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Fujitsu Limited

Fujitsu Limited, headquartered near Tokyo, Japan, is among the
top ten companies operating in Japan. Fujitsu is also one of the
world's largest suppliers of semiconductor devices.

Established in 1935 as the Communications Division spinoff of
Fuji Electric Company Limited, Fujitsu Limited, in 1985, cele-
brated 50 years of service to the world through the development
and manufacture of state-of-the-art electronic products.

Fujitsu has five plants in key industrial regions in Japan covering
all steps of semiconductor production. Five wholly owned
Japanese subsidiaries provide additional capacity for production
of advanced semiconductor devices. Two additional facilities
operate in the U.S. and one in Europe to help meet the growing
worldwide demand for Fujitsu semiconductor products.

Fujitsu Microelectronics, Inc.

Fujitsu Microelectronics, Inc., with headquarters in San Jose,
California, was established in 1979 as a wholly-owned Fujitsu
subsidiary for the marketing, sales, and distribution of Fujitsu
integrated circuit and component products. Since 1979, Fujitsu
Microelectronics has grown to include one R&D division, two
marketing divisions, two manufacturing divisions and a subsidi-
ary. Fujitsu Microelectronics offers a complete array of semicon-
ductor products for its customers.

The R&D Division, APD (Advanced Products Division), using
U.S.-based engineering, has jointly developed RISC for Sun
Microsystems and Ethernet®, a chip set used in local area
networks. APD also markets AFP, an adaptive filter processor,
and EtherStar®, the first VLSI device to integrate both StarLAN®
and Ethernet protocols into one device.

The Microwave and Optoelectronics Division markets GaAs FETs
and FET power amplifiers, lightwave and microwave devices,
optical devices, emitters, and Sl transistors. The second
marketing division, and the largest FMI division, is ICD (Inte-
grated Circuits Division).

Memory and programmable devices marketed by ICD include
DRAMs, EPROMs, EEPROMs, NOVRAMs, CMOS masked ROMs,
bipolar PROMs, CMOS SRAMs, ECL RAMs, STRAMs (the first
self-timed RAM), high speed ECL Logic, linear ICs and transis-
tors.

ASIC products offered by ICD include bipolar gate arrays, CMOS
gate arrays, and standard cells. Customer support and customer
CAE training for ASIC designs is available through FMI’s five
design centers: San Jose, Dallas, Atlanta, Chicago, and Boston,
with additional design centers planned for Gresham, Oregon and
Irvine, California.



Microcomputer and communications products offered by ICD
include 4-bit MCUs, 8- and 16-bit MPUs, SCSI and controllers,
DSPs, prescalers, and PLLs.

Fujitsu Microelectronics’ manufacturing divisions are in San
Diego, California and Gresham, Oregon. The San Diego
Manufacturing Division assembles and tests memory devices. In
1988, FMI opened the Gresham Manufacturing Division to
manufacture ASIC products. This facility has one million square
feet of manufacturing—the largest Fujitsu manufacturing plant
outside Japan.

Fujitsu Mikroelektronik GmbH (European Sales Center)

Fujitsu Mikroelektronik GmbH (FMG) was established in June,
1980, in Frankfurt, West Germany, and is a totally owned
subsidiary of Fujitsu Limited, Tokyo. FMG is the sole representa-
tive of the Fujitsu Electronic Device Group in Western Europe.
The wide range of IC products, LS| memories and, in particular,
gate arrays are noted throughout Western Europe for design
excellence and unmatched reliability. Five branch offices to
support Fujitsu’s semiconductor operations are located in
Munich, London, Paris, Stockholm, and Milan.

Fujitsu Microelectronics Ireland, Ltd. (European Production Center)

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in
1980 in the suburbs of Dublin as Fujitsu’s European Production
Center for integrated circuits. FME supplies 64K/256K DRAMs,
64K CMOS/NMOS EPROMs, 256K EPROMSs, and other LS|
memory products.

Fujitsu Microelectronics, Ltd. (European Design Center)

Fujitsu Microelectronics, Ltd., Fujitsu’s European VLS| Design
Center, opened in October of 1983 in Manchester, England. The
Design Center is equipped with a highly sophisticated CAD
system to ensure fast and reliable processing of input data. An
experienced staff of engineers is available to assist in all phases
of the design process.

Fujitsu Microelectronics Pacific Asia Ltd. (Asian/Oceanian Sales Center)

Fujitsu Microelectronics Pacific Asia Ltd. (FMP) opened in August
1986 in Hong Kong as a wholly-owned Fujitsu subsidiary for sales
of electronic devices to Asian and Southwest Pacific markets.

® Ethernet is a registered trademark of Xerox Corporation.
@  FEtherStar is a trademark of Fujitsu Microelectronics, Inc.
@®  StarLAN is a trademark of AT&T.



Preface

Fujitsu Microelectronics introduced its first commercially available gate array, a bipolar chip called
the B200, in 1974 (Fujitsu had been making them for internal use since 1972). Over the years it
has been so popular that it is regarded as the world’s most widely implemented gate array. Since
that first array, Fujitsu has produced over 9000 successful bipolar and CMOS custom designs.

Fujitsu designs are successful because they are implemented using the most advanced design
verification CAD systems available, allowing the production of chips with 90% cell utilization (more
functional logic per chip than the industry standard) and one of the highest performance records in
the industry.

This data book provides you with information necessary to choose an application specific IC (ASIC)
design using one of Fujitsu's advanced CMOS channeled gate array technologies (AV, AVB, AVL,
AVM, and UHB). The data book describes Fujitsu’s CMOS channeled gate array technologies, ex-
plains the benefits and specifications applicable to each, and outlines the process by which logic
and circuit designers create a chip. Except where noted, the material presented in this data book
is common to all of Fujitsu’s CMOS channeled technologies. The device (unit cell) libraries for
these channeled gate array technologies are included at the end of this volume. The second vol-
ume in this series provides the same information for Fujitsu's channel-less or sea-of-gates ASIC
technologies.

Fujitsu has pioneered and maintained a technological lead in the production of bipolar as well as
CMOS ASIC devices; data books describing Fujitsu’s other ASIC product families, as well as any
other technical or sales-related information, may be obtained from any Fujitsu Technical Resource
Center or Sales Office listed at the end of this book or by calling or writing Fujitsu Microelectronics
Inc., 3545 North First Street, San Jose, CA 94135-1804, (408) 922-9000.
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Fujitsu ASIC Products Listing

CMOS Channeled Gate Arrays Data Book
UHB Series High Drive Gate Arrays — 1.5y, 0.9 ns typical delay

Description Name Device Part Number
336 Gates, 58 I/0 C330UHB MB625xxx
530 Gates, 64 I/O C530UHB MB624xxx
830 Gates, 74 1/0 C830UHB MB623xxx
1,233 Gates. 88 1/0 C1200UHB MB622xxx
1,724 Gates, 102 I/0 C1700UHB MB621xxx
2,220 Gates, 115 I/O C2200UHB MB620xxx
3,066 Gates, 140 I/O C3000UHB MB606xxx
4,174 Gates, 155 1/0 C4100UHB MB605xxx
6,000 Gates, 155 /O C6000UHB MB604xxx
8,768 Gates, 188 I/0 C8700UHB MB603xxx
12,734 Gates, 220 1/0 C12000UHB MB602xxx

AV Series CMOS Gate Arrays — 1.8y, 1.4 ns typical delay

AV Series High Speed Gate Arrays

Description Name Device Part Number
2,640 Gates, 106 /O C2600AV MB654xxx
3,900 Gates, 127 |/O C3900AV MB653xxx
5,022 Gates, 127 I/0 C5000AV MB652xxx
6,664 Gates, 160 I/O C6600AV MB65 1xxx
8,000 Gates, 160 I/O C8000AV MB650xxx

AVB Series High Drive Gate Arrays

Description Name Device Part Number
357 Gates, 38 110 C350AVB MB675xxx
549 Gates, 48 I/0 C540AVB MB674xxx
852 Gates, 58 I/0 C850AVB MB673xxx
1,245 Gates, 68 1/0 C1200AVB MB672xxx
1,674 Gates, 74 1/0 C1600AVB MB671xxx
2,052 Gates, 88 1/0 C2000AVB MB670xxx

AVL Series Low Power Gate Arrays — 2.3, 2.9 ns typical delay at 3V

Description Name Device Part Number
357 Gates, 38 I/O, 3 Volt Operation C350AVL MB685xxx
549 Gates, 48 1/0, 3 Volt Operation C540AVL MB684xxx
852 Gates, 58 1/0, 3 Volt Operation C850AVL MB683xxx
1,245 Gates, 68 1/0, 3 Volt Operation C1200AVL MB682xxx
1,674 Gates, 74 1/0, 3 Volt Operation C1600AVL MB681xxx
2,052 Gates, 88 1/0, 3 Volt Operation C2000AVL MB680xxx

AVM Series Gate Arrays with Memory

Description Name Device Part Number
1,564 Gates with 4.6K ROM or 2.3K RAM, 107 /0  C1502AVM MB662xxx
2,375 Gates with 2K ROM or 1K RAM, 117 I/O C2301AVM MB661xxx
4,087 Gates with 4.6K ROM or 2.3K RAM, 120 /0 C4002AVM MB660xxx

xi



CMOS Channelless Gate Arrays Data Book

AU Series CMOS Series Gate Arrays — 1.2j, 0.6 ns typical delay

Description

10,224 Gates, 108 I/0
15,486 Gates, 138 I/0
20,876 Gates, 155 1/0
31,500 Gates, 178 I/O
41,184 Gates, 220 I/O
52,164 Gates, 257 I/0
75,140 Gates, 300 I/O

10,2144 Gates, 332 I/O0
BiCMOS Gate Arrays Data Book
BC Series BiCMOS Gate Arrays — 1.5u/1.4p, 0.65 ns typical delay

Description

645 Gates, 52 I/O
1,218 Gates, 72 I/O
1,872 Gates, 96 I/O
3,240 Gates, 112 1/0

BC-H Series BiCMOS Gate Arrays — 1.0u/0.5u, 0.45 ns typical delay

4,312 Gates, 96 I/O
8,160 Gates, 128 I/0
11,968 Gates, 160 I/o
16,720 Gates, 200 1/0

ECL Gate Arrays Data Book

ET Series ECL Gate Arrays — 1.0p, 220 ps typical delay

Description

1,056 Gates, 64 1/O0
2,112 Gates, 88 1/0
4,224 Gates, 120 I/0
6,160 Gates, 120 I/0

2,640 Gates, 120 I/0 with 4.6 Kb RAM
2,640 Gates, 136 /O, with 9.2 Kb RAM
3,960 Gates, 136 1/0, with 4.6 Kb RAM

H Series ECL Gate Arrays — 0.5y, 100 ps typical delay

9,856 Gates, 200 I/0
9,856 Gates, 300 I/O

4,928 Gates, 200 /0O, with 5.1Kb RAM

128 Gates, 23 /1/0
32 Gates, 13 1/0
128 Gates 16 I/O

CMOS Standard Cell Data Book
AU Series Standard Cells — 1.2y, 0.6 ns typical delay

xii

Name

C10KAU
C15KAU
C20KAU
C30KAU
C40KAU
C50KAU
C75KAU
C100KAU

Name

BC400
BC800
BC1200
BC2000

BC4000H
BC8000H
BC12000H
BC16000H

Name

ET750
ET1500
ET3000
ET4500
ET2004M
ET2009M
ET3004M

ET10000H
E10000H
ET5005HM
E128H
E32

E128

Device Part Number

MB637xxx
MB636xxx
MB635xxx
MB634xxx
MBB33xxx
MB632xxx
MB631xxx
MB630xxx

Device Part Number

MB211xxx
MB212xxx
MB213xxx
MB214xxx

MB221xxx
MB222xxx
MB223xxx
MB224xxx

Device Part Number

MB121Kxxx
MB123Kxxx
MB125Kxxx
MB128Kxxx
MB181/191xxx
MB182/192xxx
MB183/193xxx

MB147/157xxx
MB148/158xxx
MB185/195xxx
MB1800
MB1700
MB1600
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Chapter 1 - Fujitsu CMOS Products

Contents of This Chapter

.1 Introduction

.2 CMOS Technology for ASICs
.3 CMOS Gate Array Structure
4

1
1
1
1 Fujitsu's CMOS Channeled Gate Array Technologies: UHB and AV Data Sheets

1.1 Introduction

This section of the data book gives an overview of CMOS technology and introduces the CMOS
channeled gate array technology families developed by Fujitsu to implement ASIC designs.

1.2 CMOS Technology for ASICs

ASICs (Application Specific Integrated Circuits) are large scale integrated circuits that provide
customers with made-to-order functions. These ICs implement the unique value designed into
customer products by producing custom semiconductor designs that allow customers to take
advantage of perceived market opportunities in a timely manner. The customized solutions offered
by ASICs combine the power of personalized electronics and the advantage of increased system
efficiency.

CMOS technology has long been chosen for ASIC applications because of its low power and high
density characteristics. Advancing process technology and new production and fabrication
techniques have now allowed device speed to increase to the point where it is competitive with
bipolar devices. Fujitsu CMOS gate arrays are manufactured using advanced silicon gate
technology utilizing two-layer and three-layer metal. This fabrication process yields parts that:

a) require very low power dissipation (typically less than 500 mW per channeled array)
b) operate at speeds equaling existing bipolar technologies

c) feature higher gate densities than competing bipolar devices

d) use a single power supply of 5 volts or less

e) provide top-grade noise immunity and programmable logic levels compatible with TTL
and CMOS logic families

1.3 CMOS Gate Array Structure

Fujitsu CMOS gate arrays are configured in a matrix of basic cells in the center of the chip with
input-output (1/0) cells on the device periphery. One basic cell is equivalent to a two-input NAND
gate. The custom logic function is realized by interconnecting basic cells with double-layer
metalization (or triple-layer metalization for the largest arrays). Fujitsu’s gate array products are
fabricated using a twin-tub polysilicon CMOS process to produce high-speed, high-density arrays
consisting of 300 to 100,000 basic cells.




1.3.1 The Basic Cell

The basic cell of Fujitsu’s CMOS gate array is a common building block consisting of one pair of
P-channel and one pair of N-channel MOS transistors interconnected as shown in Figure 1-1.

Il

P P

1T

1L

N N
'

Figure 1-1. The Basic Cell

Since this is a “generic” basic cell, no connections are shown to the power supply (+5 volts), to
ground, or to the two common control gate terminals of the circuit. These connections are made
as required during the metalization phase of the manufacturing process. All CMOS gate arrays are
built up of basic cells.

Figure 1-2 shows a schematic representation of the basic cell with the addition of the custom
metalization required to convert the generic basic cell into a two-input NAND gate.

A F
F Output
B
A —e—— B
Input Input

Figure 1-2. The Basic Cell as a 2-Input NAND Gate

1.3.2 Basic Cell Construction

Basic cell construction varies somewhat among Fujitsu’'s CMOS technologies; however, an
explanation based on AV technology provides a good model of how a basic cell is fabricated in any



of the CMOS families. In AV, the basic cell is constructed from an N-type silicon substrate upon
which a P-well is deposited. The surface of the substrate is then covered with a thin layer of silicon
dioxide (glass) and two strips of polysilicon are deposited perpendicular to the P-well and
geometrically parallel. (Polysilicon is a silicon-based compound chemically altered so that it has
good electrical conduction properties.) The polysilicon strips serve as the gate control elements of
the basic cell and also as the two electrical interconnections between the sources of the P and N
transistor pairs. See Figure 1-3.

INPUT INPUT

VDD X +5V BUS X VDD

OUTPUT

Vss GROUND BUS X _ Vss

Figure 1-3. Physical Construction of the Unit Cell NAND Gate

The silicon dioxide layer is then stripped away from all areas of the substrate not protected by
polysilicon. In two separate steps, the N-type and the P-type material of the twin tubs is diffused
onto the substrate.

For the next step, N-type material is diffused or implanted into the P-well that was previously laid
down. It straddles the two strips of polysilicon close to their ends. The polysilicon resists the
diffusion, which results in the formation of three pads of N-type material separated by the two
strips of polysilicon (self-aligned processing). The center pad of N-type material serves as a
common drain terminal for both N-channel transistors. The outer pads are the separate source
elements.

Then the P-type material is deposited on the the N-type substrate straddling the two polysilicon
strips. Similarly the center pad of P-type material forms the common source connection for both
P-channel transistors. The basic cell is then converted to a unit cell by application of a custom
metalization pattern that connects (or wires) various points of the basic cell, or a number of basic
cells, together. Figure 1-3 shows the structure of a basic cell configured as a NAND gate after
metalization (represented by the solid bold line connections) has been laid down.
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Some unit cells require two or even three layers of metal to be applied. Such layers are separated
by an insulating layer of silicon dioxide. Interconnections between the metal layers are made by
means of “vias” passing through the glass.

1.3.3 Structure of the Chip

The arrangement of the basic cells on the chip differs according to the technology. The
fundamental chip layout is a matrix of basic cells surrounded by a perimeter of /0O cells. Basic
cells can be arranged in single columns, with the channels between the columns used for routing
unit cell interconnections, as in AV, AVB, AVL, and AVM technologies, or in double columns as in
UHB technology. See Figure 1-4. The sea-of-gates technologies are constructed with no wiring
channels between the double columns, allowing the wiring to go over the cells, rather than

between the cells. See Figure 1-5. The channel-less or sea-of-gates technologies are covered in a
separate data book.

Basic Cell (Double Column)

O O
? Basic Cell Columns: D

> Basic Cells

Wiring Ch

EE3 ED eescvecccscscoscescscssccccecenes 0 I ER

(] O
O O
000 « O
External /O
Typical AV Chip Layout, Typical UHB Chip Layout,
Single Column Structure Double Column Structure

Figure 1-4. Channeled Gate Array Chip Structure



Basic Cell (Double Column)

External I/0

Typical Channelless Gate Array Chip Layout,
Double Column Structure with No Wiring Channels

Figure 1-5. Channelless Gate Array Chip Structure

Larger gate arrays depart from the fundamental layout scheme by partitioning the basic cell matrix
into four blocks. In some instances the designer may define the size of each block within certain
limitations, while in other cases the block size is fixed. The purpose of chip partitioning is to
improve speed performance by controlling wire length. Each block can be looked at as a small
gate array, with four such gate arrays inside one package. (Smaller arrays exhibit less delay than
larger ones.) In some technologies, AVM, for example, a block can be devoted to RAM or ROM for
special applications requiring memory.

1.3.4 Basic Cell Arrangement
Basic cells can be arranged in any of the following configurations:

(a) Fundamental logic function units called unit cells (e.g. NAND gate, flip-flop, etc.).

(b)  User macros, which are composed of unit cells to form higher level logic block
functions (e.g., shift register or decoder). Such blocks are user-defined and may
contain any unit cell configuration.

(c) RAM macros, which are available in seven basic configurations.

1.3.5 /O Cells

I/0 cells are input/output buffer cells located on the periphery of the basic cell matrix (and
memory block, if one is present). /0 cells are usually not included in the basic cell count. These
buffer cells convert external voltage levels into internal CMOS levels. The output buffers provide a
sufficient voltage level to drive TTL components but the input buffers must convert TTL levels to
CMOS levels when appropriate.
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1.3.6 Macros

Different macros are available for each technology group. For a list of available macros for each
technology, contact any of the Fujitsu Technical Resource Centers listed in the back of this
volume.

1.4 Fujitsu’s CMOS Channeled Gate Array Technologies

Fujitsu offers over 50 different CMOS gate array devices, fabricated with advanced silicon gate
technology. Fujitsu’s channeled CMOS gate arrays include the technology options described in
detail in the data sheets that follow:

L] UHB Series CMOS Gate Arrays
® AV Series CMOS Gate Arrays (including AVB, AVL, and AVM)

Complete information on Fujitsu’s channel-less CMOS gate array families is provided in a separate
data book. )

All offer the same fast turnaround on design, simplified customer interface, full support by Fujitsu
ViewCAD system design software if requested, full design support of other major CAE
workstations, and a wide variety of packaging options.

Fujitsu’s newest channeled gate array technology, QCL (Quickly Customized Logic) offers the UHB
cell library and UHB compatibility using AU technology with one level of metalization to provide
ASIC designers with a product proven reliability with an especially fast turnaround.

The number of gates in relationship to the processing speed of each new CMOS technology is
shown in Figure 1-6. Figure 1-7 shows in tabular form the equivalent gate count for each
technology family.
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Figure 1-6. Equivalent Gate Count vs. Processing Speed,
Fujitsu CMOS Gate Array Technologies
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Figure 1-7. Equivalent Gate Count, Fujitsu CMOS ASIC Technology Families
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The UHB serles of 1.5-micron CMOS gate arrays Is a highly integrated low-power, ultra high-speed product family that derives its
enhanced performance and Increased user flexibility from the use of a system-proven, dual-column gate structure and 2-layer
metal interconnect technology. The unique dual-column gate structure Increases density and speed performance, as well as gate
utilizatlon.

Internal high-drive clock buffers minimize clock skew across the chip while internal bus performance and Integrity Is assured by
Incorporating 3-state transmission gate logic underneath the routing channels. The high-drive output buffers provide highly
symmetrical output waveforms.

FEATURES

o High-density silicon gate CMOS technology o Automatic test pattern generation for 6K gates and up
- 330 to 12,000 usable gates - complete family of scan design macros available
- 90% maximum utilization fully autorouted ® 2-column gate structure enhances macro performance

e Ultra high speed e High-performance Internal 3-state bus
- typical 0.9 ns gate delay - burled cells within the routing channels ensure high
- narrow delay variation density and reliable performance

e High sink current capability ® Proven 1.5-micron 2-layer metal technology
- 3.2 mA, 8 mA, 12 mA, and 24 mA options o Highest pin-to-gate count commerclally available

avallable - 60 logic I/O for 336 gates

- selectable edge rate control - 222 logic I/O for 1200 gates

o Low-skew clock signal distribution
- High-performance clock drivers
- Hierarchical clock distribution
- Frequency-dependent clock routing

Input buffers incorporating pull-up/pull-down resistance
Bullt-in feedback resistors for osclllators
User-defined hlerarchy-driven placement

Maximum

Device Name | Utilizable Gates! | Signal Pins?
C-330UHB 336 gates 60
C-530UHB 530 gates 66
C-830UHB 830 gates 76
C-1200UHB 1233 gates 92
C-1700UHB 1724 gates 108
C-2200UHB 2220 gates 123
C-3000UHB 3066 gates 148
C-4100UHB 4174 gates 163
C-6000UHB 6000 gates 163
C-8700UHB 8768 gates 188
C-12000UHB 12734 gates 220

1. Gates avallable for logic (exclusive of I/O usage).

2. Maximum signal pin numbers depend on the output

drive requirements and the package selected.

Copywrite © 1988 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc.




MB62XXXxX FUJITSU

MB60xxxx
PRODUCT FAMILY DESCRIPTIONS
2-Input Gate
Device Name Part Number gg::;f:i{::/ S’\I,;txalPFl":nms B.':s'IaG' C':\'ellll?%?xrglfﬂp
C-330UHB MB625xxx 336 gates 60 610 gates
C-530UHB MB624xxx 530 gates 66 840 gates
C-830UHB MB623xxx 830 gates 76 1176 gates
C-1200UHB MB622xxx 1233 gates 92 1680 gates
C-1700UHB MB621xxx 1724 gates 108 2232 gates
C-2200UHB MB620xxx 2220 gates 123 2800 gates
C-3000UHB MB606xxX 3066 gates 148 3744 gates
C-4100UHB . MB605xxx 4174 gates 163 4888 gates
C-6000UHB MB604xxx 6000 gates 163 6976 gates
C-8700UHB MB603xxx 8768 gates 188 9720 gates
C-12000UHB MB602xxx 12734 gates 220 13728 gates

1. Typical device gate speed, with F/O=2, for a 2-input NAND gate, Is 0.9 ns.
2. A basic cell is equivalent to a 2-input gate.

3. Baslc cells on chip are also used for 1/O buffer function.

4. The maximum signal pin numbers depend on the output drive requirements and the package selection.

AC CHARACTERISTICS

BEST/WORST CASE MULTIPLIERS FOR PROPAGATION DELAYS

Propagation delays characteristic of a gate array are a function of several factors, Including operating temperature, supply
voltage, fanout loading, Interconnection routing metal, process varlation, input transition time, and input signal polarity.
Temperature and supply voltage factors affecting propagation delays in the UHB CMOS family of gate arrays are given in the
table below.

Pre-Layout Simulation Post-Layout Simulation
Tet;::;aeture VDD= 5Vt 5% . VDD =5V+10% VDD= 5V+ 5% VDD= 5V+10%
Best Case|Worst Case| Best Case|Worst Case | Best Case|Worst Case | Best Case| Worst Case
1. 0 - 70°C 0.35 1.65 0.30 1.75 0.40 1.60 0.35 1.70
2. -20 - 70°C 0.35 1.65 0.25 1.75 0.35 1.60 0.30 1.70
3. -40 - 70°C 0.25 1.65 0.20 1.75 0.30 1.60 0.25 1.70
4. -40 - 85°C 0.25 1.75 0.20 1.85 0.30 1.70 0.25 1.80

1. = commerclal temperature range
4. =industrial temperature range

Constants for calculating the delays due to process variation, fanout loading, interconnection routing metal, transition time, and
signal polarity are given for each unit cell in the UHB Unit Cell Library. Delays using these factors are calculated for a
representative selection of unit cells and are shown in the Propagation Delays table on the following page.
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REPRESENTATIVE PROPAGATION DELAYS

Calculations are representative of unit cells in the C12000UHB (UHB 12000-Gate CMOS Gate Array).

TypI%aI values are indicated. Worst case mulitipliers are applied to typical values. Smaller arrays can exhibit significantly greater
speed.

Propagation Delays (in ns)
Unit Cell Unit Cell | Equivalent Input
Function Name | Gate Count | Transition NDI (Fan-out)
1 2 4 8 16 32
Inverter VIN 1 tpLH, 0.86 1.51 2.36 3.53 5.19 8.09
t PHL 0.67 1.04 1.52 2.18 3.1 4.74
Power 2-Input NAND N2K 2 tpLH, 0.66 .99 1.41 1.99 2.83 4.27
t pHL 0.68 .97 1.34 1.85 2.58 3.85
Power 16-Input NAND NGB 11 : PLH, 1.82 2.15 2.57 3.15 3.99 5.43
PHL 3.69 3.93 4.25 4.69 5.31 6.40
Power 2-Input NOR R2K 2 :P'-H' 0.95 1.53 2.27 3.29 4.75 7.28
PHL 0.67 0.91 1.23 1.67 2.29 3.38
Power Exclusive OR X2B 4 :PLH- 1.72 2.05 2.47 3.05 3.89 5.33
PHL 1.82 2.03 2.29 2.66 3.18 4.08
3-wide 2-AND 6-Input D36 3 : PLH, 1.78 2.93 4.41 6.45 9.37 4.43
AND-OR Inverter (A—Y) PHL 1.22 1.80 2.54 3.56 5.02 7.55
2-wide 2-OR 4-Input G24 2 : PLH, 1.54 2.73 4.27 6.39 9.40 | 14.65
OR-AND-Inverter (A—X) PHL 1.20 | 178 | 252 | 354 | s5.00 | 7.53
Power 2-AND 8-Wide T28 1 tpPLH, 2.41 2.74 3.16 3.74 4.58 6.02
Multiplexer (A—X) tPHL 1.66 1.83 2.04 2.33 2.75 3.47
Power Clock Buffer K2B 3 tpLH, 1.30 1.57 1.90 2.30 2.81 3.61
t PHL 1.38 1.58 1.83 2.13 2.51 3.11
Scan 8-bit D FF with SHK 88 t pLH 5.22 5.87 6.72 7.89 9.65 | 12.45
Clock Inhibit and 2:1 t ’ 4.92 5.29 5.77 6.43 7.36 8.99
PHL
Data Multiplexer
(CK,IH—=Q)
Non-Scan D FF FDO 7 tpLH 2.51 3.16 4.01 5.18 6.84 9.74
with Reset (CK—Q) t pHL 2.14 2.55 3.08 3.81 4.85 6.66
Non-Scan Power D FF FDS 8 t PLH 2.17 2.50 2.92 3.50 4.34 5.78
with Clear (CK—Q) t pHL 1.89 2.10 2.36 2.73 3.25 4.15
Non-Scan 4-bit Binary c43 48 tpLH, 2.18 2.83 3.68 4.85 6.51 9.41
Synchronous Up t pHL 1.10 1.43 1.85 2.43 3.27 4.7
Counter (CI—CO)
Non-Scan 4-bit Binary C45 48 tpLH, 2.52 3.22 4.12 5.36 7.13 10.21
Synchronous Up tpHL 1.68 2.05 2.53 3.19 4.12 5.75
Counter (Cl—CO)

Note: Delays for Inter-block wiring are not inciuded
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REPRESENTATIVE PROPAGATION DELAYS (Continued)

Calculations are representative of unit cells in the C12000UHB (UHB 12000-Gate CMOS Gate Array).
Typical values are Indicated. Worst case multipliers are applied to typical values.

Propagation Delays (in ns)
Unit Cell Unit Cell | Equivalent Input NDI (Fan-out)
Function Name Gate Count | Transition
2 4 8 16 32

Non-Scan 4-bit Binary ca7 68 tpLK, 2.87 3.32 3.90 4.70 5.85 7.84

Synchronous Up/Down el 3.30 3.63 4.05 4.63 5.47 6.91
Counter (DU—CO)

4-bit Binary Full Adder A4H 48 tpLH, 1.97 2.87 4.04 5.65 7.93 11.92

with Fast Carry (Cl—S1) tPHL 2.13 2.71 3.45 4.47 5.93 8.46

4:1 Selector (S5—X) T5A 5 :PLH, 1.39 2.33 3.55 5.23 7.62 11.79

PHL 1.12 1.77 2.62 3.79 5.45 8.35

4-bit Shift Register with FS2 30 t PLH, 2.90 3.55 4.40 5.57 7.23 10.13

Synchronous Load tPHL 3.46 3.83 4.31 4.97 5.90 7.53

9-bit Odd Parity PO9 22 tpLH, 5.78 6.43 7.28 8.45 10.11 13.01

Generator/Checker t PHL 6.00 6.33 6.75 7.33 8.17 9.61

4-wide 2:1 Data P24 12 tPLH, 1.24 1.57 1.99 2.57 3.41 4.85

Selector (A—X) tpHL 0.97 1.14 1.35 1.64 2.06 2.78

4-blt Magnitude MC4 42 ) : PLH, 3.17 4.36 5.90 8.02 11.03 16.28

Comparator (IS=+O0G) PHL 2.60 2.93 3.35 3.93 4.77 6.21

4-bit Bus Driver (A—X) B41 9 tpLH, 1.99 2.48 3.05 3.76 4.64 6.04

tPHL 1.87 | 220 | 278 | 330 | 414 | 534

Input Buffer (Inverter) 1B 5 tpLH 1.84 2.1 2.44 2.84 3.35 4.15

tPHL' 1.78 2.05 2.38 2.78 3.29 4.09

Clock Input Buffer IKB 4 t pLH 2.49 2.63 2.79 2.99 3.24 3.64

(Inverter) t PHL, 1.94 2.08 2.24 2.44 2.69 3.09

Output Buffer Load in pF
12 25 50 100 200 400

Output Buffer (True) 028 2 tpLH 2.37 3.10 4.50 7.30 12.90 24.10

t PHL, 3.24 4.85 7.95 14.15 26.55 51.35

Power Output Buffer o2L. 2 tpLH 2.53 3.02 3.94 5.79 9.49 16.89

(True) t oy 2.47 3.01 4.03 6.08 10.18 18.38

3-State Output Buffer 04T 4 tpLH, 3.09 3.82 5.22 8.02 13.62 24.82

(True) tpHL 4.08 5.77 9.02 15.52 28.52 54.52

Power 3-State Output 04w 4 tpLH 3.48 3/97 4.92 6.82 10.62 18.22

Buffer (True) t PHL’ 4.68 5.30 6.47 8.82 13.52 22.92

3-State Output and H6T 8 t PLH 3.09 3.82 5.22 8.02 13.62 24.82

Input Buffer (True) t PHL' 4.08 5.77 9.02 15.57 28.52 54.52

Power 3-State Output HeW 8 tpLH, 3.48 3.97 4.92 6.82 10.62 18.22

and Input Buffer (True) t pHL 4.68 5.30 6.47 8.82 13.52 22.92

Note: Delays for inter-block wiring are not included
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DC CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS!
Rating Symbol Minimum Maximum Unit
Supply Voltage Vob Vgs2-0.5 6.0 v
Input Voltage A Vgs2-0.5 Vppt0.5 v
Output Voltage Vo Vss 2-0.5 Vpp+0.5 v
loL=8.2mA -40 +40
I =8mMA
Output Current® oL los ~40 +80 mA
loL=12mA -60 +120
loL =24mA -90 +180
Ceramic -65 +150
Storage Temperature Plastic Tstg -40 +125 °C
Ceramic -40 +125
Temperature Under Blas Plastic Thias -25 +85 °C

Notes: 1. Permanent device damage may occur If absolute maximum ratings are exceeded. Functional operation should
be restricted to the conditions as detalled in the operation sections of the data sheet. Exposure to absolute

maximum rating conditions for extended periods may affect device rellabllity.

Vss = 0V.

Only one output at a time may be shorted for more than one second.

w N

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Minimum Typlcal Maximum Unit
Supply Voltage Vbp 4.75 5.0 5.25 \'
Input High Voltage for TTL Input ViH 2.2 - - v
Input Low Voitage for TTL input ViL - - 0.8 \"
Input High Voltage for CMOS Input ViH Vpp X 0.7 - - I
Input Low Voltage for CMOS Input ViL - - Vpp x 0.3 \Y%
Operating Temperature TA 0 - 70 °C

CAPACITANCE (TAa=25°C.Vpp= V| = 0V, f=1MHz)

Parameter Symbol Minimum Typlcal Maximum Unlt
Input Pin Capacitance CiIn - - 16 pF
°"‘°2‘fof'i‘f§.§i°,"§r"n‘i° or 12mA ) Cour i B 16 pF
Outpleto T:;:r:c)kance Cout - - 18 oF
Ve P(llr;f:g.a;rl;‘\in.cgmA or 12mA ) Cuo ) h 16 oF
VO P Capachtes o |- : o | o
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DC CHARACTERISTICS
(Recommended Operating Conditions unless otherwise noted)
Parameter - Symbol Condition Minimum | Typlcal Maximum Unit
Power Supply Current 'DDS Steady State' 0 — 100 pA
Output High Voltage
for Normal Output (IOL =3.2mA) VoH Ion = -2mA 4.0 — Vop \%
Output High Voltage
for Driver Output (IOL =8mA) VoH loy = -2mA 4.0 — Vop \
Output High Voltage '
for Driver Output (IOL =12mA) VoH loy = -4mA 4.0 — VDD \
Output High Voltage
for Driver Output (IOL =24mA) VOH 'OH = -8mA 4.0 — Vbop \%
Output Low Voltage? ’
for Normal Output (IOL= 3.2mA) VOL 'OL =3.2mA VSS — 0.4 \Y
Output Low Voltage?
for Driver Output (IOL= 8mA) Vo|_ loL = 8mA Vss — 0.4 ov
Output Low Voltage?
for Driver Output (IOL= 12mA) VOL 'OL =12mA VSS - 0.4 ov
Output Low Voltage?
for Driver Output (IOL= 24mA) VoL loL =24mA Vss — 0.4 ov
Input High Voltage
for TTL Input ViH — 2.2 — - \
Input Low Voltage
for TTL Input ViL - - - 0.8 \%
Input High Voltage
for CMOS Input VIH — Vppx 0.7 — - \Y
Input Low Voltage
for CMOS Input ViL — — — Vbp x 0.3 \%
Schmitt Trigger CMOS Input?® V1, —
Positive-going Threshold vV —_ 2.5 3.3 4.0 \4
Negative-going Threshold v T- N ViL to ViH 0.7 1.4 2.0 \
Hysteresis T+ T- ViH to ViL 1.1 1.9 2.7 A\
Schmitt Trigger TTL Input® VT, —
Positive-going Threshold V. - 1.4 1.9 2.5 \
Negative-going Threshold v T_“V VL to ViH 0.8 1.3 1.8 \Y;
Hysteresis T+ T- ViH to ViL 0.4 0.6 0.7 \Y%
Uh=VoD 5 5 100 kQ
Input Pull-up/Pull-down Resistor RP VIL =Vss 2 0
Input Leakage Current I M =0-Vpp -10 — 10 MA
Iz
Input Leakage Current (3-state) M =0-Vpp -10 — 10 RA

Notes: 1.ViH = VDD, VIL = Vss

2.With certain restrictions on pin assignment

3.These values for reference only
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ARRAY ARCHITECTURE

The typical UHB chip Is composed of double columns of CMOS gates (basic cells) separated by dedicated wiring channels. A
basic cell consists of a pair of N-channel and a pair of P-channel transistors interconnected by polysilicon gate control terminals.
Groups of basic cells are Interconnected by custom metalization into unit cells. Fujitsu unit cells provide a wide range of standard
logic functions such as exclusive OR gates, flip-flops, buffers, and counters. The UHB Series CMOS Gate Array family includes
over 250 different unit cells. These unit cells are the bullding blocks from which complex designs are constructed.

The spaces between the double columns of basic cells are occupled by channels for custom metalization. Nearly half of these
wiring channels contain transmission gates that implement internal 3-state buses. Bus terminators located at the ends of the
double columns of cells maintain the last value to be sent through the bus to ensure proper operation under all conditions.

The 1/0 cells around the perimeter of the matrix of cells are composed of internal cells with input protection networks and the
potentlal to be configured as input buffers, clock input buffers, output buffers, power output buffers, or bidirectional buffers.

EEIEED eoeevsccsccosccscccscssssacsnscsccccses Bl BT E
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Typical Chip Layout, Double Column Structure

Dedicated Clock Network - for high frequency clocks

3-state Bus Logic - located in wiring channels

Bus Terminators - prevent floating state on buses

Driver Transistors and 1/0 Protection Networks - provide high 1/0 count
Double Columns - for optional macro utilization and speed

Wiring Channel Area - for metalization between unit cells
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DESIGN COMPONENTS

DESIGNING WITH THE UHB PRODUCT FAMILY

To Implement logic functions, the designer builds up the elements of the circuit from unit cells. Simple unit cells are used
hierarchically to bulld higher level functions until the logic is completely defined. Fujitsu offers a complete line of standard logic
functions in the unit cell library.

Soft macros are used to implement large super-cell functions such as expandable ALU's and multipliers.

/O BUFFERS

Each UHB 1/0 buffer around the perimeter of the array consists of an input protection network and large N-channel and P-channel
transistors capable of supplying the standard 3.2-mA, 8-mA, and 12-mA output currents. Two of these large transistor pairs may
be connected in parallel, using high-output-current macros, to obtain 24-mA drive. One of the I/O pads whose output transistors
have been used for the 24-mA high-current option may still be used as an Input.

Input 1/0 buffers convert external TTL levels to internal CMOS levels or may recelve CMOS level signals directly. Output 1/0
buffers are totem pole and may drive either CMOS and TTL levels, depending on their AC and DC loads. Any of the pins except
the dedicated power and ground pads can be designed to be an input buffer, an input buffer with pull-up/pull-down resistance, a
clock input buffer, an output buffer, a high-drive output buffer, an output buffer with noise limiting resistance, a 3-state output
buffer, a bi-directional buffer, or a Schmitt trigger input buffer. There are some restrictions on the location of 24-mA buffers.

INPUT CLOCK DRIVERS

The large output I/O transistor pair is used in a high-drive input clock driver for high fanout applications within the array. This
allows the designer to fully utilize the high speed capabilities of the UHB technology.

TESTING UHB DEVICES

Two options are avallable for testing UHB designs: (1) the standard designer-supplied test patterns and test vectors (in Fujitsu’'s
FTDL format) and (2) the use of scan cells combined with Automatic Test Generation (ATG) performed by Fujitsu computers for
additional diagnostic test patterns. If the designer has designed with scan cells and other scan logic elements, Fujitsu will
complete the scan test program generation.

Regardless of the selected test option, It Is the responsibility of the designer to furnish Fujitsu with enough test patterns to
guarantee that the submitted design completely performs its intended logic functions. These patterns include the designer’s test
function of each 1/0 pin.

COMBINATIONAL LOGIC

SouT

Diagramatic Representation of Design Structure for Scan Testing
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VDD and VSS REQUIREMENTS
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Each UHB Serles gate array device has two options for each package type, both supporting a different number of power and
ground pins, The number of power and ground pins required depends on the number of simultaneously switching outputs used
In the design. Simultaneously switching outputs (SSOs) are output signals that change from H to L or L to H or from Z to H or

Z to L within a 20-ns window (including possible skew).

Muitiple outputs that switch at the same time can cause noise on VoD and Vss lines and affect the performance of a device.
Therefore, to achieve maximum reliability, Fujitsu limits the number of SSOs per VoD pin according to the table below. The
maximum number of SSOs per pin Is determined by a representative value specified for the driving capabllity of each type of
output. The total representative value of all SSOs used In a design must not exceed 80 per Vss pin. For example, 11 normal
3.2-mA outputs with edge rate control, four 12-mA outputs, or three 24-mA outputs per Vss pin may be SSOs.

Output Drive Type

Representative Value
per Output

Normal (3.2 mA)

10

High Drive (12 mA)

20

Normal (3.2 mA) with
Edge Rate Control

High Drive (12 mA)
with Edge Rate Control

14

High Drive (24 mA)
with Edge Rate Control

26
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ESTIMATION OF POWER DISSIPATION

In order to select a sultable ASIC package and determine system cooling requirements and system power supply requirements,
the designer needs to estimate the power dissipation of the circuit.

Power dissipation calculation in CMOS technologies Is complicated by the fact that transient currents involved in charging and
discharging capacitances dominate the total power dissipation.

Fujitsu has simplified the calculation of power dissipation by studying a long history of designs to determine what typical circuit
activity constitutes, and by observing the power dissipation characteristics of individual gates as they operate. These parameters
are summarized below and are incorporated into the worksheet that follows.

Pd(in) = 0.073mW/MHz

paleut) = 0.025mW/pF

pd(seq) = 0.20mW/MHz

pdlcomb) - 0,033mW/MHz
+

cV(sV 5%) = 1.1

The example below assumes a system clock frequency (f) of 25 MHz for a circuit of 2700 gates with 90 inputs and §0 outputs, all -
outputs loaded at 20 pF. The circuit activity, that Is, the maximum number of internal gates, inputs, and outputs that are
simultaneously active, is 20%. The mix of sequential to combinational gates is 1:5 (20%).

Note: P Is In units of mW/MHz, except Fd(out), which Is in mW/MHz/pF.

1.0 1/0 AC POWER CALCULATION
1.1 Number of inputs _90 x freq _25/2 x PD(in) x 20% = _16.43 mW
1.2 Number of outputs _50 x freq' _25/4 x load _20F x PD(out) X 20% = _31.25 mwW

1.3 Total I/0 AC (translent) POwer ............cccvvevvenneeenneerenneessPAC=_47,68 mW
2.0 1/0 DC POWER CALCULATION

2.1 Number of 3.2 mA outputs2 _34 x (0.15 x (loL + IOH)) = 26,52 mw

2.2 Number of 8 mA outputs 16 x (0.15 (loL + IoH)) = 24 mw

2.3 Number of 12 mA outputs _0Q x (0.15 (loL + IoH)) = 0 mw

2.4 Number of 24 mA outputs _0 _x (0.15 (0.15x (loL + IoH)) = _0 mW

2.5 Total /0O DC (steady state) Power .............ciiiiiiiiiiirinnnernnns Poc = _50.52 mwW
3.0 INTERNAL GATE POWER CALCULATION

3.1 Number of used gates _2700 X % seq. _20% X freq _25/8 X PD(seq) = _337.6 mW

3.2 Number of used gates _2700 x % comb. _80% _x freq® _25/20 X PD(comb) = _89,1 mW
3.3 Total Internal Gate Transient Power ...............cccciiiiniiiivennennnnn PINT = _426.6 mW

4.0 TOTAL CHIP ESTIMATED POWER DISSIPATION
4.1 Pt (typical) = PAC _47.68 mW +Ppc _50.52 mW + PINT _426.6 mW =_5§24.8 mW

4.2 PD(worst case) = Pt =_524,8 mW xCv _1,11  =§82.6mW=_,6W W

Notes: 1. It Is assumed that outputs will toggle at one fourth the frequency of the system clock on the average.
2. The (loL + IoH) term assumes outputs are symmetrically high and low

3. It is assumed that only 20% of the combinational gates are simultaneously active, and at a frequency of one fourth
the clock frequency.
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WORKSTATION DESIGN FLOW

Fujitsu ASICs customers have a choice of four popular CAE design packages (Daisy, Mentor, Valid, and HP 9000) plus Fujitsu's
own new Sun-based workstation software (ViewCAD) for schematic capture and design implementation. The design flow process
Is summarized in the diagram below. The boxes outlined in bold indicate Fujitsu-supplied software that Integrates with standard
CAE software to produce the data files necessary to implement a design. The design process flowchart Is somewhat simpler for
the Fujitsu (ViewCAD) software because ViewCAD was written specifically for Fujitsu’s high-reliability design process.

A deslgn logic file and a test data file, known as Fujitsu Logic Design Language (FTDL) and Fujitsu Test Design Language (FTDL),
are the ultimate result of the workstation design process.

Schematic |~ —— — — — — — — — ——— —
Capture  |eg— ———— I

|
|
Y I ]
Schematic ! I
LDRC Connectivity !
List File/ Checker |
Report |
Y |
Logic Design | LDRC |
Rule check Head File |
|
l
Logic
Component Simulator C%r;‘terol 1
Library/Models Data Base File |
|
|
Delay Calculator :
FLDL |
Head File |

Logic
Simulator

Fujitsu Logic

Description Language
Generator Fujitsu’s Test FTOL
Description l€——| Hiead Flle
* Language Generator
FLDL *
File FTDL
File

Workstation Design Process
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DESIGN IMPLEMENTATION FLOW

After the workstation design process Is complete, the FLDL and FTDL files are transferred to the mainframe environment at one
of Fujitsu’s Technical Resource Centers. There, the FLDL file Is checked by the Logic Design Rule Check (LDRC) and a
pre-layout simulation is made using the test data generated in FTDL. Then, after automated layout takes place, simulation Is run
to validate the LSI function.

When the design data Is valldated, the design flles are sent to the prototype manufacturing area where mask sets are fabricated
and engineering sample devices are manufactured for test and approval. After the engineering samples are fully tested and
signed off, full production can begin. '

Customer Interface Fujitsu

Workstation Environment
= Design Support I

| Loglc Design | [ Test Data Design ]

FTDL.
E

}e—{LDRC / SDRC] [ TDRC I—I
< 1 1]
Error Report v r
for Corrections
«——| Logic Simulation |
Fault Grading

Mainframe Environment

Approval

Y

| Auto Layout | | ATG |

Post-Layout Scan Test
Simulation Validation

Manufacturing Environment Approval '
Samples le¢———{ Sample Fabrication |

| Sample Evaluation | * LS| Tester

l—————bl Approval and P.O. J——+

Production ]

Post-Design Process
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY

Note: The load unit (£y) Is a normalized loading unit of capacitance representing the input load of an inverter without metal
Interconnection.

Unit Cell

Name Description Basic Cells Drive ( fu) Polarity
ViIN Inverter 1 18 Neg
V2B Power Inverter 1 36 Neg
ViL Double Power Inverter 2 55 Neg
BIN True Buffer 1 18 Pos
BD3 True Delay Buffer (> 5ns) 5 18 Pos
BD4 Delay Cell (> 4ns) 4 6 Pos
BDS Delay Cell (>10ns) 9 18 Pos
BD6 Delay Cell (>22ns) 17 18 Pos
.Unit Cell

Name Description Basic Cells Drive (fu) Polarity
K1B True Clock Buffer 2 36 Pos
K28 Power Clock Buffer 3 55 Pos
K3B Gated Clock (AND) Buffer 2 36 Pos
K4B Gated Clock (OR) Buffer 2 36 Pos
K5B Gated Clock (NAND) Buffer 3 36 Neg
KAB Block Clock (OR) Buffer 3 55 Pos
KBB Block Clock {OR x 10) Buffer 30 55 Pos
Unit Cell

Name Description Basic Cells Drive (fu)
N2N 2-Input NAND 1 18
N2B Power 2-input NAND 3 36
N2K Fast Power 2-Input NAND 2 36
N3N 3-Input NAND 2 14
N3B Power 3-input NAND 3 36
N4N 4-input NAND 2 10
N4B Power 4-input NAND 4 36
N6B Power 6-input NAND 5 36
N8B Power 8-input NAND 6 36
N9B Power 9-input NAND 8 36
NCB Power 12-input NAND 10 36
NGB Power 16-input NAND 11 36
N3K Fast Power 3-input NAND 3 36
N4K Fast Power 4-input NAND 4 36
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued)

Unit Cell
Name Description Basic Cells Drive (fu)

R2N 2-input NOR 1 14
R2B Power 2-input NOR 3 36
R2K Power 2-input NOR 2 36
R3N 3-input NOR 2 10
R3B Power 3-input NOR 3 36
R3K Power 3-input NOR 3 36
R4N 4-input NOR 2 6
R4B Power 4-input NOR 4 36
R4K Power 4-input NOR 4 36
R6B Power 6-input NOR 5 36
R8B Power 8-input NOR 6 36
R9B Power 9-input NOR 8 36
RCB Power 12-input NOR 10 36
RGB Power 16-input NOR 1 36

Unit Cell

Name Description Basic Cells Drive (fu)
N2P Power 2-input AND 2 36
N3P Power 3-input AND 3 36
N4P Power 4-input AND 3 36
N8P Power 8-input AND 6 36
Unit Cell

Name Description Baslc Cells Drive (fu)
R2P Power 2-input OR 2 36
R3P Power 3-input OR 3 36
R4P Power 4-input OR 3 36
R8P Power 8-input OR 6 36
Unit Cell

Name Description Basic Cells Drive (¢y) Polarity
X1N Exclusive NOR 3 18 Neg
X1iB Power Exclusive NOR 4 36 Neg
X2N Exclusive OR 3 14 Pos
X28 Power Exclusive OR 4 36 Neg
X3N 3-input Exclusive NOR 5 14 Neg
X3B Power 3-input Exclusive NOR 6 36 Neg
X4N 3-input Exclusive OR 5 14 Pos
X4B Power 3-input Exclusive OR 6 36 Pos
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued)

Unit Cell
Name Description Basic Cells | Drive ({u)

D23 2 AND into 2 NOR AOI 2 14
D14 3 AND into 2 NOR AOI 2 14
D24 2, 2 AND into 2 NOR AOI 2 14
D34 2 AND into 3 NOR AOI 2 10
D36 3, 2 AND into 3 NOR AOI 3 10
D44 2 OR into 2 AND into 2 NOR AOI 2 10

Note: AND-OR-Invert unit cells are useful in implementing sum-of-products (SOP) expressions

Unit Cell

Name Description Basic Cells | Drive (¢y)
G23 2 OR into 2 NAND OAI 2 18
G14 3 OR Into 2 NAND OAI 2 10
G24 2, 2 OR into 2 NAND OAI 2 10
G34 2 ORinto 3 NAND OAl 2 10
G44 2 AND into 2 OR into 2 NAND OAI 2 14

Note: OR-AND-Invert unit cells are useful in implementing product-of-sums (POS) expressions.

Unit Cell

Name Type Description Basic Cells | Drive (