307-6000 

Marshall Industries 
One Morgan 
Irvine, CA 92718 
(714) 458-5301 

Marshall Industries 
5961 Kearney Villa Rd. 
San Diego, CA 92123 
(619) 627-4140 

COLOBADO 
Arrow Electronics 
61 Inverness Drive East 
Suite 105 
Englewood, CO 80112 
(303) 799-0258 

Hall-Mark Electronics 
12503 E. Euclid Drive 
Suite 20 
Englewood, CO 80111 
(303) 790-1662 

Marshall Industries 
12351 N. Grant 
Thornton, CO 80241 
(303) 451-8383 

CQ~!!IECTIC!.!I 
Arrow Electronics 
12 Beaumont Rd. 
Wallingford, CT 06492 
(203) 265-7741 

Hall-Mark Electronics 
125 Commerce CI. 
Unit 6 
Chesire, CT 06410 
(203) 271-2844 

Marshall Industries 
20 Sterling Dr. 
PO Box 200 
Wallingford, CT 06492 
(203) 265-3822 

ELQBIDA 
Arrow Electronics 
400 Fairway Dr. 
Deerfield Beach, FL 33441 
(305) 429-8200 
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Arrow Electronics Hall-Mark Electronics Hall-Mark Electronics Arrow Electronics 
37 Skyline Dr. 210 Mittel Drive Pinehurst Park 43 Route 46 East 
Bldg. 0, Suite 3101 Wood Dale, IL 60191 6 Cook Street Plnebrook, NJ 07058 
Lake Mary, FL 32746 (708) 860-3800 Billerica, MA 01821 (201) 227-7880 
(407) 333-9300 (508) 667-0902 

Marshall Industries Hall-Mark Electronics 
Hall-Mark Electronics 50 E. Commerce Dr. # 1 Marshall Industries 225 Executive Drive 
10491 72nd North Schaumberg, IL 60173 33 Upton Dr. SuHe5 
Largo, FL 34637 (708) 490-0155 Wilmington, MA 01887 Moorestown, NJ 08057 
(813) 541-7440 (508) 658-0810 (609) 235-1900 

INDIAHA 
Hall-Mark Electronics Arrow Electronics MICHIGAN Hall-Mark Electronics 
3161 SW 15th Street 7108 Lakeview Pkwy. W. Arrow Electronics 200 Landidex Plaza 
(McNabb Road) Indianapolis, IN 46268 19880 Haggerty Rd. 2nd Floor 
Pompano Beach, FL 33069 (317) 299-2071 Livonia, MI 48152 Parsippany, NJ 07054 
(305) 971-9280 (313) 462-2290 (201) 515-3000 

Hall-Mark Electronics 
Hall-Mark Electronics 4275 West 96th Street Hall-Mark Electronics Marshall Industries 
489 E. Semoran Blvd. Indianapolis, IN 46268 44191 Plymouth Oaks Blvd. 101 Fairfield Rd. 
Suite 145 (317) 872-8875 SuHe 1300 Fairfield, NJ 07006 
Casselberry, FL 32707 Plymouth, MI 48170 (201) 882-0320 
(407) 830-5855 Marshall Industries (313) 416-5800 

6990 Corporate Dr. Marshall Industries 
Marshall Industries Indianapolis, IN 46278 Marshall Industries 158 Gaither Dr. 
380 S. Northlake Rd. #1024 (317) 297-0483 31067 Schoolcraft Mt. Laurel, NJ 08054 
Altamonte Springs, FL 32701 livonia, MI 48150 (609) 234-9100 
(407) 767-8585 ~ (313) 525-5850 

Arrow Electronics NEW YORK 
Marshall Industries 9108 Legler Road MINNESOTA Arrow Electronics 
2700 Cypress Ck. Rd. #0114 Lenexa, KS 66214 Arrow Electronics 25 Hub Drive 
Ft Lauderdale, FL 33309 (913) 541-9542 10100 Vlking Drive # 100 Melville, NY 11747 
(305) 977-4880 Eden Prairie, MN 55344 (516) 391-1300 

Hall-Mark Electronics (612) 941-5280 
Marshall Industries 10809 Lakeview Drive Arrow Electronics 
2840 Scherer Dr. #410 Lenexa,KS 66215 Hall-Mark Electronics 20 OserAve. 
SI. Petersburg, FL 33716 (913) 888-4747 9401 James Ave. South Hauppauge, NY 11788 
(813) 573-1399 #140 (516) 231- 1000 

Marshall Industries Bloomington, MN 55431 
GEORGIA 10413 W. 84th Ter. (612) 881-2600 Arrow Electronics 
Arrow Electronics Pine Ridge Business Park 3375 Brighton-Henrietta 
4205E River Green Pkwy. Lenexa, KS 66214 Marshall Industries Townline Rd. 
Duluth, GA 30136 (913) 492-3121 3955 Annapolis Lane Rochester, NY 14623 
(404) 497-1300 Plymouth, MN 55447 (716) 427-0300 

MARYLANP (612) 559-2211 
Hall-Mark Electronics Arrow Electronics Hall-Mark Electronics 
3425 Corporate Way 9800J Patuxent Wood Dr. MISSOURI 6605 Pittsford-Palmyra 
Suite A SuHeH Arrow Electronics SuHe E8 
Duluth, GA 30136-2552 Columbia, MD 21046 2380 Schuetz Rd. Fairport, NY 14450 
(404) 623-4400 (410) 596-7800 SI. Louis, MO 63146 (716) 425-3300 

(314) 567-6888 
Marshall Industries Hall-Mark Electronics Hall-Mark Electronics 
5300 Oakbrook Pkwy #140 10240 Old Columbia Rd. Hall-Mark Electronics 3075 Veterans Memorial 
Norcross, GA 30093 Columbia, MD 21046 4873 Rider Trail South Ronkonkoma, NY 11779 
(404) 923-5750 (410) 988-9800 Earth City, MO 63045 (516) 737-0600 

(314) 291-5350 
J.QWA Marshall Industries Marshall Industries 
Arrow Electronics 2221 Broadbirch Dr. Marshall Industries 275 Oser Ave. 
375 Collins Rd. NE Silver Springs, MD 20904 3377 Hollenberg Dr. Hauppauge, NY 11788 
Cedar Rapids, IA 52402 (410) 622-1118 Bridgeton, MO 63044 (516) 273-2424 
(319) 395-7230 (314) 291-4650 

MA!i!iA~I:IU!iEII!i Marshall Industries 
JLI.I.tfQJi Arrow Electronics NEW JERSEY 1250 Scottsville Rd. 
Arrow Electronics 25 Upton Dr. Arrow Electronics Rochester, NY 14624 
1140 W. Thorndale Ave. Wilmington, MA 01887 4 East Stow Rd. Unit 11 (716) 235-7620 
Itasca,IL 60143 (508) 658-0900 Mariton,NJ 08053 
(312) 250-0500 (609) 596-8000 
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M8IShali Industries QBEBQti Insight Electronics WISCONSIN 
100 Marshall Drive Arrow Electronics 1 n8 Plano Rd. #320 Arrow Electronics 
Endicott, NY 13790 1885 N.W. 169111 Place Richardson, TX 75081 200 North Patrick Blvd. 
(607) 785-2345 Beaverton, OR 97006 (214) 783-0800 BrookfIeld, WI 53045 

(503) 629-8090 (414) 792-0150 
HOBIti CABQLlHA Insight Electronics 
Arrow Electronics Insight Electronics .~ 5437 McKaskle Hall-Mark Electronics 
5240 Greens Dairy Rd. 8705 SW Nimbus #200 Sugarland,TX 77478 2440 South 179111 St 
Raleigh, NC 27604 Tigard, OR 97005 (713) 448-0800 New Berlln, WI 53146 
(919) 876-3132 (503) 644-3300 (414) 797-7844 

Marshall Industries 
Hall-Mark Electronics Marshall Industries 8504 Croes Park Dr. Marshall Industries 
5234 Greens Dairy Road 9705 SW Gemini Dr. Austin, TX 78754 20900 Sweneon Dr. #150 
Raleigh, NC 27604 Beaverton, OR 97005 (512) 837-1991 Waukesha, WI 53186 
(919) 872-0712 (503) 644-5050 (414) 797-8400 

M8IShaI1industries 
Marshall Industries ~EHH&yWHIA 7250 Langtry 
5224 Greens Dairy Rd. Marshall Industries Houston, TX n040 ~ 
Raleigh, NC 27604 401 Parkway View Dr. (713) 895-9200 
(919) 878-9882 Pittsburgh, PA 15205 ALBEBTA 

(412) 788-0441 M8IShaI1industries Future Electronics 
QtIIQ 2045 Chenault Street 3833-29th Street 
Arrow Electronics IEXAi Carrollton, TX 75006 Calgary, Alberta 
6573ECochran Rd. Arrow Electronics (214) 233-5200 Canada, T1Y 685 
Solon, OH 44139 2227 West Braker Lane (403) 250-5550 
(216) 248-3990 Austin, TX 78758 .Ilf.AI:I 

(512) 835-4180 Arrow Electronics Future Electronics 
Arrow Electronics 1946 West Parkway Blvd. 4606-971h Street 
8200 Washington Village Dr. #A Arrow Electronics Salt Lake City, UT 84119 Edmonton, Alberta 
Centerville, OH 45458 3220 Commander Dr. (801)973-6913 Canada, T6E 5N9 
(513) 435-5583 carroll1on, TX 75006 (403) 438-2858 

(214) 380-6464 Hall-Mark 
Hall-Mark Electronics 545 E4500 South ElBIII&tI COLUMEllA 
n7 Dearbome Park Lane Arrow Electronics Suite 130 Arrow Electronics 
Worthington, OH 43085 10899 Kinghurst Dr. #100 Salt Lake City, UT 84107 8544 Baxter Place 
(614) 888-3313 Houston, TX n099 (801) 972-1008 Bumaby, British Columbia 

(713) 530-4700 Canada, VSA 4T8 
Hall-Mark Electronics M8IShaI1industries (604) 421-2333 
5821 Harper Road Hall-Mark Electronics 2355 South 1070 West 
Solon, OH 44139 11420 Pagemill Road Salt Lake City, UT 84119 Future Electronics 
(216) 349-4632 Dallas, TX 75243 (801) 973-2288 1695 Boundary Road 

(214) 553-4300 Vancouver, British Columbia 
Marshall Industries WUtllNGNH Canada, V5K 4X7 
3520 Park canter Dr. Hall-Mark Electronics Arrow Electronics (604) 294-1166 
Dayton, OH 45414 Corporate Headquarters 14360 S.E. Eestgate Way 
(513) 898-4480 11333 Pagemill Road Bellevue, WA 98007 MAHINEIA 

Dallas, TX 75243 (206) 643-9992 Future Electronics 
Marshall Industries (214) 343-5000 lOOKing Edward 
30700 Belnbrldge Rd. Unit A Hall-Mark Electronics Winnipeg, Manitoba 
Solon, OH 44139 Hall-Mark EIactronIcs 250 NW39111 Canada, R3H ON8 
(216) 248-1766 12211 Technology Blvd. Suite 4 (204) 786-nll 

Austin, TX 78727 Seattle, WA 98107 
OKLAHOMA (512) 258-8848 (206) 547-0415 maABIQ 
Arrow Electronics Arrow Electronics 
12111 East 51st St #101 Hall-Mark Electronics Insight Electronics 36 Antares Dr. Unit 100 
Tulsa, OK 74146 8000 Westgien 12002 1151h Avenue, NE Nepean, Onterlo 
(918) 252-7537 Houston, TX 77063 Kirkland, WA 98034 Canada, K2E 7W5 

(713) 781-6100 (206) 820-8100 (613) 226-6903 
Hall-Mark Electronics 
5411 S. 1251h Eest Ave. Insight Electronics Marshall Industries Arrow Electronics 
Tulsa, OK 74146 12703-A Research Blvd. #1 11715 N. Craek Pkwy. S. 1083 Meyerslde Dr. 
(918) 254-6110 Austin, TX 78759 Suite 112 Mississauga, Onterlo 

(512) 467-0800 Bothell, WA 98011 Canada, L5P 1 M4 
(206) 486-5747 (416) 670-n69 
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iiiLattice 
•••••• •••••• •••••• 
Future Electronics 
10S0 Baxter Road 
Ottawa, Ontario 
Canada, K2C 3P2 
(613) 820-8313 

Future Electronics 
S935 Airport Rd., #200 
Mississauga, Ontario 
Canada, L4V 1WS 
(416) 612-9200 

Marshall Industries 
4 Paget Rd. 
Bldg. 1112, Unit 10 
Brampton, Ontario 
Canada, L6T SG3 
(416) 4S8-8046 

~ 
Arrow Electronics 
1100 SI. Regis Blvd. 
Dorval, Quebec 
Canada, H9P 2TS 
(S14) 421-7411 

Future Electronics 
237 Hymus Blvd. 
Pointe Claire, Quebec 
Canada, H9R SC7 
(S14) 694-7710 

Future Electronics 
1000 St-Jeen Babtlste #100 
Quebec City, Quebec 
Canada, G2E SGS 
(418) 877-6666 

Marshall Industries 
148 Brunswick Blvd. 
Pointe Claire, Quebec 
Canada, H9R SB9 
(S14) 694-8142 

Sales Offices 




