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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 EtherStarS , the first VlSI device to integrate both StarlANS 
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 SI 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 FMl's five 
design centers: San Jose, Dallas, Atlanta. Chicago. and Boston. 
with additional design centers planned for Gresham. Oregon and 
Irvine, California. 
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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 Mlkroelektronik 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, LSI 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 EPROMs, and,other LSI 
memory products. 

Fujitsu Microelectronics, Ltd. (European Design Center) 

Fujitsu Microelectronics, Ltd., Fujitsu's European VLSI 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. 
<Ii!> EtherStar is a trademark of Fujitsu Microelectronics, Inc. 
<Ii!> StarLAN is a trademark of AT&T. 
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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 - 1.5/1. 0.9 ns typical delay 

Oescrlpllon Name 

336 Gates. 58 I/O C330UHB 
530 Gates, 64 I/O C530UHB 
830 Gales, 74 1/0 C830UHB 
1 ,233 Gates. 88 I/O C1200UHB 
1,724 Gates, 102 I/O C1700UHB 
2,220 Gates, 115 1/0 C2200UHB 
3,066 Gates, 140 I/O C3000UHB 
4,174 Gates, 155 I/O C4100UHB 
6,000 Gates, 155 I/O C6000UHB 
8,768 Gates, 188 I/O C8700UHB 
12,734 Gates, 2201/0 C12000UHB 

AV Series CMOS Gate Arrays - 1.8/1. 1.4 ns typical delay 

AV Series High Speed Gate Arrays 

Oescrlpllon 

2,640 Gates, 106 I/O 
3,900 Gates, 127 I/O 
5,022 Gates, 127 1/0 
6,664 Gates, 160 1/0 
8,000 Gates, 160 1/0 

AVB Series High Drive Gate Arrays 

Oescrlpllon 

357 Gates, 38 110 
549 Gates, 481/0 
852 Gates, 58 I/O 
1,245 Gates, 68 1/0 
1,674 Gates, 74 1/0 
2,052 Gates, 88 I/O 

Name 

C2600AV 
C3900AV 
C5000AV 
C6600AV 
C8000AV 

Name 

C350AVB 
C540AVB 
C850AVB 
C1200AVB 
C1600AVB 
C2000AVB 

AVL Series Low Power Gate Arrays - 2,3/1. 2.9 ns typical delay at 3V 

Oescrlpllon 

357 Gates, 381/0, 3 Volt Operation 
549 Gates, 48 I/O, 3 Volt Operation 
852 Gates, 58 I/O, 3 Volt Operation 
1,245 Gates, 68 110, 3 Volt Operation 
1,674 Gates, 74 I/O, 3 Volt Operation 
2,052 Gates, 88 110, 3 Volt Operation 

AVM Series Gate Arrays with Memory 

Description 

1,564 Gates with 4.6K ROM or 2.3K RAM, 107 I/O 
2,375 Gates with 2K ROM or lK RAM, 117 I/O 
4,087 Gates with 4.6K ROM or 2.3K RAM, 120 110 

xi 

Name 

C350AVL 
C540AVL 
C850AVL 
C1200AVL 
C1600AVL 
C2000AVL 

Name 

C1502AVM 
C2301AVM 
C4002AVM 

Device ParI Number 

MB625xxx 
MB624xxx 
MB623xxx 
MB622xxx 
MB621xxx 
MB620xxx 
MB606xxx 
MB605xxx 
MB604xxx 
MB603xxx 
MB602xxx 

Device Part Number 

MB654xxx 
MB653xxx 
MB652xxx 
MB651xxx 
MB650xxx 

Device Part Number 

MB675xxx 
MB674xxx 
MB673xxx 
MB672xxx 
MB671 xxx 
MB670xxx 

Device Part Number 

MB685xxx 
MB684xxx 
MB683xxx 
MB682xxx 
MB681xxx 
MB680xxx 

Device Part Number 

MB662xxx 
MB661 xxx 
MB660xxx 



CMOS Channelless Gate Arrays Data Book 

AU Series CMOS Series Gate Arrays - 1.2j.l., 0.6 ns typical delay 

Description 

10,224 Gates, 1061/0 
15,466 Gates, 136 1/0 
20,676 Gates, 155 1/0 
31,500 Gates, 1781/0 
41,184 Gates, 2201/0 
52,164 Gates, 2571/0 
75,140 Gates, 3001/0 
10,2144 Gates, 3321/0 

BiCMOS Gate Arrays Data Book 

Name 

Cl0KAU 
C15KAU 
C20KAU 
C30KAU 
C40KAU 
C50KAU 
C75KAU 
Cl00KAU 

BC Series BiCMOS Gate Arrays - 1.5j.l./l.4j.l., 0.65 ns typical delay 

Description Name 

645 Gates, 52 1/0 BC400 
1,218 Gates, 72110 BC600 
1,672 Gates, 96 1/0 BC1200 
3,240 Gates, 1121/0 BC2000 

BC-H Series BiCMOS Gate Arrays - 1.0j.l./0.5j.l., 0.45 ns typical delay 

4,312 Gates, 96 1/0 
6,160 Gates, 126 1/0 
11,966 Gates, 160 1/0 
16,720 Gates, 2001/0 

ECL Gate Arrays Data Book 

ET Series ECl Gate Arrays - 1.0j.l., 220 ps typical delay 

Description 

1,056 Gates, 64 110 
2,112 Gates. 661/0 
4,224 Gates, 1201/0 
6.160 Gates. 1201/0 
2,640 Gates, 120 1/0 with 4.6 Kb RAM 
2,640 Gates, 1361/0, with 9.2 Kb RAM 
3.960 Gates, 1361/0, with 4.6 Kb RAM 

H Series ECl Gate Arrays - 0.5j.l., 100 ps typical delay 

9,656 Gates, 200 1/0 
9,656 Gates, 300 1/0 
4,926 Gates, 2001/0, with 5.1Kb RAM 
126 Gates, 23 1110 
32 Gates, 131/0 
126 Gates 16 1/0 

CMOS Standard Cell Data Book 

AU Series Standard Cells - 1.2/1, 0.6 ns typical delay 

xII 

BC4000H 
BC6000H 
BC12000H 
BC16000H 

Name 

ET750 
ET1500 
ET3000 
ET4500 
ET2004M 
ET2009M 
ET3004M 

ET10000H 
El0000H 
ET5005HM 
E126H 
E32 
E128 

Device Part Number 

MB637xxx 
MB636xxx 
MB635xxx 
MB634xxx 
MB633xxx 
MB632xxx 
MB631xxx 
MB630xxx 

Device Part Number 

MB211xxx 
MB212xxx 
MB213xxx 
MB214xxx 

MB221xxx 
MB222xxx 
MB223xxx 
MB224xxx 

Device Part Number 

MB121Kxxx 
MB123Kxxx 
MB125Kxxx 
MB126Kxxx 
MB161/191xxx 
MB162/192xxx 
MB163/193xxx 

MB147/157xxx 
MB146/158xxx 
MB185/195xxx 
MB1800 
MB1700 
MB1600 
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Chapter 1 - Fujitsu CMOS Products 

Contents of This Chapter 

1 .1 Introduction 
1.2 CMOS Technology for ASICs 
1 .3 CMOS Gate Array Structure 
1.4 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 TIL 
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. 
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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. 

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. 

:=O--F 

A 
Input 

4 

~ 

F 

Output 

B 
Input 

Figure 1-2. The Basic Cell as a 2-lnput 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 
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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 

OUTPUT 

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 1/0 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 0 0 .--------------------------. 0 0 0 mmt· .... •• .... • ........ ••• .. • ...... • ...... ·mmll!!!l 

0 0 n 
0 0 n 

Basic Cell Columns--. n • 
>easlcCelis • 
V" Wiring Channel. 

. 
0 0 

m 
i 

0 0 0 
o 0 0 .----------------------------. 0 0 0 

1 m _
1m 0 

~. .. ...................................... =m 

" External 1/0/ 
Typical AV Chip Layout. Typical UHB Chip Layout. 
Single Column Structure Double Column Structure 

Figure 1-4. Channeled Gate Array Chip Structure 
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External 1/0 
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A I ---------- I I 

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. 

1.3.5 110 Cells 

I/O cells are input/output buffer cells located on the periphery of the basic cell matrix (and 
memory block, if one is present). I/O 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: 

• 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 proquct 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. 

1·8 



Gate Delay 
(in ns/gate) 
.---------------------------------------------------------------~500K 

10r---------------------------------------____ ~~~--------------~fOOK 

r---------------------------~--~~----------~~~----------_410K 

0.1L--L--~-J---L--J--J~-L--J-~L--L--J---L--L--~--L--L--~--L--J~ 

1975 

Gate Length 
(in microns) 

• = Gate Count 

1980 

o = Gate Length (In microns) 
• = Gate Delay (in ns/gate) 

1985 

Year of Production 
Start 

1990 
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DESCRIPTION 

MB62XXXX 
MB60XXXX 

September 1988 
Edition 1.1 

The UHB series of I.S-mlcron 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 
utilization. 

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

FEATURES 

• High-density silicon gate CMOS technology 
- 330 to 12,000 usable gatea 
- 90% maximum utilization fully autorouted 

• Ultra high speed 
- typical 0.9 ns gate delay 
- narrow delay variation 

• High sink current capability 
- 3.2 mA, 8 mA, 12 mA, and 24 mA options 

available 
- selectable edge rate control 

• Low-skew clock algnal distribution 
- High-performance clock drivers 
- Hierarchical olook distribution 
- Frequency-dependent olock routing 

Maximum 
Device Name Utilizable aate.l Signal Pln.2 

C-330UHB 336 gates 60 

C-530UHB 530 gates 66 

C-630UHB 830 gates 76 

C-1200UHB 1233 gates 92 

C-1?OOUHB 1724 gates 106 

C-2200UHB 2220 gates 123 

C-3000UHB 3066 gates 148 

C-4100UHB 4174 gates 183 

C-6000UHB 6000 gates 163 

C-8700UHB 8768 gates 188 

C-12000UHB 12734 gates 220 

1. Gates available for logic (exclusive of 1/0 usage). 
2. Maximum signal pin numbers depend on the output 

drive requirements and the package selected. 

Copywrlt. 1988 by FWITSU LIMITED and FuJllsu Microelectronics, Inc. 
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• Automatic test pattern generation for 6K gates and up 
- complete family of scan design macros available 

• 2-column gate structure enhances macro performance 
• High-performance Internal 3-state bus 

- burled cells within the routing channels ensure high 
density and reliable performance 

• Proven 1. 5-mlcron 2-layer metal technology 
• Highest pln-to-gate count commercially available 

- 60 logic 1/0 for 336 gates 
- 222 logic 1/0 for 1200 gates 

• Input buffers Incorporating pull-up/pull-down resistance 
• Built-In feedback resistors for oscillators 
• User-defined hierarchy-driven placement 

o 
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PRODUCT FAMILY DESCRIPTIONS 

2-lnput Gate 
Equivalent 

Oevlce Name Part Number Complexity 

C-330UHB MB625xxx 336 gates 

C-530UHB MB624xxx 530 gates 

C-830UHB MB623xxx 830 gates 

C-1200UHB MB622xxx 1233 gates 

C-1700UHB MB621xxx 1724 gates 

C-2200UHB MB620xxx 2220 gates 

C-3000UHB MB606xxx 3066 gates 

C-4100UHB MB605xxx 4174 gates 

C-6000UHB MB604xxx 6000 gates 

C-8700UHB MB603xxx 8768 gates 

C-12000UHB MB602xxx 12734 gates 

MB62xxxx FUJITSU 

MB60xxxx 

Maximum Total Number of 
Signal Pins Basic Cells on Chip 

60 610 gates 

66 840 gates 

76 1176 gates 

92 1680 gates 

108 2232 gates 

123 2800 gates 

148 3744 gates 

163 4888 gates 

163 6976 gates 

188 9720 gates 

220 13728 gates 

Notes: 1. Typical device gate speed, with F/0=2, for a 2-lnput NAND gate, Is 0.9 ns. 
2. A basic cell Is equivalent to a 2-lnput gate. 
3. Basic cells on chip are also used for I/O buffer function. 
4. The maximum signal pin numbers depend on the output drive requirements and the package selection. 

AC CHARACTERISTICS 

BESTIWORST 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 variation, 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 
Temperature VOO= 5V.t.6% 

Range 

Best Case Worst Case 

1. 0 - 70·C 0.35 1.65 

2. -20 - 70·C 0.35 1.65 

3. -40 - 70·C 0.25 1.65 

4. -40 - 85·C 0.25 1.75 

1. = commercial temperature range 

4. = Industrial temperature range 

VOO =5V.t.l0% 

Best Case Worst Case 

0.30 1.75 

0.25 1.75 

0.20 1.75 

0.20 1.85 

Post-Layout Simulation 

VOO= 5V.t.5% VOO= SV.t.l0% 

Best Case Worst Case Best Case Worst Case 

0.40 1.60 0.35 1.70 

0.35 1.60 0.30 1.70 

0.30 1.60 0.25 1.70 

0.30 1.70 0.25 1.80 

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. 

1-12 



REPRESENTATIVE PROPAGATION DELAYS 

MB62xxxx FUJ'ITSU 

MB60xxxx 

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. Smaller arrays can exhibit significantly greater 
speed. 

Propagation Delays (In ns) 
Unit Cell Unit Cell Equivalent Input 

NDI (Fan-out) Function Name Gate Count Transition 
1 2 4 8 16 32 

Inverter V1N 1 t PLH, 0.86 1.51 2.36 3.53 5.19 8.09 
t PHL 0.67 1.04 1.52 2.18 3.11 4.74 

Power 2-lnput NAND N2K 2 t PLH, 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-lnput NAND NGB 11 t PLH, 1.82 2.15 2.57 3.15 3.99 5.43 
t PHL 3.69 3.93 4.25 4.69 5.31 6.40 

Power 2-lnput NOR R2K 2 t PLH, 0.95 1.53 2.27 3.29 4.75 7.28 
t PHL 0.67 0.91 1.23 1.67 2.29 3.38 

Power Exclusive OR X2B 4 t PLH, 1.72 2.05 2.47 3.05 3.89 5.33 
t PHL 1.82 2.03 2.29 2.66 3.18 4.08 

3-wlde 2-AND 6-lnput 036 3 t PLH, 1.78 2.93 4.41 6.45 9.37 4.43 
AND-OR Inverter (A-+Y) t PHL 1.22 1.80 2.54 3.56 5.02 7.55 

2-wlde 2-0R 4-lnput G24 2 PLH, 1.54 2.73 4.27 6.39 9.40 14.65 
OR-AND-Inverter (A-+XI 

t PHL 
1.20 1.78 2.52 3.54 5.00 7.53 

Power 2-AND 8-Wlde T28 11 t PLH, 2.41 2.74 3.16 3.74 4.58 6.02 
Multiplexer (A-+X) t PHL 1.66 1.83 2.04 2.33 2.75 3.47 

Power Clock Buffer K2B 3 t PLH, 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-blt 0 FF with SHK 88 t PLH, 5.22 5.87 6.72 7.89 9.55 12.45 
Clock Inhibit and 2: 1 t PHL 4.92 5.29 5.77 6.43 7.36 8.99 
Data Multiplexer 
(CK,IH-+Q) 

Non-Scan 0 FF FDO 7 t PLH, 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 0 FF FD5 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-blt Binary C43 48 t PLH 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 4.71 

Counter (CI-+CO) 

Non-Scan 4-blt Binary C45 48 t PLH, 2.52 3.22 4.12 5.36 7.13 10.21 
Synchronous Up t PHL 1.68 2.05 2.53 3.19 4.12 5.75 

Counter (CI-+CO) 

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

MB62xxxx FUJITSU 

MB60xxxx 

Calculallons are represenlallve of unll cells In Ihe C12000UHB (UHB 12000-Gate CMOS Gate Array). 
Typical values are indicated. Worst case multipliers are applied 10 typical values. 

Propagation Delays (In ns) 
Unit Cell Unit Cell Equivalent Input NDI (Fan-out) 
Function Nam. Gat. Count Transition 

1 2 4 8 16 

Non-Scan 4-blt BInary 047 66 t PLH, 2.87 3.32 3.90 4.70 5.85 
Synchronous Up/Down t PHL 3.30 3.83 4.05 4.63 5.47· 
Counter (DU-+CO) 

4-blt Binary Full Adder A4H 48 t PLH, 1.97 2.87 4.04 5.65 7.93 
with Fast Carry (CI-+Sl) t PHL 2.1.3 2.71 3.45 4.47 5.93 

4: 1 Seleclor (S5-+X) T5A 5 I 1.39 2.33 3.55 5.23 7.62 I PLH, 
PHL 1.12 1.77 2.62 3.79 5.45 

4-bll Shift Reglsler wllh FS2 30 I PLH, 2.90 3.55 4.40 5.57 7.23 
Synchronous Load I PHL 3.46 3.83 4.31 4.97 5.90 

9-blt Odd Parity P09 22 I . 5.78 6.43 7.28 8.45 10.11 I PLH, 
Generalor/Checker PHL 6.00 6.33 6.75 7.33 8.17 

4-wlde 2: 1 Dala P24 12 I PLH, 1.24 1.57 1.99 2.57 3.41 
Seleclor (A-+X) I PHL 0.97 1.14 1.35 1.64 2.06 

4-blt Magnllude MC4 42 I PLH, 3.17 4.36 5.90 8.02 11.03 
Comparalor (IS-+OG) I PHL 2.60 2.93 3.35 3.93 4.77 

4-blt Bus Driver (A-+X) 841 9 t 1.99 2.48 3.05 3.76 4.64 I PLH, 
PHL 1.87 2.29 2.78 3.39 4.14 

Inpul Buffer (Inverter) lIB 5 I PLH 1.84 2.11 2.44 2.84 3.35 
I PHL' 1.78 2.05 2.38 2.78 3.29 

Clock Inpul Buffer IKB 4 I PLH, 2.49 2.63 2.79 2.99 3.24 
(Inverter) I PHL 1.94 2.08 2.24 2.44 2.69 

Output Buffer Load In pF 

12 25 50 100 200 

Oulput Buffer (True) 02B 2 t PLH, 2.37 3.10 4.50 7.30 12.90 
IpHL 3.24 4.85 7.95 14.15 26.55 

Power Outpul Buffer 02L 2 I 2.53 3.02 3.94 5.79 9.49 
(True) I ~~~, 2.47 3.01 4.03 6.08 10.18 

3-Slale Output Buffer 04T 4 I PLH, 3.09 3.82 5.22 8.02 13.62 
(True) I PHL 4.08 5.77 9.02 15.52 28.52 

Power 3-Slale OUlpul 04W 4 I PLH, 3.48 3/97 4.92 6.82 10.62 
Buffer (True) I PHL 4.68 5.30 6.47 8.82 13.52 

3-Stale Oulpul and H6T 8 I PLH, 3.09 3.82 5.22 8.02 13.62 
Input Buffer (True) I PHL 4.08 5.77 9.02 15.57 28.52 

Power 3-Slale Output H6W 8 I PLH, 3.48 3.97 4.92 6.82 10.62 
and Inpul Buffer (True) I PHL 4.68 5.30 6.47 8.82 13.52 

Note: Delays for Inter-block wiring are not Included 
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DC CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS1 

Rating Symbol 

Supply Voltage YeO 

Input Voltage VI 

Output Voltage Vo 

IOL=3.2mA 

Output Current" 
IOL=8mA 

lOS 
IOL=12mA 

IOL=24mA 

Ceramic 
Tetg Storage Temperature Plaetlc 

Temperature Under Bias 
Ceramic 
Plaetlc Tblas 

Minimum 

VSS' -0.5 

VSS'-0.5 

VSS '-0.5 

-40 

-40 

-60 

-90 

-65 
-40 

-40 
-25 

MB62xxxx FUJITSU 

MB60xxxx 

Maximum Unit 

6.0 V 

VOO+0.5 V 

VOo+O.5 V 

+40 

+80 
mA 

+120 

+180 

+150 
t125 ·C 

+125 
+85 ·C 

Notes: 1. Permanent device damage may occur If absolute maximum ratings are exceeded. Functional. operation should 
be restricted to the conditions as detailed In the operation sections of the data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

2. Vss = OV. 
3. Only one output at a time may be shorted for more than one second. 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Minimum Typical Maximum Unit 

Supply Voltage Voo 4.75 5.0 5.25 V 

Input High Voltage for TTL Input VIH 2.2 - - V 

Input Low Voltage for TTL Input VIL - - 0.8 V 

Input High Voltage for CMOS Input VIH Voo x 0.7 - - V 

Input Low Voltage for CMOS Input VIL - - Voox 0.3 V 

Operating Temperature 
TA 

0 - 70 ·C 

CAPACITANCE (TA = 25·C. VOO = VI = ov. f = 1 MHz) 

Parameter Symbol Minimum Typical Maximum Unit 

Input Pin Capacitance CIN - - 16 pF 

Output Pin Capacitance 
CoUT 

- -
1I0L=3.2mA. 8mA or 12mA ) 16 pF 

Output Pin Capacitance CoUT - -
(lOL=24mA) 18 pF 

I/O Pin Capacitance CliO - -
IIOL=3.2mA. 8mA or 12mA ) 16 pF 

1/0 Pin Capacitance CliO - -
(IOL=24mA) 23 pF 

1-15 

D 



DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Condition 

Power Supply Current IDDS Steady State 1 

Output High Voltage 
for Normal Output (IOL =3.2mA) VOH IOH = -2mA 

Output High Voltage 
for Driver Output (IOL =BmA) VOH IOH = -2mA 

Output High Voltage 
for Driver Output (IOL =12mA) VOH IOH = -4mA 

Output High Voltage 
for Driver Output (IOL =24mA) VOH IOH = -BmA 

Output Low Voltage 2 

for Normal Output (IOL= 3.2mA) VOL IOL = 3.2mA 

Output Low Voltage2 

VOL for Driver Output (IOL= BmA) IOL =BmA 

Output Low Voltage' 
VOL for Driver Output (IOL= 12mA) IOL = 12mA 

Output Low Voltage' 
VOL for Driver Output (IOL= 24mA) IOL = 24mA 

Input High Voltage 
for TTL Input VIH -
Input Low Voltage 

VIL for TTL Input -
Input High Voltage 
for CMOS Input VIH -
Input Low Voltage 

VIL for CMOS Input -
Schmitt Trigger CMOS Input· VT+ -

Positive-going Threshold 
VT_ -

Negative-going Threshold VIL to ViH 
Hysteresis VT+ - VT _ 

VIH to VIL 

Schmitt Trigger TTL Input> VT+ -
Positive-going Threshold VT_ -
Negative-going Threshold ViL to VIH 
Hysteresis VT+ - VT_ VIH to VIL 

VIH =VDD 
Input Puli-up/Puli-down Resistor RP VIL =VSS 

Input Leakage Current III Vi = 0 - VDD 

Input Leakage Current (3-state) 
ILZ 

Vi = 0 - VDD 

Notes: 1.VIH = VDD, VIL = Vss 
2. With certain restrictions on pin assignment 
3. These values for reference only 
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Minimum Typical Maximum 

0 - 100 

4.0 - VDD 

4.0 - VDD 

4.0 - VDD 

4.0 - VDD 

VSS - 0.4 

VSS - 0.4 

VSS - 0.4 

VSS - 0.4 

2.2 - -

- - O.B 

VDDx 0.7 - -

- - VDDX 0.3 

2.5 3.3 4.0 
0.7 1.4 2.0 
1.1 1.9 2.7 

1.4 1.9 2.5 
O.B 1.3 1.B 
0.4 0.6 0.7 

25 50 100 

-10 - 10 

-10 - 10 

Unit 

J.lA 

V 

V 

V 

V 

V 

OV 

OV 

OV 

V 

V 

V 

V 

V 
V 
V 

V 
V 
V 

kD 

J.lA 

J.lA 



MB62xxxx FUJITSU 

MB60xxxx 

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 polysHlcon gate control terminals. 
Groups of basic cells are Interconnected by custom metalizatlon Into unit celis. Fujitsu unit celis 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 building blocks from which complex designs are constructed. 

The spaces between the double columns of basic cells are occupied by channels for custom metallzatlon. Nearly half of these 
wiring channels contain transmission gates that Implement Internal 3-state buses. Bus terminators looated at the ends of the 
double columns of celis maintain the last value to be sent through the bus to ensure proper op.eratlon under all conditions. 

The 110 celis around the perimeter of the matrix of ceUs are composed of Intemal celie with Input protection networks and the 
potential to be configured as Input buffers. clook Input buffers. output buffers, power output buffers, or bidirectional buffers. 
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m millI_millI ........................................ _millI° 
Typical Chip Layout, Double Column Structure 

1. Dedicated Clock Network - for high frequency clocks 
2. 3-state Bus Logic - located In wiring channels 
3. Bus Terminators - prevent floating state on buses 
4. Driver Transistors and 1/0 Protection Networks - provide high 1/0 count 
6. Double Columns - for optional maoro utilization and speed 
6. Wiring Channel Area - for metallzatlon between unit cells 

1-17 

o 



DESIGN COMPONENTS 

DESIGNING WITH THE UHB PRODUCT FAMILY 

MB62xxxx FUJITSU 

MB60xxxx 

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

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

110 BUFFERS 
Each UHB 110 buffar around the parimeter of the array consists of an Input proteotlon network and large N-channel and P-ohannel 
transistors capable of supplying the standard 3.2-mA, B-mA, and 12-mA output currents. Two of these large transistor pairs may 
be oonnected In parallel, using hlgh-output-current macros, to obtain 24-mA drive. One of the 110 peds whose output transistors 
have been used for the 24-mA high-current option may stili be used as an Input. 

Input 110 buffers convert external TTL levels to Internal CMOS levels or may receive CMOS level signals directly. Output 110 
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 buffar 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 bl-dlrectlonal buffer, or a Schmitt trigger Input buffer. There are some restrictions on the location of 24-mA buffers. 

INPUT CLOCK DRIVERS 
The large output 110 transistor pair Is used In a high-drive Input clock driver for high fanout appUoatlons within the array. This 
allows the designer to fully utUlze the high speed capablUtles of the UHB technology. 

TESTING UHB DEVICES 
:rwo options are available 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 Automatlo Test Generation (ATG) performed by Fujitsu computers for 
additional diagnostic test pattems. 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 oompletely performs Its Intended logic functions. These patterns Include the designer's test 
function of each 110 pin. 

SIN 

SOUT---...J 

Dlagramatlc Representation of Design Structure for Scan Testing 
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VDD and VSS REQUIREMENTS 
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Each UHB Series 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 swltohlng outputs used 
In the design. Simultaneously switching output8 (SS08) 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). 

Multiple outputs that switch at the same tlma can cause noise on Voo and Vss Unes and affeot the performanoe of a device. 
Therefore, to achieve maximum reliability, Fujitsu limits the number of SSO. per voo pin accordlng to the table below. The 
maximum number of SSOs per pin Is dstermlnsd by a representative value specified for the driving capabUity 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 mAl 10 

High Drive (12 mAl 20 

Normal (3.2 mAl with 
Edge Rate Control 7 

High Drive (12 mAl 
with Edge Rate Control 14 

High Drive (24 mAl 
with Edge Rate Control 26 
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ESTIMATION OF POWER DISSIPATION 
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In order to select a suitable 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(lnl 0.073mW/MHz 

pd(outl 0.025mW/pF 

pd(seql 0.20mW/MHz 

pd(combl 0.033mW/MHz 
+ 

C V (5V-5%1 1.11 

The example below assumes a system olock frequenoy (fl of 25 MHz for a clroult of 2700 gates with 90 Inputs and 50 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%1. 

Note: P Is In units of mW/MHz, except Pd(outl, which Is In mW/MHz/pF. 

1.0 1/0 AC POWER CALCULATION 

1 .1 Number of Inputs ....alL x freq -Zil2- X PO(ln) X 20% = -.l.I.AL mW 

1.2 

1.3 

2.0 

2.1 

2.2 

2.3 

Number of outputs ....6lL x fraq' ...2il!... x load --.ZW:- x PD(oul) x 20% =....ll..2L mW 

Total 1/0 AC (transient I Power .•.••.••.•.••..•.•.•..••.•.••.••.•••.• 'lr:p:'A-c-=-~-::::-::::---m~w:-:---' 

1/0 DC POWER CALCULATION 

Number of 3.2 rnA outputs' --H..- x (0.15 X (loL + IOHll = 

Number of 8 rnA outputs -1.L.. x (0.15 (lOL + IOHll = 

Number of 12 rnA outputs --'L x (0.15 (lOL + IOHll = 

~mW 

~mW 

--'LmW 

2.4 Number of 24 mA outputs ----lL x (0.15 (0.15 x (lOL + IOHll = --'L mW 

2.5 Total 110 DC (steady statel Power .................................... 1 Poc = ~ mW 

3.0 INTERNAL GATE POWER CALCULATION 

3.1 Number of used gates ....2Zlm... x % seq. ....2llL. x freq -2RLL- X PO(saq) = 337 6 mW 

3.2 Number of used gates ....2Zlm... x % comb. ~ x frece ~ X Po (comb) = -D....t- mW 

3.3 Total Internal Gate Transient Power .................................... 1 PlN,T = ~ mW 

4.0 TOTAL CHIP ESTIMATED POWER DISSIPATION 

4.1 PI (typical I = PAC ...JZ..&L.- mW + Poc ~ mW + PINT ~ mW = -ill.L. mW 

4.2 Po(worst case I = PI =-ill.L. mW xCV ....1..lL = U2..i mW = ~ 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 + IOHl 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. 

1·20 



WORKSTATION DESIGN FLOW 
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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 (VlewCAD) 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 flies necessary to Implement a design. The design process flowchart Is somewhat simpler for 
the Fujitsu (VlewCAD) software because VlewCAD was written specifically for FuJitsu's high-reliability design process. 

A design 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. 

Component 
Library/Models 

Workstation Design Process 
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DESIGN IMPLEMENTATION FLOW 

MB62xxxx FUJITSU 
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After the workstation de.lgn prooe •• Ie oomplete, the FLOL and FTOL file. are transferred to the mainframe environment at one 
of Fujitsu's Technical Resource Center •. There, the FLDL file Is checked by the Logic Design Rule Check (LDRC) and a 
pre-layout simUlation Is made using the te.t data generated In FTOL. Then, after automated layout take. place, simulation 18 run 
to validate the LSI function. 

When the design data Is validated, the design file. 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 
Workstation Environment 

Mainframe Environment 

Interface 

Error Report 
for Corrections 

Design Support 

-------------------------------- ------J-----
Manufacturing Environment I Approval I ~ • 

Samples Sample Fabrication 

Approval and P.O. 

Post-Design Process 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY 
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Note: The load unit (lu) Is a normalized loading unit of capacitance representing the Input load of an Inverter without metal 
interconnection. 

Unit Cell 
Name 

Unit Cell 
Name 

Description 

Description 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

Unit Cell 
Name 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

The number of 841 s used Is limited by the chosen array series. as shown In the table below. 
On-chip buses (managing more than one bus source and/or a bl-dlrectlonal bus) may be Implemented with 
either multiplexer-type unit cells or bus drivers. While bus drivers Impose certain design restrictions. the 
optimum choice Is dictated by the specific design. 

Device Name Maximum B41s 

C-330UHB 4 

C-530UHB 5 

C-830UHB 6 

C-1200UHB 8 

C-1700UHB 12 

C-2200UHB 16 

C-3000UHB 21 

C-4100UHB 26 

C-6000UHB 50 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

Note: • Indicates 0 Flip-Flop with multiplexed Inputs. 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

32 18 4 

48 18 4 

48 18 4 

68 18 Low 

1. (SI. (AI Indicate the counter Is (Slynchronous or 
2. Scan counters Include clock Inhibit and high drive (CDR = 36 ..tu). For non-Scan counters CDR = 18 ..tu. 
3. Cll may by used for purposes other than counters. 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

Outputs 

18 16 4 Q-Parallel 

30 16 4 Q-Parallel 

34 18 4 Async-Low Q-Parallel Pos 
SRI 

Register with Scan 36 36 4 Serial-In only Q-Parallel Pos 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

12RU 12R With Pull-up Resistance 8 18 TTL 
12RO 12R with Pull-down Resistance 8 18 TTL Schmitt True 

Note: A "U· suffixed to the name of an Input buffer Indicates pull-up resistance of 501<.0 (typical) and a "0" 
Indicates a pull-down resistance of the equivalent value. 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

EXAMPLE OF OPEN DRAIN OUTPUT 

R pullup (min) = VPD (max) 
I OL (rated) ZOl 

PROVIDES 
WIRE AND 

"-r:":L..L._ OUT 

INTERNAL 

EXAMPLE OF OPEN SOURCE OUTPUT 

PROVIDES 
WIRE OR 

EXTERNAL 

R pulldn (min) = VDD(max) 
I OL (rated) 

-r--....o. .. -OUT 
zoo 

INTERNAL EXTERNAL 

IN 

o 

IN 

o 
1 

x 

L 
Z 

X 

H 
Z 

OUT 

L 
H 

OUT 

H 
L 

Note: 2. Totem pole outputs, suoh as these buffers have, oan drive both TTL and CMOS levels. Voltage margins depend 
on aotual souroe or sink ourrent (see DC speolfloatlons). 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

logic 
Level 

6 TTL 
6 3.2mA TTL No True 
6 3.2mA TTL No True 

6 12mA TTL No True 
6 12mA TTL No True 
6 12mA TTL No True 

Interface Input Buffer 6 3.2mA CMOS No True 
H6CU H6C with Pull-up Resistance 6 3.2mA CMOS No True 
H6Co H6C with Pull-down Resistance 6 3.2mA CMOS No True 
H6E Power 

Interface Input Buffer a 12mA CMOS No True 
H6EU H6E with Pull-up Resistance a 12mA CMOS No True 
H6Eo H6E with Pull-down Resistance 6 12mA CMOS No True 

12 3.2mA CMOS No True 
12 3.2mA CMOS No True 

12 3.2mA CMOS No True 

12 3.2mA TTL No True 
12 3.2mA TTL No True 

3.2mA TTL Yes True 
9 3.2mA TTL Yes True 

9 12mA TTL Yes True 

9 12mA TTL Yes True 
9 12mA TTL Yes True 

11 24mA TTL Yes True 

11 24mA TTL Yes True 

11 24mA TTL Yes True 

Interface Input Buffer 9 3.2mA CMOS Yes True 

H6CU H6C with Pull-up Resistance 9 3.2mA CMOS Yes True 

HaCo HaC with Pull-down Resistance 9 3.2mA CMOS Yes True 

Note: A "U" suffixed tol the name of a bidirectional buffer Indicates a pull-up resistance of 500 (typical) and 
a "0" indicates a pull-down resistance of the equivalent value. 
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FUNCTIONAL INDEX OF UNIT CELL LIBRARY (Continued) 

Unit Input Edge Inputl 
Cell Basic Drive Logic Rate Output 
Name Description Cells (IOL) Level Control Polarltv 

H8E Power 3-state Output Buffer and 
Interface Input Buffer 9 12mA CMOS Ves True 

H8EU H8E with Pull-up Resistance 9 12mA CMOS Ves True 
Pull-down Resistance 9 12mA CMOS Ves True 

11 24mA CMOS Ves True 
11 24mA CMOS Ves True 
11 24mA CMOS Ves True 

13 3.2mA CMOS Ves True 
13 3.2mA CMOS Ves True 
13 3.2mA CMOS Ves True 0 13 3.2mA TTL Ves True 
13 3.2mA TTL Ves True 
13 3.2mA TTL Ves True 

Trigger Input Buffer 8 8mA TTL No True 
H6TFU H6TF with Pull-up Resistance 8 8mA TTL No True 
H6TFD 8 8mA TTL No True 
H6CF 3-state 8 8mA No 
H6CFU H6CF with Pull-up Resistance 8 8mA CMOS No True 
H6CFD H6CF with Pull-down Resistance 8 8mA CMOS No True 
H8TF 3-state Output and Input Buffer 8mA TTL Ves True 
H8TFU H8TF with Pull-up Resistance Ves True 

True 
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Availability Characteristics of UHB Gate Array Packages 

Subject to Change 
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Availability Characteristics of UHB Gate Array Packages 

- -piE 

Package Code 
Available 

Pinout Code Number Number Number of 
PlaStic ceramiC of Vdd of Vss Signal Pins 

DIP-22SK 2 2 18 

1 1 .u 
DIP-24SK 2 2 20 

1 1 a 
DIP-28SK 2 2 24 

1 1 26 - Available 
Pinout Code Package Code Number Number Number of 

Plastic _Ce_ramlc of Vdd of Vss Signal Pins 

FPT-16 "V" ~ ~ 13 
FPT-16U 1 1 14 
FPT-20 1 2 ~ 
FPT-20U 1 1 ~ 
FPT -24 FPT-24-M02 2 2 20 
FPT-24U 1 1 22 
FPT -28 2 2 24 I FPT-28U - --.... 

Package Code Number 
Available 

Pinout Code Number Number of 
Plastic Ceramic of Vdd of Vss Signal Pins 

FPT-44 2 4 36 
FPT-44l 2 2 40 
FPT-48 2 4 42 
FPT-48U 2 2 44 
FPT-48 • 2 4 42 
FPT -48U • 2 • 44 

FPT-64 -g .. r-M01 2 4 68 
FPT-64U 1-/Ur--IVI01 1 1 62 
FPT-80 FPT -80P-M01 2 6 72 
FPT-80U 2 4 J4 
FPT-100 FPT-100P-M01 4 8 88 
FPT -100U 4 4 Jl2 
FPT-120 6 12 ~ 
FPT-120U 4 8 ~ 
FPT-160 8 14 138 

FPT-160U 6 12 ~ 

• Small body size. 

Subject to Change 
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Availability Characteristics of UHB Gate Array Packages 

Subject to Change 

1-36 



PACKAGE AVAILABILITY 

PACKAGE OPTIONS 

DIP 16 
18 
20 
22 
24 
28 
40 
42 
48 

SDIP 28 
(SHRINK) 42 

48 
64 

SKDIP 22 
(SKINNY) 24 

28 

FPT 16 
with leads on 20 
two sides of 24 
the package 28 

FPT 44 
with leads on 48 
four sides of 48-
the package 64 

80 
100 
120 
160 

PLee 28 
44 
68 
84 

PGA 64 
88 

135 
179 
208 
256 

LCe 28 
48 
64 
68 
84 

e = Ceramic 
P = Plastic 

C-330 
UHB 

C P 

• 
• • • • • • • • • • • 

• 
• • • • 

• 
• 
• • • • 
• • • • 

• • • 
• • 

• .-
• 

C-530 C-830 
UHB UHB 

C P C P 

• • • • • • • • • • • • • • • • • • • • • • 
• • • • • • 

• • • • 
• 
• 

• • • • 
• • • • • • • • • • • • 

• • • • • • 

• • • • • • • 

• • • • • • • • 

C-1200 
UHB 

C P 

• • • • • • • 
• • • • 

• • • • • 

• 
• 
• • • 
• • • • • 
• • • 

• • • • 
• 

• • • • 

• = 48-pln FPT, smaller than the other 48 FPT 

C-1700 
UHB 

C P 

• • • • • • • • • • 
• • • • • 

• • • • • • • • • 
• • • • 

• • • • 
• 

• • • 
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C-2200 C-3000 
UHB UHB 

C P C P 

• • • • • • • • • 
• • • • • • • 

• • • • • • • 

• • • 
• • • • • • • • • • 
• • • • • • • • 

• • • • • • • • • • • • 

• • • • 
• • 

MB62xxxx 
MB60xxxx 

C-4100 C-6000 
UHB UHB 

C P C P 

• • • • • • • 

• • • • • • 

• • • • • • • • • • • • 

• • 
• • 

• • • • • • • • • • • • • • • • 

• • • • • 

.: available now 
0: under development 

FUJITSU 

C-8700 C-12000 
UHB UHB 

e P C P 

o 

0 
0 

• • 0 0 

• • 0 0 

• • • • • 0 

• • • • • • • • • 

• • • 
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256-LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY PACKAGE 
(CASE No.: PGA-256C-A03 

C.040(1.02)TVP 

(4PLCS) 

o 
INDEX AREA 

C ~~~~1.9~70~±7·02~OSQ==:=J J 
(50.04±0.51) 010 +025 

.050~:030 (1.27 -0:76) 

.250(6.35) 
MAX 

© 1988 FUJITSU LIMITED R256003S·1C 
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.050(1.27)DIA TVP 

/ (4PLCS) 

~@@@@@@@@@@@@@@@@@® 
@@@@@@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@@@@@@ 
@@@@ @ @ @ @ @@®@ 
@@@@ @@@@ 
@@@@@ @@@@@ 
@@@@ @@@@ 
@@@@@ @@@@@ 
®@@® @@@@ 
@@@®@ @@@®@ 
®@@@ ®@®@ 
®®®®@ @@®®® 
@®®@ ®®@@ 
@®®®®@®®HI@@@@ 
@@@@@@®@®@®@®®oo@@@ 
®®@@®®@®®®®®®®® ®®® 
®®®®®®@@®®®®@®® ®@® 
$®®®®®®®®®@@®®®®o®e 

EXTRA INDEX PIN \ 

Dimension in 
inches (milimeters) 



PACKAGE DEMENSIONS (Continued) 

MB62xxxx FUJITSU 

MB60xxxx 

208·LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY PACKAGE 
(CASE No.: PGA·208C·A02 

o 
INDEX AREA 

~14 ____ ~~1.=~~3~±~~~20~SQ~ 
(43.00±0.51 ) 

.050±.010 
(1.27±0.25) 

© 1987 FUJITSU LIMITED R20B002S·1 C 

.100±.010 
(2.54±0.25) 

1.600(40.64) 
REF 

(3.40~:;~) 
.240(6.10) 

MAX 
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/ (4PLCS) 

Dimension in 
inches (millimeters) 
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PACKAGE DEMENSIONS (Continued) 

160 LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·160P·M01) 

, • 1.260 •. 016132.0.0.41 

1 11---o~1'1021=""--28'01-o~mi I ,~c"'. 

132.o,o.41 
1.102128.01 

o U 
.0256 •. 0059.1i---J1 .012 •. 004 
10.65.0.151 10.30'0.11 

rE'Mnmnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn!h. 
--I _:079,.006 .03".006 .11--

12.0,o.21 10.8'0.21 

C) 1888 FUJITSU LIMITED F160001S·2C 

.13813.51 
MAX 

"A" 

, OIOIMIN 
, STAND OFF 
I __ f •. ooa'.002 

.... , ""1""0.::::15"',""0."'05"'1 
, .15213.851 

MAX 

4O·LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP-4OP-M01) 

INDEX 

I. 2.045151.951 
2.071(52.501 

el1a5 FUJITSU LIMITED D4000S$-1C 

(EJECTOR MARK) 

1·40 

J13.551 
.553114.051 

View "A" 

Dimensions in 
inches (millimeters) 

.590(14.99) 

.610(15.49) 

Dimensions I" 
ineh .. (mUHmetart] 



DESCRIPTION 

MB65xxxx 
MB66xxxx 
MB67xxxx 

June 1986 
Edition 2.0 

The Fujitsu MB65xxxx/MB66xxxx/MB67xxxx family are a series of high performance CMOS gate arrays designed to provide high 
density, low power, and operating speeds that are comparable to standard bipolar logic. The AV (MB65xxxx) series Is an Ideal 
choice for LSI and VLSI applications that require up to 8000 gates, 2304 bits of RAM, 4608 bits of ROM or for bus Interface circuits 
with high-drive requirements. The AVB (MB67xxxx) series Include optional 10 mA buffered outputs and Input pull-up/pull-down 
resistors for easy Interfacing with bus organized logic. The AVM (MB66xxxx) series of memory arrays Include, In addition to the 
1.5K, 2.3K, and 4K gates of logic, two basic sizes of static registered memories: 

The C4002 and C1502 have up to 2304 bits of RAM organized In an optional by-nine memory configuration that Is system 
compatible with most modern designs. The 2301 has 1024 bits of RAM that may be configured Into any by-four multiple 
from 256-by-4 to 32-by-32. 

The AVM memories contain duplicate decoder and address register logiC so that they may be split and used as two 
Independent memories without borrowing any of the unit cells. 

All AV, AVB and AVM arrays use the same basic Internal cell structure and common logic Macros. 

FEATURES • Pull-up/pull-down Input buffers available. 
• 1.4 ns gate delay typical. • Single 5V power supply. 

(2-lnput NAND gate,F.O.=2) • TTL compatible 110, CMOS 
• Static RAM or ROM on chip. Input and Schmitt trigger Input. 
• Silicon-gate 1.8 micron dual metal. • Popular CAE workstations supported. 
• 100% automatic placement and • Over 100 unit cells available for design. 

routing with guaranteed 90% cell utilization. • Predeslgned software macros available. (F-Macros). 
• Three-state and bidirectional outputs available. • Fast turnaround: 6 weeks after IInal validation. 
• High-drive output. • Evaluation samples available. 

Buffers, I OL = 10.0 mA, available, • Extended temperature range available. 

AV-CMOS SERIES Device Part No. Gates 11O Gate Speed Features 

C2600AV MB654xxx 2640 106 1.4 ns High Density 

C3900AV MB653xxx 3900 127 1.4 ns High Density 

C5000AV MB652xxx 5022 127 1.4 ns High Density 

C6600AV MB651xxx 6664 160 1.4 n8 High Density 

C8000AV MB650xxx BOOO 160 1.4 ns High Density 

AVB-CMOS SERIES 
C350AVB MB675xxx 357 38142)' 1.4 ns High-Drive 

C540AVB MB674xxx 549 48 (50)' 1.4 ne High-Drive 

C850AVB MB673xxx 852 58 (60)' 1.4 ns High-Drive 

C1200AVB MB672xxx 1245 68 (68)' 1.4 ne High-Drive 

C1600AVB MB671xxx 1674 74 (76)' 1.4 ns High-Drive 

C2000AVB MB670xxx 2052 88 (92)' 1.4 ns High-Drive 

AVM-CMOS SERIES C1502AVM MB662xxx 1564 107 (109)2 1.4 ns 4K ROM 12K RAM 3 

C2301AVM MB661xxx 2375 117 (119)2 1.4 ns 2K ROM/1 K RAM 3 

C4002AVM MB660xxx 4087 120 (122)2 1.4 ns 4K ROM 12K RAM 3 
Notes: 

1. 1/0 numbers In parentheses Indicate 1/0 available when no hlgh-drlve outputs are used. 
2. When ROM Is provided. 
3. Available options. 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 1 
(V •• = OV.) 

Rating Symbol 

Supply Voltage Voo 

Input Voltage VI 

Output Voltage Vo 

Output Current 2 A VB los 

Output c~rrent 2 AV,AVM los 

Storage Temperature TSTG 

Bias Temperature Tblas 

Notes: 

Minimum Typical Maximum Unit 

Vss - 0.5 - 6.0 volts 

Vss - 0.5 - Voo + 0.5 volts 

Vss- 0.5 - Voo + 0.5 volts 

-80 - 140 mA 

-40 - 70 mA 

-65 Ceramic - 150 Ceramic °c 

-40 Plastic - 125 Plastic °c 

-40 Ceramic - 125 Ceramic °c 

-25 Plastic - 85 Plastic °c 

1. Permanent device damage may occur If the absolute maximum ratings are exceeded. Functional operation should be reatrlcted to the conditions of 

recommended operation. Exposure to absolute maximum ratings for extended periods may affect device reliability. 

2. No more than ana output can be shorted at a time and no output can be shorted for more than one second. 

RECOMMENDED OPERATING CONDITIONS 
(V •• = OV ) 

Parameter Symbol 

Supply Voltage Voo 

Input High Voltage VIH 

for CMOS Inputs VIH 

Input Low Voltage VIL 

for CMOS Inputs "IL 

Ambient Temperature TA 

AV, AVM SERIES CAPACITANCE 
(Ta - 25°C Voo= VI = 0 volts f - 1 MHz) - , -

Parameter Symbol 

Input Capacitance C IN 

Output Capacitance COUT 

I/O Pin Capacitance CliO 

AVB SERIES CAPACITANCE 

(Ta = 25 °c, Voo= VI = 0 volts, f =1 MHz.) 

Parameter Symbol 

Input Capacitance CIN 

Output Capacitance COUT 

I/O Pin Capacitance CliO 

Minimum Typical Maximum 

4.75 5.0 5.25 

2.2 - -
Voo x 0.7 - -
- - 0.8 

- - Voo x 0.3 

0 - 70 

Minimum Typical Maximum 

- - 9 

- - 9 

- - 11 

Minimum Typical Maximum 

- - 8 

- - 16 

- - 21 

1-42 

Unit 

volts 

volts 

volts 

volts 

volts 

°c 

Unit 

pF 

pF 

pF 

Unit 

pF 

pF 

pF 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Minimum Typical Maximum 

Power Supply Current 
loos - - 100 (Steady state, VI = OV or Voo ) 

Output High Voltage VOH 4.2 - Voo 
(IOH = -0.4 mAl 

for Driver Output VOH 4.2 - Voo 
(IOH = -0.4 mAl 

Output Low Voltage VOL Vss - 0.4 
(loL = 3.2 mAl 

for Driver Output VOL Vas - 0.5 
(IOL = 10.0 mAl 

Input High Voltage VIH 2.2 - -
for CMOS Input VIH Voo X 0.7 - -
Input Low Voltage VIL - - 0.8 
for CMOS Input VIL - - Voo x 0.3 

Input Leakage Current III -10 - 10 
(VI = 0 - Voo ) 

Input Leakage Current 
(3-state, VI = 0 - Voo ) 

I LZ -10 - 10 

Input Pull-Up/Down RP 25 50 100 
Resistor 

(Pull up: VIL = OV, 
Pull down "'H = Voo ) 

AC CHARACTERISTICS DELAY MULTIPLIERS FOR PRE-LAYOUT SIMULATION 
See AV Series Gate Arrays Unit Cell Library) 

Parameter Symbol Minimum Typical Maximum 

Propagation Delay tpd 

Enable Time tPZL/tpZH 

Disable Time tpLz/tpHZ Typ x 0.45 Typ x 1.6 

Set-up Time tso 

Hold Time tHO 

Pulse Width tew 

AC CHARACTERISTICS DELAY MULTIPLIERS FOR POST-LAYOUT SIMULATION 
(See AV Series Gate Arrays Unit Cell Library) 

Parameter Minimum Maximum 

Typ x 0.50 Typxl.55 
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Unit 

JlA 

volts 

volts 

volts 

volts 

volts 
volts 

volts 
volts 

I1A 

I1A 

kn 

Unit 

ns 

Unit 

ns 
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OUTPUT BUFFER PROPAGATION DELAY CHARACTERISTIC 
(T = 25°C) 

tup VB CL 
tup 15 tdn 15 
(ns) 

04L, H6W 
(ns) 

10 10 
·02B 

5 5 

I I I I I I 

30 40 50 60 70 80 

LOAD CAPACITANCE CL(pF) 

tdn vs CL 

I I I I I I I I 

10 20 30 40 50 60 70 80 

Note: During the simulation, external 
loading capacitance Is assumed 
to be the same as the testing 
condition, I.e.: 02B:60pF 
04T:65pF H6T:85pF, 02L:60pF 
04L:65pF H6W:85pF 

LOAD CAPACITANCE CL(pF) 

AV AND AVB-CMOS GATE ARRAY CHIP LAYOUT AND ORGANIZATION 

CHIP LAYOUT AV AND AVB SERIES EXCEPT C6600AV AND C8000AV 

000 
o 
o 
t 
I 
I 
I 
I 
I 
I 
I 

D 
D 
DDD 

.------------------------------. DOD 

I Basic Cell Columns \1-----t .. t::I 
D 
D 

>i '""C C,II, I 
~;t------:::;01 Wiring Channels 

I 110 rl 
.------------------------------. 
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AV AND AVB ORGANIZATION 

MB65xxxx 
MB66xxxx 
MB67xxxx 

Device Total Basic Cells Columns Basic Cells per Column Total 110 Cells 

C350AVB 357 7 51 

C540AVB 549 9 61 

C850AVB 852 12 71 

C1200AVB 1245 15 83 

C1600AVB 1674 18 93 

C2000AVB 2052 18 114 

C2600AV 2640 22 120 

C3900AV 3900 25 156 

C5000AV 5022 27 186 

Note: 
1. 1/0 numbers In parentheses Indicate 1/0 available when no hlgh-drlve outputs are used. 

C6600AV, C8000AV AND AVM GATE ARRAY CHIP LAYOUT AND ORGANIZATION 

C66DDAV. C8DDDAV CHIP LAYOUT 

For C6600AV each block may 
vary from 1000 to 2000 basic cells. 

For C8000A Veach block Is fixed at 
2000 basic cells. 

For automatic placement and 
routing, the maximum basic cells 
used for each block should not 
exceed 90% of the total 
available In that block. 

C66DDAV. C8DDDAV ORGANIZATION 

DDD ODD 
D 
D 

I I III III I 
111111111 
111111111 
111111111 

1110 111 
IIIAIIi 
III III 
III III 
111111111 
111111111 
111111111 
111111111 

1111111111111111111111111111 
1111111111111111111111111111 
1111111111111111111111111111 
1111111111111111111111111111 
IIIIIIIIIIII~IIIIIIIIIIIII 
111111111111 B 1111111111111 
111111111111 1111111111111 
111111111111 1111111111111 
1111111111111111111111111111 
1111111111111111111111111111 
1111111111111111111111111111 
1111111111111111111111111111 

o 
D 

11111111111111111111111 
11111111111111111111111 
11111111111111111111111 
11111111111111111111111 
IIIIIIIIIII@JIIIIIIIII 

11111111111 C 111111111 D 11111111111 111111111 
11111111111111111111111 

11111111111111 
11111111111111 
11111111111111 
11111111111111 
111110111111 

11111 D 111111 
11111 111111 D 
11111111111111 
111111111111110 
11111111111111 
11111111111111 

0
11111111111111111111111 
11111111111111111111111 
11111111111111111111111 

DOD DOD 

38 (42)1 

48 (50)1 

58 (60) 1 

68 (68) 1 

74 (76)1 

88 (92)1 

106 

127 

127 

Device Total Basic Cells Blocks BC/Block Rows/Block Columns/Block Total 110 Cells 

C6600AV 6664 4 1000 - 2000 - Variable 160 

C8000AV 8000 4 2000 100 20 160 
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C1502AVM, C2301AVM CHIP LAYOUT 

The maximum basic cells 
used for the basic ceO block 000 ODD should not exceed 90% of 
the total available. 0 I II I 1111111111111111111111 0 I II I 1111111111111111111111 

I II I 1111111111111111111111 
The block Is conflgurable for 0 I II I 1111111111111111111111 

0 either 1024 or 2304 total bits 
I II I I : ~~~I~: ~~~~ :~~~~~ : II 1 II I 

organized from 2-blts per I II I 
I II I 

word to 32-blts per word. or I II I 1111111111111111111111 
9-blts per word to 36-blts 

I II I 1111111111111111111111 
I II I 1111111111111111111111 

per word. I II I 1111111111111111111111 

a-bit word sizes and larger 
111111111111111111111111111111111111111 (for C2301AVM) or 1a-blt 

word sizes and larger (for 111111111111111111111111111111111111111 
C1502AVM) allow division of 1111111111 11111111 
the RAM block Into two 0 1111111111 RAM or ROM BLOCK 11111111 0 separate RAMSs. 

:::::::::: j: H:::: H:::::::::: I:::::::: ROM can be provided In 0 0 
place of RAM. The ROM DOD DOD block Is conflgurable for 
either 2048 or 4608 total 
bits. 

C4002AVM CHIP LAYOUT 

For automatic placement and routing the maximum basic 

cells should not exceed 90% of the total available. 

The RAM block Is conflgurable for 2304 total bits organized 
from 9 bits per word to 36 bits per word. 

18-blt word sizes and larger allow division of the RAM block 
Into two separate RAMs. 

ROM can be provided In place of RAM. The ROM block Is 
configured for 4608 total bits. 

C1502AVM, C2301AVM, C4002AVM ORGANIZATION 

Device Total Basic Cells Columns 

C1502AVM 1564 23 

C2301AVM 2375 25 

C4002AVM 4087 6 
25 

Note: 
1. When ROM Is provided. 1·46 

00 00 
0 II II 0 1111 

0 1111 
1111 

-r---! 1111 •........ 
II II 
1I11 

Basic Cell 

1111 

0 I RAM or I 0 ROM 

00 00 

BC/Column RAM Size Total I/O Cells 

68 2K. 9-blt to 36-blt 107 (109) 1 

95 1K. 4-blt to 32-blt 117 (119) 1 

202 2K. 9-blt to 36-blt 120 (122) 1 
115 



DESIGN COMPONENTS 

BASIC CELL 

MB65xxxx 
MB66xxxx 
MB67xxxx 

An unprogrammed gate array Is an array of basic cells. Thus the "gates· In a gate array are actually the basic cens which will 
make up final logic. Fujitsu's basic cell contains enough transistors to form a two-Input NAND gate. 

[II I~I 13 
p I Layout I N 

Unprogrammmed Basic Cell 

UNIT CELL 
A design Is Implemented In a gate array by loglclally combining unit cells from the Fujitsu unit cell library to form the logic. Fujitsu 
provides unit cells to perform most common logic functions and the designer need only name the unit cells required to form the 
higher level logic functions of his design. 

......------x 

A 

~x 
N2N 

Two-Input NAND Gate Unit Cell (One Basic Cell) 

A two-Input NAND gate requires only one basic cell to Implement. Other unit cells may require as many as 60 or more basic cells. 
(C47, a counter, requires 68.) Over 100 unit cells are available for design with AV/AVB/AVM-CMOS arrays. 

USER MACROS 
User Macros are groups of unit cells which perform an Identifiable function within the design. It Is a user macro because It Is 
defined by the designer. The primary utility of a user macro Is that It allows the designer to compose a macro function from unit 
cells once. then use It any number of times simply by calling It by name. 

QAC r-----------------------
I 

DIN I>--!--f 
FDM FDM FDM 

CKIN 1>04-__ --+--1It---+--...l 
CLlNI'>-i----e----.... ------l 

I ______ -----~-----------

DOUT 

User Macro QAC Is Composed of Three FDM Unit Cells 
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F-MACROS 
F-Macr08 are created and offered by Fujitsu to emulate the function of popular Industry-standard TTL devices. They are identical 
In application to U8er macros. Using F-Macros, a designer may convert an existing design directly Into gate array. For example, 
the 74LS191 function Is emulated by the Fujitsu F191 F-Macro. 

I/O Cells 
The 1/0 cells located on the periphery of the gate array chip are programmable to any cf the Input or cutput buffers available. The 
actual location of an I/O buffer on the chip Is determined by the location on the chip of the associated circuitry and any pin locatlcn 
requirements that may be In effect. 

IN 

H6T 

101 OT 

BUSC I~r---------------~ 

Bidirectional Buffer 

DESIGN DESCRIPTION 

DESIGN DESCRIPTION 
Fujitsu requires only two basic Inputs to complete a gate array design: A logic Description and a Test Description. The logic 
description defines the logical function of the circuit to be Implemented In the array. The test description defines the electrical 
operation required. 

AV. AVB AND AVM LOGIC HIERARCHY 

Chip Level 

Macro Level 

Cell Level 

Note: 
1. ROM can be made available In place 01 RAM. 
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C6600AV. C8000AV LOGIC HIERARCHY 

For clarity, Macro Level and Cell Level components are shown for Block A only. 
All Logic hierarchy blocks contain the Macro and Cell Levels of hierarchy. 

LOGIC DESCRIPTION 

MB65xxxx 
MB66xxxx 
MB67xxxx 

Chip Level 

Block Level 

Macro Level 

Cell Level 

The Logic Description, sometimes called a "netllst,· calls out the unit cells utilized and their Interconnection to form the designer's 
circuit. Fujitsu uses a proprietary description language, the Fujitsu Logic Description Language (FLDL), to enter the logic descrip­
tion language into the design flow to produce the array design. Designers may prepare their logic description using FLDL or use 
other description media which Fujitsu will convert to FLDL. Designers using Daisy, Valid or Mentor design workstations are pro­
vided with conversion programs as part of the Fujitsu Design Kits for these workstations. In all cases, the design description must 
follow the fundamental design description structure provided by the logic hierarchy. In many cases Fujitsu will provide turnkey 
design services. 

LOGIC HIERARCHY 
The Logic Description Is organized Into a hierarchy of design components. The logic hierarchy provides the fundamental structure 
for all logic description Inputs and allows a designer to divide his logic Into major macro functions and follow a step-by-step 
approach In describing their Interconnection. User Macros may be created to allow repeating the same logic function many times 
In the design without describing the entire function each time. Fujitsu provides predefined macros (F-Macros) which duplicate the 
function of many popular Industry-standard TTL devices and RAM macros which provide from 1 K to 2K of single-port static RAM 
on chip. Also, ROM macros can be provided. The C6600AV and C8000AV are further divided Into "blocks· of cells to ease the 
layout operations. 

CHIP LEVEL 
The Chip Level of the logic description defines the Interconnection of the design components to each other and the 1/0 cells. For 
most AV-CMOS family devices, all types of design components Including user macros, F-Macros, RAM macros, ROM macros, 
and unit cells may be Interconnected with each other and the I/O cells to form the chip level logic provided the basic cells total 
required does not exceed 90% of the basic cell total on the array. For the C6600AV and C8000AV, the same basic cells total 
restriction applies; the chip level of hierarchy describes only the Interconnection of the blocks with the I/O cells to form the chip 
level logic. 

BLOCK LEVEL 
The Block Level of the logic description defines the Interconnection of design components to form each block of the logic descrlp­

,tlon. C6600AV and C8000AV allow up to 90% of the available baslo cells to be utilized for each block. Designers may utilize any of 
the available design components, Including user macros, F-Macros and unit cells for Interconnection within the blocks provided the 
basic cell total required to Implement the block design does not exceed the maximum allowed for the block. C6600AV provides a 
flexible block arrangement, allowing block sizes to range between 1000 and 2000 basic cells provided the total does not exceed 

90% of the total available on the array. 
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MACRO LEVEL 
The Macro Level of the logic description defines the Interconnection of unit cells to form user maoros. F-Macros may not be used 
to form user macros. Nor may user macros be nested to form other user macros. The total number of baslo cells Included In one 
User Macro can be larger than the total number of baslo cells available In one column of the array provided the number of BCs In 
any of the Unit Cells used In the User Macro does not exceed the total number of baslo cells available In one column of the array. 

TEST DESCRIPTION 
The Test Description defines the electrical performance required of the finished array. Test desorlptlons are used for aU simulation 
operations and are ultimately converted Into final test programs for prototype and produotlon testing. Fujitsu utlUzes the proprie­
tary Fujitsu Test Data Description Language (FTDL) for all test description Inputs to the design operation. As with the logic 
description, designers may submit test desorlptlons utilizing other media and FUJitsu will convert to FTDL. DeSigners using Daisy, 
Valid or Mentor design workstations are provided with conversion programs as part of the Fujitsu Design Kits for these worksta­
tions. Turnkey services may be available. A complete test description will Include D.C. testing and functional testing. Delay testing 
may be performed under Bome conditions. 

DESIGN DEVELOPMENT FLOW 

DESIGN WORKSTATION SIMPLIFIED FLOW 

WORKSTATION DESIGN 
Fujitsu provides workstation support software free of oharge to designers using workstations manufactured by Daisy, Valid or 
Mentor. This software Inoludes a complete design library of unit cells, I/O cells, and memory macros for AV-CMOS gate arrays 
and oonverslon programs which generate the loglo and test descriptions In the FLDL and FTDL languages required for design Input 
to Fujitsu. 

FUJITSU DESIGN DEVELOPMENT FLOW SUMMARY 
Fujitsu accepts a variety of design Input media but all media must be converted to logic and test descriptions using the FLDL and 
FTDL description languages. Fujitsu may request additional engineering fees for conversion. Logic and test descriptions are col­
lected into data flies for access by the Fujitsu CAD system. The test data file provides the basic Information used to conduct 
simulations and generate the final test program. 

LDRC 
The LogiC Design Ruie Check conducts a verification that no design ruie violations for interconnect, hierarchy or design description 
language syntax have occurred, and that the description is complete. Fujitsu will work with the designer to resolve any discrepan­

cies before proceeding with the deSign development. 
1-50 



SIMULATION 
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The Functional Logic Simulation Is conducted using minimum, maximum and typical values for process, power supply and tem­
perature conditions, with estimated Interconnect metal loading. The functional loglo simulation must successfully demonstrate 
device operation according to the designer's test description before any layout operations are attempted. 

FINAL VALIDATION 
Final Validation Is conducted to produce the device operating specification for approval and slgnoff by the designer. The simulation 
Is conducted using values for Interconnect metal loading based on the actual layout. Full range values for process, temperature 
and power supply variation are also used. A final operating specification Is presented to the designer which defines the parameters 
which will be guaranteed by Fujitsu In the prototype and production devices. 

FUJITSU DESIGN DEVELOPMENT FLOW SUMMARY 

Functional Simulation 

Functional Simulation uses 
minimum, maximum and 
typical values for process 
variations and operating 
conditions with estimated 
Interconnect metal loading. 

Final Validation 

Final Validation uses 
Interconnect metal loading 
values based on actual layout 
conditions. Simulation Is 
conducted using expected 
variables for power supply, 
process and temperature. 
The result Is a final device 
performance specification. 

PROTOTYPES 
At the completion of the design development Fujitsu provides the designer with prototypes for on-site design evaluation. Ten 
prototype devices (Five for C8000AV) are provided with the development fee. Additional prototypes may be provided for an 
additional fee. 
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UNIT CELL LIBRARY 

INVERTER, 
CLOCK 
BUFFER FAMILY 

NAND FAMILY 

AND FAMILY 

NOR FAMILY 

OR FAMILY 

ENOR/EOR 

AND-NOR FAMILY 

OR-NAND FAMILY 

Unit 
Cell 

V1N 

V2B 

K1B 

K2B 

N2N 

N3N 

N4N 

N2B 

N3B 

N4B 

R2N 

R3N 

R4N 

R2B 

R3B 

R4B 

XIB 

D14 

D23 

D24 

G14 

G23 

G24 

Function Basic 
Cells 

Inverter 1 

Power Inverter 1 

Clock Buffer 2 

Power Clock Buffer 3 

2-lnput NAND 1 

3-lnput NAND 2 

4-lnput NAND 2 

2-lnput Power NAND 3 

3-lnput Power NAND 3 

4-lnput Power NAND 4 

2-lnput Power AND 

3-lnput Power AND 

2-lnput NOR 1 

3-lnput NOR 2 

4-lnput NOR 2 

2-lnput Power NOR 3 

3-lnput Power NOR 3 

4-lnput Power NOR 4 

2-lnput Power OR 

3-lnput Power OR 

Power ENOR 4 

2-wlde 3-AND 4-lnput 
AND-OR Invert 2 

2-wlde 2-AND 3-lnput 
AND-OR Invert 2 

2-wlde 2-AND 4-lnput 
AND-OR Invert 2 

2-wlde 3-0R 4-lnput 
OR-AND Invert 2 

2-wlde 2-0R 3-lnput 
OR-AND Invert 2 

2-wlde 2-0R 4-lnput 
OR-AND Invert 2 

1-52 

Unit Function Basic 
Cell Cells 

K3B Gated Clock Buffer (AND) 3 

K4B Gated Clock Buffer (OR) 3 

KCB Block Clock Buffer 11 

- - -

N6B 6-lnput Power NAND 5 

NBB B-Input Power NAND 6 

N9B 9-lnput Power NAND 7 

NCB 12-lnput Power NAND 9 

NGB 16-lnput Power NAND 11 

- - -

4-lnput Power AND 

R6B 6-lnput Power NOR 5 

RBB B-Input Power NOR 6 

R9B 9-lnput Power NOR 7 

RCB 12-lnputPower NOR 9 

RGB 16-lnput Power NOR 11 

- - -

4-lnput Power OR 

X2B Power EOR 4 

D34 3-wlde 2-AND 4-lnput 
AND-OR Invert 2 

D44 2-wlde 2-0R 2 AND 4-lnput 
AND-OR Invert 2 

- - -

G34 3-wlde 2-0R 4-lnput 
OR-AND Invert 2 

G44 2-wlde 2-AND 2-0R 
2 4-lnput OR-AND Invert 

- - -



UNIT CELL LIBRARY 

MULTIPLEXER 
FAMILY 

FLIP-FLOP 
FAMILY 

FLIP-FLOP 
FAMILY USING 
TRANSMISSION 
GATES 

LATCH FAMILY 

SHIFT REGISTER 
FAMILY 

Unit 
Cell 

T24 

T26 

T28 

T32 

T33 

T34 

T42 

T43 

T44 

FD2 

FD3 

FD4 

FD5 

FD6 

FD7 

FOB 

FDM 

FDN 

FDO 

FDS 

LT1 

LT2 

LTK 

LTM 

FS1 

FS2 

Function 

Power 2-AND 4-wlde 

Power 2-AND 6-wlde 

Power 2-AND 8-wlde 

Power 3-AND 2-wlde 

Power 3-AND 3-wlde 

Power 3-AND 4-wlde 

Power 4-AND 2-wlde 

Power 4-AND 3-wlde 

Power 4-AND 4-wlde 

Power OFF 

Power OFF with Preset 

Power OFF with Clear/ 
Preset 
Power OFF with Clear 

OFF 

OFF with Clear 

OFF with Latch 

OFF 

OFF with Set 

OFF with Reset 

4-81t OFF 

SET -RESET with Clear 

1-bit Data Latch 

Data Latch 

4-81t Data Latch with 
Clear 

4-blt S In -Pout 

4 bit S In -Pout with Sync 
Load 

DECODER FAMILYI DE2 12:4 Decoder 

COUNTER FAMILY Cl1 Flip-Flop for Counter 

C41 4-blt Async 

C42 4-blt Sync 

Note: 

Basic 
Cells 

6 

9 

11 

5 

7 

9 

6 

9 

11 

8 

9 

10 

9 

7 

8 

9 

6 

7 

7 

20 

4 

4 

4 

15 

18 

30 

5 

11 

24 

32 

1. 047 Is not available for C-360AVB and C540AVB. 
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Unit 
Cell 

U24 

U26 

U28 

U32 

U33 

U34 

U42 

U43 

U44 

FDD 

FOE 

FOG 

FJD 

FJ4 

FJ5 

-

FOP 

FDQ 

FOR 

-

LT3 

LT4 

LTL 

-

FS3 

-

DE3 

C43 

C45 

C47 1 

Function 

MB65xxxx 
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Power 2-0R 4-wlde 

Power 2-0R 6-wlde 

Power 2-0R 8-wlde 

Power 3-0R 2-wlde 

Power 3-0R 3-wlde 

Power 3-0R 4-wlde 

Power 4-0R 2-wlde 

Power 4-0R 3-wlde 

Power 4-0R 4-wlde 

Positive Ed~e Power OFF 
with Clear/reset 
Posltlva Edge Power OFF 
with Clear 

Positive Edge with Clear 

Positive Edge Power JKFF with 
Clear 

Power JKFF with Clear 

Power JKFF with Clear/ 
Preset 

-

OFF with Set/Reset 

4-blt OFF 

4-blt OFF with Clear 

-

4-bit Data Latch 

4-blt Data Latch 

Data Latch with Clear 

-

4-blt with Async Load 

-

3:8 Decoder 

4-blt Sync UP with Clear 

4-blt Sync UP 

4-blt Sync UP/DOWN 

Basic 
Cells 

6 

9 

11 

5 

7 

9 

6 

9 

11 

11 
10 o 
9 

12 

11 

12 

-

8 

21 

26 

-

15 

13 

5 

-

34 

-

15 

48 

48 

68 



MB65xxxx 
MB66xxxx 
MB67xxxx 

UNIT CELL LIBRARY 

SELECTOR FAMILY 

COMPARATOR 

ADDER FAMILY 

SCHMITT 
TRIGGER 

DELAY UNIT 
CELLS 

1/0 CELL FAMILY 

Unit 
Cell 

T2B 

T2C 

T20 

MC4 

SM1 1 

12B 

12BU 2 

12B02 

ILB 

ILBU2 

ILB02 

ITl 

Inu2 

In02 

02B 

02t.2 

H6W2 

HSWU2 

HSW02 

H6E 2 

Note: 

Function Basic 
Cells 

2 : 1 Selector 2 

Oual 2: 1 Selector 4 

2: 1 Selector 2 

4-blt Magnitude 42 
Comparator 

l-blt Full Adder 

2-blt Full Adder 

Schmitt Trigger 8 

Buffer (Oelay Cell) 

Buffer (Oelay Cell) 

Input Buffer 0 

12B with Input Pull-up 0 

12B with Input Pull-down 0 

Clocked Input Buffer 0 

ILB with Input Pull-up 0 

ILB with Input Pull-down 0 

Input Buffer for Schmltt- 0 
Trigger Input 

In with Input Pull-up 0 

ITl with Input Pull-down 0 

Output Buffer 0 

Power Output Buffer (True) 0 

Power Trl-state Output and 0 
Input Buffer (True) 

H6W with Input Pull-up 0 

H6W with Input Pull-down 0 

Power Tri-state Output and 
CMOS Interface Input Buffer 0 

(True) 

1. SM1 and 8M2 must not be used together In one chip. 

2. Available only for AVe. 
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Unit Function Basic 
Cell Cells 

V3A 1 : 2 Selector 2 

V3B Oual 1: 2 Selector 3 

T5A 4: 1 Selector 5 

4-blt Full Adder 

SM2 1 Sohmltt Trigger 7 

Buffer (Oelay Cell) 

IKB Clocked Input Buffer(lnvertlng) 0 

IKBU2 IKB with Input Pull-up 0 

IKB02 IKB with Input Pull-down 0 

12C 
CMOS Interface Input Buffer 

0 (True & Inverter) 

12CU2 12C with Input Pull-up 0 

12C02 12C with Input Pull-down 0 

H6T Trl-state Output & Input Buffer 0 

H6TU2 HST with Input Pull-up 0 

HST02 H6T with Input Pull-down 0 

04T Trl-state Output Buffer 0 

04W 2 Power Trl-state Output Buffer 
0 (True) 

HSC2 
Trl-state Output and CMOS 
Interface Input Buffer (True) 0 

H6CU2 H6C with Input Pull-up 0 

HSC02 H6C with Input Pull-down 0 

HSEU2 HSE with Input Pull-up 0 

HSE02 HSE with Input Pull-down 0 



F-MACRO LIBRARY 
F-MACRO FUNCTION 

MB65xxxx 
MB66xxxx 
MB67xxxx 

FuJitsu's F-Macros are direct software macro Implementations of popular Industry-standard TTL functions. They may be used In 
the design exactly the same as user macros. Designers's converting existing TTL designs to gate array wUl find the F-Macro a 
particularly useful Implementation. 

F-MACROS 
AVAILABLE TO 
REPLACE THESE 
TTL DEVICES 

Device Basic Cells Device Basic Cells Device 

7400 7498 36 74176 
7402 7499 74177 
7404 74100 60 74178 
7408 74101 74179 

7410 74102 74180 
7411 74103 74181 

7420 74106 74182 

7421 74107 74183 
7425 74108 74190 

7427 74109 74191 

7430 74112 74192 

7432 74113 74193 

7442 32 74114 74194 

7443 32 74116 82 74195 

7444 32 74120 34 74198 

7451 7 74135 74199 

7454 9 74137 48 74260 

7455 6 74138 28 74261 

7456 74139 26 74273 

7457 74147 49 74278 

7464 9 74148 53 74279 

7468 89 74150 112 74280 

7469 79 74151 54 74283 

7473 74152 29 74290 

7474 74153 24 74293 

7475 32 74154 96 74298 

7476 74155 29 74352 

7477 18 74157 23 74375 

7478 74158 23 74377 

7482 16 74160 82 74378 

7483 50 74161 48 74379 

7485 42 74162 83 74381 

7486 74163 48 74382 

7487 74164 70 74386 

7490 41 74165 73 74390 

7491 43 74166 80 74393 

7492 64 74168 111 74396 

7493 33 74169 74' 74398 

7494 47 74171 74399 

7495 42 74174 46 

7496 56 74175 32 

7497 
Note: 

1. These F-Macros utilize complex unit cells and may not be available for smaller arrays. 
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Basic Cells 

76 
72 

63 
71 

33 

49 

36 

106 

73' 
92 

82 

78 

51 

132 
98 

107 

46 
18 

57 

50 
45 

33 

36 

28 

18 

71 

55 

39 
192 

201 

82 
52 
60 
37 
37 

D 
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MB65xxxx 
MB66xxxx 
MB67xxxx 

RAM MACRO LIBRARY 

C2301AVM 

RAM Macro Name 

32-WORD 
RAM MACROS 

64-WORD 
RAM MACROS 

128-WORD 
RAM MACROS 

256-WORD 
RAM MACROS 

C1502AVM/C4002AVM 

R51 

R51A 

R51B 

R51C 

R51D 

R6l 

R61A 

R61B 

R71 

R71A 

R83 

R83A 

RAM Macro Name 

64-WORD 
RAM MACROS 

128-WORD 
RAM MACROS 

256-WORD 
RAM MACROS 

ROM MACRO LIBRARY 

C2301AVM 

R610 

R611 

R7l1 

R7l2 

R87 

ROM Macro Name 

256-WORD 
ROM MACROS 

Note: 

VRn 

RAM 1 Configuration 

32-word x 32-blt 

32-word x 28-blt 

32-word x 24-blt 

32-word x 20-blt 

32-word x l6-blt 

64-word x l6-blt 

64-word x l2-blt 

64-word x 8-blt 

128-word x 8-blt 

128-word x 4-blt 

256-word x 4-blt 

256-word x 2-blt 

RAM 1 Configuration 

64-word x 36-blt 

64-word x 20-blt 

l28-word x l8-blt 

128-word x 9-blt 

256-word x 9-blt 

Configuration 

256-word x 8-blt 

Contact nearest Fujitsu Oeslgn Center for additional ROM data. 
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RAM 2 Configuration 

-
32-word x 4-blt 

32-word x 8-blt 

32-word x l2-blt 

32-word x l6-blt 

-
64-word x 4-blt 

64-word x 8-blt 

128-word x 4-blt 

256-word x 2-blt 

RAM 2 Configuration 

-
64-word x 16-blt 

128-word x 9-blt 

-



PACKAGE AVAILABILITY MATRIX 

CMOS 

CMOS 

PACKAGE AVAILABILITY MATRIX 

DUAL IN-LINE PACKAGES, PLASTIC (PDIP) 

PACKAGE POIP- POIP- PDIP- PDIP- PDIP- PDIP- POIP-
PRODUCT 16 lB 20 22 24 2B 40 

350AVB • • • • • • • 
540AVB • • • • • • • 
B50AVB • • • • • 
1200AVB • • • • 
1502AVM • • • 
1600AVB • • • • 
2000AVB • • • 
2301AVM • • 
2600AV • • • 
3900AV • • 
4002AVM 

5000AV • 
6600AV 

BOOOAV 

PLASTIC LEADED 

PDIP- PDIP-
42 4B 

• 
• 
• 
• • 
• 
• • 
• • 
• 
• • 
• 

DUAL IN-LINE PACKAGES, 
PLASTIC SHRINK TYPE (SH-DIP) 

DUAL IN-LINE PACKAGES 
PLASTIC SKINNY TYPE (SK-DIP) 

PACKAGE DIP- DIP- DIP-
PRODUCT 28SH 42SH 48SH 

SHRINK SHRINK SHRINK 

350AVB • • • 
540AVB • • • 
B50AVB • • • 
1200AVB • • • 
1502AVM • • 
1600AVB • • • 
2000AVB • • 
2301AVM • 
2600AV • • 
3900AV • 
4002AVM 

5000AV 

6600AV 

BOOOAV 

CHIP CARRIERS (PLCC) FLAT PACKS, PLASTIC (FPT) 

PACKAGE PLCC- PLCC- PLCC- PLCC- PACKAGE FPT- FPT- FPT- FPT- FPT- FPT-
PRODUCT 28 44 68 84 PRODUCT 16 20 24 28 48 54 

350AVB • • 350AVB • • • • • 
540AVB • • 540AVB • • • • • • 
850AVB • • B50AVB • • • • 
1200AVB • • 1200AVB • • • • 
1502AVM • • • 1502AVM • • 
1600AVB • • • 1600AVB • • 
2000AVB • • 2000AVB • • 
2301AVM • • • 2301AVM • • 
2600AV • • • • 2600AV • • 
3900AV • • • 3900AV • • 
4002AVM 4002AVM 

5000AV • • 5000AV 

6600AV 6600AV 

8000AV 8000AV 

• - QUALIFIED PRODUCTION OFFICIALLY AVAILABLE NOW 

0- PACKAGE COMBINATION UNDER DEVELOPMENT 

Note: 
Contact nearest Fujitsu Design Center for current package Information and power supply pin restrictions. 
Plastic PGA packages (64, 88, 135, 179-pln) are now under development. 
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FPT-
80 

• 
• 
• 
• 
• 
• 
• 

• 
0 

0 

MB65xxxx 
MB66xxxx 
MB67xxxx 

DIP- DIP-
54SH 24SK 
SHRINK SKINNY 

• 
• 
• 
• 
• 
• 
• 
• 
• 
0 

FPT- FPT- FPT-
100 120 160 

• 

• 
• 
• 0 

• 0 

• 0 0 

0 0 0 

0 0 0 

o 
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PACKAGE AVAILABILITY MATRIX 

DUAL IN-LINE PACKAGES, CERAMIC (COIP) 

CMOS 

PACKAGE CDIP- COli'- CDIP- CDIP- CDIP CDIP- CDIP-
PRODUCT 16 18 20 ·22 24 28 40 

350AVB • • • • • • • 
540AVB • • • • • • • 
850AVB • • • • 
1200AVB • • • • 
lS02AVM • 
1600AVB • • • • 
2000AVB • • 
2301AVM • 
2600AV • • 
3900AV • 
4002AVM 

SOOOAV 

6600AV 

8000AV 

CERAMIC LEADLESS CHIP CARRIERS (LCe) 
CERAMIC J-LEAOED CHIP CARRIERS (JLCC) 
CERAMIC PIN GRID ARRAY (PGA) 

COIf>-
42 

• 
• 
• 
• 
• 
• 
• 

PACKAGE LCC- LCC- LCC- LCe- JLCC- JLCC-
PRODUCT 28 48 64 88 68 84 

CMOS 350AVB • • 
540AVB • • • 0 
850AVB • • • 0 
1200AVB • • • 0 
15Q2AVM • • 0 0 0 
t600AVB • • • 0 0 
2OO0AVB • • 0 0 
2301AVM • • 0 0 0 
2600AV • • 0 0 0 
3900AV • • 0 0 0 
4002AVM • • 
5000AV • • 0 0 0 
6600AV • 0 
6OO0AV • 0 

• - QUALIFIED PRODUCTION OFFICIALLY AVAILABLE NOW 

0- PACKAGE COMBINATION UNDER DEVELOPMENT 

Nole: 

June 1986 

CDIP 
48 

• 
• 
• 
• 
• 
• 
• 

PGA- PGA- PGA- PGA- PGA-
64 88 135 179 266 

• 
• 
• 
• • • 
• • 
• • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • • 
• • • • 

Contact nearest Fujitsu Design Center for current package Information and power supply pin restrictions. 
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Chapter 2 - Steps Toward Design 

Contents of This Chapter 

2 .. 1 Introduction 
2.2 Choosing Fujitsu as your ASIC Manufacturer 
2.3 Choosing a Device 
2.4 Choosing a Package 
2.5 Technical Review 
2.6 Design Interface Options 

2.1 Introduction 

This section of the data book takes a look at the issues that must be considered before a design 
is ready to be entered on a computer-aided engineering (CAE) workstation. 

2.2 Choosing Fujitsu as Your ASIC Manufacturer 

The first step in implementing a given ASIC design is to choose the manufacturer that offers 
semiconductor processes capable of actualizing the performance requirements of the IC. The 
manufacturer should also offer consistent and easily accessible customer support, timely transfer 
of the design into silicon, and a highly reliable end product. 

The data sheets and supplementary information in Chapter 1 enable customers to determine 
whether their requirements fall within the broad range of Fujitsu's technical capability. 

The second step is to discuss the design requirements with one of Fujitsu's Field Applications 
Engineers at either a Regional Sales Office or a Technical Resource Center. Regional Sales Office 
and Technical Resource Center addresses and telephone numbers are listed at the back of this 
volume. Fujitsu'S Field Applications Engineers work with each customer to determine which 
technology would be most suitable for a given deSign, taking into account the factors outlined in 
more detail below. 

Fujitsu's highly developed software tools, high-capacity manufacturing facilities (the largest in the 
world) and long history of excellence in the field (Fujitsu has been producing custom gate arrays 
commercially since 1974) enable customers to turn designs into highly reliable products in a 
cost-effective time frame. 

2.3 Choosing A Device 

Speed is usually the deciding factor in choosing the technology for a design, but sometimes 
special requirements such as package availability, on-chip memory (available in the AU and AVM 
technology), or the necessity for battery power (a feature of the AVL technology) influence the 
final decision. 

Usually the device type is a requirement of the design and is chosen before the package size is 
determined. The size of the package will depend on array size, partitioning, the number of power 
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and ground pins required by the SSOs (simultaneously switching outputs) used in the design, and 
the high power drive buffers and clock inputs used in the design. 

To determine the most suitable device within a given technology, the designer must determine the 
gate count and pinout requirements from the schematic diagram of the design to be implemented. 

The functions in the schematic or logic block diagram may be described using standard logic 
functions, programmable logic, or Fujitsu's Unit Cell Library. 

Gate counts are calculated in terms of how many basic cells make up each component function 
(unit cell). This number is given for each unit cell in the unit cell library for each technology. By 
adding up the number of basic cells used in each logic element in a design, a designer can arrive 
at a good first estimate of the design complexity. 

In technologies in which the basic cells are arranged in single columns (AV I AVBI AVLI AVM), unit 
cells may not bridge two basic cell columns, and therefore, there may not be more unit cells 
requiring the majority of cells in a column than there are columns. In the double-column 
technologies (UHB and AU). unit cells take up parts of two adjacent columns. It is recommended 
that no more than 90% of the basic cells in a channeled array be used. Respecting this limitation 
facilitates fully automated layout. 

2.4 Choosing a Packsge 

Before the final choice of an array can be made, however, the choice of a package must be 
considered. The intended use of the IC generally determines the type of package used: packaging 
issues are discussed in detail in the application note "Choosing the Best Package for Your ASIC 
Design" included in Chapter 8 of this data book. The types of packages available for Fujitsu's ASIC 
products are shown in Table 2-1. The number of pins per package for each device is shown on 
the data sheets in Section 1. 
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Table 2-1. Fujitsu CMOS ASIC Package Options 

Package Type Package Options 

Standard DIP 16 - 64 pins, Ceramic 
(100 mil) 16 - 48 pins, Plastic 

Shrink DIP 28 - 42 pins, Ceramic 
(70 mil) 28 - 64 pins, Plastic 

Skinny DIP 22 - 28 pins, Plastic 
(300 mil row space) 

PLCC 22 - 28 pins, Plastic 

LCC 28 - 64 pins, Ceramic 

Flat Package 16 - 160 pins. Plastic 
48 - 260 pins, Ceramic 

Pin Grid Array 64 - 401 pins, Ceramic 
64 - 135 pins, Plastic 

The size of the package chosen is regulated by the number of inputs and outputs required, the 
number of vss and Vee pins required, and the number of simultaneously switching outputs (SSOs) 
included in the design. 

Package Size VS. SSOs 

The number of SSOs can influence the size of the package chosen because additional ground pins 
are sometimes required in a design that has more simultaneously switching outputs than is 
acceptable for a given package type. Simultaneously switching outputs are those that switch from 
a logic low or a high impedance (Z) to a logic high or from a logic high or Z state to a logic low 
within 20 nanoseconds of each other. 

A general rule is to use one ground pin for each group of 10 simultaneously switching low power 
outputs or for 20 non-simultaneous outputs. For the actual restrictions for each technology and 
situation, the design manual must be consulted. 

Although the Vss and Vee pins are preassigned in each package and cannot be changed, 
alternate packages are available offering varying numbers of power and ground pins. 
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2.5 Technical Review 

When the CMOS technology, the device, and the package have been decided upon, the customer 
and Fujitsu's Field Applications Engineer hold a technical review to ensure that all the information 
necessary to implement the design is available and to allow Fujitsu to derive a schedule and price. 
Often, especially for new.customers, a technical review form, such as the one reproduced below 
and on the following pages as Figure 2-1, is used. 

Technical Resource Center Engineer : _______________ _ 

Field Applications Engineer : __________________ _ 

Technical Review Form 
Fujitsu Microelectronics Incorporated 

ASIC Products 

RFQ# ____ _ 

Quote # ____ _ 

Company: ________________________ _ 

Prepared by: ________________ Date: _____ _ 

Customer Design Engineer: ___________________ _ 

Designer's Phone Number: ___________________ _ 

Customer Engineering Manager: __________________ _ 
Design City/State: ______________________ _ 

Production City/State: ______________ ---''--____ _ 

Reviewed by: ________________ Date: _____ _ 

The purpose of this form Is to compile data that will impact or affect the 
cost and delivery of Custom/Semicustom products. Any price or delivery quo­
taticm will be based solely on the information provided In this document. 

Customer Part Number: _____________ --------
Customer Part Name: _____________________ _ 

Customer Program Name: ____________________ _ 

If Member of a Set, Set Name: ________________ _ 

Figure 2-1a. Sample Technical Review Form 
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1.0 General InformatIon 

1.1 Device Technology (specify exact technology and size) 

1.2 Design Approach: 

Gate Array ________ --.:Standard Cell. _______ _ 

1.3 Number of hierarchical levels in design: ____________ _ 

1.4 Logic Cell Count: 

Basic Cell Count. ____ (non-hierarchical) without memory 

If hierarchical, _..".,.....,.....,__ --::.,.......,.-::-__ 
Block A Block B Block C Block 0 D 
Block E Block F Block G Block H 

1.5 Memory Requirements 

1.5.1 RAM ROM None (Circle to indicate) 
1.5.2 Size:. ____________________ _ 

1.5.3 Organization: __________________ _ 

1.5.4 Number of Ports: _______________ _ 

1.5.4.1 Reads: ________________ _ 

1.5.4.2 Writes: ________________ _ 

1.5.5 State the custom RAM cell organization. _________ _ 

1.5.6 Memory Cell Count, ______________ _ 

1.6 Special F-macro Requirements: ______________ _ 

1.7 Package Type (e.g. DIP-20C-C03): ___________ _ 

1.8 Special Heatsink: __________________ _ 

1.9 Special Carrier: ____________________ _ 

1.10 Special Markings or Customer Logo: ____________ _ 

Figure 2-1 b. Sample Technical Review Form 
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1.11 Number of Input Pins: 

CMOS TTL Schmitt Trigger 

1.12 Number of Output Pins: CMOS TTL 

1.13 Number of Bidirectional Pins: CMOS TTL 

1.14 Composition of Simultaneously Switched Output Groups: 

( ::!: 10ns of each other) 

1.14.1 Indicate the number of buffer types contained within each group. 

Output Buffer Type 

Group 12mA 24mA TotalloL 

D Number 3.2mA 6.4mA 8.0mA 10mA 12mA w/NLR w/NLR Other per Group 

1 

2 

3 

4 

5 

6 

TotalloL 
per Buffer 
Type 

1.14.2 Other Special Group(s) (Consult a TRC Design Engineer) 

Group # # @ mA 

Group # # @ mA 

1.15 Total Number of Ground Pins Required: 

1.16 Total Number of Power Pins Required: 

1.17 Meets Fujitsu Standard Pinout: Yes No 
(If No. consult a TRC Design Engineer) 

Figure 2-1 c. Sample Technical Review Form 
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1.18 Attach a completed photocopy of the chosen pin assignment table from 
the Design Manual (e.g .• for a C-4002AVM. LCC-68. attach Table 24). 

Note: The standard placement for the power supply and special purpose pins 
are shown in the Pin Assignment Tables. Any variation from the stan-
dard is subject to approval by Fujitsu. 

1.19 Complete the Attached "I/O Pin Specification/Special Requirement" Form 
When Requesting Package Variances. 

1.20 Maximum Output Frequency: MHz into pF Load 

Buffer Type: CMOS TTL (Circle to indicate) 

1.21 Maximum Input Frequency: MHz 

1.22 Maximum Toggle Frequency: MHz 

1.23 Crystal Oscillator Requirements: 

On-chip Resistor Required: Yes No o 
Pin Numbers Frequency 

1.24 Power Supply Requirements (Referenced to ground): 

PS Volts ± % 

1.25 Customer Maximum Power Dissipation Limit: 

1.26 Customer Maximum Temperature RangeNariation: 

Min. °C Max. °C 

2.0 Design Input Format: (Circle or Complete) 

2.1 Logic Data: FLDL Other 

2.2 Test Data: FTDL Other 

2.3 Input Media: Mag Tape (IBM Standard or Non Label) 

Diskette (Daisy. Valid. Mentor. Other) 

File Transfer (Kermit and Telebit or Hayes Modem) 

2.4 Workstation Used 

Figure 2-1d. Sample Technical Review Form 
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D 

3.0 Test Data: 

3.1 Description of the FTDL 

No. Of Test Blocks 

Function: ___ _ 

2-function: ___ _ 

DC: ____ _ 

(Optional) AC: ____ _ 

Other: ____ _ 

Cycle Time No. Of Test Patterns 

1000ns 

3.2 For an additional fee. the customer requests Fujitsu to perform fault grad­
ing on the design and provide results. Yes __ No __ 

3.3 For an additional fee. the customer requests Fujitsu to provide a copy of 
the test tape in the following format: 

Sentry Advantest (Circle one) 

4.0 Critical Path Propagation Delay Estimation: 

4.1 In the space below and on the attached delay calculation form. describe 
all critical paths that should not violate maximum or minimum delay re­
quirements and/or are skew sensitive. Use as many sheets as neces­
sary. 

4.2 Critical Path Description: 

4.2.1 Critical Path Name/Number: __ 

4.2.2 Delay Required: ______ Min, _______ ,Max 

4.2.3 Logic Diagram Drawing: 

Figure 2-1e. Sample Technical Review Form 
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2.6 Design Interface Options 

The next step is to determine which computer-aided engineering (CAE) workstation will be used to 
enter the deSign. The desired result of entering the design on a CAE workstation is the generation 
of a successful Fujitsu Logic Description Language (FLDL) file and Fujitsu Test Description 
Language (FTDL) file. These two files (which may be generated on any of several different CAE 
workstation systems) enable Fujitsu's host mainframe to perform automated layout and rigorous 
test and simulation of the design. 

Four popular dedicated CAE workstation systems (Valid, Mentor, Daisy, and the HP 9000) as well 
as several hardware-independent CAE packages support Fujitsu's design software. In addition, 
Fujitsu now offers design support on ViewCADS, a computer-aided engineering system originated 
by Fujitsu for ASIC designs. 

ViewCAD is written in the C programming language and runs on any UNIXS platform that supports 
the XWindow SystemS (such as the Sun 3 or 4 series of workstations). It includes in one package 
all of the necessary functions for the design, simulation, and analysis of an ASIC design. ViewCAD 
makes use of a graphics-oriented interface that allows visual examination of all circuits, circuit test 
data, and simulation results. Its final product is the logic and test data description files (FLDL and 
FTDL) that are required by the host mainframe computer to process a design. 

Through long experience, Fujitsu has found that by far the most efficient way to achieve a 
trouble-free end product is for customers to implement the design on a workstation themselves. 
This can be done: 

(a) on CAD equipment that the customer is already using (Fujitsu provides cell library 
information files and the expertise to help write a conversion program to produce the 
FLDL and FTDL files if necessary) 

(b) on one of the design systems that specifically support Fujitsu software (Daisy, Mentor, 
Valid, HP 9000) either at the customer's workplace or in one of the Technical 
Resource Centers 

(c) on ViewCAD either on the customer's own Sun equipment or at a Technical Resource 
Center. 
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Chapter 3 - Design Procedures 

Contents of This Chapter 

3.1 Introduction 
3.2 ViewCAD Design Procedures 
3.3 Generic Workstation Design Procedures 
3.4 Post-Design Process 

3.1 Introduction 

This section of the data book explains the steps necessary to implement an ASIC design in one of 
Fujitsu's CMOS technologies using a CAE (computer-aided engineering) workstation. Designs can 
be implemented with Fujitsu's ViewCAD design software or with one of the CAE systems or 
software applications that support Fujitsu designs. 

3.2 ViewCAD Design Procedures 

Fujitsu developed the ViewCAD design software to complement a wide range of customer third 
party design tools. It includes: 

• A Schematic Capture Module utilizing the XWindow System 

• A Logic Design Rule Check Module that screens for design violations in the areas of fanout 
and drive, gate count, 110 requirements, etc. 

• A Test Data or Waveform Entry Module for test vector entry 

• An Interactive Simulation Module that replicates the Fujitsu mainframe for both functional and 
timing simulation 

• Conversion Modules to define the net list and test vectors in the FLDL (Fujitsu Logic 
Description Language) and FTDL (Fujitsu Test Data Description Language) formats required 
by Fujitsu's host mainframe. 

Figure 3-1 shows the ASIC design flow using ViewCAD. This design flow includes the use of 
schematic capture and test data generated on other workstations as well as on ViewCAD. The 
numbers on the left side of Figure 3-1 correspond to the numbers of the paragraphs below that 
explain the corresponding portion of the figure. 
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Figure 3-1. ASIC Design Flow with ViewCAD 

3.2.1 Schematic Capture 

ViewCAD users accomplish logic circuit entry (schematic capture) through the Fujitsu Schematic 
Editor (FED) module. After running a setup utility requiring the entry of the design name, 
technology series, and package type, users can insert unit cells and connect them to create circuit 
diagrams and see a graphic representation of the resulting schematic. The Schematic Editor also 
provides a basic verification routine. If the schematic has already been entered in another CAE 
system, it can be converted to ViewCAD-compatible data by the FLDL-to-ViewCAD translator (FLI) 
module. A Library Editor (LED) module is available to specify design hierarchies, create user 
macros, and implement blocks in partitioned arrays. ViewCAD allows the user to go back and forth 
between LED and FED to facilitate the development of complex hierarchical designs. 
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The designer then uses a Page/Module Linker (PML) module to link pages, ensuring connectivity 
between the pages of the schematic. 

3.2.2 Logic Design Rule Check 

DRC, ViewCAD's Design Rule Check module, examines the data files produced by the editor and 
page linker modules for conformity to the design rules of the CMOS technology in which the design 
is executed. 

Subsequently a Module/Network Linker (MNL) is run on the PML file to expand macros and link the 
levels of the design hierarchy to prepare the data for the logic simulator. 

3.2.3 Circuit Test Data Entry 

The designer then provides the Test Data Editor (TED) with test signals for the simulator. Like the 
schematic capture module, the test data generator displays the data graphically. It allows the user 
to create and modify signal data and to prepare the data for the simulator module by saving it in a 
format that the simulator understands. If test data has already been prepared on another CAE 
system, it can be converted to data usable to the Test Data Editor. 

The Simulation Module Linker (SML), which takes the output of the Module/Network Linker and 
generates the delay estimates for the logic simulator, is run before the logic simulator can be 
executed. 

3.2.4 Simulation and Analysis 

The Logic Simulator Module (LSM) reads the data created by SML and combines it with the test 
information in the TED file to run a simulation of the design. 

The Test Data Editor Converter (CVT) then converts the output of the simulation module (LSM) 
back into a TED file. It provides the path from the simulator back to TED so that output that was 
previously given an undefined value of "X" can be assigned actual simulated values. 

The Simulation Analyzer Converter (CVS) translates the output of the logic simulator (LSM) into an 
acceptable format for the simulation analyzer. 

The Simulation Analyzer Module (SAN) analyzes the output from the simulator to determine 
whether it performs as it was intended to. SAN allows the user to display the simulation output and 
manipulate the display to help the user analyze the output. 

3.2.5 Data Conversion for Mainframe Interface 

The last step in the implementation of an ASIC design on ViewCAD is the generation of the 
all-important FLDL (Fujitsu Logic Description Language) and FTDL (Fujitsu Test Description 
Language) files. 

After any design errors that may have been found by simulation and analysis have been corrected 
in the schematic capture module, the designer runs the Fujitsu Logic Language Output Generator 
(FLO) module to convert the schematic data into an FLDL file for use on Fujitsu's host mainframe. 

If any errors in test data are discovered during the simulation analysis process, the test data can 
be sent back to the Test Data Editor Converter Module to be reconverted into a form that the test 
Data Editor understands (since the errors must be corrected in the Test Data Editor module). After 
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error correction or if no errors are found, the designer sends the test data file to the Fujitsu Test 
Description Language Output Generator (FTO) module for conversion into an FTDL file for use on 
the mainframe. 

3.3 Generic Workstation Design Procedures 

Fujitsu provides ASIC Design Software Kits for designers using some of the popular design tools on 
generic workstations. The kits offer support for Daisy, Mentor, Valid, and HP9000 and include: 

• Fujitsu Symbol Model Libraries for the CAE system's schematic capture module 

• A Logic Design Rule Check module 

• Fujitsu Timing Model Libraries for the system's simulator 

• A Delay Calculator module 

• Conversion Modules to define the net list and test vectors in the FLDL (Fujitsu Logic 
Description Language) and FTDL (Fujitsu Test Description Language) formats required by 
host mainframe computer. 

These Fujitsu-supplied software modules are shown in boldface boxes in the diagram in Figure 
3-2. 

In addition, Fujitsu now offers FAME (Fujitsu's ASIC Management Environment), a menu-driven 
design management program that enables the user to select the technology, the approximate gate 
count and 110, pinout, and the package requirements, and to create a design database that is 
referenced by the other modules to assure correct-by-construction design. FAME Includes a test 
vector module that creates test vectors automatically for complex functions, assists in defining test 
groupings, cycle times, and strobe settings, and checks created test files against restrictions. 

Fujitsu designs are also supported by several high-performance third party CAE tools. These 
include: 

• Verilog-XL& (Gateway Design Automation) mixed-mode system simulator 

• LASAR Version 6 (Teradyne) design simulator and test program generator with fault 
simulation 

• HILO-3& (GenRad) design verification, fault simulation, and test generation tools 

• IKOS& 800 logic validation hardware accelerator 

• Synopsys Design Compiler& interactive behavioraillogic synthesizer 

Figure 3-2 shows a flowchart of the generic workstation-based design process. Because the 
function and file names used by each different CAE system may differ, generalized names for 
each operation are used rather than system-specific names in the following list of steps. 
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Figure 3-2. Generic Workstation Design Flow 

3.3.1 Schematic Capture 

Logic circuit entry (schematic capture) is the first step in the generic design automation process. 
The designer uses the drawing editor program of the applicable workstation software and 
Fujitsu-supplied symbol model libraries for schematic capture. In most of the Fujitsu-compatible 
CAE applications. as in ViewCAD. circuits can be defined as macros. for use as sub-parts of other 
circuits. 

3.3.2 Schematic Connectivity Checker/Page Compiler. 

After the schematic has been entered. it is scrutinized for violation of design rules by the 
connectivity checking program of the applicable software. The connectivity check produces a list 
file of the schematic and an error report. The error report lists common violations of design rules 
of the technology being used. such as unit cells having unconnected inputs and/or outputs. 
unnamed signals. and signals having multiple names. Errors detected at this level can be easily 
corrected by going back into the schematic drawing editor program in which schematic capture 
was performed. 

3.3.3 Logic Design Rule Check 

The Logic Design Rule Check (LDRC) module is Fujitsu software. written specifically for each 
technology to check gate array designs. This program is run before simulation because it catches 
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errors that, undetected under normal workstation design rules, often cannot be tolerated in a 
Fujitsu gate array. Even a seemingly small design flaw undetected prior to simulation may be 
severe enough to invalidate the functional simulation of the design and any test signal data that 
may be generated from as a result. LORC checks that the design conforms to the logic design 
rules applicable to all Fujitsu designs, to those unique to a technology and to those required by the 
chosen package type. When hierarchy is used, LORC checks for hierarchy violations. 

In order to tailor the LORC to a particular technology, device, and package, the customer enters 
required information via an LORC Head File, which supplies the device and package name and sets 
the LORC to output information in the form of a report either on all nets or on only nets that 
contain errors. 

LORe Report 

When the LORC is finished running, it produces a report containing the following information: 

(a) 

(b) 

errors, alarms, and warnings of detected violations 

chip information such as: 
number of basic cells used vs. celis available 
number of unit cells and of different unit cell types 
total number of unit cell terminals vs. number of connected unit cell terminals 
total number of nets 
total number of external input, output, and bus terminals 
package name 
signal pins used and maximum number of signal pins available 

(c) loading unit check list (a list of the load units associated with each input and output 
signal) 

Errors detected during LORC can now be corrected before the Logic Simulation Program is run. 

3.3.4 Logic Simulation 

The steps that make up the logic simulation process vary between workstations. For some 
workstations, logic simulation is all one step (see the shaded box in Figure 3-2), while for others it 
is three separate steps: 

(a) logic simulator data base file compilation 
(b) delay calculation 
(c) logic simulation 

Logic Simulator Data Basa Fila 

The logic simulator data base file uses a Fujitsu-supplied library to apply behavioral character.istics 
such as component functions, delay parameters, loading factors, and minimum pulse width, set-up 
time, and hold time for flip-flops. These values are supplied by the Fujitsu libraries for the 
appropriate technology. Input stimulus to the circuit is supplied by the deSigner in the form of the 
Control File. 

Delay Calculator 

Fujitsu provides the program for performing the delay timing calculations. The execution of the 
program calculates the delay times unique to each net in accordance with the loading condition 

1·74 



(fan-out and hierarchy) in the schematic data file. These calculated delays are representative of 
pre-layout loading conditions. 

The calculations for metal loading are based on the same look-up tables and load equations used 
in the Design Manual. These loads are subject to change after layout, reflecting the actual metal 
loads experienced. 

Logic Simulator 

The event-driven logic simulator evaluates the outputs of each gate as a function of its inputs and 
displays the results as either a waveform drawing or as a data file. Workstation simulations 
performed under the influence of the Delay Calculator are vitally important to verification of design 
functionality and to the creation of successful test vectors. Using in-circuit application stimulus from 
the Logic Simulator Data Base File, simulations are executed in minimum, nominal, and maximum 
modes, with timing checks enabled, to ensure that the design is responding as expected and is 
stable under all conditions. The results are written to a print-on-change file, which is a list of the 
signals that changed state, their new state, and the time at which they changed. 

3.3.5 FLDL Generator 

Any errors found by the logic simulation process can be corrected at this point before Fujitsu's 
Logic Design Language generator (FLDLGEN) program is run on the schematic data file to create 
the FLDL file. The purpose of the FLDL file is to provide information to the host mainframe for 
automatic layout and logic simulation. An FLDL head file must be created by the customer 
containing the customer's name, the workstation type, the revision, the date, and the designer. 
The FLDLGEN program receives input from the FLDL Head File and the schematic data base file 
created at schematic capture and amended if necessary according to the results of the LDRC and 
Logic Simulation. The FLDLGEN program can then create a Logic Description (FLDL) file that 
describes the customer's design for the mainframe software. 

3.3.6 FTDL Generator 

The FTDL Generator (FTDLGEN) is a conversion program that translates the LogiC Simulator's 
output file into Fujitsu's Test Description Language. In the process of doing this, it applies Fujitsu 
tester restrictions to the simulator results. If any signal or timing violations are detected, the 
operator is informed so that the necessary changes can be made to the data file. The final output 
file of the FTDL Generator becomes the FTDL File, that is, the test vectors for the mainframe 
simulator as well as for the LSI tester. 

3.4 Post-Design Process 

At this point, the customer has gone as far as possible in designing a CMOS gate array on a CAE 
workstation. Now the design is transferred to the mainframe environment at one of the Technical 
Resource Centers for mainframe simulation on a Fujitsu M780 35 mips computer. This process is 
described in more detail in Chapter 6. 
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Chapter 4 - Design Considerations 

Contents of This Chapter 

4.1 Introduction 
4.2 Logic Design Considerations 
4.3 Designing for Reliability and Testability 
4.4 Designing for Speed 
4.5 Bus Circuit Design 
4.6 I/O Design 
4.7 Designing for Scan Test Technology 

4.1 Introduction 

This section of the data book gives an overview of the logic and I/O design considerations that 
must be kept in mind to implement a successful design is one of Fujitsu's CMOS technologies. 
Specific design recommendations for each technology can be found in the Design Manual for that 
technology. 

4.2 Logic Design Considerations 

In order to benefit from fully automated layout, a designer may use no more than 90% of the 
actual cell count of an AV or UHB gate array. The actual cell count is the number of basic cells 
used in the device. It is important to note, however, that this percentage may vary with device 
type as well as technology. 

In Fujitsu's channeled CMOS technologies, the unit cells are grouped in single or double columns 
alternating with wiring channels. Within the columnar architectures, unit cells are always 
constructed on one single or double column, i.e., a unit cell cannot bridge the wiring channel 
between two basic cell columns. This limits the number and complexity of unit cells that can be 
placed on a double or single column. 

The number of inputs and outputs and therefore input and output buffers required also limit the 
number of basic cells available for logic design in most technologies. 

4.3 Designing for Reliability and Testability 

The following considerations must be made to ensure maximum testability and therefore reliability 
of a design: 

(a) External signal paths must be interfaced to the array by an I/O buffer. 

(b) The outputs of a unit cell other than 3-state bus macros may not be wire-ANDed. 
Generally, if output functions must be tied together, they must be combined through a 
logic function. 

(c) Only one I/O buffer cell can be connected to an external terminal. 

(d) Inputs to the same cell may not be tied together. 

(e) Unused inputs must be tied high or low, never left floating. 
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(f) At least one output of a unit cell must be connected. 

(g) Functions such as one-shots and other monostable or astable circuits cannot be 
incorporated into a Fujitsu CMOS gate array. All logic state changes detected at the 
output of the array must be predictable for the purpose of test, and as such, be the 
direct result of changes of input stimulus. Series inverters must not be used for the 
purpose of creating a delay. 

(h) Circuits incorporating sequential devices (for instance, flip-flops, counters, shift 
registers, and so on) must have a traceable method of Initialization designed into the 
circuit, independent of feedback loops. 

(i) No logic function should be Incorporated within the array if It cannot be directly or 
indirectly set or Initialized from a primary input. 

Designers have two choices for initialization: 

(1) Supply an external signal (for CLEAR, LOAD, etc.). 

(2) Supply known inputs and allow time for them to propagate through the circuit. If 
the propagation method is used, UNKNOWN ("X" state) must be an acceptable 
output state until the initialization is completed. 

4.4 Designing for Speed 

In general, signal delays are caused by the signal having to travel through more gates or over 
longer distances, especially to enter a different block in gate arrays having block architecture 
(partitioned arrays). Delay is proportional to length of Interconnection metal along which the signal 
must travel. The following recommendations are therefore made to optimize overall design speed 
by minimizing the interconnect metai length. 

4.4.1 Interblock ConnectIons 

Devices that are not physically partitioned do not allow the designer to control relative path 
lengths. It Is highly recommended, therefore, to design hierarchically, dividing the cell into blocks 
and the blocks into sub-blocks so that functional groups of unit cells are laid out in close proximity 
and signals have less far to travel. When it becomes necessary to link blocks, the use of 
high-power "high-drive" unit cells is recommended to drive signals in the inter-block metal. 

4.4.2 Clock Line Design 

A clock network is a circuit used for the efficient distribution of an external clock input to internal 
sequential and combinatorial unit cells clock. Clock skew is the differential delay of a clock signal 
as it proceeds through a system; it is determined by the types and relative positions of the gates 
and blocks within the array. Clock networks must be optimized to minimize skews for both internal 
and inter-chip clock distribution to assure high-speed operation. 

Optimization of clock networks is made possible by using dedicated input buffers called clock input 
buffers and dedicated unit cells called clock distribution buffers. 

Clocks must enter the array through the clock input buffers. They should be further distributed via 
the clock distribution buffers. Proper use of clock buffers to boost signal strength and balance 
loads reduces the problems of clock skew and clock pulse variation. The locations of clock input 
buffers for signals with frequencies greater than 5 MHz are limited to paths on two sides of the 
die; the number of such buffers is limited depending on the CMOS technology used. 
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External clock signals must be wired in parallel with chips; once inside the chip. clock signals must 
be wired in parallel with logic blocks. 

4.4.3 Delay Unit Cells 

Fujitsu supplies delay unit cells to assist the designer in solving timing problems such as set-up 
and hold time requirements. The designer should not. however. use delay cells to construct 
asynchronous circuits (one-shots or glitch generators). 

4.5 Bus Circuit Design 

The AV (AV. AVB. AVL. and AVM) Gate Array family has no 3-state buses internal to the array. As 
a result. busing is accomplished through one-way multiplex networks. The UHB technology has 
special provisions for implementing high-performance internal 3-state buses. The internal 3-state 
bus can be implemented on the chip using bus driver cells and bus terminators. which maintain 
the last logic level on each bus line when all bus drivers switch to their high impedance state. The 
bus terminator maintains this logic level until any bus driver begins to drive the bus line. The bus 
terminator is invisible to a logic designer; it will be connected to each of the bus lines 
automatically by the mainframe CAD system. It uses only one basic cell per bus line. 

The number of internal 3-state buses permitted depends on the technology and on the size of the 
gate array and the bus width (number of bits per bus) required. 

4.6 I/O Design 

4.6.1 Pin Assignment Guidelines 

The following parameters apply to the assignment of 1/0 pins: 

(a) All Vss pins must be tied to ground. 

(b) All Voo pins must be tied to 5 volts. 

(c) Voltage and ground pins are predetermined by the package type and cannot be 
altered. 

(d) Pins designated "No Connection" cannot be used. 

(e) Additional Vss and Voo pins may not be assigned by the designer without first 
negotiating this deviation with Fujitsu. 

(f) Fujitsu recommends that the designer assign the pin numbers to the circuit in the 
'ASSIGN or 'OPTION section of FLDL or submit the complete pin assignment table 
with the design. It is also possible to allow the Technical Resource Center to do the 
assignment automatically on the mainframe or manually from a customer-supplied 
form. 

4.6.2 Simultaneously Switching Outputs (SSOs) 

Outputs are defined as switching simultaneously when they switch from a logic low (or a high 
impedance state) to a logic high or switch from a logic high (or high impedance state) to a logic 
low within 20 nanoseconds of each other. 

When a number of outputs switch from high to low simultaneously. a problem condition may arise 
when the ground potential is momentarily pulled up from 0 volts to a more positive level. This 
momentary tug on ground can appear as noise spikes or ringing. It is possible. with insufficient Vss 
pins. for the ground plane to be pulled up to a point where the threshold limit for VIH is violated. 
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When the ground level is raised by the noise. the input threshold (VI H) of the gates is also raised. 
relatively. for the duration of the impulse. as illustrated in Figure 4-1. This could cause logic high 
outputs close to the VIH (minimum) threshold to momentarily change to logic low. 
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Figure 4-1. SSO-Generated Noise 

The intensity of the effect of SSOs is determined by: 

the number of SSOs 
the density and distribution of SSOs in the package 
the size of the load (capacitance) being driven 

To prevent their interference with the signals on other outputs. SSOs must be grouped around 
ground pins. The number of SSOs allowed in a package is restricted by the number of ground pins 
available. their location on the package. and the drive capability of the output buffers. 

Different CMOS technologies have different rules and guidelines regarding number 01' SSOs per 
ground pin. A general rule is to use one ground pin for each group of ten simultaneously switching 
low power outputs or 30 non-simultaneous outputs. For example. in a package with two Vss pins. a 
maximum of 20 low power outputs may switch simultaneously. 

Asynchronous inputs such as clock. clear. and preset should be physically isolated from SSOs. It is 
better to place these inputs near a ground pin (if one is available) away from the SSOs. 
Asynchronous inputs should not be placed on the corners of the packages. especially when the 
chip is packaged in DIP. Corner DIP pins have the longest lead lengths and therefore the greatest 
inductance. Outputs to be used as clock. preset. and clear for other devices should be similarly 
physically isolated. In partitioned chips. pins should be grouped by internal blocks to keep internal 
interconnect wiring as short as possible. 
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4.6.3 Test Pins 

To facilitate testing, external pins should be provided whenever conditions warrant. The addition of 
supplementary test pins often allows the reduction of the overall test complexity for a circuit, thus 
reducing the number of test patterns required and the time necessary to determine functionality of 
the circuit. 

4.7 Designing for Scan Test Technology 

Scan testing is a special technique that supplements the customer's submitted test patterns to 
achieve greater fault coverage, thus assuring both Fujitsu and the customer of a highly reliable 
gate array. Scan testing is implemented by constructing a circuit that allows Fujitsu ATG (automatic 
test generation) software to automatically generate the scan test patterns (both applied input 
stimulus and expected outputs). Scan testing is optional and is offered by Fujitsu for the partitioned 
arrays of the UHB technology. 

The unit cells in a device designed for scan testing are arbitrarily connected by the designer to 
form an enormous shift register. This shift register can contain up to 3000 stages and is formed by 
connecting the Q-output of one state to the dedicated scan input (SI) of the next. To implement 
scan testing, designers use special scan-compatible unit cells for all sequential logic functions. 
With the use of the serial scan method, the difficult problem of testing a logic circuit containing 
both combinatorial and sequential logic is simplified to testing combinatorial logic and a shift 
register. 

The scan chain can be considered a data carrier with the ability to carry test input stimulus deep 
into the design and to apply it to the unit cell(s} under test. Once a unit cell has been tested, its 
output (test result) may, if necessary, be stored in the scan data chain and be carried out of the 
design for comparison to that which was expected. To the designer, scan unit cells perform exactly 
the same as non-scan celis, the only difference being the provision of additional basic cells to 
facilitate the scan test. 

4.7.1 Scan Test Modes 

Scan testing consists of two modes of operation: SISO (Scan Input/Scan Output test) mode and 
TC (Test Clock) mode. Sequential logic is primarily addressed by SISO and combinatorial logic is 
addressed by TC; the two modes are alternated during the scan test. 

4.7.2 Scan Test Signals 

Scan test implementation requires the assignment of up to seven dedicated package pins, six of 
which are in predefined package locations: 

XACK - for the SISO A-clock signal 

BCK - for the SISO B-clock signal 

XSM - for the SISO mode signal 

XTCK - for the TC mode clock signal 

SOl - for the serial data input to the first device of the scan path from outside the chip. 
This is the only one of the scan pins that can serve a dual purpose. It may also be 
used as a principal input during regular operation. 
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SDO - for the serial data output from the last device of the scan-configured shift register 
to the "outside world.· The location of the SDO pin is not fixed. and may be placed 
by the designer at any convenient location. 

XTST - for the scan test signal. XTST is used only if the isolation of asynchronous functions 
or non-scan cells is required during scan testing. If no circuit isolation is required. 
then XTST is not required and is not provided for. 

XMM - for the signal that sets up the compiled cell for test. The pin location of XMM is 
user defined. This pin is used only in AU series channel-less gate arrays and 
provided only if compiled cells (RAM or ROM) are a part of the design. 

XTWE - for data to be written into RAM in the TC mode. The pin location of XTWE is user 
defined. This pin is used only in AU series channel-less gate arrays and provided 
only if RAM cells are a part of the design. 

To implement scan path testing in a device. a designer must use specially designed scan 
components for all sequential (storage) functions such as flip-flops. latches. and shift registers. 
The scan test feature cannot be implemented for a gate array employing any non-scan sequential 
unit cell in any portion of the design. with the exception of certain test mode data latches 
described for each technology in the appropriate Design Manual. Non-scan sequential functions 
constructed with combinatorial logic (e.g .• NAND-gate flip-flops. NOR-gate flip-flops. etc.) are 
permitted. If. however. non-scan sequential functions constructed with combinatorial logic are 
used. then the customer-generated function test will be the only means to exercise the nodes in 
the associated circuits. 

1-82 



Chapter 5 - Delay Estimation Principles 

Contents of This Chapter 

5.1 Introduction 
5.2 Choosing Critical Paths 
5.3 Load Units and Loading Guidelines 
5.4 The Delay Equation 
5.5 Estimating Gate Delay 
5.6 Estimating Total Circuit Delay 
5.7 Delay Calculations when Load Exceeds COR 
5.8 Delay Calculations and the Operating Environment 
5.9 Clock Loading 

5.1 Introduction 

This section of the data book gives an overview of the engineering considerations important to the 
design of an ASIC using Fujitsu's CMOS technologies. Included are the loading rules for CMOS 
gate arrays and a demonstration of how to estimate the delay through a circuit. In addition to the 
basic delay equation, this chapter also considers the loading limitations for clock signals and the 
effects of the operating environment on typical delay figures. 

5.2 Choosing Critical Paths 

A critical path is a logic path whose timing requirements must be satisfied to ensure proper system 
function. In an ordinary synchronous circuit, data propagates from one register through 
combinatorial logic into another register. For the circuit to function properly, the sum of the 
clock-to-Q delay of the source register, the propagation delay through the logic, and the set-up 
time on the target register must be less than the worst-case system clock period. Correct timing 
of the signal along the critical path guarantees that this condition is met. 

Usually, the critical path is the one with the greatest number of gate levels. However, if such a 
path is speeded up by redesign, another, less complex path may become the new critical path. 

For example, in a design in which a path has eight levels of gating, the designer may determine 
upon inspection that two groups of NAND-NAND structures can be changed to AND-OR inverters, 
an efficient CMOS implementation that noticeably increases the speed of the path. In this case, 
after applying DeMorgan's theorem and reducing the result, the designer finds that another path is 
now the critical path. 

Since each logic state sensitizes different branches, logic paths must be analyzed using the inputs 
(rising or falling) that will actually be applied to them (since rising and falling delays are not equal) 
to determine the longest path that will be sensitized and ensure that it meets critical path 
requirements. 

The path delay calculation worked through in this section shows how a designer can analyze each 
element of a Fujitsu CMOS circuit to make sure the design meets critical path requirements. In this 
case, the effect of a rising input on the sample circuit is calculated as It would be if this were a 
critical path and the riSing input were forcing the transition of interest. 
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5.3 Load Units and Loading Guidelines 

The Fujitsu CMOS load unit (Iu) is the input capacitance of an inverter used as the basic unit for 
measurement and calculation of capacitive loads presented to unit cells within the gate array. Both 
the output drive factor of a unit cell and its Input load factor are defined in terms of load units. 
Both factors are listed for each unit cell in the unit cell library for the appropriate technology. 

5.3.1 Output Drive Factor 

The output drive factor (CDR) is a parameter expressing the load driving capability of a unit cell. 
Unit cells can drive loads greater than the output drive factor. The performance of CMOS circuits 
degrades exponentially with increased loading; if too great a load is driven, an exaggerated 
increase in delay through the unit cell may be experienced. 

It is permissible for the load to exceed CDR if the associated additional delays are anticipated and 
tolerable. Additional calculation factors are required to estimate delays of loads greater than CDR. 
Figure 5-1 indicates the delays that may be generated when the load exceeds these guidelines. 

tpd 
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____________ l~ ____ . 
KClx CDR to 

o 
-------------t~~~~:~~--

------------------- ---------
o CDR 2COR 3COR 4COR C(lu) 

Total Load (in terms of CDR) 

Figure 5-1. Delay Time vs. Loading Factor 

5.3.2 Input Load Factor 

The input load factor of a unit cell is used to estimate the propagation delay of a critical path in a 
design. The total propagation delay of a path is defined as the sum of the delay factor of each of 
the unit cells in the path. 

5.3.3 Delay Factor 

The delay factor of each unit cell is made up of two types of capacitive loading: 

(a) Load capacitance inherent in the input of each cell (the input loading factor) 

(b) Load capacitance due to the metal interconnection of unit cells (Cl) 

The total load (C) presented by a unit cell is estimated by adding the total cell input load or NF/O 
(the input loading factors of all other cells connected to the output network of the cell in question) 
to the total metal load (Cl) , 

or C = NF/O + Cl 

5.4 The Delay Equation 

The basic delay equation combines the AC parameters of a cell and its associated capacitive loads 
to estimate the delay time through the cell. The rise and fall time of a unit cell may not be 

1-84 



symmetrical due to differences in the transconductivity of the Nand P transistors as well as to 
differences in the arrangement of the transistors to form unit cells. The same equation is used with 
different variables for positive-going and negative-going signals at the unit cell output. These signal 
polarity variables must be considered separately. 

tup = toup + KCLup(NF/O + Cl) 

tdn = tOdn + KCldn(NF/O + Cl) 

where: 

toxx is the circuit delay through the unit cell under no-load conditions (a value given in ns 
for each cell in the unit cell library). 

KCLxx is the load derating constant or delay time per loading unit conversion factor (ns/pF) 
defined for each unit cell. 

NF/O is the sum total of the input loads of all unit cells driven on the net (expressed in load 
units). 

Cl is the amount of loading, in load units, on the unit cell output due to interconnect 
metal (metal load). 

The term "net· refers to the network of metal wiring connecting all the unit cells driven by a 
specified unit cell. Interconnect metal refers to the metal wiring, also called routing metal, that 
makes up each net. 

5.5 Estimating Gate Delay 

Figure 5-2 shows a sample circuit for the purposes of demonstrating how the total accumulated 
delay (tpd) through a short path is estimated. 

A B c o 
IN o---t-"I. 

OUT 
V2B 

Figure 5-2. Delay Path Sample Circuit 

Ordinarily a deSigner looks up the the specifications of each unit cell in the unit cell library of the 
applicable technology. For this example, however, all of the necessary specifications have been 
assembled in Table 5-1. using the values for UHB technology. 
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Table 5-1. AC Parameters of Unit Cells 

Cell Cell Basic Input Output Propagation Delay Time 
Function Name Cells Load Drive tup tdn 

Used Factor Factor to KCl to 

2-lnput NOR R2K* 2 2 36 0.45 0.14 0.45 

2-lnput NAND N2N 1 1 18 0.37 0.16 0.56 

3-lnput NAND N3B* 3 1 36 1.28 0.08 1.70 

Inverter V2B 1 2 36 0.25 0.08 0.25 

* These are high drive cells that operate faster than their low drive equivalents under these 
circumstances. 

KCl 

0.06 

0.14 

0.04 

0.05 

The delays for rising (tup) and falling (tdn) edges of a pulse can differ widely. Digital pulses are 
either lengthened or shortened while passing through a unit cell. It is therefore important to 
calculate the pulse width variations along the entire Signal path to verify that pulse width is 
sufficient to pass through each gate. 

In the example that follows, based on Figure 5-2, calculations are based on a rising pulse entering 
the input of unit cell A and changing state several times as it proceeds through the sample circuit. 
To find the total delay for the circuit, it would be necessary to calculate the values resulting from 
the opposite case, in which a falling pulse enters the circuit at unit cell A. 

6.5.1 Delay Parameter for Rising Edge (tup) 

The unit cell library shows that the delay time (to) for an upward transltlonlng Signal at the unit cell 
output (tup) for R2K, a 2-input NOR, is 0.45. It shows that the load/delay conversion factor for an 
upward transitioning signal (KCLup) for R2K is 0.14. 

5.5.2 Number of Fan-outs (NF/O) 

The sample schematic in Figure 5-2 shows that the NF/O, the number of cells that the R2K must 
drive, is one (an N2N). The unit cell library shows that the N2N has an input load factor of 1 lu. 

5.5.3 Number of Driven Inputs (NOI) and Metal Load (Cl) 

The value for Cl is based on the number of inputs the cell in question must drive and is derived 
from the Estimation Tables for Metal Loading at the beginning of the unit cell library. Table 5-2 Is a 
sample metal load table; each technology and device has unique load/delay characteristics. Since 
the number of driven Inputs (or NOI) for R2K, N2N, and V2B in Figure 5-2 is one, the amount of 
loading due to metalization (L) is 1.0 lu. The NOI for N3B in Figure 5-2 is three; therefore the Cl is 
3.0. 
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Table 5-2. NOI vs. CL* 

NOI CL (Iu) 

1 1.0 
2 2.2 
3 3.0 
4 3.5 
5 3.9 
6 4.2 
7 4.6 
8 4.8 
9 4.9 

10 5.0 

* For a 330UHB gate array. 

The value given for CL in the Estimation Tables for Metal Loading is an estimate of the loading 
effect of the metalization capacitance on the output based on Fujitsu's careful statistical analysis of 
typical designs. Actual metal loading is based on the effect of the routing and therefore may vary 
from these estimates. To compensate for this uncertainty, Fujitsu incorporates a ± 5% variation 
Into the prelayout delay multipliers. After routing, another set of simulations is run to verify the 
effect of the actual metal routing. 

NOTE: In an array partitioned into blocks, if the interconnected unit cells are located in different 
blocks, the loading Is greatly increased. The designer can avoid this worst-case situation 
by using the hierarchical approach during the schematic capture process to confine 
circuits to one block whenever path delay is critical. 

5.6 Estimating Total Circuit Delay 

Based on the values from Tables 5-1 and 5-2, the propagation delay for R2K in the sample circuit 
is: 

tdn (A) = tOdn + KCLdn(NF/O + CL) 
tdn 0.45 + 0.06 (1 +1.0) 
tdn 0.45 + 0.06 (2.0) 
tdn 0.45 + 0.12 
tdn 0.57 
tdn (A) = 0.6 (rounded up to the next 0.1 ns) 

The propagation delay for N2N, found by following the same procedure, is: 

tup (8) = tOup + KCLup (NF/O + CL) 
tup 0.37 + 0.16(1 +1.0) 
tup 0.37 + 0.16 (2.0) 
tup 0.37 + 0.32 
tup 0.69 
tup (8) = 0.7 (rounded up to the next 0.1 ns) 

The propagation delay for N3B, found by following the same procedure, is: 
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tdn (C) tOdn + KCLdn (NF/O + CL) 
tdn 1.70 + 0.04 (3 + 3.0) 
tdn 1.70 + 0.04 (6.0) 
tdn 1.70 + 0.24 
tdn 1.94 
tdn (C) 2.0 (rounded up to the next 0.1 ns) 

The propagation delay for V2B, found by following the same procedure, is: 

tup (D) tOup + KCLup(NF/O + CL) 
tup 0.25 + 0.08 (1 +1.0) 
tup 0.25 + 0.08 (2.0) 
tup 0.25 + 0.16 
tup 0.41 
tup (D) 0.5 (rounded up to the next 0.1 ns) 

Therefore, the total delay for the sample circuit shown in Figure 5-2 is: 

tpd tdn (A) + tup (B) + tdn (C) + tup (D) 
tpd 0.6 + 0.7 + 2.0 + 0.5 
tpd 3.8 ns 

5.7 Delay Calculations when Loads Exceed CDR 

Fujitsu CMOS gate arrays are capable of driving loads beyond their published Output Drive Factor 
(CDR). It must be emphasized, however, that the delays that result from this practice are 
considerably increased. Unit cells may be loaded beyond their CORS provided that the increased 
delay is acceptable. 

Anticipation of the effects of loading beyond the published CDR requires recalculation of delay. 
Different delay equations must be used depending on the technology being used and the amount 
that the loading exceeds CDR. 

The general formula for loading beyond CDR are listed below; different delay equations must be 
used depending on the degree that the loading exceeds CDR. 

NOTE: All degrees of loading shown below are not necessarily permitted in all technologies and 
certain technologies may further modify the equations to reflect different characteristics. 

When C is CDR or less: 
tpd = to + (KCL x C) where C = NF/O + CL 

When C is between CDR and 2COR: 
tpd = to + (KCL x CDR) + 1.5 KCL(C - CDR) 

When C is between 2COR and 4COR: 
tpd = to + (KCL x CDR) + 1.5 (KCL x CDR) + 3KCL(C - 2COR) 

When C is greater than 4CDR: 
FORBIDDEN 

NOTE: Clock networks are never loaded beyond CDR because clock timing is critical to the 
proper functioning of the gate array. (See Section 5.9) 
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5.8 Delay Calculations and the Operating Environment 

The operating environment of the array can cause variations from the calculated typical delay 
figures. Influencing factors include ambient temperature, applied voltage, and variations in the 
manufacturing processes. Figure 5-3 shows how supply voltage and temperature affect the 
performance of a sample array. It is necessary, therefore, to simulate worst-case conditions 
during test. Revised estimates of delay under these harsher circumstances may be arrived at by 
multiplying the typical delay figures by delay multipliers when temperature or supply voltage varies 
beyond the operating condition specifications published for each technology. The actual multipliers 
used depend on the device technology andlor the device type. 
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Figure 5-3. Factors Influencing Delay 

5.8.1 Minimum/Maximum Delay Multipliers 

The minimum delay multiplier and the maximum delay multiplier for typical Fujitsu CMOS 
technologies given below incorporate process, power supply, and temperatunf'variation. 

UHB Technology 

AV Technology 

Minimum Delay 
Multiplier (D' C, 2.5V) 

0.35 

0.45 

Maximum Delay 
Multiplier (70· C, 4.75V) 

1.65 

1.60 

100 

These delay multipliers are applied in one of two different ways, depending upon whether they are 
to be used for the optional delay test calculations or for the other tests performed on the 
mainframe using the information in the FTDL (Fujitsu Test Description Language) file, such as DC 
test, function test, or high impedance test. More information on the testing process is included in 
the following section, Chapter 6. 

5.8.2 Delay Calculations for Delay Test (AC Test) 

The minimax delays for the delay test are determined by taking the sum of the typical delays and 
multiplying it by the appropriate minimum or maximum delay factor. The maximum delay figure 
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must be rounded up to the next highest 0.1 ns. while the minimum delay figure must be rounded 
down to the next lowest 0.1 ns. The result of the equation shown for delay calculation is repeated 
here and also shown in its modified form. The delay factors used are those for UHB technology. 

Typical delay: 

tpd = 0.6 + 0.7 + 2.0 + 0.5 = 3.8 ns 

Maximum delay (rounded up to 0.1 ns): 

tpd = (0.6 + 0.7 + 2.0 + 0.5) x 1.65 = 6.27 = 6.3 ns 

Minimum delay (rounded down to 0.1 ns): 

tpd = (0.6 + 0.7 + 2.0 + 0.5) x 0.35 = 1.33 = 1.3 ns 

5.8.3 Delay Calculations for DC Test. Function Test. and High Impedance Test 

The minimum and maximum delays for these tests are determined by multiplying the typical delays 
for each cell individually by the delay factors. The resulting figures for both maximum and minimum 
delays are rounded up to the next 0.1 ns for each cell. The final figures for each unit cell of the 
path are totaled. The delay calculation used earlier is repeated here and is also shown calculated 
for the DC. Function and High Impedance tests. The delay factors used are those for UHB 
technology. 

Typical delay (rounded up to 0.1 ns): 

tpd = 0.6 + 0.7+ 2.0 + 0.5 = 3.8 ns 

Maximum delay (delay for each gate rounded up to the next 0.1 ns): 

tpd = (0.6 x 1.65) + (0.7 x 1.65) + (2.0 x 1.65) + (0.5 x 1.65) = 
0.99 + 1.155 + 3.3 + 0.825 = 
1.0 + 1.2 + 3.3 + 0.9 = 6.4 ns 

Minimum delay (delay for each gate rounded up to the next 0.1 ns): 

tpd = (0.6 x 0.35) + (0.7 x 0.35) + (2.0 x 0.35) + (0.5 x 0.35) = 
0.21 + 0.245 + 0.7 + 0.175 = 
0.3 + 0.3 + 0.7 + 0.2 = 1.5 ns 

Minimum/maximum delays are also calculated this way for minimum clock pulse width. minimum 
data set-up time. minimum data hold time. preset timing. and clear timing. The values of the 
maximum and minimum delay multipliers shown above apply to pre-layout calculations only; 
different factors. specific to each technology. are used for post-layout analysis. 

5.9 Clock Loading 

It is acceptable. though not a recommended design practice. to load the output of a unit cell that 
does not carry a clock signal beyond its Output Drive Factor (CDR). To ensure maximum clock 
accuracy. however. unit cells that output clock signals must never be loaded beyond CDR. These 
different loading limitations for clock and non-clock unit cells can lead to "race conditions.· in 
which the clock signal arrives at a flip-flop before the data signal set-up time has elapsed. It is 
therefore most important. when loading a unit cell beyond CDR. to modify the fundamental delay 
equation using the extra delay factors explained in Section 5.7. 

1-90 



Chapter 6 - Simulation and Test 

Contents of This Chapter 

6.1 Introduction 
6.2 Post-Design Simulation and Test 
6.3 Engineering Sample Testing 
6.4 ATG Testing and Scan Design 

6.1 Introduction 

This section of the data book explains the simulation and testing processes performed by Fujitsu 
after the customer completes the CMOS gate array design process on a CAE workstation. These 
simulation and test processes are carried out using the Fujitsu mainframe software at a Technical 
Resource Center. Simulation and testing ensure that the data collected in the FLDL (Fujitsu Logic 
Design Language) file and the FTDL (Fujitsu Test Design Language) file result in an error-free 
layout and a successful ASIC design. Figure 6-1 describes the post-design process in flowchart 
form. 
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for Corrections 

Design Support 

,e~ 
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-------------------------------- ------i-----
Manufacturing Environment I Approval I .. 

Sample Fabrication 

Approval and P.O. 

Figure 6-1. Post-Workstation Design Process 

6.2 Post-Design Simulation and Test 

6.2.1 LDRC and TDRC 

The FLDL and FTDL files are provided to a Technical Resource Center usually in the form of 
magnetic tape or floppy disk. On the mainframe, the FLDL is checked by the mainframe's Logic 
Design Rule Check (LDRC) to confirm the validity of the logic data and for formatting errors, 
unconnected inputs and outputs, loading conditions, etc. The FTDL file is checked by a similar 
mainframe program called the Test Data Rule Check (TDRC), which flags any violations of the 
published test data restrictions. 
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6.2.2 Pre-layout Simulation 

After the LORC and TORC have been run successfully on the FLOL and FTOL, the mainframe 
pre-layout simulation can be performed. This is a logic simulation run at nominal, minimum, and 
maximum propagation delay times using estimated metallzation capacitance values. If there is no 
discrepancy between simulation results and the expected outputs, the design is presumed to be 
correct. One of two simulators, LBS6 or ViewCAO, runs functional simulations and timing 
verification including the checking of set-up and hold time, pulse width, and removal times. 

6.2.3 Automatic Layout 

After a successful pre-layout simulation has taken place and customer approval has been obtained, 
a proprietary Fujitsu mainframe application performs automatic placement and metal 
interconnection routing. 

6.2.4 Fault Grading 

After pre-layout simulation is completed, customers have the option of requesting that Fujitsu 
subject the test data to a process called "fault grading." This CPU-intensive process analyzes the 
customer's circuit and test data to calculate the percentage of fault coverage. The input test data 
is analyzed to determine the adequacy of the stimulus patterns to detect any "stuck" 
(malfunctioning) nodes. The result, a report of all nodes not tested by the stimulus provided, is 
given to the customer. The customer then has the option of either changing the test vectors or 
acknowledging that the untested nodes are acceptable. 

6.2. 5 Post-Layout Simulation 

Post-layout simulation, also known as final validation, is again performed at nominal, minimum, and 
maximum propagation delay times, but using actual calculated capacitance based on the metal 
interconnection routing resulting from automatic layout. 

6.2.6 Sample Fabrication 

After a successful post-layout fabrication has been performed and customer approval has again 
been obtained, engineering samples of the array are fabricated for customer evaluation. 

6.3 Engineering Sample Testing 

6.3.1 LSI Tester 

Once sample chips have been fabricated, they are tested on the LSI Tester, a test instrument 
located at the manufacturing facility. Sample chips are tested with input test patterns and expected 
outputs obtained from the FTDL file. 

One of the most important tasks of post-layout simulation is to validate the test vectors for later 
use on the LSI Tester. For this reason, simulation is executed under conditions adhering as closely 
as possible to the conditions imposed by the tester. A device that passes all phases of simulation 
is likely to pass the LSI tester. 
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The limitations of the LSI Tester places various restrictions upon test data. These restrictions must 
be respected when preparing the test data pattern and when creating the (stimulus) Control file for 
running workstation simulations. 

A ·Summary of Test Data Restrictions" is published for each CMOS Gate Array technology and is 
included in the design manual for the specific technology. 

Test data restrictions involve such issues at the numbers of test patterns acceptable for each test 
type. the minimum test cycle length. input signal timing. output strobe timing. bidirectional buffer 
simulation. input and output cycle timing. tester skew. and the treatment of data signals. 

Tests performed on the LSI Tester include the function test. the delay test. the DC test. and the 
high impedance ("Z function") test. Specific data (given in the Design Manual for each 
technology) must be included in FTDL to perform each of these tests. 

6.3.2 Function Test 

The function test guarantees the designed function of the gate array by exercising as many of the 
internal nodes as possible and detecting functional failures. Fujitsu requires the function test 
because it is the primary means of determining if an ASIC is functioning properly as it comes from 
manufacturing. 

In the course of the function test. input signals are applied in accordance with customer timing 
speCifications. using worst-case input voltage at a clock frequency not to exceed 16 MHz (a period 
of 63 ns). The dynamic performance of this test also partially verifies the AC characteristics of the 
device. 

The function test may be run in multiple units (blocks). allowing changes to be made in the test 
vectors to assure thorough testing of the device. The transition from one block to the next requires 
that the device be powered off. adjustments made to the tester and pins regrouped as required. 
After all changes have been made. the test is restarted. 

The test vectors used in the fUnction test originate with the Print on Change file (the output results 
of the workstation simulation) and the FTDL head file created by the user. The Print on Change file 
is a list of the signals sampled and a history of the transitions in a given test block with the actual 
times that the transitions occurred. The FTDL head file adds the parameters needed to qualify the 
test data in the Print on Change File: definition of the test cycle time. signal delays. pulse types 
and pulse widths, and output strobes. 

6.3.3 Z-Function Test 

The Z-Function test is administered in the last block(s) of the function test. Its purpose is limited to 
the verification of the high-impedance function of 3-state and bidirectional output buffers. The 
Z-function test is necessary only when there are two or more logic combinations that can generate 
the high-impedance state for a given I/O cell. The test can verify all these logic combinations. If 
only one logic combination generates the high-impedance condition. then the DC test is adequate. 

6.3.4 DC Test 

The DC test. as its name implies. verifies the DC characteristics of the array. It Is not Intended to 
check circuit functionality. but is can be used as a function test of 3-state circuits having only one 
signal path that generates the high-impedance condition. 
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The designer supplies the sequence of input signals and expected outputs in the FTDL. These test 
patterns must generate every possible output state for every type of output and input buffer being 
used (high, low, and high-impedance). 

The DC test applies the specified inputs to measure the following DC parameters: 

(a) Steady State Power Supply Current (Ioos) 

(b) Output High Voltage (VOH) 

(c) Output Low Voltage (VOL) 

(d) Input Leakage Current (Ill) 

(e) High-Impedance Output Leakage Current (lLZ) 

6.3.5 Delay Test 

The delay test is optional. It is used to verify critical paths or as a means to characterize the 
device by performing this test on a small number of paths. The purpose of the test is to check 
that signal paths from various inputs of the chip to their respective outputs meet the customer's 
standards for minimum and/or maximum delay times. The paths may be sequential and/or 
combinatorial but only the propagation delay, not the toggle frequency, is measured. 

6.4 ATG Testing and Scan Design 

ATG testing is a special technique that supplements the customer's submitted test patterns (FTDL) 
to assure both Fujitsu and the customer of a highly reliable gate array by achieving a high degree 
of fault coverage. ATG testing is implemented by using scan design techniques described in 
Section 4.7. Scan test patterns (both applied input stimulus and expected outputs) are 
automatically generated by Fujitsu's Automatic Test Generator (ATG) software. ATG is offered by 
Fujitsu for partitioned arrays of the UHB technology and for all arrays in the channel-less gate array 
technologies. 
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Chapter 7 - Quality and Reliability 

Contents of This Chapter 

7.1 Introduction 
7.2 Engineering Testing 
7.3 In-process Inspection and Quality Control 
7.4 Reliability Testing 
7.S Test Methods and Criteria 
7.6 Reliability Theory 

7.1 Introduction 

This section explains Fujitsu's approach to quality and reliability. A single-minded emphasis on 
quality and a dedication to providing components to meet exacting requirements is the reason 
Fujitsu integrated circuits are known for their exemplary performance. 

Fujitsu's philosophy is to build quality and reliability into every step of the manufacturing process. 
(See Figure 7-1) Each design and process is scrutinized by individuals and teams of professionals 
dedicated to perfection. 

The quest for perfection does not end on the Fujitsu factory floor. It extends to a policy of meticu­
lous interaction between the individuals who design, manufacture, evaluate, sell, and use Fujitsu 
products. 

Quality control for all Fujitsu products is an integrated process that crosses all lines of the manu­
facturing cycle. The QC process begins with incoming inspection of all raw materials and ends with 
shipping tests and reliability tests following final test of the finished product. Prior to warehousing, 
Fujitsu products have been subjected to the scrutiny of man, machine, and technology, and are 
ready to serve the customer in the designated application. 
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Process 

Check Items 
Inspection of Incoming Material 

Wafer Processing 
Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc. 

Wafer Surface Inspection and 
Sample Tests of Thickness. 
Surface Resistance, Diffusion 

Depth, Electrical Parameters, and Doping. 
Wafer Surface and Pattern Inspection 

Dlffuslonllon Implantation 

Photoetchlng 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Passivation (Insulating Layer Formation) 

Test of Electrical Characteristics, Stress Test 

Probing Test 

Wafer Shipping Inspection 

Dicing (CHIP Separation) 

CHIP Selection Wafer Surface and Pattern 
Sampling Inspection CHIP Shipping Inspection 

Assembly 
Ole Bonding 

Sample Surface Inspection 

Bond-Wetting and Surface Inspection, Monitor Test of Pilot Run 
for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 

Internal Sampling Visual Inspection 

Figure 7-1. Quality Control Flowchart 
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Sealing or Molding 

Aging (After Encapsulation) 

Leak Test (Hermetic Package Only) 

Fine and Gross Leak Tests 

External Sampling Visual Inspection Lead Trim and Cutting 

External Sampling Visual Inspection 

External Sampling Visual Inspection 

External Visual Inspection 

External Visual Inspection 
External Mechanical Inspection 

External Sampling Visual Inspection 0 
Test of AC/DC Characteristics and Functions 

Hermetlclty (Fine and Gross Leak Tests.) External and Marking Inspectlon~ 
Electrical Characteristics Tests. All Sampling Tests U 

Shipping Tests 

Endurance and Environmental Tests 0 

Legend: 

o 
D 
fQ) 

<> Note: 

Reliability Tests 

Lot Tests/Periodic Tests 

Warehousing 

Production Process 

Testllnspectlon 

Production Process 
and Testllnspectlon 

QC Gate (Sampling) 

The flow sequence may vary slightly 
with Individual product type. 

Figure 7-1. Quality Control Flowchart (Continued) 
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7.2 Engineering Testing 

Engineering testing is the heart of reliability and quality control. The reliability engineering depart­
ment plans and performs most engineering testing. Whenever a device is developed, it must un­
dergo engineering approval tests. After the device passes these tests, production engineering ap­
proval tests are performed on a representative sample of the device. All factors that could influ­
ence production of the device are examined. Only if all conditions are favorable and the device 
passes thorough testing, can the new device go into production. 

Table 7-1 shows a sampling plan for engineering testing. These tests are in compliance with MIL 
STD 883, Class B, as indicated in Table 7-1a. When a change in production (e.g., a material 
change) is needed, engineering tests are performed on specific items for the change. 

Since the representative samples tested must accurately reflect the reliability of the device, the 
following conditions must also be satisfied: the functions performed by the same basic circuit; the 
same processing techniques, materials, parts and packages used; and the same processing fol­
lowed at the same factory. 

Table 7-1a. Sampling Plan for Engineering Testing: Endurance Test 

Test Items MIL-STO LTPO' Acceptance Note 
-883 (%) number** 

High-temperature storage lS0·C 1008 C 7 1 
High-temperature continuous operation 10050 7 1 
lS0·C or 12S·C 
High-temperature continuous operation 12S·C 1055 D 5 2 
Low-temperature continuous operation -SS·C (1055 C or D) 7 1 As applicable 
High-temperature high-humidity storage - 7 1 Plastic package only 
8S·C, 85% RH 
High-temperature high-humidity continuous (1005 C or 0) 7 1 Plastic package only 
operation 85· C. 85· RH 

Lot test percent defects 
Number of failures permitted per lot 
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Table 7-1 b. Sampling Plan for Engineering Testing: Environmental and Mechanical Test 

Test Items MIL-STD LTPD Acceptance Note 
-883 (%) number 

External visual Inspection 2009 15 1 Same sample 
Physical dimensions 2016 15 1 
Radlophotography 2012 3 devices 0 
Internal visual Inspection 2013 15 0 

Lead Integrity: Devices which failed 
Tension 2004 A 15 0 In electrical 
Bending stress Bl 15 0 characteristics test 
Lead fatigue B 1 15 0 are acceptable to 

this test. Each test 
Is performed on one 
third of the leads of 
each sample. 

Resistance to soldering heat - 7 Same sample 
Temperature cycling 1010 C 7 1 
Thermal shock 1011 A 7 1 
Vibration. variable-frequency 2007 A 
Mechanical shock 2002 B 10 1 
Constant acceleration 2001 D o 
Seal: (Fine and gross leak checks) 1014 Al 7 1 Hermetic package 

only 
C 7 1 

Resistance to solvents 2015 40 devices 1 Devices which failed 
In electrical 
characteristics test 
are acceptable to 
this test. 

Solderability (260·C) 2003 15 1 Devices which failed 
In electrical 
characteristics test 
are acceptable to 
this test. 

Solderability (230·C) - 15 1 Devices which falled 
In electrical 
characteristics test 
are acceptable to 
this test. 

Internal water-vapor content 1018 3 devices 0 Hermetic package 
only 

Electrostatic discharge sensitivity 3015 A 15 1 1 
Pressure-Temperature-Humidity Storage - 15 1 Plastic package only 
(PTHS) 121·C, 2 atm. 
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The following tests are performed only when required or when requested by the customer. 

Table 7-1c. Sampling Plan for Engineering Testing: Optional Environmental Mechanical Test 

Tesillems MIL-STD LTPD Acceplance Nole 
-883 (%) number 

Bond strength 2011 D(orC) 15 2 wires 34 wlres/4 devices 
Ole shear strength 2019 3 devices 0 Hermetic package 

only 
Moisture resistance 1004 15 0 
Salt atmosphere (corrosion) 1009 A 15 0 
Vibration fatigue 2005 15 0 
Immersion 1002 B 15 0 
SEM Inspection of metallzatlon 2018 3 devices 0 
Particle Impact noise delectlon (PIND) test 2020 B 15 1 Hermetic package 

only 
Ud torque 2024 Frlt sealed package 

only. as applicable 
Adhesion of lead finish 2025 As applicable 

Table 7-1d. Sampling Plan for Engineering Testing: Continuity Test 

Test Items MIL-STD LTPD Acceptance Note 
-883 (%) number 

Continuity check - 5 2 Plastic package only 

7.3 In-Process Inspection and Quality Control 

Every department involved in the manufacturing process is responsible for the quality-control in­
spection in its sphere of operation. In-process checks, sampling tests, and other inspections are 
assigned so that each department has certain allotted tasks for which it takes full responsibility. 
This total control system has rationalized overall operations dramatically. 

7.3.1 In-Process Checks (Including screening) 

In-process checks are performed after each key step that is critical to the next process in wafer 
processing and assembly. Defective or substandard products are weeded out at an early stage. 
Testing falls into three categories: 

(a) Probe testing, chip selection, and final testing. These are defined for each process. 

(b) Voluntary-checks. These Include inspection of the wafer surface after window opening 
(before the diffusion process) and inspection of the wafer surface after the metalization. 

(c) 100% screening. This includes the aging and visual inspection that are performed during 
wafer processing and assembly. 

7.3.2 In-Process Sampling Test 

The in-process sampling test is performed as a part of process quality control. The Manufacturing 
and QO departments check randomly drawn samples at key points in the manufacturing process to 
check process and facility conditions. This helps in maintaining product quality at the customary 
high level. The following items are checked in these sampling inspections or monitoring: 

(a) Surface resistance after diffusion, film thickness, evaporated or sputtered electrode 
thickness, and device characteristics. 
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(b) Product quality (checked by visual inspection of the chip surface). 

(c) Bonding machine calibration, visual inspection and bond strength after wire bonding, 
product appearance, marking permanency tests. 

7.3.3 In-Process Inspection 

The Manufacturing and QC departments perform stringent quality checks between major processes 
to ensure the highest quality. Four types of inspections are performed: 

(a) Inspection of incoming materials, parts, and chemicals 

(b) Wafer shipping inspection 

(c) Chip shipping inspection 

(d) Shipping test 

7.3.4 Lot Configuration 

A "lot" consists of the same devices produced over a stated period, having the same design and 
using the same processing techniques, materials, and production line. In addition to the Fujitsu 
logo, part number and others, each IC is marked with a lot code as shown below. 

Lot code xx XX 
Last two digits of the year-----=:J"" ~ Week code 

7.4 Reliability Testing 

Reliability testing includes three types of tests-lot tests, periodic tests, and "occasional" tests. 
This section explains the details of each test in turn. 

7.4.1 Lot Tests 

There are two types of lot tests, called Group A tests and Group B tests. Group A tests and Group 
B tests are performed on items that are tested regularly, usually every week. Table 7-2 lists the 
specific lot tests. 

Details of individual tests vary with the product under test, but all samples are selected at random 
from every weekly lot. Tests are not performed in any particular order unless specified, but are 
performed for each device type. 

Note that the high-temperature storage and continuous-operation tests usually take 500 hours, al­
though they may take only 168 hours in special cases. Good samples are returned to their lots 
after non-destructive testing. No-good samples and samples that have undergone destructive test­
ing are destroyed. 

7.4.2 Periodic Tests 

Particulars of the periodic tests are also listed in Table 7-2. There are two types of periodic tests: 
Group C tests and Group D tests. Group C tests are performed on items that are tested regularly, 
usually every 13 weeks. Group D tests include special reliability tests and very long life tests. The 
Group D tests are usually done once every 26 weeks. 

Details of individual tests vary with the product under test, but all samples are selected at random. 
Tests are not performed in any particular order unless specified, but are performed for each de­
vice type. Note that the high-temperature storage and continuous operation tests for Group C take 
1000 hours and those for Group D take 3000 hours. 
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Table 7-2. Sampling Plan for Reliability Testing 

Device classification Device group 1 I Device group 2 
Group Subgroup 

Test Items Sampling plan 
Al External visual Inspection 100% test of sampled devices (All sampled devices) 
A2 Function test LTPD 5% Ac=O 

A A3 Electrical Static Characteristics LTPO 5% Ac-O 
A4 Characteristics Dynamic/Switching LTPO 5% Ac-O 

characteristics 

Sample Acceptance Sample Acceptance 
size number size number 

Bl Physical dimensions 9 1 6 1 
Resistance to solvent 9 1· 9 1· 

B2 Environmental + Temp-cycling 
tests Thermal shock test 9 1· 9 1· 

B3 Mechanical 9 1 9 1 
environmental test 

B4-1 Soiderabllltv 230·C 5s , 9 1 3 1 
B4-11 Solderability (260·C, Ss) , 9 1 3 1 

B BS Lead Intearlty' 9 1 3 1 
Pressure-'temperature-humldlty 9 1· 3 ,. 
storage" 

B6 Pressure-temperature-humldlty- 9 17 3 17 
bias" 

B7 Hlah-temperature stora 14 l' 7 l' 
B8 Continuous operation 24 l' 11 l' 
B9 High-humidity storage 24 I' 11 l' 

8S·C, 85% RH" 
Cl High-temperature 14 1· 7 1· 

storage 
C C2 Continuous operation 24 1· 11 1· 

C3 Endurance High-humidity storage 24 1· 11 1· 
test 8S·C 85% RH" 

01 High-temperature 14 - 7 -
storage" 

D 02 c;ontlnuous operatlonO 24 11 
03 High-humidity storage 24 11 

8S·C, 85% RH"· 

Test cycle: Group A and B for every weekly lot, Group C every 13 weeks, Group 0 every 26 weeks 

Notes 
1: Electrical reject devices can be used In this test. 
2: These tests are performed on resln-sea/ed devices. 
3: This test takes 96 hours. 
4: These tests normally take 500 hours. But If no defeots are found In the first 168 hours. the lot can be passed 

and the test may be terminated. 
5: These tests take 1000 hours. 
6: These tests take 3000 hours. 
7: This test takes 48 hours. 
8: These tests take 100 cycles. 

7.4.3 Occasional Tests 

Occasional tests are performed on products whenever necessary. The tests are similar to periodic 
tests, but their details are specified by the QC/Reliability Engineering Division according to the pur­
pose of the test. 
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7.5 Test Methods and Criteria 

The reliability of Fujitsu les is assured by severe environmental and endurance testing. Test meth­
ods are usually based on Japan Industrial Standards (JIS), the standards of the Electronic Industrial 
Association of Japan (EIAJ), and MIL standards. 

Reliability tests are performed for two reasons. Firstly, they check or guarantee the reliability of a 
type or a lot according to specified standards. Secondly, they are used to determine the failure 
rate or mode. The most appropriate test method is chosen for each test. and test results are 
processed in the most suitable manner. Fujitsu usually performs the tests listed in Tables 7-3, 7-4, 
and 7-5. 

Table 7-3. Example of Reliability Testing 

Test Items 

Resistance to soldering heat 
Temperature cycling 
Thermal shock 
Vibration, variable-frequency 
Mechanical shock 
Constant acceleration 
Final leak 1 

Gross leak 1 

Solderability 

Lead fatigue 
PTHS/PTHB2 
High-temperature storage 
Continuous operation 
High-humidity storage" 

Notes: 1 Applies to hermetic packages. 
2 Applies to hermetic packages. 

MIL-STD-SS3 Condition 

- 260·C, lOs 
1010 C -65·C (30 min.) to 150·C (30 min.). 100 cycles 
1011 A O·C (5 min.) to 100·C (5 min.). 100 cycles 
2007 A 20 to 2,OOOHz, 20G 
2002 B 1,500G, 0.5ms 
2001 E 30,OOOG, 1 min, Y1 only 
1014 A1 Using compressed helium 99.5~slg, 4 hrs. 
1014 C Using fluorocarbon 75 pslg .. 1 hr .. 125·C 

- 230·C, 5s 
2003 260·C, 5s 

2004 B2 0.25kgf, 90·, twice 

- 121·C, 2 atm 
1008 C 150·C, 1,000 hrs. 

1005 A to D 125·C, 1,000 hrs. 

- 85·C,85%RH, 1,000 hrs. 

Table 7-4. Example of Electrical Testing 

Circuit classillcation Characteristics Bipolar MOS 

Gates DC VOH, VOL, IIH, IlL, Icc (lEE) VOH, VOL, IIH, IlL, 100 (lsub) 
AC Function Function 

Flip-flops DC VOH, VOL, IIH, IlL, 10H, Icc (lEE) VOH, VOL, IIH, IlL, 100 (Isub) 
AC Function Function 

Shift registers DC VOH, VOL, IIH, IlL, 10H, Icc (lEE) VOH, VOL, IIH, IlL, 100 (lsub) 
AC Function Function 

Memories DC VOH, VOL, IIH, IlL, Icc (lEE) VOH, VOL, IIH, IlL, (IOH), (lOL.) 
AC Function 100 Usub) Function 

Random-logic devices DC VOH, VOL, IIH, IlL, Icc (lEE) VOH, VOL, IIH, IlL, (IOH), (lOL.) 
AC Function 100 (lBub) Function 

Analog devices DC VIO, 110, II, VOM, VOH,VOL, -
AC Av, KF2, NF 

Table 7-5. Example of Electrical Criteria 

Parameter 
Umlt value (In multiples of the absolute value) 

Upper Lower 

VOH - LxO.9 
VOL U X 1.1 -
IIH u X 2 

INo leak: U x 1.1) 
ilL U x 1.1 

(Leak: U x 21 
10H 
Icc (lEE) U x 1.1 -
Icc (Isub) (Leak: U x 2) . . .. U and L stand for the upper and lower limits 
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7.6 Reliability Theory 

7.6.1 Estimating the Failure Rate 

The graph of a component failure distribution is usually a downward-bowed curve, what is called 
the bathtub curve (Figure 7-2). Since semiconductors do not wear out physically, the distribution 
reflects the initial failure rates. Life tests show that the instantaneous failure rate decreases with 
time and graphs as a straight line on a Weibull probability sheet. Shape parameter m, which shows 
the instantaneous failure rate, is between 0.3 and 0.7. (In an exponential distribution, the instanta­
neous failure rate does not change and m = 1. As m becomes smaller than 1, the instantaneous 
failure rate decreases with time.) 

Instantaneous 
failure rate 

I Initial failure I Random failure period I Wear-out 
period failure period 

TIME 

Figure 7-2. Distribution of Component Failure 

Usually, the failure rates during the initial and random failure periods are the most important for 
semiconductors. Figure 7-3 shows an example of life test data graphed on a Wei bull probability 
chart. 
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Figure 7-3. Example of High-temperature Storage on MOS IC 
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7.6.2 Accelerated Life Test 

Modern applications require an extremely low failure rate for semiconductors. To guarantee such 
strict quality, Fujitsu uses an accelerated life test. There is no fixed acceleration rate for semicon­
ductors but, since semiconductor failure is usually caused by physical and chemical changes in 
materials, an acceleration rate can be calculated from the Arrhenius equation for the progress 
speed of physical and chemical phenomena (assuming the R is proportional to the degradation 
speed): 

R = A exp(-Ea/kT) 
R: Reaction rate 
A: Proportionally constant 
Ea: Activation energy 
K: Boltzmann constant 
T: Absolute temperature 

The proportionality constant A corresponds to the component reliability. The activation energy, E, 
depends on the component'S materials and their combination, but it ranges from 0.3 to 1.35 eV 
for semiconductors. This equation does not fit the data perfectly because it assumes that the fail­
ure rate is affected only by temperature when, in fact, there are many contributing factors. How­
ever, the equation does give a good rough fit. Using the equation on data from the accelerated life 
test, engineers can estimate and guarantee the field failure rate with reasonable accuracy. 

The calculation method for the field failure rate is given below for Fujitsu semiconductor products. 
Although this method is not generally accepted yet, it has been found to be useful. 

(1) Calculate the junction temperature(Tj(op)) for actual use from the temperature rise (Tj) 
and the ambient temperature (Ta) under an average load (do not use the worst-case 
load), Tj(op) = ATj + Ta. 

(2) Calculate the junction temperature(Tjt) for a life test. For a high-temperature storage 
test, Tjt equals Ta (the storage temperature). For a continuous operation test, the tem­
perature rise under load plus the ambient temperature (25°C except for high-tempera­
ture operation) for an operating temperature, Tjt = ATj + Ta . 

(3) Calculate the acceleration rate (O!) from the difference of Tj(op) and Tjt using Figure 
7-3. 
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Slanted lines show junction temperature at operation 

Reciprocal of absolute Junction temparature l/TJt (10 = 101lK) 

Figure 7-4. Acceleration Rate O! vs. Junction Temperature 

(4) If planning reliability testing or calculating reliability in the field from data obtained in 
steps (1) to (3). determine the coefficient "V for the 60% confidence level in Table 7-6 
from the number of defective units allowed or from the total number of failures found in 
the test. 

Reliability = OI~T x Y x 109 [FIT] where: 

N: Number of samples 
T: Total test time (hrs) 
n: Number of failed samples in test 

Table 7-6. Determination of coefficient 

No. of failures 
Confidence level 

60% 90% 
0 (0.92) (2.30) 
1 2.02 3.89 
2 1.55 2.66 
3 1.39 2.23 
4 1.31 2.00 
5 1.26 1.85 
6 1.22 1.76 
7 1.20 1.68 
8 1.18 1.62 
9 1.16 1.58 
10 1.15 1.54 
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The above equation applies only when nlN Is equal to or less than 10% for the total test time, T. If 
nlN exceeds 10%, use the following method of calculation: divide the total test duration time, T, 
into subsections, atl (i = 1,2, ... , m). so that for each atl the failure rate, (n1+1 -n)/(N - nl) 
(where nl is the cumulative number of failed samples for atl}, does not exceed 10%. Calculate 
(N - nl) atl for each time section atl. Calculate the summation ~(N - nl) atl for all the time sec­
tions in T. The summation ~(N - nl) atl must then be substituted for NT in the above equation. 

7.6.3 Failure and Causes 

Circuit format differences, package types, and operating environments can change the mecha­
nisms of IC failures, so it is difficult to foresee which factor will be the most important in a failure 
mechanism. Figure 7-5 shows specific electrical failures for ICs, their most common causes, and 
general corrective actions. Causes of IC failures are largely the same as for planar transistor fail­
ures, but the following problems are more common or specific to ICs: 

(a) Surface degradation 

(b) Flaws in an evaporated or sputtered metal film 

(c) Contact failures due to an increased number of wire bondings per package 

(d) Package failures due to an increased number of external leads 

Table 7-7 lists failures with their most common causes, and Table 7-8 shows the relationship be­
tween operating environments and failure causes. Test items can be listed only if the failure cause 
can be pinpointed by the test. 
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Figure 7-5. Digital IC Failures and Corrective Actions 
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Table 7-7. Process Defects Analysis 

Defect Defect mechanism Frequency Source 
Area 

Factory Opera- User 
Process Manuf. tor Appllca-

Design Control Tech. Skill tlon 

Junction Junction failure due to current crowding High • • 
(Internal) Metal migration Low • • • • 
Junction Oxide film Imperfection (Pinhole, crack, void, etc.) Medium • • 
(Surface) Impurity contamination High • • • 

Metal peeling Medium • • • 
Mask misalignment Medium • 
Incomplete metallzatlon Medium • • • 

Inter- Improper metallzatlon Medium 
connection 

Metal over-stress High • 
Aluminum corrosion Medium • • • 
Aluminum migration Medium • • 
Bonding peel High • • D 
Purple plague Medium • • • Wire 
Wire over-stress High • • 
Particle/wire short Low • 
Leakage Medium • • 
Ole bond failure Low • • • 

Package Lead breakage Medium • • 
Package corrosion Medium • • • • 
Chip crack Medium • • • Others 
Seal contamination Low • • 
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Table 7-8. Relationship between Failure Causes and Analytical Test Methods 

Test 

Baro-
Tempera Constant Meehanl Vibration, metric Salt 

Fallure Cause Solder .. ture Thermal Accelera- cal variable Lead pressure Moisture atmos- Vibration Vibration 
ability Cycling shock tlon shock frequency fatigue reduced resistance phere fatigue noise 
(2003.2) (1010.2) (1011.2) (2001.2) (2002.2) (2007.1) (2004.2) (1001) (1004.2) (1000.2) (2005.1) (2006.1) 

Bond Integrity 
(Chip or wire) • • • • • • • 
Cracked chip • • • • 
Internal 
structural defect • • 
Contamlnatlon-/ 
contact-Induced 
short • • • • • • 
Wire or chip 
breakage • • • • 

II 
Glass crack • • • • • • 
Lead fatigue • 
Contamination of 
lunctlon (Surfacel • • • • 

Thermal fatigue • 
Seal Integrity • 
Seal contamination • • • • 
Leakage • • • • • • 
Package/material 
Integrity • • • • • • 
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Chapter 8 - Application Notes 

Contents of This Chapter 

8A Developing Test Patterns with Consideration of the Physical Tester 
8B Selecting the Best Package for Your ASIC Design 

SA. Developing Test Patterns that Work with the Physical Tester 

1.0 Introduction 

This application note briefly describes the process of developing test patterns simulation and test 
of Fujitsu CMOS ASIC designs. This information supplements testing information found in the De­
sign Manual for the appropriate Fujitsu CMOS ASIC technology. 

2.0 Tests to be Created 

Fujitsu supports five types of test: 

1. DC test 

2. Dynamic function test 

3. High impedance test (Z-function test) 

4. Delay test (AC test) 

5. Scan test (optional for certain Fujitsu technologies) 

The DC test measures DC characteristics such as loos, VOH, VOL, lu, and ILZ, while the function 
test screens for manufacturing faults (metal and transistor faults, principally). The Z-function test 
augments the DC test and is required for circuits in which one or more enable signals from a 
3-state buffer can be generated by logic deeper than one gate of complexity within the ASIC de­
vice. The delay test may be used to verify critical timing paths that are necessary for proper sys­
tem operation. Scan test methods may be used to simplify the process of testing for the manufac­
turing defects traditionally uncovered by the function test. Automatic test generation (ATG) is sup­
ported in conjunction with scan testing in the UH, UHB, and AU technologies as an option. 

3.0 Overview of Test Vector Creation 

For each set of test patterns defined as a test block, the customer must specify input states and 
output states (in either a vector or wave format), and the timing of inputs and outputs (with 
bidirectionals being considered both an input and an output). Many designers rely on one of the 
Fujitsu-supported CAE workstations when generating test vectors, easing the burden of test pattern 
development. In these cases, the customer creates input stimuli for the workstation simulator, 
which then generates a print-on-change file containing the resulting output response and the asso­
ciated input stimulus previously defined by the designer. The print-on-change file is converted by 
Fujitsu's workstation software into FTDL (Fujitsu Test Description Language), which is the accepted 
test pattern description format regardless of the method by which patterns are created. 

4.0 Developing the Tester Timing Information 

Whether or not the patterns are generated on the CAE workstation, it is necessary for the cus­
tomer to generate in the FTDL file a Common Block file, containing administrative information and 
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the test type. and a Test Block file. containing the timing information for all chip inputs and outputs 
by group (discussed further in the Design Manual). The definition of this overall timing is critical to 
the success of the test program itself. For example. input timing defines when input signals will 
transition. while output timing defines when outputs will be compared with their expected values or 
measured at a transition point. 

The designer is responsible for specifying the following timing parameters for the Test Block. de­
pending on the specific type of test: 

1. Test Cycle 

2. Grouping of inputs and. if necessary. outputs and bidirectionals 

3. DT (Delay to Transition) time for each input group of NRZ (non-return to zero) signals 

4. tp and Wp (delay-to-transition and pulsewidth) times for the positive-going and negative-
going pulses (PP and NP) for each input group of RTZ (return to zero) signals 

5.' STB (delay-to-strobe time) point for each output group 

6.' DT and STB times for bidirectionals 

7 .•• T time in the SPATH statement for AC tests 

'Specified in DC. function and Z-function tests 

•• Applicable only to AC tests. 

This timing is established for the entire test block and is invariant until another test block is in­
voked. Therefore. test pattern timing is periodic. that is. a group of inputs may only transition at 
the time specified in the Test Block. which is relative to the beginning of the test cycle. This delay 
to transition time for inputs is programmed for each input group with the tp parameter in the FTDL 
INTIM or BUSTIM statement. 

Similarly. common output groups are strobed. or sampled. periodically at a time determined by the 
test cycle and the delay-to-strobe time specified in the OUTTIM or BUSTIM statement. or the T pa­
rameter in the FTDL SPATH statement in the case of an AC test. 

5.0 Determining Input and Output Timing Parameters 

During the function test. outputs should stabilize before being strobed. Therefore. the minimum 
permissible test cycle programmed by the TIMING statement in the Test Block should be set with 
consideration of the maximum propagation delay from any input to any output. and the respective 
DT and STB times for those groups should be set far enough apart in time to assure that the out­
puts are stable under maximum conditions. Similarly. if the output is strobed before the transition. 
it must be stable under minimum delay conditions. 

Test patterns are required to be invariant over minimum and maximum delay conditions. This is 
verified in simulation by scaling the typical delays by multipliers representing process. temperature. 
and power supply variations. Similarly. the strobed or expected output states must be identical un­
der typical. maximum. and minimum conditions. If a propagation delay from input to output is 
greater than the test cycle defined. output states may not fulfill this requirement (see Figure 
8A-1). Furthermore. deSigners should be careful that glitches or short pulses do not occur any­
where within this minimum/maximum window (see Figure 8A-2). 
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IN 1 

OUT 1 (MIN) 

OUT 1 (TVP) 

OUT 1 (MAX) 

STROBE 

STROBE VALUE 

FAILED 0 0 FAILED LUCKY 0 0 

/ 0 0 

0 0 
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/II]: 0 OJ OJ 0 
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0 0 

[[): 0 

0 / OJ m 
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I : 0 

0 I I 
0 0 

0 0 

• • 0 

TEST CYCLE 
CD 

0 0 

TOO SHORT 0 0 

0 0 

0 0 

SUCCESSFUL TEST CYCLE LENGTH <Y 
~ X = STATE WHEN STROBED; X = 0 or 1 as Indicated. 

The minimax variation results In Inconsistent values being strobed If the test cycle Is too short (1) or the strobe Is 
poorly located. Successful test programs therefore require the determination of a reasonable test cycle length. (2) 

Figure SA-1. Determining a Successful Test Cycle Length 
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DANGEROUS CYCLE LENGTH PREFERRED STROBE RANGE 

PREFERRED CYCLE LENGTH 

IlSl X - STATE WHEN STROBED - X = 0 or 1 as Indicated. 

The output contains a pulse that goes undetected at minimum. typical or maximum simulations. However. since 
any pulse or glitch appearing over the range of min to max may be strobed by the tester. or appear In the end 
system. all pulses of this kind must be considered when placing the strobe and determining cycle length. 

Figure SA-2. Determining Preferred Cycle Length 

1-115 

D 



• , 

6.0 Generating Functional Input Stimulus Given Test Pattern Timing 

Issues that must be considered when determining test pattern timing are the relationship between 
input signals, such as clock/data pairs, which must satisfy set-up and hold times. Other considera­
tions guiding the timing definition are dependent on the particular circuit being tested, and on re­
strictions imposed by the tester. These restrictions are published in the Summary of Test Data Re­
striction section of Fujitsu's Design Manuals. 

7.0 Tester Skew and Its Compensation of Test Timing 

The designer must pay particular attention to the issue of tester skew when determining input and 
output timing for Test Blocks: otherwise, the timing will not correctly represent the behavior of the 
device under test. Tester skew, specified for each technology in the Summary of Test Data Re­
strictions, Is a result of the variation in the time at which a given Signal generator triggers a transi­
tion or a comparator measures an output state. Several timings are affected by this skew. 

7.1 Input-to-Input Skew 

For the purpose of estimating the skew between two signal generators, (one driving data and the 
other driving its clock, for example), the driver skew, linearity of clocks, clock-to-clock skew, and 
jitter are collectively called driver accuracy, denoted tDSKEW. 

In the case of data/clock pairs, the clocked data may either fail a set-up or hold time, depending 
on the direction of the skew. Therefore, when determining DT and tp for data/clock pairs, the de­
signer should adjust times to satisfy the following relationships (see Figure 8A-3): 

Set-up Time Criteria for Testing: (tp(CLOCK) - DT(DATA» >= tS(MIN) + 2. tDSKEW 

Hold Time Criteria for Testing: (DT(DATA) - tp(CLOCK» >= tH(MIN) + 2. tDSKEW 

Where tS(MIN) and tH(MIN) are the worst case set-up and hold times, respectively, sensitized from 
the internal circuit to the inputs, tDSKEW is not directly specified in the Summary of Test Data Re­
strictions; however, TACC, the overall system timing accuracy, is specified and can be substituted 
for tDSKEW (see Section 7.2). 

CLK , 
TLCK' .' 

Figure SA-3. Input-to-Input Skew 
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7.2 Input-to-Output Skew 

In addition to the skew incurred by the signal driver, skew is also introduced by the output com­
parator of the tester. This skew is dependent on the linearity of the strobe, pin-to-pin skew, skew 
between dual comparators, and the driver-to-comparator timing error. All factors are considered in 
the overall system timing accuracy, tACC, which in turn affects output timing as shown in Figure 
BA-4. 

IN 

OUT 

SlB 

tPD (MIN) or tPD (MAX) 

IN ~------~ ___ L_O_G_I_C __ ~r-------~~>---------- OUT 

DT (EXPECTED) , 

.,ACTUAL OUTPUT 
'--.-.. ~--~-------.-: -----.-.-.,.; ::. POSSIBLE 

~CC 

, t DSK~W tpD ,..-=7--.-.-::1 ...... =-.-..: ...... EXPECTED OUTPUT 

STB (EXPECTED) 
STROBE 
ERROR 

tDSKEW + tCSKEW 

SYSTEM ACCURACY 

tCSKEW 

DRIVER PLUS COMPARATOR SKEW 

Figure SA-4. Input-to-Output Skew 

7.3 Skew Effect on Input/Output Pairs - Minimum Delay Case 

The STB (or T parameter in the SPATH statement) should expect an output transition at a time 
relative to the stimulated input transition dictated by: 

(STB - DT) >=tPD(MIN) - tACC 

where STB is the strobe point of the output under consideration, DT is the DT time of the stimulat­
ing input of interest, and tPD(MIN) is the minimum propagation delay from this input to the strobed 
(or measured) output. In the case of the AC test, the quantity (STB - DT) should be replaced by 
the minimum T parameter in the SPATH statement. Note that if the path delay spans a test cycle 
boundary, STB should be set to STS plus the test cycle period. 

7.4 Skew Effect on Input/Output Pairs - Maximum Delay Case 

The complementary case occurs for maximum delay measurements, as described by: 

(STB - DT) <= tPD(MAX) + tACC 

Note that these guidelines regarding the specification of test data timing as affected by tester skew 
apply to DC and Z-function tests as well. In these cases, the same rules apply as for the function 
test. 
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Again, for the specific values of tAcc,and tDSKEW, please refer to the Summary of Test Data Re­
strictions in the Fujitsu Design Manual for the appropriate technology. A designer interested in a 
methodical approach to the generation and verification of a good set of test vectors must consider 
the tester hardware on which it is running. Fujitsu has simplified designer responsibility by providing 
this information as part of the Test Block Information. 

However, a lack of implementation and careful analysis of the timing characteristics of the circuit 
may result in a poor or unfeasible test, resulting in schedule delays or reduced device yield. 
Therefore, plan a test approach early, design for testability, and consider the effect and operation 
of the physical tester. 
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8B. Selecting the Best Package for Your ASIC Design 

1.0 Introduction 

The widely varying degrees of complexity (gate count) of Fujitsu's CMOS and BiCMOS devices and 
the flexibility of their 1/0 configurations combine to produce devices that can be accommodated in 
a wide variety of package implementations. With the equally broad selection of packages available 
from Fujitsu, however, the requirements for package selection go far beyond pin count as the sole 
determinant of the best package. Selection issues include surface mount versus through-hole, 
plastic versus ceramic, and exotic versus conventional packaging. In fact, Fujitsu offers over 100 
packages and 1000 package-die combinations from which to choose. Compounding the selection 
problem is the effect of increasingly faster outputs coupled with higher drive and wider bus struc­
tures, resulting in greater numbers of simultaneously switching outputs (and thus greater amounts 
of noise). 

The result is that designers are finding ASIC design packaging implementation to be an increasingly 
complex task. This application note provides information about ASIC packaging that is meant to 
simplify the designer's task. It provides designers with a review of the various Fujitsu packages and 
their electrical, thermal, and mechanical characteristics, as well as some problem-solving strate­
gies for their use. The first part (Sections 2.0 and 3.0) addresses system requirements and pack­
age availability; the second part (Sections 4.0 and 5.0) discusses noise and thermal issues. 

2.0 How System Requirements Affect Package Choice 

Section 2.0 presents considerations involved in the selection of packages from a system design­
er's perspective. Figure 8B-1 lists issues a designer must consider when determining the optimal 
packaging for an ASIC design. 

Manufacturing and Cost-Related Issues 

Board Integration 

Double-sided Component Mounting 

Number of Packages 

Package Outline Area 

Power Density Limitations 

Producibility Issues 

Board Layout 

Package Construction 

Packaging Complexity 

Manufacturing Flow 

Speed Requirement Issues 

Package and Interconnect Delays 

The Effect of Package on Noise 

Thermal Considerations 

Quality Considerations 

Package Quality and Reliability 

Number of Devices 

Noise 

Thermal Considerations 

Figure 8B-1. Considerations for Package Selection 

2.1 Manufacturing and Cost-Related Requirements 

The manufacturing-related factors discussed below, although not directly related to the design of 
the device or the number of power and ground pins it requires, are nonetheless important in the 
choice of an ASIC package. 
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2.1.1 Board Area 

One of the most important issues is the board area consumed by a circuit. Some of the factors 
affecting overall board density are: 

integration (gates per square inch of board) 

Double-sided mounting capability (integration) 

Number of packages 

Package outline area 

Additional board space required (for spacing. resistors. capacitors. probe areas. etc.) 

Power density area (discussed in Section 5.0) 

The critical issue in board area reduction. however. is overall integration. For example. surface 
mount devices (SMDs) can be densely mounted on both sides of the board. making them ideal for 
systems demanding high package integration. But a large design integrated into a few very large 
Sea-of-Gates arrays. even if packaged in large. through-hole packages. may well consume less 
board space than the same design using surface mount PLCCs. The PLCC version would require 
more space because the PLCCs. although small in outline. cannot house as large a die and there­
fore require the design to be partitioned into a greater number of devices. 

Figure 8B-2 illustrates the board area taken up by the outline of each kind of package Fujitsu of­
fers. excluding any area around the package necessary for spacing. decoupling capacitors. series 
damping resistors. or solder pads. 

100 

50 

_____ 5_0 __ M_II_p_l_n_G_r_ld __ A_r_ra~y ________________________ __t1 ____________ _ 
_____ 1_0_0_M __ II_p_ln __ G_r_ld_A __ rr_a~y ____________ _+1 ____________ _ 

Flat Pack Type (FPT) I ____________ _ 
Leadless Chi, _C~~r~e! ________ . 

60 mil LCC 

20 mil FPT 
•• 100 mil PGA 

20 mil LCC 
, .' 16 mil FPT 

,.' •• ' •• ·50mIlPGA 

~.""""_ 4 mil TAB (Tape Auto. ~ mated Bonding) 
20 mil CCB 
(Controlled Collapse 
Bonding. 
Chip on Board) 

100 200 300 400 600 
PACKAGE 

OUTLINE (mm) PIN COUNT 

Figure 88-2. Package Size vs. Pin Count 
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2.1.2 Board Layout 

Restrictions in board layout or construction must be identified and resolved early in the design 
process. For example, a design containing large buses (16 bits or 32 bits or more) must be split 
up to comply with SSO restrictions (to maintain proximity to ground pins). Splitting up the buses, 
however, may result in variations in signal trace length and require extra care in routing. Similarly, 
flatpacks, a form of SMDs, are a convenient way to support high pin counts in relatively inexpen­
sive plastic packages. However, with pin pitches as narrow as 15 mils (1 \ 1000 of an inch), they 
demand extremely accurate positioning of solder pads. Dense PGAs, on the other hand, provide a 
spacious 1 ~O-mil pin separation, but because of the number of rows of pins, normally require a 
large number of board layers. 

2.1.3 Producibility 

Though some unusual packages may appear to promise ultra-high speed or dense integration or 
minimized component/board cost, the designer must always keep manufacturability in mind. The 
cost of a system is only partially dependent on materials and labor costs per unit; it is also highly 
dependent on the manufacturing yield of the end product. Therefore, design and production engi­
neering must consider the choice of package jointly in order to guarantee that the chosen package 
conforms to existing (or purchasable) manufacturing equipment and that the manufacturing proc­
ess can meet yield goals. 

2.2 Speed Requirements 

The speed requirements of a system strongly affect package choice. If the interconnect lengths in 
the system (both inter- and intra-board) can be reduced, system speed may be increased. Reduc­
ing interconnect lengths may involve reducing the required number of packages, choosing pack­
ages with smaller outlines, changing to double-sided, modular, or piggy-backed mounting, using 
small form factors, reorganizing boards, and even changing the number of metal routing layers of 
the board. See Figure 88-3. 

Board Interconnect at midpoints 
may reduce Interconnect length, 
but may Increase noise. 

Devices mounted 
double-sided on 
mother board, which 
contains the backplane. ------... ~~ 

Coax or ribbon connectors between boards 
with mother board connections at opposite 

Splitting boards on opposite 
sides of the mother board can 
reduce by half the length 
of the board. 

ends reduces board Interconnection length ------......;.~ 

Perpendicular organization of boards to a mother board helps to reduce trace length on the average by 
a factor of 2 compared to conventional organization. Interconnection directly between boards avoids 
delays down the length of the board and across the backplane. 

Figure 8B-3. Minimizing Interconnect Length 
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2.2.1 The Effect of Noise on Speed 

There are various sources of noise that can affect an IC, each with its own effect; all forms of 
noise influence signal speed, quality, and consequently, system reliability. Certain types of noise 
arise between a chip 1/0 and ground or power, while other forms of noise are coupled to the 
power rails and influence system power and ground lines, propagating the noise throughout the 
entire system. Noise appears to an input buffer (receiver) relative to the receiver's ground. Any 
noise on this referenced signal is superimposed onto the incoming signal itself, as shown in Figure 
8B-4. The VIH or input threshold level of the receiver indicates when the input will switch, if the 
signal is stable at that level. Therefore, although the input voltage ordinarily would switch 4 ns after 
the driver switches, when the signal first crosses the threshold, the designer must assume it will 
not switch until it is stable; in this case at 8 ns, producing a loss of 4 ns due to noise . 

Smooth transition Signal must settle before It 
can be considered to switch 

• s.y.s.te.m •• g.ro.u.n.d.~. • • • • • • • • • • : IR drop and 
••• ." •••••• -=L ground bounce 

(relative to 
system ground) 

J--:::,.....-~~-~~--~' "'-I::::---:r will dynamically 
I • change 

Chip ground "':~I-------i~'" , V IH and V IL 
Setting tlmlt to 

:~. __ st_a_b_le_g;..r_o_u_n~ ... : 

Setting time ' 
Including ground rise 

Figure 88-4. Impact of Noise on Speed 

2.2.2 Controlling Noise through Package Selection 

Each form of noise is dependent not only on current or its first derivative with respect to time, but 
also on the real and imaginary components of impedance: resistance (R), inductance (L), and ca­
pacitance (C). One solution to noise can be to minimize the package Land R and to locate high 
drive pins where they will minimize Land R. 

2.2.3 The Effect of Thermal Characteristics on Speed 

The speed performance of a CMOS or BiCMOS circuit degrades with temperature rise. Therefore, 
in very high speed systems, it is sometimes necessary to reduce the junction temperature (Til or 
die temperature as a way to improve speed. Certain packages offer better cooling properties than 
others, making them more suitable for high speed systems. Thermal issues are discussed in Sec­
tion 5.0. 

2.3 Quality and Reliability Requirements 

Reliability refers to the defects or failures that appear during the lifetime of a device. Quality, on 
the other hand, refers to the frequency of occurrence of defects or faults in a device as a result 
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of the manufacturing process. Quality defects are revealed by testing immediately after manufac­
turing, while reliability defects are revealed by special long-term or intensive test sequences or by 
time. 

2.3.1 How Package Type Affects Quality Testing 

Conventional (through-hole) packages lend themselves to simplified testing because it is easy to 
access the leads in order to force a state (1 or 0) at a node and/or to observe the state of the 
node. These tests are performed with board-level in-circuit or functional testers. Such tests facili­
tate the manufacture of high-quality systems by ensuring proper connectivity and function. 

Surface mount devices, however, generally provide poor probe access, and are known to occa­
sionally possess faulty jOints that make temporary connections during probe. Through-hole pack­
ages also have occasional bad solder joints, although their node access is fairly good. 

2.3.2 How Device Integration Affects Reliability 

Total system reliability is related to the reliability of the individual devices and to their configura­
tions. Systems may be configured as a series in which all devices are interdependent, in which 
case anyone failure will cause overall system failure, or they may be configured in parallel, in 
which case all devices must fail for the system to fail. Parallel configuration is used in redundant or 
fault-tolerant systems. 

The reliability of a system also depends on the reliability of the devices that comprise the system. 
The long-term reliability of a single device is defined as an inverse natural log function in a variable 
lambda, which is the failure rate of the device in the region of lifetime operation characterized by a 
constant failure rate. In the first hours of a device's life (the infant mortality period), the failure 
rate declines. The majority of a device's life is characterized by random failures (expressed as 
lambda), and the end of a device's life exhibits an increasing failure rate. Today's ICs, however, 
are designed so that wearout does not even begin to occur for at least several hundred years, and 
can be considered never to occur. To understand how the partitioning of a system into circuits can 
affect the reliability of a system, consider a system in which N components are configured in se­
ries. Although the density of ASIC devices has increased by two orders of magnitude in the last 
decade, the reliability of the devices has remained roughly constant. Therefore, it can be assumed 
that the failure rate of each of the components is constant. The reliability of systems and subsys­
tems in which components are series-dependent is the product of the individual reliability terms for 
each component. The reliability function of the system just described is therefore: 

R(t)sys = R(t)1. R(t)2 .... R(t)N 

where R(t)N = e - Nit, t is the independent variable time, and I is lambda, the failure rate. 

Since all components have the same failure rate, the reliability function of the system is: 

R(t)sys = e - Nit 

Because the number of packages affects the reliability more than the integration factor does, a 
designer's goal in constructing a reliable system should be to maximize integration and thereby 
reduce part count. 

The disadvantage is that increased integration may in turn increase the package pin count, requir­
ing a more complex package, which usually costs more than a Simpler, smaller package. Addition­
ally, the larger die sizes cost slightly more per gate than the smaller ones, although the total NRE 
(non-recurring engineering charges) would typically be lower. 

1-123 

o 



D 

2.3.3 How NOise Affects Reliability 

Even when Schmitt trigger input buffers are used to receive clock signals. noise may go beyond 
the hysteresis value of the input buffer and cause a counter to be incorrectly clocked or other cir­
cuit malfunction. Noise is in this sense a threat to reliability as well to speed and must be consid­
ered in the choice of package as well. 

2.3.4 How Thermal Issues Affect Reliability 

While the junction temperature of a device affects its speed. it also affects reliability expressed as 
MTBF (mean time between failures) or the mean time a device will operate in a given environment 
before failure occurs. Figure 7-4 in the previous chapter. Quality and Reliablility. illustrates this 
concept by plotting life test failures as a function of junction temperature. System reliability goals. 
then. restrict the desired maximum junction temperature in a manner that affects the choice of 
package according to its thermal characteristics. the chosen type of system thermal management 
(cooling). and the maximum allowable device power dissipation. 

2.3.5 How Package Material Affects Reliability 

The different materials used in package construction each have distinct thermal and mechanical 
properties. The most common materials and their characteristics are listed in the table in Figure 
8B-5 below. 

Thermal Dielectric 
Package Type 80dy Material TCE Conductivity Constant 

(ppml 0c) (Wlm· °C) (K) 

Ceramic AI2 0 3 (Alumina) 7.0 20 10 

Plastic PGAs Epoxy Fiberglass 14 - 18 0.16 4.5 - 5.0 

Other plastic packages Polyimide Epoxy 15 - 18 0.38 4.5 - 5.0 
(DIP. PLCC. Flatpack) 

Figure 88-5. Package and Material Characteristics 

To better understand the different characteristics of plastic and ceramic packages. it is helpful to 
know something about the way they are constructed. Packages provide electrical connection from 
the IC to the system and isolate the device from destructive elements of the environment. The 
choice of materials and construction of a package affect its final dimensions. thermal characteris­
tics. and electrical characteristics. as well as device reliability. Fujitsu carefully determines the 
most appropriate manufacturing methods for a given package and then performs extensive qualifi­
cation tests to determine its success. 

The largest part of the package is the body. which houses the die. The die may be affixed to a 
lead frame. which physically supports the die and provides the leads that electrically connect the 
die to the system by means of bonding wires or tab leads. Alternatively. the die may be supported 
by a cavity on the body of the package or attached to the bottom of the body by a chip carrier. 

The die is attached to the surface of the lead frame or to the metallized surface of the cavity or 
carrier with gold or silver paste. or eutectic. After the die is attached to the lead frame. cavity. or 
carrier and the bonding pads are bonded to the leads. the assembly is encapsulated. In plastiC 
packages. an epoxy resin is molded around the assembly. In ceramic packages. a cap is sealed 
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onto the lower part of the body or carrier using a frit glass or metal seal (the metal seal has a 
higher melting temperature than the glass). A solder seal can be used if the cap is metal. 

To ensure that the device is completely isolated from its environment, the surface of the die is 
then coated with glass (5i02) and then polyimide or other coating that prevents gas and moisture 
from coming in contact with the surface of the die. Figure 86-6 shows a frontal cross section of 
the structure of a PLCC package; Figure 86-7 provides a top view. 

Gold bonding wires 

Heat Spreader 
(If used) 

Carrier and arm, molded 
Into the body for support 

Figure 8B-6. PLCC Package Construction (Front View) 

Ole Attachment 

Frame 

Figure 8B-7. PLCC Lead Frame Construction (Top View) 

Each of the various packaging methods has its advantages and disadvantages; for instance each 
body type and each type of seal has a different maximum case temperature. While plastic pack­
ages can tolerate temperatures to up 125°C and high humidity levels with outstanding reliability, 
ceramic packages are the most reliable for harsh extremes of cold. 

Each package type also responds differently to the thermal environment of the board to which the 
device is attached. Heat can cause thermal stress on the device when different materials expand 
at different rates, a particularly important factor when surface mount packages are involved. 
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Different packages also exhibit different electrical characteristics. As the speed and gate densities 
of CMOS devices rise. the avoidance of electrical parasitics in the form of package delays and 
noise become increasingly important factors in choosing a package type. 

Fujitsu's plastic PGA provides a good example of thetradeoffs involved in package construction. In 
1986. Fujitsu introduced the plastic version of its ceramic PGA. The plastic configuration proved to 
have several advantages over the ceramic version. The body is formed from glass epoxy (VG-10) 
with an aluminum cap and an epoxy resin sealer. This combination of materials has the same rate 
of expansion as the PC boards onto which it is mounted; it is also less expensive than ceramic. 

Ceramic PGAs have a hermetic seal of solder between the metal lid and the cavity. but plastic 
PGAs are sealed by filling the cavity with epoxy resin to form an inner seal. then placing a resin 
sheet over the inner seal to form an outer seal. and then securing an aluminum cap over the outer 
seal. The aluminum cap provides the necessary rigidity to support the fragile glass epoxy. as well 
as improving the thermal conductivity of the package. 

Connections from the bonding wires to the pins are provided by copper traces designed to mini­
mize mutual and self inductance. 8ecause the plastic PGA is a large package. however. and gen­
erally houses a large die. the thermal coefficient of expansion (TCE) difference between the die 
and the cavity can exert stress on the bonding wires and the die attach. Figure 88-8 lists the 
package types discussed in this section and the materials used to construct each type. 

Package Lead framel Body Seal 
Type Metallization Lead/Pad Lead Finish Cap Material Material Material 

Plastic DIP le-NI or Cu Same Solder Dipped -- Resin Resin 
Alloy Lead frame 

Ceramic DIP Tungsten Kovar or Au/Sn Plated Metal or Laminated Solder. 
Metallization Fe-NI Aluminum Alumina Glass Frlt 

CERDIP Fe-NI Alloy Fe-NI Sn Plated Alumina Alumina Glass Frlt 
Lead frame 

Plastic Fe-NI Alloy Same Sn Plated -- Resin Resin 
Flatpack Lead frame 

Ceramic Fe-NI or Kovar Sarne Au Plated Metal or Laminated Solder or 
Flatpack Lead frame Aluminum Alumina Glass Frlt 

Cerpack Fe-NI Alloy Same Sn Plated & Alumina Alumina Glass Frlt 
Lead frame Solder Dipped 

Plastic PGA Cu Conductor Kovar NI Plated & Aluminum Epoxy Glass Resin 
on Epoxy glass Solder Dipped 

Ceramic PGA Tungsten Kovar Au Plated & Metal or Laminated Glass Frlt 
Metallization Solder Dipped Alumina Alumina 

Plastic LCC Cu Alloy Solder Plated -- Resin Resin 
Lead frame Same 

Ceramic LCC Tungsten Tungsten Au Plated Metal or Laminated Solder. 
Meta111zatlon Metal. Pad Alumina Alumina Glass Frlt 

NOTES: All above packages are hermetic. Alumina Is a ceramic. Solder Is PbSn. Fe-Nils ferrous (Iron) nickel. 
Kovar Is an alloy. Bonding wires are gold In the case of molded packages (epoxy resin PLCCs. DIPs. Flatpacks) 
and gold or aluminum for the other cases. Cerpack Is the ceramic fiatpack equivalent of CERDIP. 

Figure 88-8. Fujitsu Package Types 

2.3.6 Package Qualification to Ensure Reliability 

Fujitsu performs extensive six-month minimum qualification tests for every package-die combina­
tion. After such qualification is performed. the package die-combination is added to a package 
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matrix that is supplied in the Design Manual for the appropriate technology. The designer can be 
assured that Fujitsu has considered the issues presented here, as well as others, when releasing 
an approved package-die combination. 

3.0 Package Types 

VLSI ASICs are supported by a wide variety of packages, of both surface mount and through-hole 
types. Through-hole devices, including dual in-line packages (DIPs), and pin grid arrays (PGAs), 
are a proven technology and are supported by widely available production equipment. The pins of 
these devices are inserted though holes in the PC board to form electrical contact with traces 
(usually copper) which are embedded in the board or applied to the surface and are routed to 
drilled pin holes. Solder applied by ref low or wave technique then completes the connection. 

3.1 Through-hole Packages 

3.1.1 Dual In-line Package (DIPs) 

DIPs have two rows of pins spaced 300 mils to 900 mils apart, with a pin spacing of 70 to 100 
mils. Since the length of the package increases as each pair of pins is added, the size of a DIP 
tends to be unmanageable over 64 pins. The lead width and length of a DIP varies widely, causing 
variation in the input and output response of the device and thus, skew. Also, due to their high pin 
inductance, DIPs tend to be noisy, the degree of noise being a function of the location of outputs 
and sensitive inputs. 

The DIP is relatively simple for manufacturing to support, thanks to a large installed base of well­
proven equipment and is one of the least expensive packages available. Furthermore, DIPs, being 
well established, come in many JEDEC-approved options (see JEDEC Standard 95), and are avail­
able in both ceramic and plastic cases. 

3.1.2 Pin Grid Arrays (PGAs) 

Although PGAs are usually through-hole (Fujitsu also offers SMD versions), they differ from DIPs in 
that pins are arranged in rows on all four sides. While the pin spacing is usually the same as for 
DIPs (70 to 100 mils), nesting the pins in rows permits a larger number of pins to be contained 
within a smaller area allowing PGAs to support high pin counts of more than 300 pins. See Figure 
88-9 for a list of Fujitsu PGAs. 

Package Type Construction Number of Pins 

PGA - 64C, 64P Through-hole Ceramic/Plastic 64 
PGA - 88C, 88P Through-hole Ceramic/Plastic 88 
PGA - 135C, 135P Through-hole Ceramic/Plastic 135 
PGA - 179C, 179P Through-hole Ceramic/Plastic 179 
PGA - 208C Through-hole Ceramic 208 
PGA - 256C Through-hole Ceramic 256 
PGA - 256C Surface Ceramic 256 
PGA - 299C Through-hole Ceramic 299 

PGA - 321C Staggered Ceramic 321 
PGA - 361C Staggered Ceramic 361 
PGA - 401C Staggered Ceramic 401 

Through-hole = 100 mil through-hole 
Surface = 50 mil surface mount PGA 
Staggered = 71 mil staggered PGA 

Figure 88-9. PGAs Available from Fujitsu for CMOS 
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Although PGAs,are generally easy to support from a manufacturing standpoint. they may also raise 
problems. The PC board designer may find it difficult to route signals to and from the inner rows of 
the PGA. since it has only 100 mils spacing between pins. Additionally. the large cluster of pins 
confined to a small area tends to create trace congestion and may require boards of up to six lay­
ers to be used to support the PGAs. Manufacturing engineers find the solder joints for the pins of 
inner rows are difficult to inspect. forcing them to rely on the results of "bed-of-nails' in-circuit 
testers. or sophisticated inspection techniques such as x-ray or infrared. 

Although more expensive than DIPs. PGAs have come down in cost with the introduction of plastic 
PGAs (previous PGAs were usually ceramic). These plastic PGAs are generally constructed of G-10 
glass-type epoxy with the traces routed through the epoxy the way they are routed on a typical PC 
board. (The electrical characteristics are. or course. tightly controlled). Although the reliability of 
plastic PGAs was initially in question. Fujitsu built them using special construction techniques em­
ploying metal lids and heat spreaders to provide rigidity and heat dissipation. Their excellent reli­
ability history up to this point seem to indicate that plastiC PGAs will continue to be popular. The 
widely-used epoxy thick-film substrate. once a quality and reliability concern. has the same ther­
mal coefficient of expansion (TCE) as the most common PC boards. and reduces the stress of 
expansion and contraction that is typically a concern with larger packages. (The distance of expan­
sion per unit change in temperature increases with the Size of the package). 

3.1.3 Advances in Through-hole Packaging at Fujitsu 

The demand for high pin-count plastic packages cannot be satisfied by merely increasing the num­
ber of pins a package supports. As size increases. so do the problems inherent in these lower­
cost packages. These problems inClude greater lead Inductance and thermal expansion mismatch 
between die and package. Ceramic flatpacks can support more pins than plastiC packages. but 
they require special manufacturing capabilities. and are difficult to work with since they may have 
pin pitches down to 10 mils. Surface mount PGAs (discussed in Section 3.2) can support a large 
number of pins. but require difficult manufacturing processes. 

Fujitsu's answer to these problems. for the customer who wants high levels of integration without 
the need for exotic manufacturing methods. is the staggered PGA. shown in Figure 88-10. 
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Figure 88-10. 321-Pln Ceramic Pin Grid Array 
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Figure 88-11 illustrates the footprint of the staggered PGA and the method for routing traces 
through the leads. Note that the routing is oblique. with the traces offset 45 degrees compared to 
traditional routing. At this angle. the lead spacing is 71 mils. providing the trace density available 
with standard through-hole devices. while reducing the package outline by approximately 40%. 

Two 32-bit buses routed through the PGA orthogonally 
on two layers permits high interconnect density 

Traces routed at 
___ 45°. Pass-through 
~ clearance between 

pins is 0.070" 
~7fPo-----,. 

• • 0 • 0 • .0. 0 • • 

. . . 
o • 0 . . . .0. . . . 
000 

000 

o. 0 • 0 0 0 • 0 0 0 • 0 •• 0 0 • 0 0 0 • 0 ;:!!;r!!=;r!!II;~;!!=t= Traces routed at 
.•.••.•.••.• :&:&:~~~: "" 90°. pass-through • • 0 • 0 0 0 0 • 0 • 0 

• • • • • • • • • • • clearance between 
pins Is 0.050" 

Figure 8B-11. Staggered Pin Grid Array Routing 

The lead configuration of a package affects the pin assignment of the ASIC device. For example. 
Figure 88-12 shows a situation in which a 32-bit address bus and a 32-bit data bus are routed 
through the device. with one offset 90 degrees from the other. If you assign consecutive bit signifi­
cance to the bus. you will notice that the resulting pinout is quite different from an equivalent cir­
cuit packaged in a traditional orthogonal PGA. High drive buses can still be distributed around the 
ground pins. but the associated pads are not concentrated in one specific area of the die. reduc­
ing the concentration of simultaneously switching outputs. thereby reducing signal noise. 

3.2 Surface Mount Devices (SMDs) 

The demands of military applications. space-constrained systems and boards containing large 
numbers of memory devices were initially responsible for the development of surface mount tech­
nology (SMT). However. the accelerated push for physically reduced systems. the appearance of 
higher pin count ASICs. and the cost of pin grid arrays have forced many more designers to con­
sider surface mount options. Easing the strain of the migration to SMT is the broader availability of 
pick and place. vapor phase soldering. and other necessary SMT equipment. as well as the avail­
ability of SMDs for an increasing percentage of devices on the boards. SMT for VLSI is gaining mo­
mentum due to the smaller board area consumption. smaller profile. and proven reliability. 

3.2.1 Flatpacks 

Plastic flatpacks have been popular for years with manufacturers of peripherals in which the board 
area is constrained and height is restricted. And recently. the low cost of flatpacks (in plastic) has 
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made them an attractive alternate to PGAs and even to DIPs in cases. of higher pin count. As the 
following figures show, flatpacks come in several lead type and location configurations. Figure 
8B-12a illustrates a SOIC (small outline Integrated circuit), with gullwing leads on two sides, Figure 
8B-12b illustrates a quad flatpack (QFPT) with gullwing leads on four sides. Flatpacks with axial 
leads require special assembly, and are generally used only for ECl circuits in which leads may 
have to be· trimmed and formed to tune impedance. 

BB-12a. Small Outline IC BB-12b. Quad Flatpack 

BB-12c. Ceramic Leadles. Chip Carrier 

Figure 8B-12. Flatpack Configurations 

Because flatpacks feature pin pitches (pin spacing from center to center) down to 10 mils, they 
can support high pin counts within a small board area. However, the narrow pin spacing means 
that accuracy in device placement, pad size and placement, and solder paste application tolerance 
are all more critical. PCB designers also need to determine whether the true package dimensions 
are In metric or English dimensions, and, when converting between the systems of measure, en­
sure that enough precision is maintained so that pins on the end of large packages won't roll off 
due to inaccuracies in pad location. 

Probing devices with fine pin pitches can be difficult because the pins do not pierce the bottom of 
the board, and if probes are attached to the leads, they can easily slip off and short adjacent 
leads. 
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3.2.2 Leadless Chip Carriers (LCCs) 

Ceramic leadless chip carriers (CLCCs), such as the example shown in Figure 8B-12c, have a long 
history in surface mount packaging. Ceramic packages perform well in high temperature environ­
ments, explaining their popularity in military applications. The term "chip carrier" comes from the 
process of mounting the die directly to a thick-film chip carrier, which also has pads for external 
connection on the opposite side of the substrate. This configuration differs from that of the PGA, in 
which the die is housed in the cavity of the package, or the flatpack, in which the die is held by 
the lead frame and molded with the package. CLCCs are available in pad counts ranging from 28 
to 84 and beyond. 

Pads, not leads, are located on the bottom of the carrier and are generally spaced at a 40-mil 
pitch (standard). Solder paste is applied to the pads on the board to which the device will be 
mounted, usually by screen printing, and the board is then vapor phase or infrared reflow sol­
dered. Because the pads are located beneath the package, they are typically very difficult to 
probe and are subject to manufacturing defects such as solder voiding (gas bubbles in solder 
formed during reflow). 

The most challenging problem inherent to LCC devices relates to thermal coefficient of expansion 
(TCE) mismatch between the chip carrier and the board to which it is mounted. As the tempera­
ture of boards and packages rises, the materials expand at different rates. This difference trans­
lates to mechanical shear force at the solder joint. This force temporarily deforms the leads of 
PLCCs and flatpacks, but CLCCs have no leads. Consequently, the force is directed at the solder 
joint, tending to promote thermal fractures, (shown in Figure 88-13). 

Difference In thermal coefficient of expansion results In shear force applied at the solder Joint. 

Thermal Fracture 

TeEpcB • aT 

Figure 88-13. Defect Caused by Difference In Thermal Coefficient of Expansion 

Even though CLCC SMDs cost more than equivalent plastic packages, their resistance to high tem­
peratures, availability in hermetically sealed (moistu,:e resistant) packages, and low profile of the 
CLCC SMDs make them very useful for applications in extreme environments. The TCE mismatch 
problem affecting LCCs is less severe when they are mounted to ceramic hybrids or PC boards, 
making their disadvantages acceptable in many circumstances. 
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3.2.3 Leaded Chip Carriers (PLCCs) 

If cost and TCE mismatch are a significant deterrent to the use of LCCs, leaded chip carriers may 
be more attractive. Though the chip is still mounted on a carrier (see Figure 88-15), the electrical 
connections of PLCCs are through pins that deform to absorb the TCE-induced thermal stress. Fur­
thermore, while solvents used in the post-soldering cleaning process may be retained beneath the 
low profile of the CLCC and flatpack, the board offset of the PLCC permits it to remain free of 
these contaminants. In addition, the LCC in a plastic package costs less than the equivalent CLCC. 
This package is termed an SOJ (small outline J-Iead) when its bent leads are located on only two 
sides (Figure 88-14). The leads are bent Into the form of a J in order to permit it to be placed on 
top of the solder pad. 

Metallic lead frame 

Figure 8B-14. Cross-Section of a Plastic Smail-Outline Package 

When more pins are necessary (in the 44-, 68-, 84- pin packages necessary for ASICs), the LCC 
is called a PLCC (shown in Figure 88-15). It is also available in a ceramic body version; both are 
available in pin counts of 28 to 84 and beyond. 

Figure 8B-15. PLCC Package 
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On the list of drawbacks of the PLCC is its limited ability to withstand high case temperatures, and 
its unavailability as a hermetic package. It is nevertheless very well suited for industrial and com­
mercial environments. With a 50-mil pin pitch and only slightly greater height and width, the profile 
of the PLCC is nearly equivalent to the corresponding CLCC. 

3.2.4 Advances in Surface Mounted Packages 

While smaller process geometries themselves have few disadvantages, the associated increase in 
integration, speed, power, and particularly pin count place heavy burdens on packaging. The 
greatest challenges CMOS faces is supporting pin counts in excess of 300 in packages with low 
lead inductance, capacitance, and resistance. 

To respond to these demands, Fujitsu has developed a clever solution in packaging to obtain the 
highest average pin density per board area yet achieved. This is accomplished with surface mount 
PGAs, which rely on narrow pin pitch (50 and even 25 mils) in a dense grid of multiple rows of 
pins. Since through-hole packages cannot effectively support pin pitches narrower than 70 mils, 
these PGAs must be surface mounted, though they still possess pins (see Figure 88-16). 

Surface mount PGAs offer the greatest pin density and lowest inductance 

, , 
~: : I 
.... I I I .. .. ' . .... ' , '.,. .. ' , . .. , '.-. :' , .... 

.. • I I I .... I"" .. -
Figure 88-16. Surface Mount PGA 

The surface mount technology also permits traces to run beneath the package leads, increasing 
available trace density. Figure 88-17 shows the solder pad design required by these high-pin-den­
sity packages. 
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: .. 
0.6mm 
Diameter 

50 MIL 

___ 1 ___ _ 

: t 200 - 300JJ.m t solder paste 
- - thickness 

.. : 

: > 
Alternatively. 
an octagonal 
pad geometry 
may be employed 

Figure 88-17. Solder Pad Design for Surface Mount Pin Grid Arrays 

The table in Figure 88-18 provides an item-for-item comparison between PGAs. surface mount 
PGAs, and flatpacks of similar pin counts. 

PACKAGE TYPE PIN PITCH OUTLINE (MAX) PIN DENSITY 
(Pins Per Sq. Inch) 

FPT - 160 Surface 25 mil 1.276" x 1.276" (1.63 sq In) 98 

PGA - 256 Through 100 mil 2" x 2" (4 sq In) 64 

PGA - 256 Surface 50 mil 1" x 1" (1 sq In) 256 

PGA - 321 Staggered 71 mil 1.72" x 1.72" (2,96 sq In) 109 

PGA - 401 Staggered 71 mil 1.922" x 1.922" (3.69 sq In) 109 

Figure 88-18. Comparison of Critical Features 

The numerous electrical and mechanical advantages of surface-mount PGAs would seem to out­
weigh their disadvantages. However, the general state of high volume manufacturing has not kept 
pace with the rapid advances in semiconductor packaging. This is partly due to the requirement for 
state-of-the-art manufacturing equipment, which is quite expensive, and also to the need to main­
tain board yields with such complex devices. Therefore, in order to establish these packages as an 
attractive alternative, Fujitsu has instituted a program with which to assist customers in the mount­
ing and inspecting of these highly complex packages. 
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3.3 A Comparison of Through-hole and Surface Mount Devices 

SMDs provide improved electrical performance and reduced system size and costs. Furthermore, 
with plastic flatpacks of up to 160 pins and beyond available, SMDs show promise in supporting the 
rapidly advancing gate size complexities and high pin count of today's ASIC products at a substan­
tially lower cost than the large ceramic PGAs. However, as the manufacturing complexities that 
have just been reviewed indicate, surface mounting large ASIC devices may be difficult and risky, 
and the designer should be cautious in their use. 

If board space constraints are not critical, if the economic impact of scaling down the end system 
is not great, if optimal electrical characteristics in packaging are not a critical concern, then 
through-hole packaging may be the best solution. On the other hand, if speed and integration re­
quirements dictate the use of very dense gate arrays, PGAs or SMT PGAs provide both through­
hole and surface mount alternatives. 

3.3.1 Socketing Surface Mount Devices 

Some benefits of SMDs are available to manufacturers employing through-hole packages through 
the use of sockets for SMDs. Sockets are available for QFPTs, SOPs (small outline packages), 
CLCCs and PLCCs; however, the use of QFPT and SOP sockets is normally restricted to prototyp­
ing and burn-in, while low-cost, reliable production sockets are more commonly available for 
PLCCs and CLCCs. These production sockets house the SMD (they are tightly tailored to the spe­
cific package) in one of two ways. Flatpacks and LCCs use low/zero insertion force with a lid that 
closes down on the package. PLCCs use pressured socket contacts that drive a pin into the under­
side of the socket. Socket pins are arranged like those of PGAs: they are through-hole, they have 
1 ~O-mil spacing (generally), and they are most commonly oriented in a grid of two rows. 

One advantage of these sockets is that in applications where through-hole packaging is required 
and the choice of through-hole packages is limited to PGAs, a plastic SM package plus the pro­
duction socket will cost less than the through-hole PGA. The scenario typically occurs when the 
required number of pins is between 40 and 84 for PLCCs and LCCs and up to 160 or more for the 
flatpacks. 

Another significant reason to socket SMDs results from the manufacturing difficulties of SMDs that 
were presented earlier. ASIC devices are usually among the largest in the system, and the most 
vital and expensive. For the purpose of field maintenance, many companies feel it is more eco­
nomical and reliable not to risk running an ASIC device through wave or reflow solder and risking 
stress fractures or other damage. Furthermore, the test probing difficulties alluded to earlier are 
alleviated with sockets, which usually provide easy access to the contacts. Often, once reliability of 
the system is proven, the boards are re-Iaid out with surface mount devices. Therefore, simply 
because a manufacturing facility isn't geared up for SMT does not mean that SMT devices cannot 
be used there. 

3.3.2 Noise Problems With Sockets 

Sockets for SMDs are convenient for manufacturers not yet ready to go to SMT, or for initial 
prototyping where the device may frequently be removed. Socketing permits the user to gain many 
of the benefits of SMDs, such as reduced profile and support of high pin counts in plastic, while 
avoiding the drawbacks, such as special manufacturing equipment and lead probing difficulties. 
Unfortunately a major electrical advantage of SMDs, low pin inductance, is compromised when 
sockets are used. The primary result is greatly increased noise, which, adversely affects overall 
speed and signal quality. In fact, a socketed SMD generally has a higher lead inductance then an 
equivalent through-hole PGA. 
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3.4 Summary of the Packaging Alternatives 

Having reviewed the package selection alternatives presented in Section 2.0 and the various trade­
offs between the packages discussed in this section and summarized in the table in Figure 8B-19 
below. the designer can weigh the benefits and limitations of the various packages and arrive at an 
optimal packaging scheme. 

Thermal Relative 
Package Range of Physical Electrical Characteristics Gate Cost 

Type Dimensions Characteristics' (OC/Wall) ComplexitY" (per Pin) 

Ceramic/Plastic 
Through- # PINS: 16 to 64 R: Medium OJA": 70 - 40/ Up to 
Hole Pin Pitch: 100 mils L: High 120 - 80 17K gates 1 
DIP Body Length: .75" to 2.3': C: Low 

Body Width: .300" to .700' 

Ceramic/Plastic 
Surface # PINS: 16 to 28 R: Medium OJA: 110 - 80/ Up to 6500 
Mount Pin Pitch: 10 mils L: Medium 130 - 105 gates 1 
SOIC Body Length: 50 to 70 mils C: Low 

Outline Width: .300" to .400" 

Plastic 
Surface # PINS: 48 to 260 R: Medium OJA: 95 - 60 Up to 17K 
Mount Pin Pitch: 10 mils L: Medium gates 
QFPT Body Width: .65" to 1.7" C: Low 1 

Ceramic 
Surface # PINS: 28 to 84 R: Medium OJA: 70 -45 Up to 25K 
Mount Pin Pitch: 40 to 50 mils L: Medium gates 
CLCC Body Width: .45" to .97" C:Medlum 5 

Plastic 
Surface # PINS: 28 to 84 R: Medium OJA": 65 - 50 Up to 17K 
Mount Pin Pitch: 50 mils L: Medium gates 
PLCC Body Width: .49" to 1.19" C: Low 1.05 

Ceramic/Plastic Ceramic/Plastic Ceramic/Plastic 

Through- # PINS: 64 to 299 R: Low Low OJA: 40 - 19/ Up to 75K 
Hole Pin Pitch: .100 mils, 70 mils L: Low Low 46 - 38 gates 
PGA Body Width: 1.033" to 1.7' C: High Low 11/ 3.5-5 

(1) Assuming 1.511 CMOS Technology 
(2) R = Resistance, L = Inductance, C = Capacitance 
(3) Utilizable gates 

Figure 8B-19. ASIC CMOS Package Types and their Characteristics 
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4.0 Electrical Considerations for the Assignment of Signal. Power. and Ground Pins 

Driven by the continual demand for high speed systems. CMOS ASICs are now being developed 
that exhibit output drive levels. rise and fall times, and propagation delays comparable to yester­
day's ECl circuits. Consequently, the problems intrinsic to ECl design (even thermal manage­
ment) are now appearing in CMOS designs. These problems, based on noise and its effect on the 
device, are introduced in this section and possible solutions are discussed. 

4.1 Sources and Magnitude of Noise 

CMOS circuits operate by charging and discharging node capacitances through pull-up or pull­
down transistor networks constructed of P channel and N channel enhancement mode (normally 
off) MOSFET transistors. As a result, these circuits generate noise when switching. The following 
review of basic CMOS circuits and how they work explains this phenomenon in greater depth. 

4.1.1 Basic CMOS Circuits 

Figure 8B-20 shows a CMOS totem pole output buffer, the typical implementation for CMOS cir­
cuits, while Figure 8B-21 illustrates a CMOS-compatible input buffer, and Figure 8B-22 depicts a 
CMOS input buffer configured to be TIL compatible. 

Rp_ON 

Interconnect 

Bonding 
Pad 

T 
Figure 8B-20. CMOS Output Buffer Model (Totem Pole) 
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Input f'¥1KO 

Package Bonding Pad Wire and Input Gate 
Capacitance Capacitance Capacitance 

Figure 8B-21. I/O Model. CMOS Input 

The switching threshold of an Inverter Is 
dependent on the supply voltages and 
mobility (Il) of the P and N type transis­
tors. as well as the W to L (transistor 
width to gate length) ratio of the Nand 
P transistors. By varying the effective 
width (W) of the P and N transistors. It 
Is possible to devise Inverters (Input 
buffers) that will switch at TTL levels 
even though they are Implemented with 
FETs. 

External 
Input 

--fA (V 00 - VTP) + VTN 

1 +--{A 
VTP ' VTN = 

Voo = 

A = 

Internal 
Array 

Thresholds of 
P and N transistors 

Supply voltage 

~ Wp. LN 
• IlN Lp eWN 

Figure 88-22. I/O Model. TTL Input 
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Internal CMOS circuits, such as the NAND gate shown in Figure 88-23 are typical of CMOS logic 
designs, which can be represented as a pull-up network and a pull-down network, each with its 
own logic and analog characteristics. 

y 
Pull-up 
Network 

l 
T 

'--
Pull-down 
Network 

~ 

General Structure: 
Output Is either pulled up or down. 
Inputs are never active or Inactive 
simultaneously 

0 utput 

An Example of a 2-lnput NAND Gate 

Figure 8B-23. CMOS Basic Gate Structure: The Pull-up/Pull-down Network 

The other type of element used in CMOS circuits is the transmission gate, or T-gate, which is use­
ful for the efficient construction of multiplexers and sequential circuits (D-flops, latches, etc.) as 
shown in Figure 88-24. 

J: SEL OUT 

I t 
P Transistor 

0 HI- Z (floating) 

INO 0 OUT IN (pass) 

N Trsnslstor 

I 
SEL 

Transmission gates either pass a signal or Inhibit It by floating, permitting another, active transmis­
sion gate to drive the bus to which multiple transmission gates are often tied. Transmission gates are 
useful for constructing mUltiplexers and flip-flops. 

Figure 8B-24. CMOS Basic Gate Structure: The Transmission Gate 
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4.1.2 Output Switching Noise and Simultaneous Switching Outputs (SS08) 

The greatest source of noise in a CMOS circuit is the result of an output switching either high to 
low or low to high, particularly into or out of a high capacitive load. CMOS outputs drive two types 
of loads, either CMOS loads, which are high in capacitance (C) but low in leakage current, or TIL 
loads, which are lower in capacitance but higher In leakage current. Therefore, the AC and DC 
currents that the buffers see when they switch depend greatly on the type of driven load and its 
capacitance. When this load discharges through the N-type transistor of the totem pole output, as 
illustrated in Figure 88-22, the effect is that of a capacitor discharging through resistance (R). 
Consequently, the initial current is high and decreases over time as the output node capacitance 
becomes charged. Similar currents may be observed when charging the node capacitance, as in 
the case of a low-to-high transition. 

Figure 88-25 shows the characteristic resistance and capacitance of various parts of the output of 
an ASIC device. 

VIN·E 

Chip Power Plane 

c 

............ ---

'---1-- Chip Ground Plane 

Vss '-- System Ground Plane 
-= 

SSO noise is proportional to the number of simultaneously switching outputs, the 
current switched by each in a common direction (H > L In this case), and the in­
ductance between the load and the system ground. This is represented as: 

tl.V (ground bounce) = (- L)' :~ • N 

where N is the number of SSOs, assuming all have the same di/dt. 

Figure 88-25. Electrical Model of Simultaneously Switching Outputs 
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Although small. the total inductance becomes a critical factor when discharging or charging output 
capacitance. since the instantaneous current (i) is high. Recall that the self-induced voltage in an 
inductance. (L) is expressed by: 

Il.VINDUCED = ~ 
where t is time and d is rate of change. 

In a high-drive CMOS device driving high loads. such as 200pF. through a voltage swing approach­
ing 5 volts with a rise/fall time of < 2ns. the instantaneous current may be: 

i = C 0 stt "" C ° I:!:i. (average over rise and fall time) 
dt .o.t 

This induced voltage appears as noise on the receiving end of the signal as referenced to the 
ground. The current on a high-to-Iow transition is sunk into ground. causing the current to 
.. bounce" or rise relative to other signals referenced to It. This ground bounce phenomenon may 
also apply to power on low-to-high transitions. yielding a similar noise problem. 

Noise on signals may cause false triggering on the input buffer(s) being driven. or at least create a 
window of ambiguity in the time at which the driven input should switch (see Figure 88-26). There­
fore. noise may result in degradation in speed resulting from adding settling time to a delay and 
may even result in functional effects if false triggering occurs. Furthermore. if N multiple outputs 
under this condition switch simultaneously. the induced voltage is increased as a multiple of the 
number of outputs: 

Il.V = N0Lo s;!i 
dt 

V~:·EUUUUU_UV=UUU_--_U ._OV 

V" _ U _ U ___ u_ *_ ;,, __ u __ - ___ u_ o .• v 

Vss ~ o.ov 
NOISE MARGIN REDUCTION DUE TO SSO's 

• In this example. outputs switching H> L result in a ground bounce or rise in the 
chip ground relative to system ground. 

• The rise appears as if the input signal voltage levels are reduced proportionally. 
If the bounce is too great, the input voitage is below \AH causing false triggering. 

• In the L > H case. it is the low Input levels (V IL ) that are affected. 

Figure 88-26. Effect of SSO Noise on Thresholds 
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Not only inductance but also characteristic resistance can create noise problems. The following 
paragraphs summarize the types of noise that exist in CMOS systems and explain how packaging 
impacts this noise. 

4.1.3 Self-Induced Noise 

Self-induced noise results when high-speed, high-drive outputs switch and introduce a spike on the 
signal relative to ground. The SSO effect, discussed above, is an example of the level of self­
induced noise that can occur. It is predicted by: 

AVsl = L ~ 
where L is the inductance between the pin and ground as well as the trace inductance. Ai is the 
instantaneous current and At is the fall/rise time. 

4.1.4 Mutually Induced Noise 

A form of crosstalk, this noise occurs when a signal trace running parallel to another for some. dis­
tance switches, inducing a voltage into the adjacent wire. Since both inductive and capacitive cou­
pling occur only during signal transition and propagation, the effect is additive, as the signal propa­
gates down the trace. Resultant noise propagates in both the forward and backward directions 
down the line. The forward crosstalk has a pulse duration equal to the rise and fall of the signal, 
with an amplitude equal to the difference between the capacitive and inductive coupling. Backward 
crosstalk has a pulse duration equal to the transition time down the trace and an amplitude de­
pendent on the sum of the inductive and capacitive coupling as well as the trace length. 

4.1.5 Capacitive Coupled Noise 

Another form of crosstalk resulting from mutual signal coupling, this noise occurs in proportion to 
the dielectric constant of the board, the distance of trace separation, and the trace length and 
width. Acting as two thin parallel plates, these traces couple switching current as integrated over 
time. 

4.1.6 Ringing on Signals 

From basic circuit theory, the designer will recall that if the signal line impedance does not match 
the output impedance of the buffer, then the signal is not naturally dampened. If the impedance of 
the load is less than that of the buffer, the signal is over-damped and will have a slow rise/fall 
time. However, if the buffer possesses lower impedance, then the signal is under-damped and 
may ring, as illustrated by Figure 8B-4 of Section 2. Typically, signal line impedances are in the 
range of 50 to 250 ohms, while in the past buffers possessed "on" resistances of 500 ohms to 
2 Kohms. However, due to the need for higher current sourcing/sinking and faster switching 
speeds, "on" resistances of output buffers have come down to the 10- to 50-ohm range, requiring 
the use of special termination techniques, discussed in the Fujitsu Application Note "Interfacing 
CMOS and BiCMOS VLSls.· 

4.1.7 IR Drop 

Up to this point, the sources of noise discussed have depended on inductance or capacitance. 
The familiar voltage drop across a resistor as current passes through it is also a source of noise, 
since the DC current that a ground pin may sink, or that a power supply pin may source can be 
significant. This iR drop is the phenomenon that a limits the sum of source and sink currents 
through power and ground pins respectively. Ohm's Law describes the effect of this noise source, 
as expressed in the equation below where: 

1-142 



R is the output pin-to-ground (sink) resistance or power pin return-loop (source) resistance 
(including the "on" resistance of the respective N or P channel device) and 

in is the current through the nth output pin connected to this common ground or power pin. 

Given these parameters, the voltage rise or drop due to iR effects is: 

N - 1 
J1V = R • :t in 

n=O 

4.1.8 Current Spiking or "Crowbar Noise" 

As Figure 86-22 illustrated, a CMOS output buffer is constructed as totem pole in which the output 
Is taken from the common source (P type) and drain (N type) with the drain of the P type con­
nected to power and the source of the N type connected to ground. When the input to the totem 
pole, or the P and N gates, switch, the Miller capacitance of the gate causes the gates to charge 
or discharge at some specified time constant. It is possible that both transistors can be on, one in 
saturation and the other passing through the linear region, creating a current path between power 
and ground that can damage the device. This is less a concern for internal transistors than it is for, 
the "beefy" transistors at the 1/0. This current spiking can not only introduce noise on the power 
and ground planes, but may damage the device as well. For this reason, Fujitsu has taken precau­
tions in the design of the CMOS output buffers to prevent this problem from occurring. 

4.2 Recommended Strategy for Pin Assignment 

The assignment of Clock, Scan, and other signals, as well as power and ground, to specific pins 
on the package affects electrical behavior (speed, noise, reliability, etc.), board manufacturing 
requirements, and device reliability. Therefore, optimal pin assignment strategies should consider 
the variables over which the user has control (placement of non-scan inputs, outputs and bi-direc­
tionals) and the variables over which the vendor has control (power, ground and scan signal place­
ment). Out of these relationships a method of placement can be developed, using the following 
approach: 

a) Prioritize the signals whose placement is most critical. 

b) Establish guidelines for the location of these signals, both in absolute position and rela­
tive to other signals. 

4.2.1 Prioritization of Signals for Placement 

Noise minimization is used to establish signal prioritization. All of the various forms of noise dis­
cussed in the last section are dependent on either i or dildt, and L, M, R, or C. The signals affect 
i and dildt, while the package pin location affects L, Rand C. Figure 86-27 provides an illustration 
of how electrical characteristics vary by pin position. 
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Figure 88-27. Variation in Inductance, Resistance, and Capacitance 
as a Function of Pin Position 

In general, the further a pin's external contact is from the die connection, the greater its resis­
tance, impedance, and capacitance. Therefore, signal prioritization is established according to cur­
rent or its time derivative, while location is guided by package pin characteristics. Input signals are 
classified by their noise sensitivity. If a spike on an input could be disastrous (as with a clock), 
that signal should be carefully located. Figure 88-28 classifies signal type by electrical characteris­
tics. 

Signal Type Current Characteristics (General) 

Ground Highest i, DC and di/dt 
Power High i, DC and dildt 

High drive outputs High di/dt 

Clocks Highest noise sensitivity 

Low drive outputs Large di/dt 

Other Signals --

Figure 88-28. Electrical Characteristics of Each Signal Type 

4.2.2 Characteristics of Package Pins by Location 

The inductance, capacitance, and resistance, all of which are critical to minimizing noise, are re­
lated not only to board construction, but also to the pin position on given packages, and the circuit 
to which the pins are bonded. The pin, lead frame, bonding wires, pads and buffer (input, output 
or bi-directional) all influence the characteristic L, R, and C of the line. See Figure 88-29. 
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Figure 88-29. Measured Pin Capacitance by Package Position 

4.2.3 Relating Signal Type to Package Location 

Since power and ground pins demand a large DC current (I). iR drops are the greatest concern. 
and so Fujitsu assigns power and ground to pins with the minimum resistance (and inductance as 
well). High-drive outputs exhibit a large di/dt. resulting from high capacitive loading. on power or 
high-power outputs. Since L di/dt and M di/dt noise is their greatest enemy. the best pins for 
these signals are those of minimum inductance. Furthermore. adjacent pins possess the greatest 
M. and thus couple the most M di/dt noise. This means that noise-sensitive inputs. such as clocks. 
should be isolated from signals with a high di/dt. namely high-drive outputs. 

4.2.4 Minimizing iR Drops on Power and Ground Pins 

Since noise on ground affects the voltage level of all signals referenced to it. placement of the 
ground pins is most critical. For this reason. Fujitsu has preassigned the power (Vdd) and ground 
(Vss) signals for all packages in a given gate array family according to the electrically optimal loca­
tions. Fujitsu also took into consideration manufacturing issues such as adjacent pin shorting due 
to probes and package rotation. Preassigning power pins also permits Fujitsu to develop load 
boards (which interface the packaged device to the tester) advanced enough to carry out high­
speed functional testing of devices with high I/O count and to drive devices with relatively low 
noise. The predefined power and ground assignments for Fujitsu devices are found in the Package 
Pin Assignment Guide in the Design Manual for the appropriate gate array family. and are used in 
conjunction with the Package Matrix to determine pin assignment. 

4.2.5 Minimizing the Self-Inductance of a Signal 

Fujitsu believes that an ASIC designer concerned about designing a mini-computer. PC. main­
frame or other complex system should not have to be concerned with determining specific on-chip 
noise issues. particularly since board-level noise issues are demanding enough. Therefore. Fujitsu 
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developed a straightforward grouping scheme for the placement of various types of signals relative 
to their distance from the nearest power and ground pins. As Figure 88-30 shows, the self-induc­
tance associated with a given signal is a function of the length of wire between it and its nearest 
ground (for a falling transition) or power (for a rising transition). 

T 

Second-order model of an output driving Interconnect metal and four Input buffers. 
As wire-length Increases. so does Inductance and resistance. 

Figure 8B-30. Self-inductance in a Circuit 

Since dildt can vary greatly for outputs within a group, there are some general restrictions relating 
simultaneously switching outputs (880s) and their total current to the number of grounds on the 
chip. This is done by summing representative values like those shown In the UHB Data Sheet, 
which are weighed depending on the IOL of the given output buffer. Notice that, if the output buffer 
employs noise limiting circuitry (edge rate grading) then dildt is less and the representative value 
is also less, meaning more of these outputs can be supported per ground pin. 

In summary, to ensure that the IR drops and the ground bounce effect (L di/dt) are within reason­
able limitations, Fujitsu has established guidelines for determining the number of necessary 
grounds and defining the pinout. 

4.2.6 Placement of Clocks and Asynchronous Clear/Presets 

In addition to causing the ground bounce and iR drops that can deteriorate an output Signal's qual­
ity and alter the ground reference, output switching can also couple noise into adjacent sensitive 
inputs by mutual inductance, as shown In Figure 88-31. For that reason. the designer should en­
sure that clocks and asynchronous clear and preset signals are not placed near outputs, particu­
larly high drive outputs. To further isolate inputs from noise, the designer should minimize the in­
ductance (length) of the return loop from the input buffer to ground by placing this type of Input 
near a ground pin. The mutual inductance of the input buffer itself can be minimized if it, and any 
outputs nearby, are not assigned to high inductance pins. As discussed in Section 4.2.1. the cen­
ter pins of a DIP, flatpack, or PLCC possess the lowest Land R, as do the inner rows of PGAs, 
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making them most suitable for Vdd, Vss and high drive outputs. But the edges of the package, 
while suitable for data signals, should be avoided when placing clocks and other sensitive signals. 
as they exhibit a high mutual inductance and large iR drop. 

INPUT 
SIGNAl.,; 

SL o I 
_~l 

Ignored for simplicity 

, , 

0 .. :, @ 
o~@ 

• I I I 

Noise is introduced on the adjacent lead S2 as S1 is driven in a manner described 
by Michael Faraday as: 

diS1 
VS2 = -Mdt 

where M is the mutual inductance between the adjacent leads. 

If S2 is also being driven, then the mutually induced noise is superimposed on the 
self induced noise already present, as described by: 

diS1 diS2 
V S2= -~ + L2-at 

Figure 88-31. Crosstalk and What Promotes It. 

4.3 Summary: Choosing the Package and Assigning the Pins 

This discussion of noise as related to packaging and its effect on pinout should help the designer 
appreciate the care Fujitsu has taken to ensure that noise margins within the device are restricted 
to maximize system reliability. It should also provide the designer with a basis for establishing opti­
mum pin assignments. This section will now conclude with a step-by-step procedure to choose an 
optimal package, and assign pins to it. 

4.4 Package Selection Checklist 

When selecting the package for an ASIC device, the designer should consider the following points: 

1. Define a subset of the Fujitsu packages that can be supported by your company's 
manufacturing capabilities. 

2. Estimate, as closely as possible, the gate and I/O counts of the circuit(s). 

3. Determine the number of power and ground pins required by considering the following: 

a) Representative value limitations for SSOs. 

b) Limitation of the sum of the sink current (lOL) per ground pin. 

c) Limitation of instantaneous current per ground pin to satisfy metal migration 
restrictions. 
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4. Using the package and pin assignment section of the Design Manual, determine the 
packages that satisfy the signal, power, and ground pin requirements of the circuit. 

5. Make sure that the electrical, mechanical, and thermal properties of the chosen pack­
ages are suitable for the application. 

6. Check the mechanical dimensions in Fujitsu's ASIC Package Catalog and the power and 
ground pin assignment tables and grouping charts in the appropriate package and pin 
assignment tables for the chosen technology. Please contact Fujitsu regarding pricing 
trade-offs when evaluating packages or partitioning the system. 

4.5 Pin Assignment Checklist 

1. Follow Fujitsu's pin assignments in the Package and Pin Assignment section of the De­
sign Manuals. Although multiple pinouts of the same package may be offered in some 
cases, all power and ground signals indicated on the chosen package must be con­
nected on the board. 

2. Assign input pins (In excess of 5 MHz) and high power output buffers (IOl = 24mA) ac­
cording to the appropriate pin assignment table. 

3. Place all high-drive (power and high power) outputs near ground pins; the higher the 
drive, the closer they should be placed. SSOs should be placed particularly close to 
ground pins. 

4. Place SSOs in groups belonging to given ground pins. 

5. Distance noise-sensitive signals such as clocks and asynchronous clears and presets 
away from SSOs and high-drive outputs. Also, assign them to pins with low inductance 
and resistance, preferably near a ground, if one is available away from SSOs or high­
drive outputs. 

6. Place SSOs on low inductance pins, such as those located on the inner rows and middle 
position of the PGAs. 

Following these guidelines should assist the designer In choosing the best package for the applica­
tion, one that results in a device with reliable and predictable electrical performance and without 
harmful DC and AC effects on the system. There are other system Interface issues such as device 
decoupling and termination that should be considered during design. These are discussed In 
Fujitsu's application note "Interfacing CMOS and BiCMOS VlSls.· 

5.0 Thermal Issues In CMOS ASIC Packaging 

CMOS has traditionally been associated with low power, one of the classic advantages it has over 
ECL. While ECl continually draws high current to supply its internal differential amplifiers and emit­
ter-follower circuits, CMOS draws current primarily when it is switching. The total power dissipation 
of a CMOS device is dependent on the number of gates, the switching frequency, and the loading 
on the output of the gates. The revolution in CMOS technology that has resulted in gate densities 
of 100K gates has been accompanied by increases in all of these factors influencing power dissipa­
tion. Prior to 1985, when Fujitsu introduced the world's first 20,000 gate array, the C20000UH, 
CMOS gate arrays were not of sufficient integration density to warrant concerns about thermal con­
trol. But advancing CMOS technologies have forced this issue to the surface. 

Power dissipation is important in defining the necessary power supply currents, since power is the 
product of current and voltage. However, the propagation delays and the reliability of a device are 
also dependent on the temperature at which the die operates, as discussed in Sections 2.2.3 and 
2.3.4. To ensure that speed and reliability requirements are satisfied, it is necessary to estimate 
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the power dissipation of the device and, from this information, choose appropriate packages and 
system cooling techniques. 

5.1 Estimation of Power Dissipation in CMOS Circuits 

There are two constituent factors in the power dissipation of a semiconductor device: the DC 
power, which is dependent on the steady-state (quiescent) current, and the AC or dynamic power. 

5.1.1 Estimation of Dynamic (AC) Power Dissipation 

CMOS circuits are constructed of FETs, which possess very small leakage currents. Therefore, 
CMOS possesses a low quiescent or steady-state current. CMOS dissipates power primarily while it 
is charging or discharging node capacitance, or drawing switching current, which occurs as a gate 
changes state. This can be modeled as the familiar pull-up/pull-down circuit discussed in Section 
4.1, charging and discharging a node capacitance, Cl (shown in Figure 8B-25). This model holds 
true whether the node is internal or off-chip. 

The switching current is a result of charging and discharging the node capacitance which, for peri­
odic signals, occurs twice a cycle: once while charging the capacitance, and once while discharg­
ing it. The energy involved in charging or discharging a capacitance is 1/2 (Cl' y2). The power is 
the energy divided by the period of time between successive changes (the clock period, T), multi­
plied by the two transitions that occur per cycle. Therefore, the dynamic or switching current of a 
CMOS circuit is defined as: 

~ Pd-dyn = 2' 2' T (Cl' y2) • f 

where Y is the supply voltage and f is the frequency of the given signal. 

This is the power calculation for a single gate. The power dissipation for entire chip, however is 
much more complicated, since not all gates are simultaneously active. The degree of switching 
activity varies greatly within a circuit and depends on the nature of the circui~s (synchronous se­
quential gates tend to switch concurrently, while combinational gates switch more randomly), the 
input stimulus (whether the circuit is stimulated at a periodic interval or asynchronously) and other 
design-dependent issues. Based on Fujitsu's experience, gate activity is on the average about 
20%. This same figure is applied to the power estimation for output and input buffers. 

5.1.2 Estimation of Quiescent (DC) Power Dissipation 

There are two sources/sinks of DC current in a CMOS ASIC: the leakage current of the gates (gate 
leakage) and the DC current that flows through output and bidirectional buffers in output mode. 
The gate leakage in CMOS devices, even dense ones, is in the range of tens of microamperes, 
and is negligible. The DC current of the output buffers is the current that the buffer sources or 
sinks in steady state. This current level depends on the leakage currents of the driven loads, but 
for simplicity will be assumed to be equivalent to the IOl and IOH rating of the buffers. The DC 
power can be estimated for each output buffer by analyzing: 

(1) the product of source current times the voltage difference from the power rail (Ydd­
YOH) , and 

(2) the sink current times the low-level voltage (YOl). 
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This calculation Is valid provided the duty cycle. or the portion of the cycle that the output Is low 
versus the portion of the cycle that the output is high. weighs the sum of the two components. 
The total DC power may be determined by extending this method to each output and bidirectional 
buffer. 

5.1.3 Estimation of Total Power Dissipation 

The total power dissipation of a circuit is the sum of the DC and AC components. 1/0 buffers dissi­
pate both DC and AC power when switching. while internal gates may be considered for the sake 
of simplicity. to dissipate only AC. The theory behind CMOS power dissipation is simple; however. 
the task of calculating the power dissipation can be tedious and prone to error. Therefore. Fujitsu 
has devised methods for estimating the power dissipation for each CMOS technology. These meth­
ods are presented in the Design Manual for the appropriate technology. available through the Field 
Applications Engineers at local Fujitsu Sales Offices or Technical Resource Centers. 

5.2 The Relationship Between Power Dissipation and Temperature 

A device draws current through the power supply pins and the I/O buffers. As it does so. it dissi­
pates thermal energy proportional to the power dissipated in the device. Assuming that the power 
dissipation of a device has been estimated as Pd. using the method described in Section 5.1.1. 
how can one relate this power to the temperature of the die and the package. and also determine 
the warming effect on the surrounding environment? 

The answer lies with two principles of heat transfer: conduction and convection. When an object is 
in a state of thermal equilibrium it is isothermal. seeing a constant temperature across its body. 
As the temperature of one end of the object is raised by the introduction of energy. it is no longer 
in equilibrium; heat begins to flow from the warmer region to the cooler region through the process 
of conduction. 

When a lake in winter is filled with water at a constant temperature. just above 32°F. it may still 
freeze. It will freeze at the surface. however. not the bottom. This is because heat is drawn from 
the water into the air through convection. the act of cooling by a gas. 

These same mechanisms. conduction and convection. act upon a packaged semiconductor device 
and determine its junction temperature. the package or case temperature. and the warming effect 
on the surroundings. 

5.2.1 Determining the Junction Temperature of a Device 

Figure 88-32 shows the paths through which heat flows in a packaged device. Each Interface of 
materials with different properties of thermal conduction must be considered when determining the 
flow of heat from the die to the surroundings. The back side of the die is attached to a lead frame 
or slug. usually by means of a eutectic bond (material heat bonded with some conductive material. 
such as silver). Heat flows through this path from the die to the package. then from the package 
to the surrounding air. 
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Figure 8B-32. Heat Flow through a Cavity-down Ceramic PGA with an Annular Fin Heat Sink 

From the die junction to the package. there is some associated thermal impedance (or resistance 
to the flow of heat). This impedance can be calculated, but may also be estimated in the following 
way. Operate a device and determine its power dissipation. Then, using some mechanism such as 
a thermal diode, whose forward bias voltage tracks linearly with temperature, determine the junc­
tion temperature. Then, after measuring the case temperature, determine the thermal impedance 
along the path from the die junction to the case (package body) using the following equation: 

alo = (To - Tj) 
Pd 

where To and Tl are the case and junction temperatures, respectively. 

A similar procedure is followed when determining the thermal impedance between the junction and 
the ambient environment, except that the case temperature is replaced by the measurement of the 
ambient temperature: 

ala = (Ta - Tj) 
Pd 

While ajo relies on conduction as its cooling mechanism, ala reflects convective cooling. There­
fore, ala varies with airflow and is specified at a given airflow, or as static (= 0). 

Since thermal impedance depends on the heat conduction path between the die and some other 
Interface, it can be modeled the same way as current flowing through real impedance or resis­
tance. Therefore, as in circuit theory, when multiple interfaces are oriented in parallel, the thermal 
Impedance is lowered. However, the situation is different from circuit theory in that when a very 
low impedance interface such as a heat sink is placed in the conduction path the flow capacity is 
increased, with the heat sink pulling heat out at a faster rate, lowering the thermal impedance. 

5.2.2 Using Thermal Impedance Data 

Thermal impedance information and power dissipation information are used to estimate junction 
temperature and ambient temperature rise. Which impedance figure to use is based on how the 
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device is to be cooled. If the device is air cooled (convective), then €lja should be applied, while 
€ljc should be used if conductive techniques such as heat pipes or cold plates are employed. For 
example, the junction temperature may be obtained by multiplying the power dissipation of the de­
vice by the appropriate €lja and adding the ambient temperature. It is not surprising that this indi­
cates that a small thermal impedance is desirable to achieve a low junction temperature. 

Junction temperature is used to determine worst case delay multipliers and the package options 
for Fujitsu's CMOS AU (Sea-of-Gates) family. The junction temperature also indicates whether reli­
ability goals are being met. The designer can trade off packages (which exhibit varying thermal 
impedances) with cooling techniques (such as varying the amount of airflow in a system) to 
achieve the desired junction temperature and consequently, worst case delay multiplier and reliabil­
ity targets. 

5.3 Summary of Thermal Issues 

Although thermal considerations in CMOS have not previously been of great concern, since the 
frequency and density of the devices have not required such concern, current generations of 
CMOS devices are stimulating an awareness of these matters. This section has surveyed some of 
the issues involved in applying thermal analysis to CMOS devices and using the information gained 
from such analysis to determine the appropriate packaging and cooling techniques. 

6.0 Summary of the Note 

As VLSI circuits increase in complexity, pin count and die size increase as well, placing greater 
demands on packaging, board layout, and manufacturing. Fujitsu has addressed these problems 
with more exotic forms of packaging such as the surface mount PGA and the staggered PGA, while 
also stressing the importance of other surface mount packages. But simply making these packages 
available is not sufficient; Fujitsu must also provide the support and information necessary to en­
sure that these packages can successfully be accommodated by our customers in an efficient 
manner. Field Applications support in the local sales offices, technical information such as this Ap­
plication Note, and centralized package specialists at Fujitsu's San Jose headquarters have all 
been established to provide this support. 
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Unit Cell Specification Information 

This section contains specifications for all the unit cells available for the UHB Series CMOS Gate Ar­
rays. The unit cell (gate array) is a functional group of one or more basic cells or gates. A basic cell 
contains one pair of P-channel and one pair of N-channel transistors. 

How to Read a Unit Cell Specification 

The following paragraphs numbered 1-10 explain how the information given in the UHB Unit Cell Library 
is organized. Each of the numbers corresponds to an area of the Unit Cell Library page illustrated on 
the right. 

1. The unit cell name appears in the upper left corner of the page. 

2. The unit cell function is given on the same line as the unit cell name. 

3. The number of basic cells (BC) or equivalent that make up the unit cell is shown in the upper 
right corner of the page. 

4. Propagation delay parameters for the unit cell are given in a table on the upper right side of 
the page. The basic delay time of the unit cell (to) is given in ns. KCL. the delay constant for 
the cell (delay time per load unit) is given in ns/pF. KCL2 and CDR2 are a delay constant and 
an output driving factor used to calculate delay when a unit cell is loaded beyond its pub­
lished output driving factor (CDR). 

5. The cell (logic) symbol is shown in the top left box under the cell name. 

6. Clock parameters (in ns) for unit cells such as flip-flops and counters that make use of clock 
signals are given in a table directly below the propagation delay parameters. 

7. Input loading factors are shown In a table directly under the cell symbol box on the left side 
of the page. The input loading factor is the value of the load placed on a net by the connec­
tion of the unit cell input. Unit cell loading factors are shown in load units (Iu). The Fujitsu 
CMOS load unit is the input capacitance of an inverter used for the measurement and calcu­
lation of capacitive loads presented to unit cells within the gate array. 

8. The output drive factor is shown directly under the input loading factor. The output drive fac­
tor is the maximum number of load units the unit cell can drive while performing at published 
speCifications. 

9. The function (truth) table. if applicable. is shown in a box at the lower left side of the page. 

10. The unit cell schematic. or equivalent circuit. illustrates how discrete components would be 
connected to perform the unit Cell function. It is shown in the lower right corner of the page 
or on the page following. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 

Cell Name Function Number of BC 

T2D 2: 1 Selector 2 

Cell Symbol J Propagation Delay Parameter 

I tup tdn 
Path 

to KCL to KCL KCL2 CDR2 

0.50 0.15 0.56 0.10 A,B_X 
0.54 0.15 0.41 0.10 S_X 

A -

B~ SI 
D-- X 

S2-

Parameter Symbol Typ (ns)' 

Input Loading 
Pin Name Factor (tu) 

A,B 1 
S 1 

Output Driving 
Pin Name Factor (iu) 

X 14 ' MlnJmum values for the typical operating condlton. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

Inputs Output 

=f:}-A B SI S2 X 
A 

L X L H H 
H X L H L :E- -<> X X L H L H 
X H H L L {!}--L H L L INHIBIT B 
L H H H INHIBIT 
H L L L INHIBIT SI T 
H L H H INHIBIT 

S2 

UHB-T2D-E2 Sheet 1/11 I Page 17-17 
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Inverter and Buffer Family 

Unit Cell Basic 
Page Name Function Cells 

2-7 V1N Inverter 

2-8 V2B Power Inverter 

2-9 V1L Double Power Inverter 2 

2-10 B1N True Buffer 1 

2-11 BD3 True Delay Buffer (> 5ns) 5 

2-12 BD4 Delay Cell (> 4ns) 4 

2-13 BD5 Delay Cell (>10ns) 9 

2-14 BDS Delay Cell (>22ns) 17 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name JFunction I Number of BC 

V1N I Inverter I 1 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.28 0.16 0.35 0.09 0.12 4 A'" X 

A -[>0--- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (.h) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum de1av multiplier. 

UHB-V1N-E1 I Sheet 1/1 I I Page 1-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cel1 Name I Function I Number of BC 

V2B I Power Inverter I 1 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.25 0.08 0.25 0.05 0.08 7 A ... X 

A +- X 

Parameter Symbol TYR(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 2 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-V2B-E1 I Sheet 1/1 I I Page 1-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version I¥ 
Cell Name I Function J Number of BC 

VIL I Inverting Clock Buffer I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to RCL to RCL RCL2 CDR2 Path 
0.35 0.04 0.67 0.03 A ... X 

IJ I 
11 

II 

A -{>o- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

A 4 

Output Driving 
Pin Name Factor (lu) 

X 55 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-VIL-E2 I Sheet 1/1 I I Page 1-3 
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FUJITSU CMOS GATE ARRAY L~IT CELL SPECIFICATION I "URB Version 
Cell Name I Function I Number of BC 

BIN I True Buffer I 1 
Cell Symbol Pro,agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.58 0.16 0.68 0.08 A .... X 

A -1>- X 

Parameter Symbol Trr(ns)>" 

, 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

URB~B1N~E1 I Sheet 1/1 I I Page 1~4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

BD3 I Delay Cell 1 5 
Cell Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
5.33 0.16 4.71 0.12 0.13 4 A -> X 

A-[>--X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (£u) A 1 

Output Driving 
Pin Name Factor (£u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delav multiplier. 

UHB-BD3-E1 I Sheet 1/1 I Page 1-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Ce1l Name I Function I Number of BC 

BD4 I Delay Cen I 4 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.56 0.57 4.10 0.31 0.36 4 A-+X 

A-{>-X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (f.u) 

A 4 

Output Driving 
Pin Name Factor (I.u) 

X 6 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Jti ven by the maximum delay mul tiplier. 

UHB-BD4-E2 I Sheet 1/1 I I Page 1-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

BDs I Delay Cell I 9 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

10.92 0.16 10 . .35 0.10 0.15 4 A+X 

A --[>--x 

Parameter Symbol TvP(ns)* 

Input Loading 
Pin Name Factor (£Ul 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-BDs-E1 I Sheet 1/1 I I Page l-i 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

BD6 I Delay Cell I 17 
Cell Symbol ProJlagation Delay 'ParameteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

22.00 0.17 21.82 0.09 0.14 4 A .... X 

A-{>-X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay mult;Plier. 

UHB-BD6-El I Sheet 1/1 I I Page 1-8 
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NAND Family 

Unit Cen Basic 
Page Name Function Cells 

2-17 N2N 2-input NAND 1 

2-18 N2B Power 2-input NAND 3 

2-19 N2K Fast Power 2-input NAND 2 

2-20 N3N 3-input NAND 2 

2-21 N3B Power 3-input NAND 3 

2-22 N4N 4-input NAND 2 

2-23 N4B Power 4-input NAND 4 

2-24 N6B Power 6-input NAND 5 

2-25 N8B Power 8-input NAND 6 

2-26 N9B Power 9-lnput NAND 8 

2-27 NCB Power 12-input NAND 10 

2-28 NGB Power 16-input NAND 11 

2-29 N3K Fast Power 3-input NAND 3 III 2-30 N4K Fast Power 4-lnput NAND 4 
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FUJITSU CMOS GATE ARRAY uNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

NZN I 2-input NAND I 1 
Cell Symbol ProI=agation Delav Parameter 

tup tdn 
to KCL to KCL KCLZ CDR2 Path 
0.37 0.16 0.56 0.14 A ~ X 

Al =V-A2 X 

Parameter Symbol Typ(ns)~: 

Input Loading 
Pin Name Factor (.tu) 

A 1 II 
Output Driving 

Pin Name Factor (.tu) 
X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Ai ven by the maximum delay multiplier. 

UHB-NZN-E2 L Sheet 1/1 J Page 2-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

N2B I Power 2-input NAND I 3 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.10 0.08 1.42 0.04 A ... X 

Al =V-A2 X 

Parameter Symbol Typ(nst* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N2B-E2 L Sheet 1/1 I I Page 2-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

N2K I Power 2-input NAND I 2 
Cell Symbol Pro.agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.37 0.08 0.43 0.07 0.09 7 A'" X 

Al ==Dr-A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 2 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N2K-E2 I Sheet 1/1 I I Page 2-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

N3N I 3-input NAND I 2 
Cell Symbol Prollagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.52 0.16 0.69 0.19 A ... X 

A1 =D-A2 X 
A3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N3N-E2 I Sheet 1/1 I I Page 2-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cel1 Name I Function I Number of BC 

N3B I Power 3-input NAND I 3 
Cel1 Svmbol Propagation Delay Parameter 

tU? tdn 
to KCL to KCL KCL2 CDR2 Path 
1.28 0.08 1. 70 0.04 A"" X 

Al =t}-A2 X 
A3 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N3B-E2 I Sheet 1/1 I I Page 2-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

N4N I 4-input NAND I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.62 0.16 0.74 0.24 A ... X 

Al §)-A2 X A3 
A4 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

III A 1 

Output Driving 
Pin Name Factor (J1.u) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N4N-E2 I Sheet ~/1 I I Page 2-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

N4B I Power 4-input NAND I 4 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 38 0.08 1. 90 0.04 A -+ X 

Al 

~ A2 
X A3 

A4 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

UHB-N4B-E2 I Sheet 1/1 I I Page 2-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Ce1l Name I Function I Number of BC 

N6B I Power 6-input NAND I S 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 37 0.08 2.02 0.04 0.07 7 A .... X 

Al 

m-A2 
A3 

X A4 
AS 
A6 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 
A2 
A3 

X 
A4 
AS 
A6 

UHB-N6B-E2 I Sheet 1/1 I I Page 2-8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name Function I Number of BC 

N8B Power 8-input NAND I 6 
Cell Symbol Propagation Delay Parameter 

tUtl tdn 
to KCL to KCL KCL2 CDR2 Path 
1.44 0.08 2.21 0.04 0.07 7 A->X 

Al _r'\ 
A2 -
A3 -
A4 -

J--- X 
AS -
A6 -
A7 -
A8 -,/ 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.eu) 

A 1 

Output Driving 
Pin Name Factor (.eu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 
Al _:-"\ 
A2 -
A3 -
A4 -L../ 

AS _:-"\ 
X 

A6 -
A7 -
A8 -L../ 

UHB-N8B-E2 Sheet 1/1 I I Page 2 9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

N9B Power 9-in~ut NAND I 8 
Cell Symbol Prot aJ!;ation Delay_ Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.42 0.08 2.66 0.05 0.09 7 A-+X 

Al _r--
A2-
A3 -
A4-
AS - 0- X 
A6 -
A7 -
A8 -
A9 -./ 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Jl.u) 

IfJ A 1 

Output Driving 
Pin Name Factor (Jl.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are ltiven by the maximum delay multiplier. 

Equivalent Circuit 

Al 
A2 
A3 

A4 
AS X 
A6 

A7 
A8 
A9 

UHB-N9B-E2 I Sheet 1/1 I I Page 2-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function J Number of BC 

NCB Power l2-input NAND I 10 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.52 0.08 2.86 0.05 0.09 8 A -+ X 

Al -"""\ 
A2 -
A3 -
A4 -
AS -
A6 - P-- X A7 -
A8 -
A9 -
AIO -
All - Parameter Symbol Typ(ns)'" A12 -1../ 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the. worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al _r-
A2 - p-
A3 -
A4 -../ 

AS -, 
A6 - X A7 -
A8 -0.,/ 

A9 -, 
AlO- p-
A1l-
A12 -0.,/ 

UHB-NCB-E2 Sheet 1/1 I I Page 2-11 

2-27 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of Be 

NGB Power 16-input NAND I 11 
Cell Symbol ProJ;agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

Al 
_r... 1.53 0.08 3.47 0.06 0.09 8 A-+X 

A2 -
A3 -
A4 -
AS .-
A6 -
A7 -
A8 - :>- X 
A9 -
AIO -
All -
Al2 -
Al3 - Parameter Symbol Typ(ns)* Al4 -
Al5 -
Al6 -../ 

Input Loading 

II 
Pin Name Factor (iu) 

A I 

! 

Output Driving 
Pin Name Factor (iu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 
Al _r... 
A2 -

P--A3 -
A4 -v 

A5 -"'" 

A6-~ A7 - L...{"'" 

A8 --- ~X 
A9-)J? AIO- r< __ 
A11-
Al2 -v 

A13 _r... 
A14-

P-A15-
A16 -v 

UHB-NGB-E2 I Sheet 1/1 j I Page 2-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

N3K I Power 3-input NAND I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.48 0.07 0.65 0.08 A'" X 

Al =0-A2 X 
A3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 2 

Output Driving 
Pin Name Factor (Rou) 

X 28 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N3K-E1 I Sheet 1/1 I Page 2-13 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function .1 Number of BC 

N4K I Power 4-input NAND I 4 
Cell Symbol ProI'agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.56 0.07 0.76 0.10 A -+ X 

Al m-A2 
X A3 

A4 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 2 

Output Driving 
Pin Name Factor (Rou) 

X 20 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N4K E1 I Sheet 1/1 I I Page 2 14 
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NOR Family 

Unit Cell Basic 
Page Name Function Cells 

2-33 R2N 2-input NOR 

2-34 R2B Power 2-input NOR 3 

2-35 R2K Power 2-input NOR 2 

2-36 R3N 3-input NOR 2 

2-37 R3B Power 3-input NOR 3 

2-38 R4N 4-input NOR 2 

2-39 R4B Power 4-input NOR 4 

2-40 R6B Power 6-input NOR 5 

2-41 R8B Power 8-input NOR 6 

2-42 R9S Power 9-input NOR 8 

2-43 RCB Power 12-input NOR 10 

2-44 RGB Power 16-input NOR 11 

2-45 R3K Power 3-input NOR 3 

2-46 R4K Power 4-input NOR 4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R2N I 2-input NOR I 1 
Cell Svmbol Propagation Delav Parameter 

tuo tdn 
to KCL to KCL KCL2 CDR2 Path 
0.40 0.29 0.44 0.08 0.11 4 A'" X 

Al =V- X A2 

Parameter SYlIIbol 1'vP(ns)* 

Input Loading 
Pin Name Factor (.Q.u) 

A 1 

Output Driving 
Pin Name Factor (R.u)· 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R2N E2 I Sheet 1/1 I r Page 3-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R2B I Power 2-input NOR I 3 
Cell Svmbol Pro}:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.36 0.08 1.25 0.04 A"" X 

Al ~ X A2 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (J1.u) 

II 
A 1 

Output Driving 
Pin Name Factor (J1.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R2B-E2 I Sheet 1/1 I - I Page 3-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I HUHBH Version 
Cell Name I Func'tion I Number of BC 

R2K I Power 2-input NOR I 2 
Cell Symbol 

" 
Propagation Delay Para1l!eter 

;" tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.45 0.14 0.45 0.06 A .... X 

A1 ~ X A2 
,', 

.. )\:" . ' 
Parameter Symbol Typ(ns)* 

Pin Name 
I~~~ading Fa '. (1u) 

A ~";,, 2 , 

Output Driving 
Pin Name Factor (1u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

" 

UHB-R2K-E2 I Sheet 1/1 I I Page 3-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R3N I 3-input NOR I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.84 0.41 0.46 0.09 0.12 4 A -+ X 

Al =&-A2 X 
A3 

Parameter Symyol Typ(ns)'~ 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R3N-E2 I Sheet 1/1 I I Page 3-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R3B I Power 3-input NOR I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.99 0.08 1.37 0.04 A ... X 

Al =&-A2 X 
A3 

Parameter Symbol TV'P(ns) ,~ 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R3B-E2 I Sheet 1/1 I r Page 3-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

R4N J 4-input NOR I 2 
Cel1 Svmbol Pro,agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.24 0.54 0.46 0.09 0.13 4 A .. X 

Al 

~ A2 X A3 
A4 

Parameter Symbol Typ(ns }'" 

Input Loading 
Pin Name Factor (iu) 

II A 1 

Output Driving 
Pin Name Factor (iu) 

X 6 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R4N-E2 I Sheet 1/1 I I Page 3-6 

2-38 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R4B I Power 4-input NOR I 4 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.50 0.08 1.34 0.04 A-+X 

Al 

~ A2 
X A3 

A4 

Parameter Symbol Typ{ns)* 

Input Loading 
Pin Name Factor (R.u) 

A I 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R4B-E2j Sheet 1/1 I I Page 3-i 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R6B I Power 6-input NOR I 5 
Cell Symbol Pro,agation Delav Parameter 

tup tdn 
to KCL to KCL ·KCL2 CDR2 Path 
2.25 0.08 1.48 0.04 A-+X 

Al 

J-A2 
A3 

X A4 
AS 
A6 

Parameter Symbol Typ(ns)'': 

Input Loading 

I 
Pin Name Factor (J1.u) 

~ 
A 1 

Output Driving 
Pin Name Factor (J1.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A1--f\. 
A2 
A3-b! 

X 
A4-fL 
AS 
A6-b! 

UHB-R6B-E2 I Sheet 1/1 I I Page 3-8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

RBB Power B-input NOR I 6 
Cell Symbol Pro]:al!;ation Del~ Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.B4 O.OB 1.51 0.04 A-o-X 

Al -P-
A2 - r-
A3 - f-
A4 - "-
AS - t-

p-- X 

A6 - t-

A7 - r-
AB -b 

Parameter Symbol TypCns)''< 

Input Loading 
Pin Name Factor Clu) 

A 1 

II 
Output Driving 

Pin Name Factor Clu) 
X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalen~ Circuit 

Al -~ 
A2 - :-
A3 - r-

A4 -b 

A5 -P-
X 

A6 - r-
A7 - r-
AB -b 

UHB-RBB-E2 I Sheet 1/1 I I Pal!;e 3-9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

R9B I Power 9-input NOR '. I 8 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.49 0.08 1.68 0.04 A ~ X 

Al-;:::' 
A2 - I-
A3 - I-
A4 - I-
AS X 
A6 - I-
A7 - I-
A8 - I- ,I), A9 -D 

Parameter SYmbol Typ{ns )'" 

Input Loading 
Pin Name Factor (Rou) 

II 
A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Equivalent Circuit 

Al -n 
A2 -bf 

~ 
A3 

A4 -n 
AS 

--t! r X 
A6 

A7 -n 
A8 

--t! A9 

UHB-R9B-E2 I Sheet 1/1 I :) I Page 3-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

RCB Power l2-input NOR I 10 
Cell Symbol Pro~agation Delay Parameter 

tun tdn 
to KCL to KCL KCL2 CDR2 Path 
2.74 0.08 1. 75 0.04 A-+X 

Al -::::, 

A2 --
A3 --
A4 --
AS --
A6 _:>-- X A7 -
A8 --
A9 --
AlO --
All -- Parameter Symbol Typ(ns)1' A12 -:;:; 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al -F\ 
A2 ----bf 
A3 

A4 -F\ 
AS -b! I L-(::::' A6 

I -eJ--V- X 
A7 -F\ 
A8 -b! 
A9 

Al0-F\ 
A11 
A12-t! 

UHB RCB-E2 I Sheet 1/1 I r Page 3-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name Function I Number of BC 

RGB Power 16-input NOR I 11 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

A1 -~ 3.43 0.08 1.82 0.04 A"" X 

A2 - -
A3 - -
A4 - -
AS - -
A6 - -
A7 - -
A8 - -0- X A9 
A10 --
All --
A12 --
A13 --
A14 -- Parameter Symbol Typ(ns)* 

A1S --
A16 --:;;I 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are J!:iven bv the maximum delay multiplier. 

Equivalent Circuit 
A1 -:::::. 
A2 - P-A3 - ,-

A4 -D 

AS -P> 
A6 -I-

A7 -11 -cP> A8 -17 

---CD t--t»- X A9 -!,J 
A10 -t-
All-t-
A12-b 

A13-P> 
A14-I-p-AlS-I-
A16-b 

UHB-RGB-E2 I Sheet 1/1 I Page 3-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

R3K I Power 3-injlut NOR J 3 
Cell Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.66 0.17 0.32 0.04 0.07 7 A-+X 

Al =&-A2 X 
A3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 2 

III 
Output Driving 

Pin Name Factor (R.u) 
X 20 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R3K-E1 I Sheet 1/1.L I Page 3-13 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

R4K 1 Power 4-input NOR I 4 
Cell Symbol Propagation Delay_Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 08 0.23 0.35 0.03 0.05 7 A ... X 

Al 

~ A2 X A3 
A4 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

III 
A 2 

Output Driving 
Pin Name Factor (.tu) 

X 12 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R4K-El I Sheet 1/1 I I Page 3-14 
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AND Family 

Unit Cell Basic 
Page Name Function Cells 

2-49 N2P Power 2-input AND 2 

2-50 N3P Power 3-input AND 3 

2-51 N4P Power 4-input AND 3 

2-52 Nap Power a-input AND 6 

III 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I IDlB Version 
Cell Name I Function I Number of BC 

N2P I Power 2-input AND I 2 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.01 0.08 0.86 0.04 0.06 7 A -+ X 

Al =D-A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

II 
Output Driving 

Pin Name Factor (R.u) 
X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are_given bv the maximum delay multiplier. 

IDlB-N2P-E2 I Sheet 1/1 I I Page 4-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cdl Name I Function I Number of BC 

N3P I Power 3-input AND I 3 
Cell Symbol Prooagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.32 0.08 1.07 0.04 0.06 7 A -to X 

Al =v-A2 X 
A3 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N3P E2 I Sheet 1/1 I I Page 4-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

N4P I Power 4-input AND I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.58 0.08 1.19 0.04 0.06 8 A .. X 

Al 

~x A2 
A3 
A4 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-N4P-E2 I Sheet 1/1 I I Page 4-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name Function I Number of BC 

N8P Power 8-input AND I 6 
Cell Svrnbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.72 0.14 1.45 0.04 0.06 8 A ... X 

Al-""\ 
A2 -
A3 -
A4- r-- X AS -
A6 -
A7 -
A8 -1../ 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (iu) 

A 1 

Output Driving 
Pin Name Factor (iu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al _""\ 
A2 -
A3 -
A4 -1../ 

X 
AS -""\ 
A6 -
A7 -
A8 -1../ 

UHB-N8P-E2 Sheet 1/1 I I Page 4-4 
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OR Family 

Unit Cell 
Page Name 

2-55 R2P 

2-56 R3P 

2-57 R4P 

2-58 R8P 

Function 

Power 2-input OR 

Power 3-input OR 

Power 4-input OR 

Power 8-input OR 

2-53 

Basic 
Cells 

2 

3 

3 

6 



II 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

R2P I Power 2-input OR I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.78 0.08 1.14 0.05 0.07 8 A -+ X 

Al 

~ A2 X 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (Rou) 

A 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R2P-E2 I Sheet 1/1 I I Page 5-1 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

R3P I Power 3-input OR I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.90 0.08 1.84 0.06 0.08 8 A'" X 

Al =-9-A2 X 
A3 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (.2.u) 

A 1 

Output Driving 
Pin Name Factor (.2.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier, 

UHB-R3P-E2 I Sheet 1/1 I I Page 5 2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name L Function _I Number of BC' 

R4P I Power 4-input OR I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.90 0.08 2.52 0.07 0.10 8 A ... X 

A1 

~ A2 X A3 
A4 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (..tu) 

A 1 

III 
Output Driving 

Pin Name Factor (.tu) 
X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-R4P-E2 I Sheet 1/1 I 1 Page 5 3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION J "UHB" Version 
Cel1 Name I Function I Number of BC 

R8P Power 8-input OR I 6 
Cel1 Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.98 0.08 2.68 0.08 0.10 8 A->X 

Al-D 
A2-r-
A3 - r-
A4-r-I-- X 
AS - r-
A6 - r-
A7 - r-
A8 -t;:? 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (.tu) 

A 1 

Output Driving 
Pin Name Factor (.tu) 

X 36 -

* 'Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are l1:iven bv the maximum delay multiplier. 

Equivalent Circuit 

Al -p 
A2 - r-
A3 - r-
A4 -t;:? 

AS -D 
X 

A6 - -
A7 - -
A8 -7 

UHB-R8P-El I Sheet 1/1 I I Page 5-4 
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EXNORlEXOR Family 

Unit Cell 
Page Name 

2-61 X1N 

2-62 X1B 

2-63 X2N 

2-64 X2B 

2-65 X3N 

2-66 X3B 

2-67 X4N 

2-68 X4B 

Function 

Exclusive NOR 

Power Exclusive NOR 

Exclusive OR 

Power Exclusive OR 

3-input Exclusive NOR 

Power 3-input Exclusive NOR 

3-input Exclusive OR 

Power 3-input Exclusive OR 

2-59 

Basic 
Cells 

3 

4 

3 

4 

5 

6 

5 

6 

\j 

I' 
I 

II 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function . I Number of BC 

XIN I Exclusive NOR I 3 
Cell Symbol Pro~aJ1;ation Delq Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.16 0.29 0.96 0.13 0.16 4 A'" X 

Al =tV-A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 2 

Output Driving 
Pin Name Factor (Rou) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 

~ A2 I C[>-X 

UHB-XlN-E2 I Sheet 1/1 I Page 6-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

XIB I Power Exclusive NOR I 4 
Cell Svmbol Prooagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.49 0.08 1.77 0.05 0.09 7 A .. X 

Al 
~ A2 X 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 2 

Output Driving 
Pin Name Factor .lR.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 

llbo A2 I [Y--f>'- X 

UHB-XlB-E2 .. 1 Sheet 1/1 I r Page 6-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cel1 Name I Function 1 Number of BC 

X2N I Exclusive OR I 3 
Cel1 Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.11 0.29 1.17 0.13 0.16 4 A ... X 

Al =ID--A2 X 

Parameter Symbol Typ(ns)1: 

Input Loading 
Pin Name Factor (R.u) 

A 2 

Output Driving 
Pin Name Factor (R.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 

. are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 

=re A2 L---v>- X 

UHB-X2N-E2 j Sheet 1/1 I I Page 6-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cen Name I Function I Number of BC 

X2B I Power Exclusive OR I 4 
Cen Symbol Pro]:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.43 0.08 1.64 0.05 0.07 7 A-+X 

A1 =©-A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
I Pin Name Factor (R.u) 

III A 2 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A1 

~ A2 I 
~x 

UHB X2.B-E2 I She.e.t 1/1 I I Page 6-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

X3N I 3-input Exclusive NOR I 5 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.72 0.29 2.32 0.13 0.16 4 A~X 

A1 

~ A2 X 
A3 

Parameter Symbol Typ(ns)", 

Input Loading 
Pin Name Factor (Rou) 

A 2 

Output Driving 
Pin Name Factor (Rou) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A2 

~ A3 

X 
A1 

UHB-X3N-E2 I Sheet 1/1 I Page 6-5 --
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

X3B I Power 3-input Exclusive NOR I 6 
Cell Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.64 0.08 3.39 0.05 0.09 7 A'" X 

Al 

*-X 
A2 
A3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

III A 2 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A2~ A3 
X 

Al 

UHB-X3B-E2 I Sheet 1/1 I r Page 6-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I"UHB Version 
Cell Name I Function I Number of BC 

X4N I 3-input Exclusive OR I 5 
Cell Svmbol Prot:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.82 0.29 2.53 0.13 0.16 4 A -+ X 

Al =s-A2 X 
A3 

Parameter Symbol Typ (ns) ,'r 

Input Loading 
Pin Name Factor (Jl.u) 

A 2 

Output Driving 
Pin Name Factor (Jl.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A2 

~ A3 

X 
Al 

UHB X4N-E2 I Sheet 1/1 I I Page 6-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

X4B I Power 3-input Exclusive OR I 6 
Cell SYmbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.47 0.08 3.13 0.05 0.07 7 A-+X 

Al =tfr-A2 X 
A3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 2 

Output Driving 
Pin Name Factor (Jl.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay_multiplier. 

Equivalent Circuit 

A2 

len Ir>-V A3 
X 

Al 

UHB-X4B-E2 I Sheet 1/1 I I Page 6-8 
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AND-OR-Inverter Family (AOI) 

Unit Cell Basic 
Page Name Function Cells 

2-71 023 2 AND into 2 NOR AOI 2 

2-72 D14 3 AND into 2 NOR AOI 2 

2-73 024 2. 2 ANDS into 2 NOR AOI 2 

2-74 D34 2 AND into 3 NOR AOI 2 

2-75 D36 3. 2 AN OS into 3 NOR AOI 3 

2-76 044 2 OR into 2 AND inot 2 NOR AOI 2 

II 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 1 UHB Version 
Cell Name I Function I Number of BC 

D23 I 2-wide 2-AND 3-input AOI I 2 
Cell Svrnbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.73 0.29 0.68 0.14 A ... X 
0.37 0.22 0.37 0.09 0.12 4 B ... X 

Al =D--v-A2 X B 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (~u) 

A 1 
B 1 II 

Output Driving 
Pin Name Factor (~u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-D23-E1 I Sheet 1/1 I Page 7-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "URB Versio:n 
Cell Name I Function I Number of BC 

D14 I 2-wide 3-AND 4-input AOI I 2 
Cell Svmbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.90 0.29 0.70 0.19 0.21 4 A ... X 
0.32 0.20 0.36 0.09 0.12 4 B ... X 

Al 

~ A2 
A3 

B X 

Parameter Svmbo1 Typ(ns)* 

Input Loading 
Pin Name Factor (.II.u) 

IIfI A 1 
B 1 

Output Driving 
Pin Name Factor (.II.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-DI4-E1 I Sheet 1/1 I I Page 7-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

D24 I 2-wide 2-AND 4-input AOI I 2 
Cell Svmbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.54 0.22 0.62 0.14 A-+X 
0.67 0.22 0.83 0.14 B -+ X 

Al 

>-A2 
X 

BI 
B2 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (J1.u) 

A I 
B 1 III 

Output Driving 
Pin Name Factor (J1.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-D24-E2 I Sheet 1/1 I I Page 7-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

D34 I 3-wide 2-AND 4-input AOI I 2 
Cell Symbol Prollagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.15 0.41 0.73 0.15 A ~ X 
0.62 0.35 0.43 0.09 0.12 4 B ~ X 

A1 

~ A2 

B1 X 
B2 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (Rou) 

A 1 
B 1 

Output Driving 
Pin Name Factor (Rou) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-D34-E2 I Sheet 1/1 I I Page 7-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

D36 I 3-wide 2-AND 6-input AOI I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.77 0.28 0.72 0.14 A .. X 
0.98 0.28 0.87 0.14 B .. X 
1.17 0.28 1. 02 0.14 C .. X 

Al~ A2 

B1 
X B2 

C1 
C2 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (Rou) 

A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (Rou) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-D36-E1 I Sheet 1/1 I I Page 7-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

D44 I 2-wide 2-0R 2-AND 4-input AOI I 2 
Cell Svmbol Proj:agation Delay Parameter 

tup tcln 
to KCL to KCL KCL2 CDR2 Path 
1.04 0.41 0.78 0.14 A -+ X 
1.03 0.41 0.64 0.14 B -+ X 
0.99 0.29 0.48 0.09 0.11 4 C -+ X 

Al 

~ A2 
B 

X C 

Parameter Svmbol TvP(ns)* 

Input Loading 
Pin Name Factor (lu) 

A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (lu) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-D44-E1 I Sheet 1/1 I I Page 7-6 
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OR-AND-Inverter Family (OAI) 

Unit Cell Basic 
Page Name Function Cells 

2-79 G23 2 OR into 2 NAND OAI 2 

2-80 G14 3 OR into 2 NAND OAI 2 

2-81 G24 2. 2 OR into 2 NAND OAI 2 

2-82 G34 2 OR into 3 NAND OAI 2 

2-83 G44 2 AND into 2 OR Into 2 NAND OAI 2 

II 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 1 "UHB" Version 
Cell Name I Function 1 Number of BC 

G23 I 2-wide 2-0R 3-input OAI I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.72 0.29 0.55 0.14 A"" X 
0.28 0.16 0.55 0.14 B .... X 

A1 

~ A2 X B 

Parameter Synlbo1 Typ(ns)* 

Input Loading 
Pin Name FactorJR.ul 

A 1 
B 1 

Output Driving 
Pin Name Factor (R.ut 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-G23-El I Sheet 1/11 I Page 8-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

G14 I 2-wide 3-0R 4-input OAI I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.20 0.42 0.65 0.14 A'" X 
0.25 0.16 0.65 0.14 B ... X 

Al 

~ A2 
A3 

B X 

Parameter Symbol 1'yp(nsJ_* 

Input Loading 
Pin Name Factor (R.u) 

IIfI 
A 1 
B 1 

Output Driving 
Pin Name Factor (R.u) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-G14-E1 I Sheet 1/1 I I Page 8-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

G24 I 2-wide 2-0R 4-input OAI I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.50 0.29 0.70 0.14 A'" X 
0.90 0.29 0.60 0.14 B -+ X 

Al 

~ A2 
X 

Bl 
B2 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (Rou) 

A 1 
B 1 II 

Output Driving 
Pin Name Factor (Rou) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-G24-E2 I Sheet 1/1 I I Page 8-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

G34 I 3-wide 2-0R 4-input OAI I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.95 0.29 0.70 0.19 A-+X 
0.70 0.19 0.45 0.16 B -+ X 

Al 

~ A2 

Bl X 
B2 

Parameter Symbol Ti70(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 

Output Driving 
Pin Name Factor (Jtu) 

X 10 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multitllier. 

UHB-G34-E2 I Sheet 1/1 I r Page 8-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name jFunction I Number of BC 

G44 I 2-wide 2-AND 2-0R 4-input OAl I 2 
Cell Svmbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.73 0.29 0.86 0.19 A -+ X 
0.43 0.29 0.62 0.19 B -+ X 
0.50 0.16 0.52 0.14 C -+ X 

Al 

~ A2 
B X C 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (R.u) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are_given bv the maximum delay multiplier. 

UHB-G44-EI I Sheet 1/1 I I Page 8-5 
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Multiplexer Family 

Unit Cell Basic 
Page Name Function Cells 

2-87 T24 4:1 Power 4. 2 ANDs into 4 NOR Multiplexer 6 

2-88 T26 6:1 Power 6. 2 ANDs into 6 NOR Multiplexer 10 

2-89 T28 8:1 Power 8. 2 ANDs into 8 NOR Multiplexer 11 

2-91 T32 2:1 Power 2. 3 ANDs into 2 NOR Multiplexer 5 

2-92 T33 3:1 Power 3. 3 ANDs into 3 NOR Multiplexer 7 

2-93 T34 4:1 Power 4. 3 AND into 4 NOR Multiplexer 9 

2-94 T42 2:1 Power 2. 4 ANDs into 2 NOR Multiplexer 6 

2-95 T43 3:1 Power 3. 4 ANDs into 3 NOR Multiplexer 10 

2-96 T44 4:1 Power 4. 4 ANDs into 4 NOR Multiplexer 11 

2-97 T54 4:1 Power 2. 2-3-4 ANDs into 4 NOR Multiplexer 10 

2-98 U24 4:1 Power 4. 2 OR into 4 NAND Multiplexer 6 

2-99 U26 6:1 Power 6. 2 OR into 6 NAND Multiplexer 9 

2-100 U28 8:1 Power 8. 2 OR into 8 NAND Multiplexer 11 II 2-101 U32 2:1 Power 2. 3 OR into 2 NAND Multiplexer 5 

2-102 U33 3:1 Power 3. 3 OR into 3 NAND Multiplexer 7 

2-103 U34 4:1 Power 4. 3 OR into 4 NAND Multiplexer 9 

2-104 U42 2:1 Power 2. 4 OR into 4 NAND Multiplexer 6 

2-105 U43 3:1 Power 3. 4 OR into 3 NAND Multiplexer 9 

2-106 U44 4:1 Power 4. 4 OR into 4 NAND Multiplexer 11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

T24 I Power 2-AND 4-wide Multiplexer I 6 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.62 0.08 1.52 0.04 A ... X 
1.80 0.08 1. 76 0.04 B ... X 
1.58 0.08 1.64 0.04 C ... X 

Al 1.72 0.08 1.88 0.04 D ... X 
A2 

B1~::::' B2 _ 

=[)-ffJ- X C1 ....., 
C2 -::;; 

D1 
D2 Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (!u) 

A 1 
B 1 
C 1 
D 1 

Output Driving 
Pin Name Factor (!u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

!~=tn 
B1 =t 
B2 ...r-. 

g=tjJ 
:::J X 
'1./ 

D1=t D2 

UHB-T24-El I Sheet 1/1 I I Page 9-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name Function Number of 

T26 Power 2-AND 6-wide 10 
Cell Svmbol 

Al 
A2 

B1 
B2 

C1 
C2 

D1 
D2 

E1 
E2 

F1 
F2 

Pin·· Name 
A 
B 
C 
D 
E 
F 

Pin Name 
X 

x 

Input Loading 
Factor (lu 

1 
1 
1 
1 
1 
1 

Output Driving 
Factor R.u 

36 

Equivalent Circuit 

Al 
A2 

B1 
B2 

C1 
C2 

D1 
D2 

E1 
E2 

F1 
F2 

UHB-T26-E1 

to 
1.88 
2.07 
1.88 
2.04 
1.90 
2.06 

tup 
KCL 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 

Parameter 

to 
1.57 
1.81 
1.66 
1.92 
1.84 
2.08 

Path 
A ... X 
B ... X 
C ... X 
D ... X 
E ... X 
F ... X 

(ns)* 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are iven b the maximum de1a multi 1ier. 

X 

Pa e 9-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T2B I Power 2-AND B-wide Multiplexer I 11 
Cell Svmbol 

Gl =D--
G2 

HI ---f"L­H2 --LJ_ ... 

Pin Name 
A 
B 
C 
D 
E 
F 
G 
H 

Pin Name 
X 

Input Loading 
Factor (J/.u) 

1 
1 
1 
1 
1 
1 
1 
1 

Output Driving 
Factor (J/.u) 

36 

UHB-T28-El IShee. 1/2 I 

Propagation Delay Parameter 

to 
2.12 
2.32 
2.12 
2.28 
2.20 
2.36 
2.20 
2.36 

tup 
KCL 
0.08 
O.OB 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 

Parameter 

to 
1.52 
loBO 
1. 68 
1. 96 
2.16 
2.0B 
1.92 
2.1B 

tdn 
KCL KCL2 CDR2 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

Symbol 

Path 
A--X 
B -- X 
C -- X D--X 

E -- X 
F -- X 
G -- X 
H--X 

TY'P(ns)~' 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

I Page 9-3 
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FUJITSU CMOS GATE ARRAY. UNIT CELL SPECIFICATION 
Cell Name 

T28 

Equivalent Circuit 

Al 
A2 
Bl 
B2 

Cl 
C2 
Dl 
D2 

El 
E2 
F1 
F2 

Gl 
G2 
Hl 
H2 

UHB-T28-El 

x 

2·90 

UHB Version 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T32 I Power 3-AND 2-wide Multiplexer I 5 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.52 0.08 1. 68 0.04 A-+ X 
1.52 0.08 1. 80 0.04 B -+ X 

Al 
A2 
A3 

X 
Bl 
B2 
B3 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A 1 
B 1 .. 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Equivalent Circuit 

Al 
A2 
A3 .../""', 

::J X 
Bl '-'" 
B2 
B3 

UHB-T32-El I Sheet 1/1 I I Page 9-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

T33 I Power 3-AND 3-wide Multiplexer I 7 
Cell Symbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 75 0.08 1.66 0.04 A-+X 
1. 75 0.08 1. 78 0.04 B -+ X 
1. 75 0.08 1.95 0.04 C -+ X 

Al 
A2 
A3 

BI 
B2 X 
B3 

CI 
C2 
C3 Parameter Svmbol TvP(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A I 
B I 
C I 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are l1;iven by the maximum delay multiplier. 

UHB-T33-EI I Sheet 1/1 I Page 9-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T34 I Power 3-AND 4-wide Multiplexer I 9 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 GDR2 Path 
2.08 0.08 1.72 0.04 A ... X 

A1 =D- 2.08 0.08 1.88 0.04 B ... X 
A2 2.18 0.08 2.00 0.04 C ... X 
A3 2.18 0.08 2.01 0.04 D ... X 

B1~ B2 P-
B3 r-p- X 

"=ifr 
r-

C2 t7 
C3 

01 =D- Parameter Symbol Typ(ns)* 
D2 
D3 

Input Loading 
Pin Name Factor (.tu) 

A 1 
B 1 
C 1 
D 1 

Output Driving 
Pin Name Factor (.tu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 
A2 
A3 

B1 
B2 LcP-
B3 

rCt7t---Vr-
X 

Cl 
C2 
C3 

D1 
D2 
D3 

UHB-T34-El I Sheet 1/1 I I Page 9-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T42 Power 4-AND 2-wide Multiplexer I 6 
Cell Symbol ProFagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.60 0.08 1.88 0.04 A-+X 
1. 60 0.08 2.00 0.04 B -+ X 

Al -"" 
A2 -
A3 -
A4 -../ 

B1 -"" 
X 

B2 -
B3 -
B4 -../ 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (iu) 

I 

IJ 
A 1 
B 1 

Output Driving 
Pin Name Factor (iu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al -"'" 
A2 - h A3 -
A4 -v ..f"'-.. 

B1 -1J ~ X 
"L/ 

B2 -
B3 -
B4 -v 

UHB-T42-E1 I Sheet 1/1 I I Page 9 8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name Function I Number of BC 

T43 Power 4-AND 3-wide Multiplexer I 10 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.88 0.08 1.92 0.04 A ... X 

Al ~""' 1.88 0.08 2.04 0.04 B ... X 

A2 - 1. 88 0.08 2.20 0.04 C ... X 

A3 - t-

A4 -.../ 

B1 -""' ~ B2 - X B3 - rbf B4 -.../ 

C1 -""' 
C2 -
C3 -

I- Parameter Symbol Typ(ns)'·' 

C4 -.../ 

Input Loading 
Pin Name Factor (Rou) 

A 1 
B 1 
C 1 II 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al -"" 
A2 - p--A3 -
A4 -i.../ 

B1 -" -f] B2 -
X B3 - -(bJ B4 -v 

C1 -" 
C2 - p-C3 -
C4 -i.../ 

UHB-T43-E1 I Sheet 1/1 I I Page 9-9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T44 Power 4-AND 4-wide Multiplexer I 11 
Cell Symbol Propagation Delay Parameter 

tup tdn 

A1-""" 
to KCL to KCL KCL2 CDR2 Path 
2.16 0.08 1.92 0.04 A ... X 

A2 - I- 2.16 0.08 1.64 0.04 B ... X 
A3 --,- 2.16 0.08 2.20 0.04 C "'X 
A4 -.-/ 2.16 0.08 2.32 0.04 D ... X 

B1-' 
B2 -
B3- ~ ::::::, Parameter Symbol Typ(ns)* 
B4 -,./ 

P--
Cl-Yr 

- X 

C2 - :::::::' 

C3 -
C4 -.-/ 

D1 -""" 
D2 -
D3 -

I-

D4 -.-/ 

Input Loading 
Pin Name Factor (iu) 

A 1 
B I 
C 1 
D 1 

Output 'Driving 
Pin Name Factor (iu) 

X 36 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al _r'-

A2 -
A3 -
A4 -1./ 

BI -"" 

B2- h B3 - --<D 
B4 -./ ---<)--{> X 

CI -1-J C2 -
C3 -
C4 -,./ 

D1 -, 
D2 -
D3 -
D4 -,./ 

UHB-T44-E2 ISh\~et 1/1 I Page 9-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name Function I Number of BC 

T54 Power 4-2-3-2 AND 4-wide Multiplexer I 10 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

Al-""'" 
2.06 0.08 1. 96 0.04 A -+ X 
1.92 0.08 1.64 0.04 B -+ X 

A2 - I- 2.06 0.08 2.06 0.04 C -+ X 
A3 - 1. 92 0.08 1.88 0.04 D -+ X 
A4 -..-> 

Bl~ ~ 
B2 

J:>-- X C1=vr -C2 '::;t 

C3 

D1 =D- Parameter Symbol Typ(ns)* 
D2 

Input Loading 
Pin Name Factor (R.u) 

A I 
B I 
C 1 
D I 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al _""'\ 

A2 -
A3 -
A4 -J 

BI l-(~ 
B2 

r<7~ X 
Cl 
C2 
C3 

DI 
D2 

UHB T54-E2 I Sheet 1/1 I I Page 9-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

U24 I Power 2-0R 4-wide Multiplexer I 6 
Cell Symbol Pro}:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.00 0.08 1.80 0.05 0.08 7 A ... X 
1.44 0.08 1. 75 0.05 0.08 7 B"'X 
1.90 0.08 1.78 0.05 0.08 7 C ... X 

Al 1.38 0.08 1.70 0.05 0.08 7 D ... X 
A2 

BI~' 
B2 

P-X 

CI =tn C2 ./ 

D1 
D2 Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (tu) 

II 
A I 
B I 
C I 
D 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U24-EI I Sheet 1/1 I I Page 9-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

U26 I Power 2-0R 6-wide Multiplexer I 9 
Cell Svmbol Pro,agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

A1~ 2.00 0.08 2.34 0.05 0.08 7 A -> X 
A2 1.55 0.08 2.26 0.05 0.08 7 B -> X 

2.04 0.08 2.40 0.05 0.08 7 C -> X 
B1 1.58 0.08 2.40 0.05 0.08 7 D -> X 
B2 1.64 0.08 2.58 0.05 0.08 7 E -> X 

"" 2.10 0.08 2.58 0.05 0.08 7 F -> X 

C1~ 
C2 

0- X 

D1~ 
D2 

../ 

E1 
E2 Parameter Symbol TypJns)* 

F1~ 
F2 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 
C 1 
D 1 
E 1 
F 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U26 E1 I Sheet 1/1 I Page 9 13 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

U2B I Power 2-0R B-wide Multiplexer I 11 
Cell Symbol 

A1~ 
A2~···-

B1~ 
B2 -b' 

C1~ C2 r-" 

~~~ 

~~~~ 
F1 J 

F2 

G1~ 
G2~ 

H1~ 
H2~·-

P--X 

Pin Name 
Input Loading 
Factor (.tu) 

A 
B 
C 
D 
E 
F 
G 
H 

Pin Name 

1 
1 
1 
1 
1 
1 
1 
1 

Output Driving 
Factor (.tu) 

X 36 

UHB-U28-El I Sheet 1/1 I 

to 
2.11 
1.55 
1.51 
2.07 
2.11 
1.55 
1.46 
2.03 

Propagation Delay Parameter 
tup tdn 

KCL to KCL KCL2 CDR2 
0.08 3.1B 0.06 0.10 7 
O.OB 3.14 0.06 0.10 7 
O.OB 2.B1 0.06 0.10 7 
O.OB 2.B6 0.06 0.10 7 
O.OB 3.14 0.06 0.10 7 
O.OB 3.09 0.06 0.10 7 
0.08 2.54 0.06 0.10 7 
O.OB 2.63 0.06 0.10 7 

Parameter Symbol 

Path 
A'" X 
B ... X 
C .... X 
D"'X 
E ... X 
F ... X 
G'" X 
H .... X 

Typ(ns)* 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

I Page 9-14 

2·100 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION , UHB" Version 
Cell Name I Function I Number of BC 

U32 I Power 3-QR 2-wide Multiplexer I 5 
Cell Symbol Propagation Delay PaTameteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.15 0.08 1.66 0.05 0.08 7 A .... X 
2.11 0.08 1.63 0.05 0.08 7 B .... X 

A1 -fl 
A2 -b' 
A3 

B1 -fl 
X 

B2 -b' 
B3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (!u) 

A 1 
B 1 

Output Driving 
Pin Name Factor (.tu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U32-E1 ,Sheet 1/1 , I PaJ?;e 9-15 
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fUJITSUCMQS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

U33 I Power 3-QR 3-wide Multiplexer I 7 
Cell SYlllbol ProJ:agation Delay ParameteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.28 0.08 2.28 0.05 0.11 7 A .. X 
2.25 0.08 2.38 0.05 0.11 7 B+X 

Al ----Fl 2.31 0.08 2.52 0.05 0.10 7 C .. X 

A2 --b' 
A3 

Bl ----Fi 
X B2 --b' 

B3 

Cl ---n 
C2 ---b' 
C3 Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.h) 

• A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U33-E1 I Sheet 1/1 I I Page 9-16 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I FlUlction I Number of BC 

U34 I Power 3-oR 4-wide Multiplexer I 9 
Ce 11 SYlllbol Propagation Delay PaTl!IIIeteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.11 0.08 2.98 0.06 0.10 7 A ... X 

Al -fl 
2.13 0.08 3.00 0.06 0.10 7 B ... X 
1.92 0.08 2.44 0.06 0.10 7 C ... X 

A2 --bJ 2.11 0.08 2.69 0.06 0.10 7 D ... X 
A3 

B1~ B2 ...... 
B3 

p- X 

C1 =t1r C2 ../ 

C3 

D1 -fl Parameter Symbol 'l'yp(ns)* 

D2 --bJ 
D3 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 
C 1 
D 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U34-E1 I Sheet 1/1 I I Page 9-17 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 1 "UHB Version 
Cell Name I Function I Number of BC 

U42 I Power 4-0R 2-wide Multiplexer I 6 
Cell Symbol Pro,agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.60 0.08 1.71 0.05 0.08 7 A'" X 
2.53 0.08 1.64 0.05 0.08 7 B ... X 

Al-~ 
A2 - -
A3 - - Parameter Symbol Typ(ns)* 
A4 --::;1 

Bl-~ 
X 

B2 - ,--
B3 - ,--

B4 --::;1 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

1 

UHB-U42-E1 1 Sheet 1/1 1 .1 Page 9-18 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

U43 I Power 4-0R 3-wide Multiplexer I 9 
Cell Symbol ProJ;a$ation Delay Parameter 

t1l£ tdn 
to KCL to KCL KCL2 CDR2 Path 
2.57 0.08 2.13 0.06 0.08 7 A-+X 

A1-::::' 
2.62 0.08 2.26 0.06 0.08 7 B -+ X 
2.70 0.08 2.39 0.06 0.08 7 C -+ X 

A2 - -I-
A3 - -
A4 -7 

Bl-lif- Parameter Symbol Typ(ns)* 
B2 --
B3 -- X 
B4 -7 

C1 -p 
C2 - l-I-
C3 - I-
C4 -t:? 

Input Loading 
Pin Name Factor (~u) 

A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (~u) 

X 36 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are ltiven bv the maximum delay multiplier. 

UHB-U43-E1 I Sheet 1/1 I I Page 9-19 
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FVJITSU cnos GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

U44 I Power 4-0R 4-wide Multiplexer I 11 
Cell Svmbol Propagation Delay PaTameteT 

tup tdn 

Al ~p. 
to KCL to KCL KCL2 CDR2 Path 
2.73 0.08 3.00 0.05 0.11 7 A ... X 

A2 ~ r-f- 2.72 0.08 2.88 0.05 0.11 7 B ... X 
A3 ~ r- 2.63 0.08 2.44 0.05 0.11 7 C ... X 
A4 -1:7 2.67 0.08 2.69 0.05 0.11 7 D ... X 

B1 -:::. 
B2 --
B3-~ r"\ Parameter Symbol Typ(ns)* 
B4 -:::;:> 

p-- X 

C1-Yr 
C2 -- l../ 

C3 --
C4 -:::;:> 

D1 -:::. 
D2 - -f-
D3 - -
D4 -:::;:> 

Input Loading 
Pin Name Factor (R.u) 

A 1 
B 1 
C 1 
D 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-U44-E1 I Sheet 1/1 I I Page 9-20 
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Clock Buffer Family 

Unit Cell Basic 
Page Name Function Cells 

2-109 K1B True Clock Buffer 2 

2-110 K2B Power Clock Buffer 3 

2-111 K3B Gated Clock (AND) Buffer 36 

2-112 K4B Gated Clock (OR) Buffer 36 

2-113 K4B Gated Clock (NAND) Buffer 3 

2-114 KAB Block Clock (OR) Buffer 55 

2-115 KBB Block Clock (OR x 10) Buffer 30 

2-107 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I URB Version 
Cell Name I Function I Number of BC 

KIB I True Clock Buffer I 2 
Cell Symbol Prooagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.72 0.08 0.86 0.04 A-+X 

A -+- X 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (R.u) 

A 1 

II 
Output Driving 

Pin Name Factor (J1.u) 
X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Equivalent Circuit 

A--{>o--V- X 

URB-KIB-E1 I Sheet 1/1 I I Page 10-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

K2B I Power Clock Buffer I 3 
Cell Symbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.20 0.03 A -+ X 

A -+- X 

Parameter Symbol Typ(ns)'~ 

Input Loading 
Pin Name Factor (~u) 

A 1 

Output Driving 
Pin Name Factor (~u) 

X 55 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

A -t>o-V- X 

UHB-K2B-E1 I Sheet 1/1 I I Page 10-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

K3B I Gated Clock (AND) Buffer I 2 
Cell SYJllbol Propagation Del~y_Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.00 0.08 1. 00 0.04 A'" X 

Al =D-A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (tu) 

A 1 

Output Driving 
Pin Name Factor (tu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al =i)---{>-A2 X 

UHB K3B-E2 I Sheet 1/1 I I Page 10-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

K4B I Gated Clock (OR) Buffer I 2 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.78 0.08 1.14 0.05 0.07 8 A->X 

Al =©-A2 X 

Parameter Symbol TvP(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are g;iven bv the maximum delay multiplier. 

Equivalent Circuit 

Al ==t}---c{)-A2 X 

UHB-K4B-El I Sheet 1/11 I Page 10-4 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

KSB I Gated Clock (NAND) Buffer I 3 
Cell Symbol Pro,agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.14 0.08 1.48 0.04 A-+X 

Al ==[)-A2 X 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (R.u) 

A 1 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al =[?-V----{)o-A2 X 

UHB-KSB E2 I Sheet 1/1 I I Page 10-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I FunctioI), I Number of BC 

KAB I Block Clock (OR) Buffer I 3 
Cell Symbol Pro~agation Delav Parameter 

tUtl tdn 
to KCL to KCL KCL2 CDR2 Path 
1.08 0.04 1.85 0.03 A"X 

Al 
~ A2 X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.lu) 

lID 
A 1 

Output Driving 
Pin Name Factor (R.u) 

X 55 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Equivalent Circuit 

Al 

~ A2 X 

UHB-KAB-E2 I Sheet 1/1 I I Page 10-6 
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FuJITSu C~OS GATE ARRAY UNIT CELL SPECIFICATION I uHB Version 
Cell Name I Function I Number of BC 

KBB I Block Clock Buffer (OR x 10) I 30 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.34 0.04 2.08 0.03 CK ... X 
1. 08 0.04 1. 85 0.03 IH ... X 

CK -
IHO - - XO 
IH1 - - Xl 
IH2 - - X2 
IH3 - r-- X3 
IH4 - !-- X4 
IH5 - '-- X5 
IH6 - !-- X6 
IH7 - - X7 
IH8 - !-- X8 Parameter Symbol Typ(ns)* 
IH9 - I- X9 

Input Loading 
Pin Name Factor (Rou) 

CK 10 
IH 1 II 

Output Driving 
Pin Name Factor (Rou) 

X 55 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-KBB-El I Sheet 1/2 I I Page 10 7 

2-115 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

KBB 

Equivalent Circuit 

UHB-KBB-E1 

CK 
IHO 

IHl 

1H2 

1H3 

IH4 

1H5 

1H6 

1H7 

IH8 

IH9 

;------------------~ 

;------------------, 

~------------------~ 

~------------------~ 

;------------------~ 

;------------------~ 

;------------------~ 

~------------------~ 

;------------------~ 

2·116 

URB Version 

XO 

Xl 

X2 

X3 

X4 

X5 

X6 

X7 

X8 

X9 

Pa e 10-8 



Scan Flip-Flop (Positive Edge Type) Family 

Unit Cell Basic 
Page Name Function Cells 

2-119 SOH Scan 0 FF with 2:1 Multiplex with 
Clear and Clock Inhibit 14 

2-122 SOJ Scan 0 FF with 4:1 Multiplex with 
Clear and Clock Inhibit 15 

2-125 SDK Scan 0 FF with 3:1 Multiplex with 
Clear and Clock Inhibit 16 

2-128 SJH Scan J-K F with Clear and Clock Inhibit 36 

2-131 SOD Scan 0 FF with 2:1 Multiplex. Preset 
Clear. and Clock Inhibit 16 

2-135 SOA Scan 1-input 0 FF with Clock Inhibit 12 

2-138 SOB Scan 1-input 0 FF with Clock Inhibit 42 

2-142 SHA Scan 1-input 0 FF with Clock Inhibit 68 

2-145 SHB Scan 1-input 0 FF with Clock Inhibit 
and Q Output 62 

2-148 SHC Scan 1-input 0 FF with Clock Inhibit 
and XQ Output 62 

2-151 SHJ Scan 0 FF with 2:1 Multiplex and 
Clock Inhibit 78 

2-154 SHK Scan 0 FF with 3:1 Multiplex and 
Clock Inhibit 88 

2-117 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name L Function I Number of BC 

SDH I SCAN 2-input DFF with Clear & Clock-Inhibit I 14 
Cell Svmbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.72 0.08 2.98 0.04 0.08 7 CK,IH'" Q 

. 2.35 0.08 2.15 0.06 0.12 7 CK,IH'" XQ 
3.79 0.08 1.07 0.04 0.08 7 CL ... Q, 

AI-
XQ 

A2 - t-- Q 
CK -
IH -

SI -
A - P-XQ 
B --<: Parameter Svmbol 'J.'yp(ns)* 

I 
Clock Pulse Width tCW 5.4 
Clock Pause Time tCWH 4.5 

CL Data Setup Time tSD 3.7 
Data Hold Time tHD 1.0 

Clear Pulse Width tLW 4.5 
Clear Release Time tREM 3.0 

Input Loading Clear Hold Time tINH 1.5 
Pin Name Factor (R.u) 
AI,A2 I 

CK I 
IH 1 
CL 3 
SI I 
A,B 2 

Output Driving 
Pin Name Factor (R.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are given by the maximum delay multiplier. 

Function Table 

MODE INPUT OUTPUT 

CLK CL D A B SI Q XQ 

CLEAR X L X X X X L H 

CLOCK L"'H H Di L L X Di Di 

H H X L L X Qo XQo 

SCAN H H X L ... H ... L H Si Qo XQo 

H H X L H ... L ... H X Si Si 

Note : CLK = CK + IH 
D = Al x A2 

UHB-SDH-E2 I Sheet 1/3 I IPal(e 11-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL. SPECIFICATION UHB Versiop. 
Cell Name 

SDH 

Al 
A2 
CL 

SI 

Equivalent Circuit 

CLK 

-L 

XCLK ACK 
-L -L 

II 
CLK XACK 

XACK 

-L 

I 
ACK 

:= 
XCLK 

2-120 

XBCK XCLK 

-L -L 

CLK 
-L 

I 
XBCK 

A o-.... ~-----. ACK 

~XACK 

B o>--.... ~----- XBCK 

~BCK 

Q 

XQ 

Pa e 11-2 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I 

SDH I 

Definitions of Parameters 

i) Clock Mode 

-tCWH ---0 

I'--tCW -
Clock -----.. 

Data -tSD· ~tHD'" 

Q, XQ 
~tpd -; 

(Output) 

I 

ii) Clear Mode 

CK tREM ... 

Clear - -tLW-

Q, XQ 
~ tpd .... 

(Output) 

I 

I'''~ t CL 

UHB-SDH-E2 I Sheet 3/3 I 

2-121 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

SDJ I SCAN 4-input DFF with Clear & Clock-Inhibit I 15 
Cell Svmbol Pro.agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.75 0.08 3.02 0.04 0.08 7 CK,IH -+ Q 
2.36 0.08 2.14 0.06 0 . .12 7 CK,IH ... XQ 
3.74 0.08 1.06 0.04 0.08 7 CL ... Q, 

Al- XQ 
A2 -
B1- - Q 
B2 -
CK-
IH-

SI - :>--XQ 
A - Parameter Symbol 'l'YI>Jns)* 
B --< Clock Pulse Width tCW 5.4 

I 
Clock Pause Time tCWH 4.5 

Data Setup Time tSD 4.4 
CL Data Hold Time tHO 0.8 

Clear Pulse Width tLW 4.5 
Clear Release Time tREM 3.0 

Input Loading Clear Hold Time tINH 1.5 
Pin Name Factor (J/.u) 
A1,A2 1 
B1,B2 1 

CK 1 
IH 1 
CL 3 
SI 1 
A,B 2 

Output Driving 
Pin Name Factor (J/.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 ·The values for the worst case operating condition 

are given by the maximum delaj' multiplier. 

Function Table 

MODE INPUT OUTPUT 

CLK CL D A B SI Q XQ 

CLEAR X L X X X X L H 

CLOCK L-+H H Di L L X Di Di 

H H X L L X Qo XQo 

SCAN H H X L ... H-+L H Si Qo XQo 

H H X L H ... L ... H X Si Si 

Note : CLK = CK + IH 
D = (A1 x A2) + (B1 x B2) 

UHB-SDJ-El I Sheet 1/3 I I Page 11 4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SDJ 

Al 
A2 

Bl 
B2 

CL 

S1 

Equivalent Circuit 

XCLK ACK 
--L --L 

II 
CLK XACK 

XACK 

--L 

I 
ACK 

2-123 

CLK 
--L 

I 
XBCK 

A Of--.... ~----- ACK 

L-.[>o----- XACK 

B O-"'~----- XBCK 

L-.[>o----- BCK 

Q 

XQ 

Pa e 11-5 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I IJHB Version 
Cell Name I 

SDJ I 

Definitions of Parameters 

i) Clock Mode 

~tCWH-' 
i'--tcw-

Clock ~ 

Data -tSD~ ~tHD'" 

Q. XQ 
I--tpd -

I (Output) 

I 

III ii) Clear Mode 

CK ~tREM ... 

Clear 
~ 

-tLW-

Q. XQ 
- tpd'" 

(Output) 

fu~ t 
CL 

UHB-SDJ El I Sheet 3/3 I r Page 11-6 
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i~ 

!1 
I, 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

SDK I SCAN 6-input DFF with Clear & Clock-Inhibit I 16 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.70 0.08 3.00 0.04 0.08 7 CK,IH -+ Q 
2.32 0.08 2.16 0.06 0.12 7 CK,IH -+ XQ 

A1- 3.74 0.08 1.02 0.04 0.08 7 CL -+ Q, 
A2 - XQ 
B1 -
B2 - - Q 
CI-
C2 -
CK-
IH -

::>-- XQ 
SI - Parameter Symbol Typ(ns)* 
A - Clock Pulse Width tCW 5.4 
B ---<: Clock Pause Time tCWH 4.5 

r Data Setup Time tSD 5.0 
Data Hold Time tHD 0.5 

CL 
Clear Pulse Width tLW 4.5 
Clear Release Time tREM 3.0 

Input Loading Clear Hold Time tINH 1.5 
Pin Name Factor (R.u) 
AI,A2 I 
BI,B2 I 
CI,C2 I IfI 

CK I 
IH I 
CL 3 
SI I 
A,B 2 

Output Driving 
Pin Name Factor (R.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are given by the maximum delay multiplier. 

Function Table 

MODE INPUT OUTPUT 

CLK CL D A B SI Q XQ 

CLEAR X L X X X X L H 

CLOCK L-+H H Di L L X Di Di 

H H X L L X Qo XQo 

SCAN H H X L-+H--L H Si Qo XQo 

H H X L H--L--H X Si Si 

Note : CLK=CK+IH 
D = (AI x A2) + (BI x B2) + (CI x C2) 

UHB-SDK-E1 I Sheet 1/3 I I Page 11-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SDK 

Al 
A2 

BI 
B2 

CI 
C2 

CL 

5I 

Equivalent Circuit 

XCLK ACK 
-L -L 

II 
CLK XACK 

XACK 

-L 

I 
ACK 

:~ 
XCLK 

2·126 

CLK 
-L 

I 
XBCK 

A o>--.,.~----- ACK 

~XACK 

B o>--.,.~----- XBCK 

~BCK 

Q 

XQ 

Pa e 11-8 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I 

SDK I 

Definitions of Parameters 

i) Clock Mode 

io--tCWH --
-tcw--

Clock ---
Data -tSD' I<- tHD'" 

Q, XQ 
I--tpd ...... 

(Output) 

I 

II 
ii) Clear Mode 

CK tREM --

Clear ---- -tLW-

Q, XQ 
- tpd .... 

(Output) 

I'<I~ t CL 

UHB-SDK-El I Sheet 3/3 I I Page 11-9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SJH I SCAN J-K FF with Clear & Clock-Inhibit I 16 
Cell Svmbol Pro;:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.24 0.08 3.37 0.04 0.08 7 CK,IH .... Q 
2.36 0.08 2.16 0.06 0.12 7 CK,IH .... XQ 
3.76 0.08 1.39 0.04 0.08 7 CL .... Q, 

XQ 
J -
K ---c t- Q 
CK- Parameter Symbol Typ(ns)'" 
IH- Clock Pulse Width tCW 5.4 

Clock Pause Time tCWH 4.5 
SI -
A - P--XQ Data Setup Time (J) tSD 4.4 
B ---c Data Setup Time (K) tSD 4.8 

r 
Data Hold Time (J,K) tHD 0.5 

Clear Pulse Width tLW 4.5 
CL Clear Release Time tREM 3.0 

Clear Hold Time tINH 1.5 

Input Loading 
Pin Name Factor (R.u) 

J,K 1 
CK 1 
1H 1 
CL 3 
SI 1 
A,B 2 

Output Driving 
Pin Name Factor (R.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are given by the maximum delay multiplier. 

Function Table 

INPUT OUTPUT 
MODE 

CLK CL J K A B S1 Q XQ 

CLEAR X L X X X X X L H 

L"H H L L L L X L H 

L"H H H H L L X H L 

CLOCK L-+H H L H L L X Qo XQo 

L .. H H H L L L X XQo Qo 

H H X X L L X Qo XQo 

SCAN H H X X L .... H .... L H Si Qo XQo 

H H X X L H .... L .... H X Si Si 

Note : CLK = CK + IH 
UHB-SJH-El I Sheet 1/3 I Page 11-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATIO~ UHB Version 
Cell Name 

SJH 

Equivalent Circuit 

J 

K 

CLo-----+ 

XACK 

--L 

SI 

I 
ACK 

2-129 

I 
XBCK 

A o>--... ~----- ACK 

L-..[>o- XACK 

B O)---f"~----- XBCK 

L-..[>o- BCK 

Q 

XQ 

Page 11-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I 

SJH I 

Definitions of Parameters 

i) Clock Mode 

-tcw-
Jo--tcw-

Clock 

-------
Data i-tSD o-tHD'" 

Q, XQ 
-tpd-

(Output) 

I 

ii) Clear Mode 

CK tREK .. 

Clear -.. -tLW-

Q, XQ 
... tpd .... 

(Output) 

f'~ t CL 

UHB-SJH-E1 I Sheet 3/3 I I Page 11-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function Number of BC 

SDD I SCAN 2-input DFF with Clear Preset & Clock-Inhibit 16 
Cell Symbol ProFagation Delay Parameter 

tup tdn 
PR to KCL to KCL KCL2 CDR2 Path 

1 
3.70 0.08 3.22 0.04 0.08 7 CK,IH -+ Q 
2.65 0.08 2.14 0.06 0.12 7 CK,IH -+ XQ 
4.50 0.08 1.02 0.04 0.08 7 CL -+ Q, 

Al - XQ 

A2 - I-- Q 3.84 0.08 2.35 0.06 0.12 7 PR -+ Q, 

CK - XQ 

IH -

SI - Parameter Symbol Typ(ns)* 

A - P--XQ 
Clock Pulse Width tCW 5.4 

B --{ Clock Pause Time tCWH 4.5 

I Data Setup Time tSD 5.4 
Data Hold Time tHD 1.0 

CL Clear Pulse Width tLW 5.0 
Clear Release Time tREM 3.0 

Input Loading Clear Hold Time tINH 1.5 
Pin Name Factor (R.u) 

A1,A2 1 Preset Pulse Width tPW 6.8 
CK 1 Preset Release Time tREM 3.7 
IH 1 Preset Hold Time tINH 1.0 
CL 3 
PR 3 
SI 1 II 
A,B 2 

Output Driving 
Pin Name Factor (R.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are given by the maximum delay multiplier. 

Function Table 

MODE INPUT OUTPUT 

CLK CL PR D A B SI Q XQ 

CLEAR X L H X X X X L H 

PRESET X H L X X X X H L 

CLOCK L-+H H H Di L L X Di Di 

H H H X L L X Qo XQo 

SCAN H H H X L-+H-+L H Si Qo XQo 

H H H X L H-+L-+H X Si Si 

CL/PR X L L X X X X Prohibited 
Note : CLK = CK + IH 

D = Al x A2 
UHB-SDD-E3 I Sheet 1/4 I Page 11 13 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SDD 

Equivalent Circuit 

Al 
A2 
CL 

SI 

XACK 

--.L 

I 
'------, ACK 

PR 

II 
CLK XACK 

2-132 

I 
XBCK 

A o-.... ~----- ACK 

L--f>o- XACK 

B o>--.... ~----- XBCK 

L--f>o- BCK 

Q 

XQ 

Pa e 11-14 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I nUHB Version 
Cell Name I 

SDD I 

Definitions of Parameters 

i) Clock Mode 

~tCWH ---I 
It-- tcw ----0 

Clock -----.... 

Data o-tSD~ ~tHD'" 

Q, XQ 
I--tpd -0 

(Output) 

ii) Clear Mode 

CK ~tREM ... 

Clear -----.... -tLW ---'J 

Q, XQ 
E- tpd .... 

(Output) 

tINH 

Clear 

UHB-SDD-E3 I Sheet 3/4 I I Page 11-15 
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II 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I 

SDD I 

iii) Preset Mode 

CK tREM" ,..------------

Preset --... o--tpw -----< ~--+-------------

Q, XQ 
(Output) 

Preset 

UHB-SDD-E3 I Sheet 4/4 I 

tINH 

2-134 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SDA I SCAN I-input DFF with Clock-Inhibit I 12 
Cell Svmbol Pro"agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

l 

\1 

I 
I 

3.18 0.08 3.00 0.04 0.08 7 CK,IH -> Q 
2.33 0.08 2.17 0.06 0.12 7 CK,IH -> XQ 

-
D - I-- Q 
CK-

p- XQ 
IH -
SI -
A -
B --C Parameter Symbol Typ(ns)* 

- Clock Pulse Width tCW 5.4 
Clock Pause Time tCWH 4.5 

Data Setup Time tSD 3.5 
Data Hold Time tHD 1.4 

Input Loading 
Pin Name Factor (R.u) 

D 1 
CK 1 
IH 1 
SI 1 
A,B 2 

Output Driving 
Pin Name Factor (R.u) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are given by the maximum delay multiJllier. 

Function Table 

MODE INPUT OUTPUT 

CLK D A B SI Q XQ 

CLOCK L->H Di L L X Di Di 

H X L L X Q. XQ. 

SCAN H X L->H->L H Si Q. XQ. 

H X L H->L->H X Si Si 

Note : CLK = CK + IH 

UHB-SDA El I Sheet 1/3 I I Page 11-17 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SDA 

D 

SI 

Equivalent Circuit 

CLK 

..l 

I 
XCLK 

XCLK ACK 
..l ..l 

II 
CLK XACK 

XACK 

..l 

I 
ACK 

:= 
XCLK 

2-136 

XBCK XCLK 

..l ..l 

II 
BCK CLK 

CLK 
..l 

I 
XBCK 

V2B 

A O-'f"~----- ACK 

L-[>o-XACK 

B o>--... ~----- XBCK 

L-[>o-BCK 

Q 

XQ 

Pa e 11-18 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I 

SDA I 

Definitions of Parameters 

i) Clock Mode 

Clock 

Data 

I<-- tcw --_- tCWH --0 -----., 

-tSD· ... tHD .... 

I "UHB" Version 

Q, XQ 
(Output) 

______________ -+~ __ 't~p~d~~Ir_~-------------------

UHB-SDA-El I Sheet 3/3 I r Page 11-19 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SDB I SCAN I-input 4-bit DFF with Clock-Inhibit I 42 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.24 0.08 3.94 0.04 0.08 7 CK,IH -+ Q 
3.25 0.08 3.32 0.06 0.12 7 CK,IH -+ XQ 

-
Dl- I-- Ql 
D2 - P-- XQl 
D3 - I-- Q2 
D4 - P-- XQ2 

CK -
I-- Q3 

IH -
p- XQ3 

SI -
I-- Q4 Parameter Symbol Typ(ns)* 

A - P-- XQ4 Clock Pulse Width tCW 6.8 

B --< Clock Pause Time tCWH 5.0 
-

Data Setup Time tSD 2.2 
Data Hold Time tHD 3.3 

Input Loading 
Pin Name Factor (iu) 

D 1 
CK 1 
IH 1 
SI 1 
A,B 2 

Output Driving 
Pin Name Factor (iu) 

Q 36 * Minimum values for the typical operating condition. 
XQ 36 The values for the worst case operating condition 

are ~iven by the maximum delay multiplier. 

Function Table 

MODE INPUT OUTPUT 

CLK Dn A B SI Qn-l Qn XQn 

CLOCK L-+H Di L L X Di Di 

H X L L X Qno XQno 

SCAN H X L-+H-+L H Si Qno XQno 

H X L H-+L-+H X Si Si 

Note : CLK = CK + IH 
n = 1 - 4 

UHB-SDB-E2 I Sheet 1/4 I I Page 11-20 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SDB 
Equivalent Circuit 

D1 D2 D3 D4 
XQ1 Q1 XQ2 Q2 XQ3 Q3 XQ4 Q4 

D XQ 0- D XQp-

SIo-____________ ~S 

D XQ 0- D XQ p­

Qr--Q---"S 

Qo --.J 
FFI 

Q---"S 

Qo --.J 
FFI 

Q---"S 

Qo --.J 
FF1 

Qo 
FFI 

CK 0-- CK CLK 1---t-lCLK 
IH 0-- IH XCLK XCLK 

ACK ACK 
A 0-- A XACK XACK 

BCK BCK 
B o---c ii XBCK XBCK 

FFO 

_CLK 
r--- XCLK 
_ACK 
,-XACK 

_BCK 
XBCK 

Equivalent Circuit (FFO) 

CK 
IH )O----CLK 

XCLK 

AO~~ACK 

Y>-------... XACK 

2-139 

;---CLK 
_XCLK 
,-ACK 
__ XACK 
r- BCK 

XBCK 

;--- CLK 
_XCLK 
,-ACK 
r- XACK 

_ BCK 
XBCK 

XBCK 

BCK 

Pa e 11-21 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SDB 

D 

S 

CLK 
.-L 

XCLK 

XACK 

.-L 

""I 
ACK 

Equivalent Circuit (FF1) 
XBCK XCLK 
.-L .-L 

CLK XACK 

2-140 

URB Version 

Q 

t------{)Qo 

""I 
XBCK 

XQ 

V2B 

Pa e 11-22 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name J 

SDB I 

Definitions of Parameters 

i) Clock Mode 

Clock 

Data 

Q. XQ 
(Output) 

UHB-SDB-E2 I Sheet 4/4 I 

<--tpd --> 

2-141 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

SHA I SCAN I-input 8-bit DFF with Clock-Inhibit I 68 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

,.--- 4.72 0.16 4.72 0.09 0.10 4 CK,IH .... Q 
D1- I-- Q1 4.12 0.16 4.00 0.13 0.18 4 CK,IH .... XQ 
D2 - p- XQ1 
D3 - r-- Q2 
])4- P-- XQ2 
D5 - r-- Q3 
D6 - P-- XQ3 
D7 - r-- Q4 
D8 - >-- XQ4 

- Q5 
>-- XQ5 
- Q6 

CK- >-- XQ6 Parameter Symbol Typ(ns)* 
IH- - Q7 Clock Pulse Width tCW 7.2 
S1 - >-- XQ7 Clock Pause Time tCWH 5.5 
A - - Q8 
B --C >-- XQ8 Data Setup Time tSD 1.8 

'--- Data Hold Time tHD 3.3 

Input Loading 
Pin Name Factor (.2u) 

D 1 
eI< 1 
IH 1 
S1 1 
A 1 
B 1 

Output Driving 
Pin Name Factor (.2u) 

Q 18 
XQ 18 * Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-SHA-E1 I Sheet 1/3 I I Page 11-24 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SHA 

Equivalent Circuit 

CK 
IH )()----.. CKI 

XCKI 

.O-{)O Lt>C : XAI 

AI 

B O-{)O. 'BI 

~XBI 
SI 

D1 

FFo 
CKI 
XCKI 
AI 
XAI 
BI 
XBI 

XSIo XSOo 

X 

Equivalent 

Do 

XAI I I 
-L CKI XAI 

XSIo 

I 
AI 

2-143 

D2 D8 

FFo 
CKI 
XCKI 
AI ~ 
XAI 
BI 
XBI 

XSIo XSOo 

X 

Q1 Q2 

XQ1 XQ2 

BI 

~-L 

I 
XBI 

UHB Version 

FFo 

XSI. 

X 

Q8 

II XQ8 

XQo 

XSOo 

Qo 

Pa e 11-25 



II 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I 

SHA I 

Definitions of Parameters 

i) Clock Mode 

Clock 
-. - tcw ----- tCWH -

Data 

Q, XQ 
(Output) 

UHB-SHA-El I Sheet 3/3 I 

I-- tSD -10- tHD ... 

2-144 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Func'Cion I Number of BC 

SHB I SCAN I-input 8-bit DFF with Clock-Inhibit & Q Output 1 62 
Cell Symbol Pro]:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.32 0.16 4.42 0.09 0.10 4 CK,IH'" Q 

,----

Dl- - Ql 
D2 - - Q2 
D3 - - Q3 
D4 - r- Q4 
D5 - ~ Q5 
D6 - - Q6 
D7 - ~ Q7 
D8 - i-- Q8 

CK-
IH - Parameter Symbol Typ(ns)* SI - Clock Pulse Width tCW 7.2 
A -
B --{ Clock Pause Time tC..,li 5.5 

L.....--

Data Setup Time tSD 1.9 
Data Hold Time tHD 3.3 

Input Loading 
Pin Name Factor (R.u) 

D 1 
CK 1 
IH 1 
SI 1 
A 1 

II 
B 1 

Output Driving 
Pin Name Factor (R.u) 

Q 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum de1av multiplier. 

UHB-SHB-E1 I Sheet 1/3 I I Page 11-27 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SHB 

Equivalent Circuit 

SI 

Do 

Equivalent Circuit (FFo) 
CKI XBI XCKI 
-.L -.L -.L 

XAI II 
-.L CKI XAI 

XSIo o------l 

I 
AI 

2-146 

UHB Version 

,-----oXSOo 

I BI 

XCKI -.L 

I 
XBI 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I 

SHB I 

Definitions of Parameters 

i) Clock Mode 

-tcw tCWH -
Clock ~ 

Data -tSD !o- tHD .... 

Q, XQ 
I--tpd --

I (Output) 

I I 

• 

UHB-SHB-El I Sheet 3/3 I I Page 11 29 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SHC I SCAN 1-input 8-bit DFF with Clock-Inhibit & XQ Output I 62 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.18 0.16 4.10 0.13 0.18 4 CK,IH ... XQ 

r--
D1- P-XQ1 
D2 - P-XQ2 
D3 - P--XQ3 
D4- P-XQ4 
DS - P-XQS 
D6 - P-XQ6 
D7 - J-- XQ7 
D8 - J-- XQ8 

CK-
IH -
SI - Parameter Symbol Typ(ns»" 

A - Clock Pulse Width tCW 7.2 

B -C Clock Pause Time tCWH 5.5 
'---

Data Setup Time tSD 1.9 
Data Hold Time tHD 3.3 

Input Loading 
Pin Name Factor (Rou) 

D I 
CK 1 
IH 1 
SI 1 
A 1 
B 1 

Output Driving 
Pin Name Factor (Rou) 

XQ 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given bv the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SHC 

Equivalent Circuit 

CK 
1H 

S1 

)()...---CK1 

D1 

XS10 XSOo 

X 

D2 

XQ1 

FFo 
CK1 
XCK1 
AI ~ 
XA1 
B1 
XB1 

XSIo XSOo 

X 

XQ2 

D8 

Equivalent Circuit (FFo) 
XBI XCK1 
-L -L 

Do 

BI CK1 

CKI 
CKI XAI --L 

XSIo 
BI 

-:J:-L I 
AI 

I 
XBI 

2-149 

UHB Version 

XSIo 

XQ 

XQ8 til 

XQo 

XSOo 
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FUJITSU CMOS GATE ARRAY.UNIT CELL SPECIFICATION 
Cell Name I 

SHC I 

Definitions of Parameters 

i) Clock Mode 

Clock 
___ tcw --0/0-- tCWH ----0 

Data 

Q, XQ 
(Output) 

UHB-SHC-El I Sheet 3/3 J 
2·150 

I UHB Version 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SCAN B-bit DFF with Clock-Inhibit I SHJ & 2-to-1 Data Multiplexer 7B 
Cell Svmbol Pro~a2ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.B2 0.16 4.B4 O.OB 0.12 4 CK,IH -+ Q 

r--- 4.12 0.16 4.00 0.11 0.20 4 CK,IH -+ XQ 
A1- -Q1 
B1- :>-- XQl 
A2 - -Q2 
B2 - :>-- XQ2 
A3 - -Q3 
B3 - :>-- XQ3 
A4- -Q4 
B4- I>-- XQ4 
AS - r--Q5 
B5 - I>--XQ5 
A6 - r--Q6 
B6 - P---- XQ6 
A7 - r--Q7 
B7 - I>-- XQ7 
AB - r--QB 
BB - P-XQB 

AS --C 
BS --C 
CK-
IH-
SI - Parameter Svmbol Typ(ns)* 
A -
B --C Clock Pulse Width tCW 7.2 

Clock Pause Time tCWH 5.5 -
Data Setup Time tSD 3.0 
Data Hold Time tHD 3.1 

Input Loading 
Pin Name Factor (.tu) 
An,Bn 1 
(n=1-B) 
AS,BS 1 

CK 1 
1H 1 
SI 1 
A,B 1 

Output Driving 
Pin Name Factor (.tu) 

Q IB 
XQ 18 * Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

UHB-SHJ-E2 I Sheet 1/3 I I Page 11-33 
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IfJ 

"FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION 
Cel1 Name 

SHJ 

Equivalent Circuit 

CK 
IH 

A~l;O 

B~l;O 

ASo---{)o-

BSo---{)o-

SI 

CKI 

XCKI 

::1 

::1 
AS o 

BS o 

Al BI 

Ao Bo 

FFo 
CKI 
XCKI 
AI 
XAI 
BI 
XBI 
AS o 
BS o 

XSIo 

QI XQl 

Equivalent 

Ao 
AS o 

Bo 
BS. 

XAI T T 
--L CKI XAI 

XSIo 

T 
AI 

2-152 

A2 B2 

Ao Bo 

XSIo XSOo 
Qo XQo 

Q2 XQ2 

T 
XCKI 

BI 

--L 

T 
XBI 

UHB' Version 

A8 B8 

Ao Bo 

FFo 
CKI 
XCKI 
AI 
XAI 
BI 
XBI 
AS o 
BS o 

XSIo XSOo 
Qo XQo 

Q8 XQ8 

XQo 

XSOo 

Qo 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I 

SHJ I 

Definitions of Parameters 

i) Clock Mode 

-- tcw -->1-- tCWH --
Clock -.. 

Data ~tSD ... tHD .... 

Q. XQ 
-tpd-

(Output) 

I 

UHB-SHJ-E2 I Sheet 3/3 I 
2-153 

I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

SHK 
I SCAN S-bit DFF with Clock-Inhibit 

& 3-to-l Data Multiplexer I SS 
Cell Symbol Propagation Delay Parameter 

tup tdn 
;----- to KCL to KCL KCL2 CDR2 Path 

A1_ 4.64 0.16 4.60 0.09 0.10 4 CK,IH .... Q 
Bl_ -Ql 4.0S 0.16 4.00 0.13 O.lS 4 CK,IH .... XQ 
CI_ a-- XQl A2 _ 
B2 _ '--Q2 
C2 _ 

b-XQ2 A3 _ 
B3 _ r--Q3 
C3 _ 

P--XQ3 A4_ 
B4 _ r--Q4 
C4 _ 

P-- XQ4 AS_ 
BS _ r--QS 
cs _ 

P--XQS A6 _ 
B6 _ r--Q6 
C6 _ 

P--XQ6 A7 _ 
B7 _ r--Q7 
C7 _ 

P-- XQ7 AS _ 

IfI 
BS _ r--QS 
cs _ 

P--XQS 

AS --C 
BS --C 
CS --C 
CK-
IH- Parameter Symbol Typ(ns)* 
Sl- Clock Pulse Width tCW 7.2 
A- Clock Pause Time tCWH 5.5 
B --C 

'--- Data Setup Time tSD 3.S 
Data Hold Time tHD 2.9 

Input Loading 
Pin Name Factor (Rou) 
An,Bn,Cn 1 

(n=l-S) 
AS,BS,CS 1 

CK 1 
IH 1 
SI 1 
A,B 1 

Output Driving 
Pin Name Factor (Rou) 

Q IS 
XQ IS * Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SHK 
Al BI CI 

Equivalent Circuit 

CK 
IH 

Ao{>ol; 

Bo{>ol; 
AS o----{)o---
BS o----{)o---
CS o----{)o---
SI 

Ao 
AS o 

Bo 
BS o 

Co 
CS o 

AS o 

BS o 

CS o 

T 
AI 

CKI 
Ao Bo Co 

XCKI ITo 

CKI 

::' XCKI 
AI 
XAI 
BI 
XBI 
AS o 

::, BS o 
CS o 
XSIo XSOo 

Qo XQo 

QI XQI 

Equivalent 

2·155 

A2 B2 C2 

Ao Bo Co 

ITo 
CKI 
XCKI 
AI 
XAI 
BI 
XBI 
AS o 
BS o 
CS o 
XSIo XSOo 

XQo 

Q2 XQ2 

UHB Version 

A8 B8 C8 

Ao Bo Co 

CKI 
XCKI 
AI 

~ XAI 

XCKI 

BI 
XBI 
AS o 
BS o 
CS o 
XSIo XSOo 

Qo XQo 

Q8 XQ8 

XQo 

,------0 XSOo 
(VIN) 

BI 

~ 

T 
XBI 

Pa e 11-37 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I 

SHK I 

Definitions of Parameters 

i) Clock Mode 

Clock 

Data -tSD ..... tHD--

Q, XQ 
~tpd-

(Output) 

I I 

UHB-SHK-E2 I Sheet 3/3 I I Page 11-38 
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Non Scan Flip-Flop Family 

Unit Cell Basic 
Page Name Function Cells 

2-159 FDM Non-Scan D FF 6 

2-161 FDN Non-Scan D FF with Set 7 

2-163 FDO Non-Scan D FF with Reset 7 

2-165 FDP Non-Scan D FF with Set and Reset 8 

2-168 FDQ Non-Scan D FF 21 

2-170 FDR Non-Scan D FF with Clear 26 

2-173 FDS Non-Scan D FF 20 

2-175 FD2 Non-Scan Power D FF 7 

2-177 FD3 Non-Scan Power D FF with Preset 8 

2-179 FD4 Non-Scan Power D FF with Clear and Preset 9 

2-181 FD5 Non-Scan Power D FF with Clear 8 

2-183 FJD Non-Scan Positive Edge Clocked 
Power J-K FF with Clear 12 

2-157 
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:1 
'j 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

FDM I Non-SCAN DIT I 6 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 75 0.16 1.80 0.09 CK ... Q 
2.16 0.16 2.36 0.09 CK ... XQ 

DU' CK 

XQ 

Parameter Svmbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading 
Pin Name Factor (R.u) 

D 2 
CK 1 

Output Driving 
Pin Name Factor (R.u) 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 

D CK Q XQ 

H + H L 
L t L H 

UHB-FDM-E2 I Sheet 1/2 I I Page 12-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FDM 

Equivalent Circuit 

CLK 

---L 
D 

I 
XCLK 

XCLK 
---L 

I 
CLK 

CK~= 
XCLK 

Definition of Parameters 

tcw 
CK 

tSD tJID 
D 

Q,XQ 

2·160 

XCLK 

---L 

I 
CLK 

CLK 
---L 

I 
XCLK 

UHB Version 

Q 

XQ 

Pa e 12-2 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

FDN I Non-SCAN DFF with SET I 7 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.80 0.16 1. 75 0.09 0.12 4 CK .. Q 
2.46 0.16 2.42 0.08 CK .. XQ 

S 2.24 0.16 1.07 0.08 S .. Q,XQ 

D- f--Q 

CK -

P--XQ 
'---

Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading Set Pulse Width tSW 4.0 
Pin Name Factor (lu) Set Release Time (S) tREM 0.3 

D 2 Set Hold Time tINH 3.8 
S 2 

CK 1 II 
Output Driving 

Pin Name Factor (lu) 
Q 18 

XQ 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
S D CK Q XQ 

L X X H L 
H H + H L 
H L + L H 

UHB-FDN-E3 I Sheet 1/2 I I Page 12-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FDN 

Equivalent Circuit 
S o-~----------~ 

UHB Version 

CKO XCKO ~r---------~ Xr-----¢ Q 
-.L -.L 

p----r---t )O------oXQ 
D 

CKO 
--L 

I I 
CKO XCKO 

Definition of Parameters 

1) tCW. tCWH' tSD. tHD and tpd (CK ~ Q.XQ) 

tcw ---t--tCWH 
CK 

D 

Q.XQ 

2) tSW. tREM. tINH and tpd (S ~ Q.XQ) 

tcw 
CK ))--'1 

tsw 1.r=t-----)) 
s 

Q 

tpd 
............. ;,.----+---- )) ....... . 

))---t--' 
))--+-. 

----+-----)) ............ '-----XQ 

Pa e 12-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

FDO I Non-SCAN DFF with RESET I 7 
Cell Symbol ProFagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.93 0.16 1. 78 0.10 CK .. Q 
2.16 0.16 2.58 0.09 CK .. XQ 
2.00 0.16 1.64 0.10 R .. Q,XQ 

D =Q=:Q CK 

R Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading Reset Pulse Width tRW 4.0 
Pin Name Factor (.tu) Reset Release Time (R) tREM 0.9 

D 2 Reset Hold Time tINH 3.3 
R 2 

CK 1 

Output Driving 
Pin Name Factor (tu) 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
R D CK Q XQ 

L X X L H 
H H , H L 
H L , L H 

UHB-FDO-E3 I Sheet 1/2 I Page 12-5 
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IfI 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
'Cell Name 

FDO 

Equivalent Circuit 

CKO 
-L 

D 

I 
~CKO eKO 

CK • L 
XCKO 

R 

Definition of Parameters 

XCKO 
-L 

1) tCW. tCWH. tSD. tHD and tpd (CK • Q.XQ) 

tcw --ofo-- tCWH 
CK 

D 

Q.XQ 

2) tRW. tREM. tINH and tpd (R • Q.XQ) 

tCW --r:;::::::.::Jt ~'=:J 
CK 

I 
XCKO 

))-~ 

'r--I~---)) 
R 

))-~ 

UHB Version 

Q 

XQ 

Q "'----+-----)) ........... . "-----
r----+-----)) ............ _---

-+--~ )) XQ 

Pa e 12-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FDP I Non-SCAN DFF with Set and Reset I 8 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 96 0.16 1. 76 0.10 CK .. Q 
2.45 0.16 2.50 0.09 CK .. XQ 

S 2.24 0.16 1.59 0.10 R .. Q,XQ 
2.54 0.16 1.01 0.09 S .. Q,XQ 

D- -Q 

CK-

:>-- XQ 

R Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading Set Pulse Width tSW 4.0 
Pin Name Factor (iu) Set Release Time (S) tREM 0.3 

D 2 Set Hold Time tINH 3.8 
S 2 
R 2 Reset Pulse Width tRW 4.0 II 

CK 1 Reset Release Time (R) tREM 0.9 
Reset Hold Time tINH 3.3 

Output Driving 
Pin Name Factor (iu) 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Ou~uts 

S R D CK Q XQ 

H L X X L H 
L H X X H L 
L L X X Inhibited 
H H H t H L 
H H L t L H 

UHB-FDP-E3 I Sheet 1/3 I I Page 12-7 

2-165 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FDP 

Equivalent Circuit 

s 

CKO XCKO 
-L 

D 

XCKO T 
eKO 

XCKO CKO 
-L -L 

T T 
CKO XCKO 

R 

CK o-----{>r--r1)o : exo 
. II....--. __ . XCKO 

2-166 

UHB Version 

Q 

XQ 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cel1 Name 

FDP 

Definition of Parametera 

1) tcw, tCWH, tSD, tHD and tpd (CK ~ Q,XQ) 

I--tcw tCWH ----t 

CK ----.. 
-

... tSD ..... tHD • 

D 

... tpd_ 

Q,XQ 

tcw 
t 

CK ~~--
1~~---~~ 

R 

Q ~~---+-............. ~}",...-I------ ~~ ............ ,~---
............. {---I------~~ ............ _---

~~ 
XQ 

3) tSW, tREH, tINH and tpd (S ~ Q,XQ) 

--..... I>- t cw ---t __ ~~-....: =t 
'RE. II ----L--

------".-I-~I~~--~~ tINH 4 
............. ~--------~~ · .. · ...... 1 

S 

CK 

Q 

XQ ............. ~}",....-----~~ ......... \)....---

Pa e 12-9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 1 "UHB" Version 
Cell Name I Function I Number of BC 

FDQ I Non-SCAN 4-bit DFF I 21 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.37 0.16 2.74 0.08 CK -> Q 

DA DC 

IDj (f 
-QA 

CK --( -QB 
-QC 
-QD 

Parameter Svmbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWL 4.0 

Data Setup Time tSD 1.1 
Data Hold Time tHD 2.8 

Input Loading 
Pin Name Factor (R,u) 

D 1 
CK 1 

Output Driving 
Pin Name Factor (J1.u) 

Q 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

InJlut Output 
CK D Q 

t H H 
t L L 

UHB-FDQ-E3 I Sheet 1/2 I I Page 12-10 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FDQ 

Equivalent Circuit 

r-------------------------, 

DAo-----~ 

1 

~
I 

CK 1 
CKO 1 

1 
XCK0 1 

XCKO CKO 
--.L --.L 

XCKO CKO 
~-------------------------~ 

QA 

DB 0>--------'- ...Lo QB 
1 1 

~-------------------------~ 
DC 01------.L..1 --;-0 QC 

~-------------------------~ 
DD 0>--------'- ...Lo QD 

1 1 L _________________________ ~ 

Definition of Parameters 

_tcw tCWL -

CK V-

!O--tSD - tHD .... 
D 

.... tpd-

Q 

Pa e 12-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FDR I Non-SCAN 4-bit DFF with CLEAR I 26 
Cell Symbol Prot8R:ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.64 0.16 3.62 0.08 CK ... Q - - 2.18 0.08 CL ... Q 

DA DC 

(f (f 
r--- QA 

CK - r--- QB 
r--- QC 
r--- QD 

l Parameter Symbol Typ(ns)* CL Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 1.1 
Data Hold Time tHO 2.8 

Input Loading Clear Pulse Width tLW 4.0 
Pin Name Factor (lu) Clear Release Time tREM 1.5 

D 1 Clear Hold Time tINH 4.5 
CK 1 
CL 1 

Output Driving 
Pin Name Factor (lu) 

Q 18 

• Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Jl:iven by the maximum delay multiplier. 

Function Table 

Inputs Output 
CK D CL Q 

X X L L 
t L H L 
t H H H 

UHB-FDR-E4 I Sheet 1/31 I Page 12-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FDR 

Equivalent Circuit 

r-------------------------, 
I CKO XCKO 

-L --L CLO 

DA o-------ri 

XCKO 
CK~: 

v ~I 
I I 

XCK0 1 T CLO T I 

CL~~ ______ ~K~ _________ X~K~ ______ ~ 
~6 ~~ 

I I 

~-------------------------1 
DC O _____ J...: t-oQC 

~-------------------------~ 
DDO~-------.I... ~QD 

I I L _________________________ ~ 

Pa e 12-13 
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II 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FDR 

Definition of Parameters 

CK 

D 

QA-QD 

2) tLW. tREM. tINH and tpd 

tcw 
CTI' 

tLW 
CL 

tpd 

QA-QD ...... . . .. . . . 

(CK-+QA-QD) 

2-172 

UHB Version 

)) 

)) tINH 

)) 
))"""'.'" , 
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':l 
,j 

I) 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name Function I Number of BC 

FDS Non-SCAN 4-bit DFF I 20 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.03 0.16 2.45 0.09 CK .. Q 

DA DB DC DD 

I II I 
I-QA 

CK -
I-QB 
I-QC 
I-QD 

Parameter Symbol Typ(ns)'" 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Data Setup Time tSD 1.1 
Data Hold Time tHD 2.5 

Input Loading 
Pin Name Factor (R.u) 

D 2 
CK 1 

Output Driving 
Pin Name Factor (R.u) 

Q 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Function Table 

InI=uts Outputs 

CK D Q 

t L L 
t H H 

UHB-FDS-E3 I Sheet 1/2 I I Pa"e 12-15 
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IfI 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FDS 

Equivalent Circuit 

r-----------------------, 
I CLK XCLK 
I -L -L .-----1 )C>---....,--oQA 
I 

DAo--------------lri 

CK o---f>o-ri>o-:: . LLK 
XCLK 

I 

IT 
IXCLK 
I 

XCLK 
-L 

I 
CLK 

I 
CLK 

CLK 
-L 

I 
XCLK 

I 

I- - - - - - - - - - - - - - - - - - - - - - - ----:--1_0QB 
DBo~------------~ 

I- - - - - - - - - - - - - - - - - - - - - - - _-...,.-1~oQC 
DCO~------------~ 

I- - - - - - - - - - - - - - - - - - - - - - --_ -:--1~oQD 
DD o~------------~ 

CK 

DA-DD 

QA-QD 

I 
I I L _______________________ ~ 

Definition of Parameters 

Pa e 12-16 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

FD2 I Non-SCAN Power DIT I 7 
Cell Svrnbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 65 0.08 1. 72 0.05 0.10 7 CK -+ Q 
2.55 0.08 2.34 0.04 0.07 7 CK -+ XQ 

D=[tQ 
CK 

XQ 

Parameter Symbol Typ(ns)'" 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCW 4.0 

Data Setup Time tSD 1.1 
Data Hold Time tHD 2.4 

Input Loading 
Pin Name Factor (R.u) 

D 2 
CK 1 II 

Output Driving 
Pin Name Factor (R.u) 

Q 36 
XQ 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Ill1:uts Outputs 
CK D Q XQ 

• H H L 

• L L H 

UHB-FD2-E3 I Sheet 1/2 I Page 12-17 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FD2 

Equivalent Circuit 

CKO 

.-L 
D 

I 
XCKO 

XCKO 
.-L 

I 
CKO 

cx~xcxc 
CKO 

Definition of Parameters 

XCKO 

.-L 

I 
CKO 

IE--tcw tCWL -

CK 
,,-

I<--tSD - I<-tHD'" 
D 

<- tpd--> 

Q,XQ 

2-176 

CKO 
.-L 

I 
XCKO 

UHB Version 

Q 

XQ 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FD3 I Non-SCAN Power DFF with Preset I 8 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.71 0.06 1.73 0.04 0.10 7 CK -+ Q 

PR 2.80 0.06 2.50 0.04 0.07 7 CK -+ XQ 
2.39 0.06 0.91 0.04 0.07 7 PR -+ Q,XQ 

D- -Q 

CK--< 

b--XQ 
'---

Parameter Symbol Typ(ns}* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWL 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading Preset Pulse Width tPW 4.0 
Pin Name Factor (Lu) Preset Release Time tREM 0.3 

D 2 Preset Hold Time tINH 3.8 
CK 1 
PR 2 III 

Output Driving 
Pin Name Factor (lu) 

Q 36 
XQ 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
PR CK D Q XQ 

L X X H L 
H + H H L 
H + L L H 

UHB-FD3-E2 1 Sheet 1/2 I I Page 12-19 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FD3 

Equivalent Circuit 

PR 

XCKO 
-L 

D 

I 
XCKO 

CKO ,.-1------1 )O----oQ 
-L 

P---t--; )0----0 XQ 

XCKO 
-L 

I 
CKO 

Definition of Parameters 

CK 

I<-- tcw t==r 
10-- tSD- tHD-< 

D 

ir-tpd ...... 
Q.XQ 

I'tREH .... 

PR I--tINH-

tpw 
PR 

Q.XQ 

Pa e 12-20 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FD4 I Non-SCAN Power DFF with ~lear and Preset I 9 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to XCL to XCL XCL2 CDR2 Path 
1.90 0.07 1.72 0.05 0.10 7 CX .. Q 

PR 2.81 0.06 2.72 0.04 0.07 7 CX .. XQ 
2.47 0.06 1.46 0.05 0.10 7 CL .. Q.XQ 
2.49 0.07 0.92 0.04 0.07 7 PR .. Q.XQ 

D- -Q 
CX---<: 

:>-- XQ 

CL 

Parameter Symbol Typ(ns)· 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWL 4.0 

Data Setup Time tSD 2.1 
Data Hold Time tHD 1.5 

Input Loading Preset Pulse Width tPW 4.0 
Pin Name Factor (lu) Preset Release Time tREM 0.3 

D 2 Preset Hold Time tINH 3.8 
CX 1 
CL 2 Clear PaIse Width tLW 4.0 
PR 2 Clear Release Time tREM 0.9 

Clear Hold Time tINH 3.3 
Output Driving 

Pin Name Factor _(lul 
Q 36 

XQ 36 
• Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are _,iven by the maximum delay multiplier. 

Function Table 

Int:uts Outputs 
PR CL CX D 0 XQ 

L H X X H L 
H L X X L H 
H H + H H L 
H H + L L H 

UHB-FD4-E21Sheet 1/2 I I Pue 12-21 
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I 

IfI 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FD4 

Equivalent Circuit 

PRo---~---------------. 

XCKO 
-L 

D 

CKO 

CKO 
-L 

T 
XCKO 

CL 

Definition of Parameters 

CK 

D 

Q.XQ 

PR 
CL 

PR 

CL 

Q.XQ 

UHB-FD4-E2 

_tcw 

I'-- tSD---O 

'"tREM .... 

CKO 

T 
XCKO 

XCKO 
-L 

T 
eKO 

CK~ 

tCWL --
lr-

tHD""' 

~tpd-

I--tINH-

tpw 

2-180 

UHB Version 

Q 

XQ 

:CKO 

XCKO 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FD5 I Non-SCAN Power DFF with CLEAR I 8 
Cell SYlIIbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.88 0.08 1.71 0.05 0.10 7 CK .. Q 
2.57 0.08 2.57 0.04 0.07 7 CK .. XQ 
2.36 0.08 1.52 0.05 0.10 7 CL .. Q.XQ 

r---
D- -Q 

CK--<: 

:>-- XQ 

CL I 
Parameter SYlIIbol Typ(ns)* 
Clock Pulse Width tCW 4.0 
Clock Pause Time tCWL 4.0 

Data Setup Time tSD 1.1 
Data Hold Time tHO 2.4 

Input Loading Clear Pulse Width tLW 4.0 
Pin Name Factor (lu) Clear Release Time tREM 1.5 

D 2 Clear Hold Time tINH 4.5 
CK 1 
CL 2 II 

Output Driving 
Pin Name Factor (lu) 

Q 36 
XQ 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
CL CK D Q XQ 

L X X L H 
H + H H L 
H + L L H 

UHB-FD5-E4 I Sheet 1/2 I I Page 12-23 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FD5 

Equivalent Circuit 

CKO 
-L 

D 

T ;f)o,.f)o-- XCKO CKO 
CK r L 

CKO 

XCKO 
-L 

T 
XCKO 

CL 

Definition of Parameters 

-tcw tCWL-
CK 

----/ 
v---

.... tSD .... ~HD • 

D 

Io-tpd-l 

Q.XQ 

Io--tINH --- - tLW ~ CL 

- - tpd ----0 

Q.XQ 

CL .k tREM 
I 

2-182 

, ~, 

UHB Version 

Q 

XQ 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

FJD I Non-SCAN Positive edge clocked Power JKFF with Clear I 12 
Cell Symbol Protagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.40 0.08 2.96 0.05 0.08 7 CK .. Q 
4.43 0.08 2.48 0.05 0.08 7 CK ... XQ 
2.40 0.08 1.29 0.05 0.08 7 CL .. Q.XQ 

,.---

J- f--Q 

CK-

K- P--XQ 

I;L Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 5.6 
Clock Pause Time tCWH 5.6 

J K Setup Time tSD 2.5 
J K Hold Time tHO 1.2 

Input Loading Clear Pulse Width tLW 4.0 
Pin Name Factor (Lu) Clear Release Time tREM 2.5 

CL 2 Clear Hold Time tINH 4.5 
J 1 
K 1 

CK 1 

Output Driving 
Pin Name Factor (Lu) 

Q 36 
XQ 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Jtiven by the maximum delay multiplier. 

Function Table 

Inputs Outputs 

CL CK J K 0 XO 

L X X X L H 
H + L L Qo XQo 
H + L H L H 
H + H L H L 
H + H H XQ. Qo 

UHB-FJD-E3 I Sheet 1/2 I I Page 12-25 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FJD 

Equivalent Circuit 

J 

K 

CK 

CL 

Definition of Parameters 

-tcw tCWH-
CK ------

I'-tSD-f.-tHD 
J,K 

-tpd-

Q,XQ 

~ 

-tINH -- - tLW v----CL 

~ "--tpd -

Q,XQ 

CL -k tREM 
r 

2-184 

UHB Version 

XQ 

Q 

Pa e 12-26 



Binary Counter Family 

Unit Cell Basic 
Page Name Function Cells 

2-187 SC7 Scan 4-bit Synchronous Binary 
Up Counter with Parallel Load 62 

2-192 SC8 Scan 4-bit Synchronous Binary 
Down Counter with Parallel Load 66 

2-197 Cll Non-Scan Flip-Flop for Counter 11 

2-199 C41 Non-Scan 4-bit Binary Asynchronous Counter 24 

2-202 C42 Non-Scan 4-bit Binary Synchronous Counter 32 

2-205 C43 Non-Scan 4-bit Binary Synchronous Up Counter 48 

2-209 C45 Non-Scan Binary Synchronous Up Counter 48 

2-213 C47 Non-Scan Binary Synchronous Up/Down Counter 68 

2-185 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

I SCAN 4-bit Synchronous Binary I SC7 Up Counter with Parallel Load 62 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.30 0.08 3.05 0.06 0.15 7 CK,IH'" Q 
5.78 0.08 5.34 0.06 0.15 7 CK,IH'" XQ 
7.80 0.08 5.23 0.04 - - CK,IH'" CO 

DA- f--QA 2.00 0.08 1.00 0.04 - - CI ... CO 
DB -

P-XQA DC -
DD - f--QB 

P-- XQB 
CK- f--QC 
IH - P-- XQC 
L ---0 f--QD 
CI - P--XQD 

Parameter Symbol Typ(ns)* 

EN - Clock Pulse Width tCW 7.2 

SI - r--CO Clock Pause Time tCWH 7.2 

A -
B ---<: Data Setup Time tSD 2.0 

Data Hold Time tHD 3.3 

Load Setup Time tSL 6.3 
Load Hold Time tHL 3.6 

Input Loading C1 Setutl Time tSC 7.2 
Pin Name Factor (iLu) C1 Hold Time tHC 2.7 

D 1 
CK 1 EN Setu~ Time tSE 7.2 
IH 1 EN Hold Time tHE 2.7 
L 1 

II 
C1 2 
EN 1 
S1 1 

A,B 1 

Output Driving 
Pin Name Factor (.eu) 

Q 36 
XQ 36 
CO 36 * Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are 2iven by the maximum delay multiplier. 

UHB-SC7-E2 I Sheet 1/5 I I Page 13-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SC7 

SI 

EN 
CI 

Equivalent Circuit 

XCKI 
CKI 
LDI 
XLDI 
XAI 
AI 
BI 
XBI 

DA QA XQA DB 

XCKI 
CKI 
LDI 
XLDI 
XAI 
AI 
BI 
XBI 

S Qo f--.----j 
XTG 

i~ ~>----I--iC~ CKI 

~XCKI 
L O>-----1~ ~ LDI 

Lt>o-- XLDI 

2-188 

QB XQB DC QC XQC DD QD XQD 

AO-~ ~XAI 

Lt>o--AI 

B O----l~ ~BI 

Lt>o--XBI 

CO 

Pa e 13-2 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SC7 

D 

S 

I 
XLDI 

Equivalent Circuit (FFu) 

XAI XCKI AI 
-.L -.L -.L 

I II 
AI CKI XAI 

XTG 0-+--------+---1 X>-----+ 

2-189 

UHB Version 

Q 

XQ 

QO 

I II XBI 

Pa e 13-3 



II 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SC7 

Load 

Data 
Input 

Function 

L U 

DA 

DB 

DC 

DD 

Clock CK+IH 

Enable EN 

Carry in CI 

QA ----'---'~ 
QB ~~-----

Data .QC Output ----:-----11 
QD 

CO 
__________________ ~rl~ ________________ _ 

Mode 

Inhibit Load Count Inhibit 

Pa e 13-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SC7 

Definitions of Parameters 

i) Clock Mode 
tcw tCWH 

Clock 

tSD tHD 
Data 

L 

CI 

tHE 

EN 

2-191 

UHB Version 

• 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

SCB 
I SCAN 4 bit Synchronous Binary 

Down Counter with Parallel Load I 66 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.37 0.07 3.18 0.06 0.13 7 CK,IH ... Q 
4.40 0.06 4.32 0.04 CK,IH'" XQ 
6.41 O.OB B.37 0.04 CK,IH ... BO 

DA- -QA 1.49 O.OB 2.27 0.04 BI ... BO 
DB - J-- XQA DC -
DD- -QB 

J-- XQB 
CK- -QC 
IH- J-- XQC 
L -<:: -QD Parameter Symbol TvP(nsl* BI --C J-- XQD 
EN --C 

Clock Pulse Width tCW 6.B 

J--BO Clock Pause Time tCWH 6.B SI -
A -
B --C Data Setup Time tSD 2.0 

Data Hold Time tHD 3.3 

Load Setup Time tSL 6.3 
Load Hold Time tHL 3.6 

Input Loading EN Setup Time tSE B.1 
Pin Name Factor (.tu) EN Hold Time tHE 1.B 

D 1 
CK 1 BI Setup Time tSB B.1 
IH 1 BI Hold Time tHB 1.B 
L 1 
BI 2 
EN 1 
SI 1 

A,B 1 

Output Driving 
Pin Name Factor (.tu) 

Q 36 
XQ 36 
BO 36 * Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-SCB-E2 I Sheet 1/5 I I Page 13 6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

sca 

SI 

EN 
BI 

Equivalent Circuit 

i~~--HC~CKI 

~XCKI 
L o-t>o ~LDI 

Lt>o- XLDI 

2-193 

AO>---t>o ~XAI 

Lt>o-AI 
B O>-----it>o ~BI 

Lt>o-XBI 

Pa'e 13-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SCB 

D 

XS 

Equivalent Circuit (FFu) 

XCKI 

XAI XCKI AI 
--L --L --L 

I II 
AI CKI XAI 

XTG o--!--------+-l X>----+ 

2-194 

BI CKI 

UHB Version 

V2B 

V2B Q 

XQ 

XQO 

I 
XBI 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

SCB 

Load 

Data 
Input 

Function 

L u 
DA 

DB 

DC 

DD 

Clock CK+IH 

Enable EN 

Carry in BI 

QA 

QB 

Data QC Output 

QD 

BO 

Mode 

:I~--------------------~ 
----!---J1LJL.JL.rLJ 

~'------

u 

Inhibit Load Count down Inhibit 

Pa e 13-9 
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-FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SCB 

Definitions of Parameters 

i) Clock Mode 
tcw --+10- tCWH 

Clock 

Data 

L 

EN 

BI 

UHB-SC8-E2 

2-196 

UHB Version 

--ojo-tHB 

Pa e 13-10 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

Cll I Non-SCAN Flip-Flop for Counter I 11 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.90 0.16 1. 75 0.10 CK .. Q 
2.53 0.16 2.97 0.10 CK .. XQ 
2.62 0.16 1. 73 0.10 CL .. Q.XQ 

-
D-
L- I--Q 

CK -

TG - f>-- XQ 

Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.0 

CL Clock Pause Time tCWH 4.2 

Clear Pulse Width tLW 4.0 
Clear Release Time tREM 1.0 
Clear Hold Time tINH 0.5 

Input Loading 
Pin Name Factor (.tu) Load Setup Time (CK) tSL 2.3 

L 2 Load Hold Time (CK) tHL 0.5 
TG 2 
CL 2 Data Setup Time (CK) tSD 2.5 

D.CK 1 Data Hold Time (CK) tHO 0.5 
IfJI 

Output Driving TG Setup Time (CK) tST 2.9 
Pin Name Factor (.tu) TG Hold Time (CK) tHT 0.0 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are aiven by the maximum delay multiplier. 

Function Table 

L D TG CL CK Q(Qo) 

X X X L X L 

H H X H t H 

H L X H t L 

L X L H t Q(Qo) 

L X H H t Q(Qo) 

UHB-Cll-E3 I Sheet 1/2 I j Page 13-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

Cll 

Equivalent Circuit CL 
XLO 
--L 

D 

LO 

CK~CKO 
r L-XCKO 

Definition of Parameters 

tCWH 
CK 

CL 

CL tINH 

t 
tHL 

L 

tSD tHD 

D 

tHT 

2·198 

UHB Version 

Q 

XQ 

T 
XCKO 

CL 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHll Version 
Cell Name 1 Function INumber of llC 

C41 I Non-SCAN 4-bit Binary Asynchronous Counter I 24 
Cell Symbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.00 0.14 1.86 0.10 - - CK ... QA 
3.67 0.14 3.28 0.10 - - CK ... QB 
5.13 0.14 4.75 0.10 - - CK'" QC 
6.60 0.14 6.20 0.10 - - CK ... QD 

- - - 4.19 0.10 - - CL ... Q 
'--- QA 
I--QB 
I--QC 
I--QD 

CK-

Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.3 

CL Clock Pause Time tCWH 4.6 

Clear Pulse Width tLW 3.9 
Clear Release Time tREM 2.1 

Input Loading Clear Hold Time tINH 6.7 
Pin Name Factor (R.u) 

CK 1 
CL 1 

Output Driving 
Pin Name Factor (R.u) 

Q 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

InJ:uts Outputs 
CL CK Q 

H t Count up 
L X L 

UHB-C41-E2 I Sheet 1/3 I I Page 13-13 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C41 

Equivalent 
Circuit 

CKO 0---

XCKO 0--< 

CLO 

QA 

t-

FTO n 

I 
~ FTO 

I 

I 

QB 

t-

n ~ FTO 

I 

I 
CK o--f'>o.-J>o- CKO 

V L- XCKO 

FTO (Flip-Flop for Counter) (not Unit Cell) 

Symbol Function Table 

Q CLO CKO Q 
CKO 

FTO QO L X L 
XCKO 

XQO H t Qn-1 

CLO 

CKO CLO 

I I 
XCKO CKO 

XCKO CKO 
-L -L 

T T 
CKO XCKO 

QC 

-

I 

CLO 
~----------------------------+-----~ XQO 

2-200 

UHB Version 

QD 

..... 

~ FTO 

I 

r 

Q 

QO 

Page 13-14 



FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C41 

Definition of Parameters 

CK 

CL 
tINH 

2-201 

UHB Version 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

C42 I Non-SCAN 4-bit Binary Synchronous Counter I 32 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.18 0.14 2.34 0.09 0.12 4 CK ... Q 
- - 3.36 0.09 0.12 4 CL ... Q 

c 

r--
-QA 
-QB 
-QC 
-QD 

CK -

Parameter Symbol Typ(ns)~t 

Clock Pulse Width tCW 4.3 

CL Clock Pause Time tCWH 4.6 

Clear Pulse Width tLW 4.0 
Clear Release Time tREM 2.1 

Input Loading Clear Hold Time tINH 6.7 
Pin Name Factor (£u) 

CL 1 
CK 1 

Output Driving 
Pin Name Factor (£u) 

Q 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
CL CK Q 

H + Count up 
L X L 

UHB-C42-E3 I Sheet 1/3 I I Page 13-16 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C42 

Equivalent 
Circuit 

CKO 

XCKO 

CLO 

QA QB 

CKO CKO 

Yr2 

·UHB Version 

QC QD 

CKO 

:'XCKO 

CK o----{>of--4---I!)o-- CKO CL o-----{)o------ CLO 

Yr2 (Flip-Flop for Counter)(not Unit Cell) 

Function Table 

Inputs Output 

CKO Q 
CLO XTG CKO Q(QO) 

Yr2 L X X L 
XCKO 

QO XTG 
H H t Qn-l 

H L t Qn=r 

CLO 

UHB-C42-E3 Pa e 13-17 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cel1 Name 

C42 

Equivalent Circuit of FT2 

CLO 
CKO 

I XCKO 
XCKO -L 

I 
CKO 

XTG 0----1---+--; 

Definition of Parameters 

XCKO 
-L 

CKO 

tcw --ojo-- tCWH 

CK 

CKO 
-L 

I 
XCKO 

))--1 

CL 
1r=~---)) 

2-204 

UHB Version 

Q 

QO 

Cto 

Pa e 13-18 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

C43 I Non-SCAN 4-bit Binary Synchronous Up Counter I 48 
Cell Symbol Pro~agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.96 0.16 2.40 0.09 CK -+ Q 
5.60 0.16 3.56 0.08 CK -+ CO 
1.60 0.16 0.81 0.08 CI -+ CO 
- - 3.88 0.09 CL -+ Q 

- - - 2.64 0.08 CL -+ CO 
DA - I--QA 
DB - I--QB 
DC - I--QC 
DD - I--QD 

L --< 
CK -
EN-
CI - I--CO 

Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.7 

CL Clock Pause Time tCWH 6.7 
Data Setup Time tSD 2.6 
Data Hold Time tHO 2.9 
Load Setup Time tSL 4.4 

Input Loading Load Hold Time tHL 1.3 
Pin Name Factor (iu) CI Setup Time tSC 4.3 

D 1 CI Hold Time tHC 0.9 
L,EN 1 EN Setup Time tSE 4.3 

CK,CL 1 EN Hold Time tHE 0.9 
CI 2 Clear Pulse Width tLW 5.6 

Clear Release Time tREM 1.9 
Output Driving Clear Hold Time tINH 8.3 

Pin Name Factor (iu) 
Q 18 

CO 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay. multiplier. 

Function Table 

InIuts Outputs 
CL L D EN CI CK Q 

L X X X X X L 
H L H X X t H 
H L L X X t L 
H H X X L X No Counting 
H H X L X X No Counting 
H H X H H + Count up 

Note : The CO output produces a high level 
output data when the counter overflows. 

UHB-C43-E3 I Sheet 1/4 I I Page 13-19 

2-205 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C43 

Equivalent Circuit 

DA 

LO 

QA DB 

LO 

CL o-----{>o- CLO 

L 

UHB-C43-E3 

LO 

XLO 

2-206 

QB DC 

LO 

XLO 

CKO 

XCKO 

CK 

CLO 

UHB Version 

QC DD QD 

LO 

XCKO 

CKO 
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FUJITSU CMOS GATE ARRAYA UNIT CELL SPECIFICATION 
Cell Name 

C43 

. IT3 (Flip-Flop for Counter)(not Unit Cell) 

Function Table 

D 

LO 

XLO 
CKO 

XCKO 
XTGO 

Q 

CLO 

Equivalent Circuit of IT3 

XLO 
-.L 

D 

LO o~--------~ 

XTGO 0--+--+--1 

UHB-C43-E3 

LO D XTGO 

X X X 
H H X 
H L X 
L X H 
L X L 

CKO 

2-207 

CLO CK 

H X 
L + 
L + 
L + 
L + 

CLO 

XCKO 

UHB Version 

Q(QO) 

L 
H 
L 

Q(QO) 
Q(QO) 

Q 

QO 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C43 

Definition of Parameters 

L 

CI 

EN 

)) 

)S 
)) 

)) 

)) 

)) 

)) 

2-208 

UHB Version 

~tINH-
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

C45 I Non-SCAN 4-bit Binary Synchronous Up Counter 1 48 
Cell Symbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.67 0.14 1. 87 0.09 0.13 4 CK ... Q 
5.07 0.17 2.82 0.09 CK ... CO 
1. 91 0.17 1.36 0.09 CI ... CO 

-
DA - t--QA 
DB - t--QB 
DC - t--QC 
DD - t--QD 

L --< 
CK -
EN -
CI - t--CO 

Parameter Symbol '!Y!>.ins) ,,< 

Clock Pulse Width tCW 4.0 

CL Clock Pause Time tCWH 4.6 
Data Setup Time tSD 3.8 
Data Hold Time tHD 2.1 
Load Setup Time tSL 5.0 

Input Loading Load Hold Time tHL 2.1 
Pin Name Factor (.fI.u) CI Setup Time tSC 6.6 

D 1 CI Hold Time tHC 1.9 
L,EN 1 EN Setup Time tSE 6.6 

CK,CL 1 EN Hold Time tHE 1.9 
CI 2 Clear Setup Time tSR 3.8 

Clear Hold Time tHR 2.0 
Output Driving 

Pin Name Factor (.fI.u) 
Q 18 

CO 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given Ily the maximum del/iY multj.pIier. 

Function Table 

Inl uts Outputs 
CL L D EN CI CK Q 

L X X X X + L 
H L H X X + H 
H L L X X + L 
H H X X L X No Counting 
H H X L X X No Counting 
H H X H H + Count up 

Note : The CO output produces a high level 
output data when the counter overflows. 

UHB-C4S-E1 I Sheet 1/4 I I Page 13-23 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C45 

Equivalent Circuit 

DA 

LO 

QA DB 

LO 

XLO 

CKO 

XCKO 

CL o-----{)o---- CLO 

L 

UHB-C45-El 

CLO 

LO 

XLO 

2-210 

QB DC 

LO 

XLO 

CKO 
XCKO 

CK 

CLO 

UHB Version 

QC DD QD 

LO 

CLO 

XCKO 

CKO 
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FUJITSU CMOS GATE ARRAYA UNIT CELL SPECIFICATION 
Cell Name 

C45 

. FTl (Flip-Flop for Counter)(not Unit Cell) 

Symbol Function Table 

D LO D XTGO 
LO Q 

L X X 
XLO QO H H X 
CKO H L X 

L X H 
XCKO L X L 
XTGO 

CLO 

Equivalent Circuit of FT3 

CLO 

XLO 
-L 

D 

LO 0 

T 
CKO 

XTGO O--+-+---l 

UHB-C4S-El 

2-211 

CLO CK 

H t 
L t 
L t 
L t 
L t 

T 
XCKO 

UHB Version 

Q{QO) 

L 
H 
L 

Q(QO) 
Q(QO) 

Q 

QO 

Pa e 13-25 
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I 

B 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C45 

Definition of Parameters 

tcw ---0+- tCWH 
CK 

tSD 
D 

CL 

L 

CI 

EN 

UHB-C45-E1 

2-212 

UHB Version 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

C47 I Non-SCAN 4-bit Binary Synchronous Up/Down Counter I 68 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.99 0.16 3.59 0.16 0.25 4 CK .. Q 
5.41 0.11 6.12 0.08 CK .. CO 
5.01 0.16 5.54 0.16 0.25 4 L .. Q 
2.47 0.11 3.01 0.08 DU .. CO 

-
·DA - f--QA 

DB - f--QB 
DC - f--QC 
DD - r--- QD 

L -C 
CK -
EN -C 
DU- p-- CO 

- Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 5.6 
Clock Pause Time tCWH 8.9 

Data Setup Time tSD 0.7 
Data Hold Time tHD 1.8 

Input Loading 
Pin Name Factor (R.u) DU Setup Time tSU 5.3 

D 1 DU Hold Time tHU 0.8 
L 2 

DU 1 EN Setup Time tSE 5.0 
CK I EN Hold Time tHE 1.2 IfII 
EN 3 

Clear Release Time tREM 2.3 
Output Driving Clear Hold Time tINH 11.1 

Pin Name Factor (R.u) 
Q 18 Load Pulse Width tLW 4.6 

CO 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

In~uts Outputs 
Q L EN DU CK Q 

H L X X X H 
L L X X X L 
X H H X t No Counting 
X H L L t Count Up 
X H L H t Count Down 

Note : The CO output produces a low level output 
pulse when the counter overflows or underflows. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C47 

E i alent Ci c it qu v r u 

DU 

~ 
~ 
~ r-

EN 

r-

r--

I,....-

r-. 

L...-

UHB Version 

~ CO 

.----
DA 0-- QA 

LO-

CKO- FI'7 
XCKO -< 

r--

'-1 
.----

~ 
10-

XCKO CKO - FI'7 
CKO-< 

CKO -
'-l 

CK~ 
L~ 

QB 

0 

.----
I DC 0-- QC 
I LO-

CKO - FI'7 
XCKO -< 

l""-I '-1 
.----

r-. DD 0-- QD 
LO-

t..-' CKO- FI'7 

'----f"\ 
XCKO -< 

r--
~t-

V 

UHB-C47-E2 Pa e 13-28 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

C47 

• FT7 (Flip-Flop for Counter)(no~Unit Cell) 

Symbol 

D Q 
LO 

FT7 
CKO 

XCKO QO 
TGO 

XQO 

Equivalent Circuit of FT7 

T 
XCKO XCKO 

-L 

eKO 

TGO 0--+---+-1 X>---+ 

Function Table 

In~uts 

LO D TGO 

H. H X 

H L X 

L X L 

L X if 

T 
CKO CKO 

-L 

XDO 
LO 

XCKO 

D~DO 
v L....-. XDO 

2·215 

UHB Version 

Outputs 

CKO QOCQ) QCQQl 

X H L 

X L H 

+ Qn-l Qn-l 

+ Qn-l Qn-l 

XQO 

Q 

III 
QO 

DO 
LO 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Ce1l Name 

C47 

Definition of Parameters 

tcw tCWH ---0{ 
CK 

D 

L 

tSE tHE 
EN 

tsu tHU 
DU 

2·216 

UHB Version 

~~ 

~~ 
~~ 

~~ tINH 

~~ \ 

~~ 
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Adder Family 

Unit Cell 
Page Name 

2-219 A1A 

2-220 A1N 

2-221 A2N 

2-223 A4H 

Function 

1-bit Half Adder 

1-bit Full Adder 

2-bit Full Adder 

4-bit Binary Full Adder with Fast Carry 

2-217 

Basic 
Cells 

5 

8 

16 

48 



III 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name .1 Function _L Number of BC 

AlA I I-bit Half Adder I 5 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.22 0.08 1.44 0.04 A ... S 
1.09 0.08 1.46 0.04 B ... S 
1.12 0.08 1.25 0.04 A ... CO 
1.27 0.08 1.15 0.04 B ... CO 

:=[]= CO 

S 

Parameter Symbol T'1'P(ns)* 

Input Loading 
Pin Name Factor (.tu) 

A 2 
B 2 

Output Driving 
Pin Name Factor (.tu) 

CO 36 
S 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay mult:l.plier. 

Function Table Equivalent Circuit 

A ~ 

A B CO S B 1 
v S 

L L L L 
L H L H 
H L L H L::[) H H H L co 

UHB-AlA-E2 I Sheet 1/1 I lPa~e 14-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

AIN I I-bit Full Adder I 8 
,.£!1l Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.64 0.16 3.15 0.08 A,B -+ S 
1.25 0.16 1.35 0.08 CI -+ S 
2.98 0.16 2.38 0.08 A,B -+ CO 
1.02 0.16 1.17 0.08 CI -+ CO 

B- r--CO 

A- r--S 

J 
Parameter Symbol Typ(ns»'< 

Input Loading 
Pin Name Factor (Iou) 

A 3 
B 3 
CI 3 

Output Driving 
Pin Name Factor (Iou) 

CO 18 
S 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

A r--
Ir-, 

Inputs Outputs B II s 
1./ 

A B CI S CO CI 

L L L L L 

~~co H L L H L 
L H L H L 
H H L L H 
L L H H L I 

-V 
H L H L H 
L H H L H 
H H H H H 

UHB-A1N-E21 Sheet 1/1 I I Page 14-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function L Number of BC 

A2N I 2-bit Full Adder I 16 
Cell Svmbol ProI=agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.85 0.29 2.81 0.14 Al ... CO 
2.74 0.29 2.87 0.14 B1 ... CO 
1.58 0.29 1.36 0.09 0.12 4 A2 ... CO 
1.47 0.29 1.36 0.09 0.12 4 B2 ... CO 
2.79 0.29 2.58 0.14 CI ... CO 

B2- I-CO 2.97 0.22 2.75 0.14 Al ... 51 
A2- 2.97 0.22 2.75 0.14 B1 .. 51 
B1- 1-52 1.18 0.22 1.19 0.14 CI .. 51 
A1- 1-51 2.82 0.22 2.75 0.14 Al .. 52 

I 
3.11 0.22 2.95 0.14 A2 .. 52 
2.71 0.22 2.81 0.14 B1 ... 52 
3.11 0.22 2.95 0.14 B2 ... 52 

CI 2.76 0.22 2.52 0.14 CI ... 52 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A,B 2 
CI 2 

Output Driving 
Pin Name Factor (R.u) 

5 14 
CO 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
CI = L CI = H 

Al B1 A2 B2 51 52 CO 51 52 CO 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

A2N 

Equivalent Circuit 

A2 

B2 

Al 

B1 

C1 

2·222 

UHB Version 

CO 

S2 

S1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

A4H I 4-bit Binary Full Adder with Fast Carry I 48 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.18 0.22 1.63 0.14 CI -+ Sl 
2.65 0.29 3.07 0.14 CI -+ 82 
3.03 0.29 2.98 0.14 CI -+ 83 

B4 - I--CO 3.14 0.29 3.54 0.14 CI -+ 84 
A4- 1--84 2.87 0.16 3.21 0.08 CI -+ CO 
B3 -
A3 - 1--83 3.81 0.22 3.39 0.14 A1,B1 -+ 81 
B2 - 3.17 0.29 3.08 0.14 A1,B1 -+ 82 
A2 - I-- 82 3.42 0.29 3.85 0.14 A1,B1 -+ 83 
B1- 3.75 0.29 3.92 0.14 A1,B1 ... 84 
A1- 1--81 3.30 0.16 3.78 0.08 A1,B1 ... CO 

I 3.09 0.29 3.37 0.14 A2,B2 -+ S2 
3.66 0.29 3.60 0.14 A2,B2 ... S3 

CI 3.74 0.29 4.05 0.14 A2,B2 -+ 84 
3.87 0.16 3.83 0.08 A2,B2 ... CO 

Input Loading 2.81 0.29 2.85 0.14 A3,B3 -+ 83 
Pin Name Factor (J/.u) 3.84 0.29 4.04 0.14 A3,B3 -+ 84 

A 2 3.80 0.16 3.82 0.08 A3,B3 -+ CO 
B 2 
CI 2 2.90 0.22 3.01 0.09 0.12 4 A4,B4 ... 84 

3.66 0.16 3.51 0.08 A4,B4 -+ CO 
Output Driving 

Pin Name Factor (J/.u) II 
CO 18 

81,83,S4 14 
82 18 

Function Table Note : 
Input conditions at AI, A2, 

OUTPUT B1, B2 and CI are used to 
INPUT CI = L CI = H determine outputs Sl and 82 

-C2 -; L - - -C2 -; ii - - and the value of the inter-
Al B1 A2 B2 Sl S2 C2 Sl 82 C2 nal carry C2. The values 
A3- B3- A4- B4- 83- 84- CO- 83- 84- CO- at C2, A3, B3, A4 and B4 

are then used to determine 
L L L L L L L H L L outputs 83, 84 and CO. 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 

UHB-A4H-E3 I Sheet 1/2 I Page 14-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I 

A4H I 

Equivalent I 
Circuit 

f' L--.r'-

'---r-----c CO 
r-u 

f' 
r-u 

r-- t>--
B4 ,..--

r-u 

I-U 
r'-

C"\ 

A4 rl--tJ P" 
S4 

,~ --"" 
I 
u 

L:=" 0- j Rr p-

" rr=u 0- j r--

B3JC r-- r-- tJ 

r-L/ 

~ 
r'-

r'-1-6- P 
S3 A3 v V ,~ --"" 

I 
u 

HJ> r- r--

~ t- r--W B2~ 
r-

LUrl-U 1\ S2 A2v V ,~ r'-

c::" I 
u 

Bl 
o-~pr-

rV f' up,. Al SI 

CI ~V 
UHB-A4H-E3 I Sheet 2/21 I Page 14-6 
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Data Latch Family 

Unit Cell Basic 
Page Name Function Cells 

2-227 YL2 Data Latch with TM 5 

2-229 YL4 Data Latch with TM 14 

2-231 LTK Data Latch 4 

2-233 LTL Data Latch with Clear 5 

2-235 LTM Data Latch with Clear 16 

2-238 LT1 S-R Latch with Clear 4 

2-240 LT4 Data Latch 14 

2-225 



IfJI 

2-226 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

YL2 I I-bit Data Latch with TM I 5 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.73 0.08 2.81 0.04 CK,IH .. Q 
1.16 0.08 1.28 0.04 D .. Q 

D D Q 

CK 
IH 
TM 

Parameter Symbol Typ(ns)* 

Clock Pulse Width tCW 6.8 

Data Setup Time tSD 3.2 
Data Hold Time tHD 2.5 

Input Loading 
Pin Name Factor (1u) 

D 2 
CK 1 
IH I II 
TM 1 

Output Driving 
Pin Name Factor (1u) 

Q 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note : 

The TM terminal must be kept LOW during the SCAN Hode. 

Function Table 

Input Output Hode TM IH CK D Q 
L X X D D SCAN 
H H X X Qo 
H X H X Qo LATCH 
H L L D D 

UHB-YL2-E3 I Sheet 1/2 I I Page 15-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

YL2 

D 

Equivalent Circuit 

CKI 
-L 

T XCKI 
XCKI -L 

T 
CKI 

Definitions of Parameters 

I--tcw-
CK 

tSD tan 

* ( 
'I 

I'-tp d..:1 

f 

D 

Q 

2-228 

UHB Version 

Q 

XCKI 

CKI 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function .1 Number of BC 

YL4 I 4-bit Data Latch with TM I 14 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.33 0.08 3.43 0.04 CK,IH .... Q 
1.10 0.08 1.29 0.04 D"'Q 

Dl - -Ql 
D2 - -Q2 
D3 - -Q3 
D4 - -Q4 

CK -< 
IH -
TM-< 

Parameter Symbol Typ(ns}* 

Clock Pulse Width (CK) tCW 7.2 

Data Setup Time (D) tSD 1.8 
Data Hold Time (D) tHD 4.0 

Input Loading 
Pin Name Factor (lu) 

D 2 
CK 1 
IH 1 
TM 1 

Output Driving 
Pin Name Factor (l.u) 

Q 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note : 

The TM terminal must be kept LOW during the SCAN Mode. 

Function Table 

Input Output Mode TM IH CK Dn Qn 
L X X D D SCAN 
H H X X Qno 
H X H X Qno LATCH 
H L L D D 

n = 1 - 4 

UHB-YL4 E3 I Sheet 1/2 I I Page 15-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

YL4 

Dl 

Equivalent Circuit 

r----------------, 
I I 
I 
I CICI 
1 -L 
I 
I 

T 
XCICI 

XCICI 

-L 

I T 

Ql 

I CKI 
~----------------~ ~ 

D2 I ~ 
~ I 

~----------------~ 
I ~Q3 

D3 ~ 1 

~----------------~ ~ 
I ~ 

D4~ I 

L _______ ---------J 
XCICI 

CICI 

Definitions of Parameters 

tcw 
CIC 

D 

Q 

2-230 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name Function I Number of BC 

LTK Data Latch I 4 
Cell Symbol Propagation Delay ParameteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.03 0.16 1.15 0.08 D'" Q 
1.45 0.16 1.63 0.08 D ... XQ 
1. 75 0.16 1.82 0.08 G ... Q 
2.12 0.16 2.34 0.08 G ... XQ 

D D: G 

Parameter Symbol Typ(ns»~ 

G Input Pulse Width tGW 4.0 

Data Setup Time tSD 1.6 
Data Hold Time tHO 2.3 

Input Loading 
Pin Name Factor (R.u) 

D 2 
G 1 II 

Output Driving 
Pin Name Factor (R.u) 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are ltiven by the maximum delay multiplier. 

Function Table 

Inputs Outputs 

D G Q XQ 

X H Qo XQo 
H L H L 
L L L H 

UHB-LTK-E2 Sheet 1/2 I Page 15-5 
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• I 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

LTK 

Equivalent Circuit 

CO 

--L 

D 

I 
XCO 

G o----J>o.-r{)o- CO 

. Lxco 

xco 
--L 

I 
CO 

Definition of Parameters 

(Casel) 

G 

D 

tHD 

Q,xQ 
----~----------------'I 

(Case2) 

G 

D 

Q,XQ 

2-232 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

LTL I I-bit Data Latch with Clear I 5 
Cell Symbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 LD2 Path 
1.39 0.16 0.85 0.09 CL .. Q.XQ 
1.18 0.16 1.22 0.09 D .. Q 
1.52 0.16 1.71 0.09 D .. XQ 
1. 96 0.16 1.92 0.09 G .. Q 
2.22 0.16 2.51 0.09 G .. XQ 

D- - Q 

G ---<:: 

)--XQ 

r 
CL Parameter Symbol Typ(ns)* 

G Input Pulse Width tGW 4.0 

Data Setup Time tSD 1.3 
Data Hold Time tHD 0.5 

Clear Pulse Width tLW 4.0 
Input Loading 

Pin Name Factor (Lu) 
D 2 
G 1 

CL 1 II 
Output Driving 

Pin Name Factor (Lu) 
Q 18 

XQ 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Funcion Table 

Inputs Outputs 
CL D G X 

L X H L H 
H X H Qo XQo 
H H L H L 
H L L L H 

UHB-LTL-E2 I Sheet 1/2 I I Page 15-7 
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IfI 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION tJHB Version 
Cell Name 

LTL 

Equivalent 

CL 

D 

Circuit 

GO Q 

-L 
XQ 

-,--
XGO 

-,--
GO 

G o_--[>o_t---[>o--: GO 

XGO 

Definition of Parameters 

(Case 1) 

G 

D 

Q,XQ 

tpd 

(Case 2) 
tSD 

G 

D 

Q,XQ 

tpd 

(Case 3) 

2·234 

---..r tLW~ 
CL 1'-----'1 

G* 

Note*: G input must be high level 
at the time this latch 
is cleared. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

LTM I 4-bit Data Latch with Clear I 16 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to . KCL KCL2 CDR2 Path 
1.54 0.16 0.97 0.08 CL ... P,N 
1.22 0.16 1.29 0.08 D ... P 
1.60 o 16 1. 79 0.08 D ... N 
2.61 0.16 2.45 0.08 G ... P 

DA - I-- PA 2.73 o 16 3.1S 0.08 G ... N 
DB - P-NA 
DC - I-- PB 
DD - P-NB 

G --< I-- PC 
P-NC 
I-- PD 
P-ND 

T Parameter Symbol Typ(ns)* 
G Input Pulse Width tGW 4.0 CL 

Clear Pulse Width tLW 4.0 

Data Setup Time tSD 1.6 
Data Hold Time tHD 2.3 

Input Loading 
Pin Name Factor (tu) 

D 2 
G 1 

CL 4 

Output Driving 
Pin Name Factor (tu) 

P 18 
N 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

1I1Puts Out!,uts 

CL D G P N 

L X H L H 
H X H Po No 
H H L H L 
H L L L H 

UHB-LTM-E3 I Sheet 1/3 I I Page 15-9 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

LTM 

Equivalent Circuit 

CL 

DA 

DB 

r----------------~-------, 
I I 

Go 

I --L 

II 
I XGO 

XGO 
--L 

I I 
I GO 

PA 

NA 

~------------------------~ 
r--<> PB 
I 

~NB 

~------------------------~ r--<> PC 
DC I 

~NC 

~------------------------~ 
,------0 PD 

DD C>----l 
I ~ND L ________________________ ~ 

G o-f>o-tt>o- Go 

~ LXGO 

Pa e 15-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

LTM 

Definition of Parameters 

(Casel) 

G 

D 

P,N 

(Case2) 

G 

D 

P,N 

(Case3) 

CL 
--., -tLW-

*G 

P,N 

~tpd .... 

UHB Version 

Note *: G input must be high level at the time this latch is cleared. 

Pa e 15-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

LTl I S-R Latch with CLEAR J 4 
Ce 11 Syrnbo I Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 76 0.16 0.88 0.08 S -+ Q,XQ 
1.56 0.16 1.04 0.08 R -+ Q,XQ 
1.44 0.16 0.92 0.08 CL -+ Q,XQ 

r-
S --C -Q 

R --C o--XQ 

CL 
Parameter Symbol Typ(ns)* 
Set Pulse Width tSW 4.0 

Reset Pulse Width tRW 4.0 

Clear Pulse Width tLW 4.0 

Input Loading 
Pin Name Factor (iu) 

S 1 
R 1 

CL 1 

Output Driving 
Pin Name Factor (iu) 

Q 18 
XQ 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
CL S R Q XQ 

L H H L H 
H H H Qo XQo 
H H L L H 
H L H H L 
H L L Inhibited 

UHB-LTl-E3 1 Sheet 1/2 I I Page 15-12 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

LTl 

Equivalent Circuit 

S 

R 
CL 

Definition of Parameters 

S §:t 
Q, XQ 

tpd 

R 

Q,XQ 

XQ 

Q 

CL 

Q, XQ 

2-239 

UHB Version 

tlw:t 
tpd 

Pa e 15-13 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

LT4 I 4-bit Data Latch I 14 
Cell Symbol Pro]:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.50 0.16 2.28 0.08 G ... P 
2.50 0.16 3.05 0.08 G ... N 
1.05 o 16 1.18 0.08 D'" P 
1.40 0.16 1.60 0.08 D ... N 

DA - -PA 
DB - :>-- NA 
DC - -PB 
DD - :>--NB 

G --C -PC 
:>-- NC 
-PD 
:>--ND 

Parameter Symbol ~yp(ns)* 

G Input Pulse Width tGW 4.0 

Data Setup Time tSD 1.6 
Data Hold Time tHD 2.3 

Input Loading 
Pin Name Factor (.h) 

D 2 
G 1 

Output Driving 
Pin Name Factor (iu) 

P 18 
N 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
D G P N 

H H Po No 
L H Po No 
H L H L 
L L L H 

UHB-LT4 E2 I Sheet 1/3 I I Page 15-14 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

LT4 

Equivalent Circuit 

r---------------------, 
1 GO PA 
-L 

DA NA 

XGO 

I" 
GO 

~---------------------~ 
0 PB 1 

DB o----t o NB 

~---------------------~ 
1 --~1--~ 

DCo----t --~1--~ 
0 PC 
0 NC 

~---------------------~ 
1 

DD o----t --~1 -~ 
0 PD 
0 ND L _____________________ ~ 

G o-~~~------: GO 

L-------XGO 

UHB-LT4-E2 

2-241 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I 

LT4 I 

Definition of Parameters 

(Case 1) 
-tGW --0 

G 

D --
10--

r----
tHD 

P,N "... 

'-
tpd 

(Case 2) 

G 

II D 
,..-

!\...... 
~tSD"'" -tHD'" 

-P,N -
~tpd-

UHB-LT4-E2 I Sheet 3/3 I I Page 15-16 
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Shift Register Family 

Unit Cell 
Page Name 

2-245 FS1 

2-247 FS2 

2-249 FS3 

2-252 SR1 

Function 

Serial-in Parallel-out Shift Register 

Shift Register with Synchronous Load 

Shift Register with Asynchronous Load 

Serial-in Parallel-out Shift Register with Scan 

2-243 

Basic 
Cells 

18 

30 

34 

36 



2-244 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cel1 Name I Function I Number of BC 

FS1 I 4-bit Serial-in Parallel-out Shift Register I 18 
Cel1 Symbol 

CK QB SDUQA 
QC 
QD 

Pin Name 
SD 
CK 

Input Loading 
Factor (R.u) 

1 
1 

Output Driving 

Propagation Delay Parameter 
tup tdn 

to KCL to KCL KCL2 CDR2 Path 
2.42 0.16 3.14 0.09 0.12 4 CK ... Q 

Parameter Symbol Typ(ns)* 
Clock Pulse Width tCW 4.0 

SD Setup Time tSSD 0.6 
SD Hold Time tHSD 0.2 

Clock I C ;:;; 16 R.u tCWL~'* 5.8 
Pause I 16 < C ;:;; 32 R.u tCWL** 8.4 
Time I 32 < C ;:;; 48 R.u tCWL** 10.9 

* Minimum values for the typical operating con­
dition. The values for the worst case operating 
condition are given by the maximum delay 
multiplier. 

Pin Name Factor (R.u) ** The value of tCWL depends on the load(C) 
r-~~Q~~~-r~~~1~6~~---; connected to the output terminals, QA, QB, QC and 

QD. 

Function Table 

InJlUts 
SD CK QA I QB I QC I QD 

SD , 

Note: ·SD = H or L 

·QAn, QBn and QCn are levels of 
QA, QB and QC respectively, 
before the falling edge of CK, i.e. 
1 bit shift by the falling edge of CK. 

UHB-FS1-E1 I Sheet 1/2 I 

2-245 

I Page 16-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FSl 

Equivalent Circuit 

QA QB QC QD 

r -~ --------------------~--------------T l r l r 1-1 

, , 

T T 
CKO XCKO 

CKO XCKO 
.-L .-L 

T T :: 
1 bit XCKO CKO " ___________________________________________ ..1. ___ ..1. ___ ..1. __ _ 

CK o---J>o-rI»--. CKO 

• LXCKO 

Definition of Parameters 

CK 

I---tCW tCWL-
~ 

tHSD 
~tss 

SD 

~tpd-

Q 

UHB-FS1-El 

2·246 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION , UHB Version 
Cell Name , Function I Number of BC 

FS2 14-bit Shift Re~ister with Svnchronous Load I 30 
Cell Symbol Propagation Delay Parameter 

tUlJ tdn 
to KCL to KCL KCL2 CDR2 Path 
2.32 0.16 3.14 0.09 0.12 4 CK ... Q 

PA - -QA 
PB - -QB 
PC - -QC 
PD - -QD 

SD -
CK --( 
L- Parameter Symbol Typ(ns ),~ 

Clock Pulse Width tCW 4.0 

SD Setup Time tSSD 2.8 
SD Hold Time tHSD 1.2 

Load Setup Time tSL 4.3 
Load Hold Time tHL 0.5 

P Setup Time tSP 3.6 
P Hold Time tHP 1.5 

Input Loading 
Pin Name Factor (R.u) Clock I C ~ 16 R.u tCWL** 5.8 

CK I Pause I 16 < C ~ 32 R.u tCWL'~* 8.4 
SD I Time 132 < C ~ 48 R.u tCWL** 11.0 

II 
L 1 
P I * Minimum values for the typical operating con-

dition. The values for the worst case operating 
Output Driving condition are given by the maximum delay 

Pin Name Factor (R.u) mul tiplier. 
Q 16 

** The value of tCWL depends on the load(C) 
connected to the output terminals, QA, QB, QC and 
QD. 

Function Table 

Inputs Outputs 
SD L P CK QA QB QC QD 

SD L X ~ SD QAn QBIl QCIl 

X H P .. PA PB PC PD 

Note: ·SD = H or L 

'QAn, QBn and QCn are levels of 
QA, QB and QC respectively, 
before the falling edge of CK, i.e. 
1 bit shift by the falling edge of CK . 

. p represents PA, PB, PC and PD. 

UHB-FS2-El I Sheet 1/2 I Page 16-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name 

FS2 

Equivalent Circuit 

PA QA PB PC PD 

: ------ -------:r-------------------~ --------------Trr~BT t -in I~Dl 
I I I I 
I XLO I I I 
I I I I 

I I 
I 
I 

SD 
I 

CKO XCKO 

CKO XCKO 
-L -L 

I 

I I I I I: 

' 1b ' t XCKO CKO I I I L __ J. ____________________________________________________ ..1. ___ ..1. ___ ..1. ___ J 

CK~xc~: L o-{>o-- XLO 

Definition of Parameters 

CK 

~tcw tcWL-
;-

tHSD 
to--tssJ.r 

SD 

. Ctsp ----0 
... tHP-

f X P 

CtSL 
"'i-.. 

tIlL 
I<-tpcl 
I f 

L 

Q 

UHB-FS2-El Pa e 16-4 
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:1 
" 

FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION J UHB Version 
Cell :-lame I Function I Number of BC 

FS3 14-bit Shift Register with Asynchronous Load I 34 
Cell Sytnbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.28 0.17 2.12 0.11 CK ... Q 
4.64 0.17 3.50 0.11 L ... Q 
2.03 0.17 3.02 0.11 P ... Q 

PA- i--QA 
PB - i--QB 
PC - i--QC 
PD - i--QD 

SD -
CK -
L ---<: Parameter Svmbol Typ(ns)* 

Clock Pulse Width tCW 4.0 
Clock Pause Time tCWH 4.0 

Load Pulse Width tLW 6.2 

SD Setup Time tSSD 1.0 
SD Hold Time tHSD 1.7 

Input Loading P setup Time tSP 0.3 
Pin Name Factor (iu) P Hold Time . tHP 2.3 

CK 2 
SD 2 
L 1 
P 2 II 

Output Driving 
Pin Name Factor (iu) 

Q 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are dven bv the maximum delay multiplier. 

Function Table 

Inj:uts Out~ut 

L P SD CK Q 

L L X X L 
L H X X H 
H X L t L 
H X H t H 

UHB-FS3-E1 I Sheet 1/3 I Page 16-5 
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• I 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

FS3 

Equivalent 
Circuit 

PA 

SDo-----! ITO 

Equivalent Circuit of ITO 

P 

DO 

CKO 
XCKO 
XLDO 

LOO 

Q 

QO 

DO 

QA PB QB PC 

FFO I----i ITO 

CKO XCKO 

2-250 

UHB Version 

QC PD QD 

FFO 

Pa e 16-6 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I 

FS3 I 

Definition of Parameters 

CK 
.1.. tcw ----0 ----1. l' 0-- tCWH 1'--,---

SD 

tSSD tHSD 

L 

p 

UHB-FS3-E1 I Sheet 3/3 I 

2-251 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

SRl !4-bit Serial-in Parallel-out Shift Register with SCAN I 36 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.27 0.09 3.37 0.07 0.11 7 CK -+ Q 
2.58 0.09 2.90 0.07 0.11 7 B -+ Q 

r---
D- -QA 

CK -
-QB 
-QC 

IH - -QD 
SI -
A-
B -C 

'---

Parameter Symbol Typ(ns)>" 
Clock Pulse Width tCW 5.5 
Clock Pause TIme tCWH 5.6 
Data Setup Time tSD 3.3 
Data Hold Time tHD 1.5 

Input Loading 
Pin Name Factor (R.u) 

D 1 
CK 1 
IH 1 
SI 1 
A,B 1 

Output Driving 
Pin Name Factor (R.u) 

Q 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiI>1ier. 

UHB-SRI-E1 I Sheet 1/3 I I Page 16-8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

SRI 

D 

SI 

DO 

SDO 

CK 
IH 

A 

DO 
SDO 
CLK 
XCLK 
ACK 
XACK 
BCK 
XBCK 

CLK 
--L 

I 
XCLK 

XACK 

--L 

I 
ACK 

QA QB 

QO 
SQO 

ITO ITO 

XBCK XCLK 
--L --L 

XCLK ACK 

--L --L 

II 
CLK XACK 

CLK 

XCLK 

XACK B 

ACK 

2-253 

UHB Version 

QC QD 

ITO ITO 

QO 

SQO 

CLK 

--L 

I 
XCLK Y 

I 
XBCK 

BCK 

XBCK 

Pa e 16-9 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name J 

SRI 

Definitions of Parameters 

eK 
tcw --to-~cmd 

D 

UHB-SRI-El I Sheet 3/3 

2-254 
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Parity Generator/Selector/Decoder Family 

Unit Cell Basic 
Page Name Function Cells 

Parity Generators/Checkers 

2-257 PE5 Even Parity Generator/Checker 12 

2-258 P05 Odd Parity Generator/Checker 12 

2-259 PE8 Even Parity Generator/Checker 18 

2-260 P08 Odd Parity Generator/Checker 18 

2-261 PE9 Even Parity Generator/Checker 22 

2-262 P09 Odd Parity Generator/Checker 22 

Data Selector 

2-263 P24 2:1 Data Selector 12 

Decoders 

2-264 DE2 2:4 Decoder 5 

2-265 DE3 3:8 Decoder 15 

2-267 DE4 2:4 Decoder 8 

2-268 DE6 3:8 Decoder 30 

Selectors 

2-270 T2B 2: 1 Selector 2 

2-272 T.2C 2: 1 Selector 4 

2-273 T2D 2: 1 Selector 2 

2-274 T2E 2: 1 Selector 5 

2-275 T2F 2: 1 Selector 8 

2-277 T5A 4:1 Selector 4 

2-279 V3A 1 : 2 Selector 2 

2-280 V3B 1 : 2 Selector 4 

Magnitude Comparator 

2-281 MC4 Magnitude Comparator 42 

2-255 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

PE5 I 5-bit Even Parity Generator/Checker I 12 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.62 0.08 3.41 0.04 A ... X 
2.62 0.08 3.27 0.04 B ... X 
4.14 0.08 4.83 0.04 C ... X 

A D Bl 
B2 X 
Cl 
C2 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (Rou) 

A 2 
B 2 
C 2 II 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

Bl Ir--. 

Hnput X B2 II 
L/ 

Odd L 
X 

Even H 
Cl r--

LD 
C2 II 

L/ 

A 

UHB-PE5-El I Sheet 1/1 I I Pal;e 17-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

POS S-bit Odd Parity Generator/Checker I 12 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.63 0.08 3.07 0.04 A'" X 
2.86 0.08 3.04 0.04 B ... X 
4.19 0.08 4.56 0.04 C ... X 

A -
Bl-
B2 - r-- X 
C1-
C2 -

Parameter Symbol Typ(ns)'~ 

Input Loading 
Pin Name Factor (R.u) 

A 2 
B 2 
C 2 

Output Driving 
Pin Name Factor (R.u) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

B1 Ir--

Iinput X B2 II 

l ...... 

Odd H iT' X 

Even L 
Ir--C1 . LL'>. 

C2 II 
...... 

A 

UHB-P05-El I Sheet 1/1 I I Page 17-2 
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FUJITSU CMOS GATE ARRAY u~IT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

PES I S-bit Even Parity Generator/Checker I IS 
Cell Symbol Propagation Delay Parameter 

tUtl tdn 
to KCL to KCL KCL2 CDR2 Path 
3.S5 0.16 4.33 O.OS A -+ X 
3.94 0.16 4.42 O.OS B -+ X 
3.93 0.16 4.40 O.OS C -+ X 
4.02 0.16 4.49 O.OS D -+ X 

Al-
A2 -
Bl-
B2 - p- X 
Cl-
C2 -
Dl -
D2 -

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.lu) 

A 2 
B 2 
C 2 
D 2 

Output Driving 
Pin Name Factor (.lu) 

X IS 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

Al " 
Hnput X A2 II 

Ir-.. 1./ 

I 
Odd L Bl " 1./ 

B2 1J 
Even H 

1./ 
X 

Cl " C2 II 
Ir-.. 1./ 

I 
Dl " 11./ 

II D2 
1./ 

UHB-PES El I Sheet 1/1 I I Page 17-3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

P08 I 8-bit Odd Parity Generator/Checker I 18 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.77 0.16 4.28 0.08 A ... X 
3.86 0.16 4.37 0.08 B ... X 
3.87 0.16 4.17 0.08 C ... X 
3.96 0.16 4.26 0.08 D ... X 

A1-
A2 -
B1-
B2 - ;-- X Cl-
C2 -
D1 -
D2 -

Parameter Symbol Typ(ns)'~ 

Input Loading 
Pin Name Factor (R.u) 

A 2 
B 2 
C 2 
D 2 

Output Driving 
Pin Name Factor (R.u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

Al f"".-

Hnput X A2 II 
Ir--L./ 

II 
Odd H B1 f"".- L/ 

B2 II 
,.w:::::,. L./ 

Even L X 
C1 f"".-

C2 II 
Ir--L./ 

II 
D1 Ir-.. IL/ 

D2 II 
IL/ 

UHB P08-E2 I Sheet 1/1 I I Page 17-4 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

PE9 I 9-bit Even Parity Generator/Checker I 22 
Cell Svrnbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
5.29 0.16 5.71 0.08 A ... X 

Al -
A2 -
A3 -
A4 -
AS - p- X 
A6 -
A7 -
A8 -
A9 -

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (iu) 

A 2 

Output Driving 
Pin Name Factor (iu) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 
A3 

Linput X A8 
A9 L../ 

Odd L r-, 

Al II 
Even H 

A2 L../ 

X 
A4 
AS 

A6 
A7 

UHB-PE9-El I Sheet 1/1 I Page 1;-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

P09 I 9-bit Odd Parity Generator/Checker I 22 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
5.20 0.16 5.71 0.08 A -+ X 

A1-
A2 -
A3 -
A4 -
AS - i--- X 
A6 -
A7 -
A8 -
A9 -

Parameter Symbol Typ(ns )'" 

Input Loading 
Pin Name Factor (9.u) 

A 2 

Output Driving 
Pin Name Factor (9.u) 

X 18 

* Minimum va~ues for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 
A3 

Hnput X A8 
A9 v 

Odd H r-, 
A1 II~ 

Even L A2 

~rv X 
A4 
AS 

A6 
A7 

UHB-P09-E1 I Sheet 1/1 I I Page 17-6 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I tlHB" Version 
Cell Name I Function I Number of BC 

P24 I 4-wide 2:1 Data Selector I 12 
Ce 11 Symbol Pro~agation Delay Parameter 

t~ tdn 
to KCL to KCL KCL2 CDR2 Path 
0.95 0.08 0.83 0.04 A" X 
1.16 0.08 0.97 0.04 B .. X 
0.81 0.08 0.95 0.04 SA .. X 
1.00 0.08 1.08 0.04 SB .. X 

Al- - Xl Bl -
A2 - - X2 B2 -
A3 - - X3 B3 -
A4 - - X4 B4 -
SA -
SB - Parameter Symbol TnI(ns)* 

Input Loading 
Pin Name Factor .l.tul 

A 1 
B 1 
S 4 II 

Output Driving 
Pin Name Factor (.tu) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Function Table Equivalent Circuit 

Al 
SA SB Xn -

BI Xl 
L L L -
H L An A2 
L H Bn --H H An+Bn B2 X2 

..... 
A3 

1--
X3 B3 

..... 
A4 

~~ X4 B4 

SA - ~ 

SB -

UHB-P24-E2 I Sheet 1/1 Page 17-7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cel1 Name I Function I Number of BC 

DE2 I 2:4 Decoder I 5 
Cel1 Svmbol Pro~agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.79 0.16 1.08 0.14 A .. XO 
0.88 0.16 0.97 0.14 A .. Xl 
0.37 0.16 0.45 0.14 A .. X2,X3 
0.88 0.16 0.97 0.14 B .. XO 
0.28 0.16 0.56 0.14 B .. XI,X3 
0.79 0.16 1.08 0.14 B .. X2 AUXO Xl 

X2 
B X.3 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

A 3 
B .3 

Output Driving 
Pin Name Factor (R.u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
A B X3 X2 Xl XO A 

~ 
XO 

L L H H H L 
L H H H L H Xl 
H L H L H H 
H H L H H H 

~ 
X2 

B -{)o--
X3 

UHB-DE2-E2 I Sheet 1/1 I I Page 17-8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function .1 Number of BC 

DE3 I 3:8 Decoder I 15 
Cell Symbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.44 0.16 1. 67 0.19 A .... XO-X3 
2.44 0.16 2.44 0.19 A .... X4-X7 
1.33 0.16 1.72 0.19 B .... XO-X3 
2.33 0.16 2.49 0.19 B .... X4-X7 

-XO 1.23 0.16 1. 78 0.19 C .... XO-X3 
A- -Xl 2.23 0.16 2.55 0.19 C .... X4-X7 

-X2 

B- -X3 
-X4 
-xs 

C- -X6 
-X7 

Parameter Svmbol TVD(ns)* 

Input Loading 
Pin Name Factor (tu) 

A 1 
B 1 
C 1 

Output Driving 
Pin Name Factor (tu) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay_multiplier. 

Function Table 

Inputs Outputs 
A B C XO Xl X2 X3 X4 xs X6 X7 

L L L L H H H H H H H 
L L H H L H H H H H H 
L H L H H L H H H H H 
L H H H H H L H H H H 
H L L H H H H L H H H 
H L H H H H H H L H H 
H H L H H H H H H L H 
H H H H H H H H H H L 

UHB-DE3-E2 I Sheet 1/2 I 1 Page 17-9 
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If) 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

DE3 

Equivalent Circuit 

A 

B 

C 

UHB-DE3-E2 

2-266 

UHB Version 

xo 

Xl 

X2 

X3 

X4 

X5 

X6 

X7 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name I Function I Number of BC 

DE4 I 2:4 Decoder with Enable I 8 
Cell Svmbol Pro]:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.19 0.16 1.46 0.19 G .. X 
0.86 0.16 1.11 0.19 A .. X 
1.07 0.16 1.14 0.19 B .. X 

A UXO B Xl 
X2 

G X3 

Parameter Svmbol Typ(ns)'~ 

Input Loading 
Pin Name Factor (.tu) 

A 3 
B 3 
G 1 

Output Driving 
Pin Name Factor (.eu) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

G G A B X3 X2 Xl XO 

H X X H H H H A ~xo 
L L L H H H L 
L L H H H L H ~Xl L H L H L H H '-

L H H L H H H 

~ =O-X2 
B 

~XJ 
UHB-DE4-E2 I Sheet 1/1 I I Page 17-11 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION L "UHB" Version 
Cell Name I Function I Number of BC 

DE6 I 3:8 Decoder with Enable I 30 . 
Cell Symbol Pro~agation Delay Parameter 

tUtl tdn 
to KCL to KCL KCL2 CDR2 Path 
3.05 0.16 5.95 0.08 G ... X 
2.89 0.16 3.28 0.08 S ... X 

G1- I-XO 
G2 - I-X1 
G3 - I-X2 

51- I-X3 
I-X4 52 - I-X5 53 - I-X6 
I-X7 

Parameter 5vmbo1 Typ(ns)* 

Input Loading 
Pin Name Factor (.h) 

IfI 
G 1 
5 1 

Output Driving 
Pin Name Factor C.h) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multi~lier. 

Function Table 

G1 G2+G3 S3 52 51 X7 X6 X5 X4 X3 X2 Xl XO 

X H X X X H H H H H H H H 
L X X X X H H H H H H H H 

H L L L L H H H H H H H L 
H L L L H H H H H H H L H 
H L L H L H H H H H L H H 
H L L H H H H H H L H H H 
H L H L L H H H L H H H H 
H L H L H H H L H H H H H 
H L H H L H L H H H H H H 
H L H H H L H H H H H H H 

UHB-DE6-E3 I Sheet 1/2 I I Page 17-12 

2·268 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

DE6 

G1 

Equivalent Circuit 

G20--------+-o-+-r---------+~~ 
G3 o-------+-J 

Slo-----' 

S20----

S30----

UHB-DE6-E3 

2-269 

UHB Version 

XO 

Xl 

X2 

X3 

X4 

X5 

X6 

X7 

Pa e 17-13 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

T2B 2:1 Selector I 2 
Cell Svmbol Propagation Delay Parameter 

tuo tdn 
to KCL to KCL KCL2 CDR2 Path 
0.52 0.16 0.78 0.09 A,B .. X 
0.61 0.16 0.99 0.09 S .. X 

tD-x 
S2 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (!u) 

A,B 2 
S 1 

Output Driving 
Pin NaD!e Factor (R.u) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table Equivalent Circuit 

Inlluts Outout -L 
A B Sl S2 X 

A 
L X L H H 
H X L H L r- -{> X L H L H X 
X H H L L 
H L L L Inhibit B H L H H Inhibit 
L H L L Inhibit 
L H H H Inhibit I 

Sl 

S2 

UHB-T2B-E2 I Sheet 1/1 I I Page 1i-14 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T2C I Dual 2:1 Selector I 4 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.51 0.16 0.77 0.09 A,B ~ X 
0.67 0.16 1.03 0.09 5 ... X 

51 52 

11 
Al- p-- XO 
A2-
B1-
B2- P--X1 

Parameter 5vmbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

A,B 2 
5 2 

Output Driving 
Pin Name Factor (.tu) 

X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Outputs 
A1,B1 A2 B2 51 52 XO Xl 

L X L H H H 
H X L H L L 
X L H L H H 
X H H L L L 
L H L L Inhibit Inhibit 
H L L L Inhibit Inhibit 
L H H H Inhibit Inhibit 
H L H H Inhibit Inhibit 

UHB-T2C-E2 I 5heet 1/2 I I Page 1 i-15 
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IfI 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

T2C 

Equivalent Circuit 

Al 

A2 

B1 

B2 

51 

52 

UHB-T2C-E2 

)()-----{) XO 

Xl 

2·272 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name Function I Number of BC 

T2D 2:1 Selector I 2 
Cell Symbol Propagation Delay Parameter 

tul' tdn 
to KCL to KCL KCL2 CDR2 Path 
0.62 0.18 0.70 0.12 A,B ... X 
0.67 0.18 0.51 0.12 8 ... X 

tUx 
82 

Parameter Symbol Typ(ns)''( 

Input Loading 
Pin Name Factor (Rou) 

A,B 1 
8 1 D 

Output Driving 
Pin Name Factor (Rou) 

X 14 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Function Table Equivalent Circuit 

InFuts Output ---L 
A B Sl S2 X 

A 
L X L H H 
H X L H L :=E-X L H L H r-----oX 
X H H L L 
L H L L Inhibit B L H H H Inhibit 
H L L L Inhibit 

I H L H H Inhibit 
81 

82 

UHB-T2D-E2 I Sheet 1/1 I I Page 17-17 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

T2E I Dual 2:1 Selector I 5 
Cell Symbol Prollal!.ation Delay PaTameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.54 0.16 0.54 0.10 0.14 4 A,B .. X 
1.64 0.16 1.62 0.10 0.14 4 S .. X 

A1-
P--XO A2 -

B1-
P--X1 B2 -

S -
Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor Jlu} 

A,B 2 
S 1 

I 

• Output Driving 
Pin Name Factor (lu) 

X 18 
* Minimum values for the typical operating condition. 

The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

Equivalet Ciruit 

Il 
Al 

-r- --t»-o XO 
--l--

A2 

-3: 
B1 

-r- ~ Xl 
-L-

B2 

S 
-r 

4> 
UHB-T2E-E1 I Sheet 1/1 I I Page 17-18 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

T2F I 2:1 Selector I 8 
Cell Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.54 0.16 0.54 0.10 0.14 4 A,B, 

C,D "'X 
1.64 0.16 1.62 0.10 0.14 4 S ... X 

Al- :>-- XO A2-
Bl- :>-- Xl B2 -
C1- :>-- X2 C2 -
D1- :>-- X3 D2 -
S - Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (1u) 
A,B,C,D 2 

S 1 .. 
Output Driving 

Pin Name Factor (R.u) 
X 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-T2F-E1 I Sheet 1/2 I I Page 17-19 
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lEI 

FUJITSU C:10S GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

T2F 

Equivalent Circuit 

Al 

A2 

BI 

B2 

CI 

C2 

D1 

D2 

S 

UHB-T2F-EI 

~ 

2-276 

UHB Version 

XO 

Xl 

X2 

X3 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

T5A 14:1 5elector 1 5 
Cell 5vmbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 00 0.23 1.00 0.16 A,B ~ X 

51 52 53 54 1.00 0.23 0.84 0.16 51-4 ~ X 

~I~I 
0.56 0.23 0.54 0.16 55-6 ~ X 

A1_ 
A2_ 
B1_ o--x 
B2_ 

II 
S5 S6 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

A,B 1 
5 1 II 

Output Driving 
Pin Name Factor (Rou) 

X 9 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Function Table 

Inputs Output 
Al A2 B1 B2 51 52 53 54 55 56 X 

L L H L H H 
H L H L H L 

L H L L H H 
H H L L H L 

L L H H L H 
H L H H L L 

L H L H L H 
H H L H L L 

A1=A2 ~ 51=52 or 55=56 Inhibit 
Bl=B2 ~ 53=54 or 55=56 Inhibit 
A1,A2=B1,B2 or 55=56 Inhibit 

UHB-T5A-E2 I Sheet 1/2 I I Page 17-21 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name 

T5A 

Equivalnt.Circuit 

A1 

A2 

Sl 

52 

54 

S3 

B1 

B2 

S5 

56 

2-278 

UHB Version 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

V3A 1:2 Selector I 2 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.62 0.18 0.70 0.12 A'" X 
0.55 0.18 0.45 0.12 S ... X 

A =[lx' Sl 

52 Xl 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor Clu) 

A 1 
5 1 

Output Loading 
Pin Name Factor Clu) 

X I 

Output Driving 
Pin Name Factor Clu) 

X 14 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by_ the maximum delay multiplier. 

Function Table Equivalent Circuit 

Inputs Outputs -:L 
A 51 52 XO I Xl 

~~xo L L L Inhibit 

L H L X H A <>--[>0- ~ 
L L H H X ~TI---<>X1 
L H H 

Inhibit I 
H L L 51 

H H L X L 52 

H L H L X 

H H H Inhibit 

UHB-V3A-E1 I 5heet 1/1 I I Page 17-23 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function INumber of BC 

V3B Dual 1:2 Selector I 4 
Cell Svmbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.64 0.18 0.76 0.12 A,B -+ X 
0.57 0.18 0.48 0.12 S ... X 

ADx' B Xl 
Sl X2 
S2 X3 

Parameter Symbol Typ(ns )'" 

Input Loading 
Pin Name Factor (Rou) 

A I 
B I 
S 2 

Output Loading 
Pin Name Factor (Rou) 

X I 

Output Driving 
Pin Name Factor (Rou) 

X 14 * Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay mul tipJier. 

Function Table Equivalent Circuit 

~~ Inputs Outputs 
XO A,B Sl S2 XO, X2 I Xl, X3 

L L L Inhibit A -yv-

~~ L H L X H 
Xl 

L L H H X 

L H H ~~ Inhibit 
H L L X2 

H H L X L B 

~~ H L H L X 
X3 

H H H Inhibit 

SI T 
S2 

UHB-V3B-E2 I Sheet 1/1 I I Page 17-24 
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FUJITSU CXOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

MC4 I 4-bit Magp.itude Comoarator I 42 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
5.29 0.29 6.32 0.08 0.11 4 A ... OS 
5.38 0.29 6.21 0.08 0.11 4 B ... OS 
2.36 0.29 2.78 0.08 0.11 4 IE ... OS 

A3 B3== 1.93 0.29 2.41 0.08 0.11 4 IG ... OS 
A2 B2== 5.18 0.29 6.53 0.08 0.11 4 A ... OG 
Al B1== 5.27 0.29 6.42 0.08 0.11 4 B ... OG 
AO BO== 2.25 0.29 2.99 0.08 0.11 4 IE ... OG 

2.13 0.29 2.31 0.08 0.11 4 IS ... OG 

IG- e-- OG 5.69 0.16 4.36 0.09 0.12 4 A'" OE 

lE- t-- OE 5.58 0.16 4.45 0.09 0.12 4 B ... OE 

1S- t-- OS 2.14 0.16 1.43 0.09 0.12 4 IE ... OE 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (~u) 

A 3 
B 3 

IE 1 
IG 1 
IS 1 

II 
Output Driving 

Pin Name Factor (~u) 
OE 18 
OG 10 
OS 10 * Minimum values for the typical operating condi·cion. 

The values for the worst case operating condition 
are~iven bv the maximum delay multiplier. 

Function Table 

Comparing Inputs Cascading Inputs Outputs 
IG IS IE OG OS OE 

A3,B3 A2,B2 Al,Bl AO,BO (A>B) (A<B) (A=B) (A>B) (A<B) (A=B) 

A3>B3 X X X X X X H L L 
A3<B3 X X X X X X L H L 
A3=B3 A2>B2 X X X X X H L L 
A3=B3 A2<B2 X X X X X L H L 
A3=B3 A2=B2 Al>Bl X X X X H L L 
A3=B3 A2=B2 Al<Bl X X X X L H L 
A3=B3 A2=B2 Al=Bl AO>BO X X X H L L 
A3=B3 A2=B2 Al=Bl AO<BO X X X L H L 
A3=B3 A2=B2 Al=Bl AO=BO X X H L L H 
A3=B3 A2=B2 Al=Bl AO=BO H L L H L L 
A3=B3 A2=B2 A1=Bl AO=BO L H L L H L 
A3=B3 A2=B2 Al=Bl AO=BO H H L L L L 
A3=B3 A2=B2 Al=Bl AO=BO L L L H H L 

UHB-MC4-E1 I Sheet 1/2 I I Page 17-25 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I V-MC4 I 

>-if 
Equivalent A3 

B3 Circuit 

f""\ 

V OG 

f"", 

=,if-
~ 

r--l.,...I 

V-
~ r-A2 

~ f"", 
B2 

~ ~ 

r-- P-
,--

IS 
l.,...I 

f""\ 

IE OE 
~ r--
~ 

IG f"", 

:~ 
r-

P-
Al ,... 

J BI ,... L./ 

...... r-f"", 

L./ 
OS 

r--

l/~ 
if 

~ AO 
I BO 

V-
UHB-MC4-E1l Sheet 2/2 I I Page 17-26 

2-282 



Bus Driver 

Page 

2-285 

Unit Cell 
Name Function 

841 4-bit Bus Driver 

2·283 

Basic 
Cells 

9 
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FUJITSU cnos GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name 1 Function I Number of BC 

B41 I 4-bit Bus Driver I 9 
Cell Svmbol Prooagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.58 0.07 1.52 0.06 A'" X 
2.50 0.07 1. 90 0.06 C ... X 

AO - t--XO 
AI- -Xl 
A2 - -X2 
A3 - -X3 

C~ 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (Rou) 

A 1 
C 1 

Output Loading 
Pin Name Factor (Rou) 

X 1 

Output Driving 
Pin Name Factor (Rou) 

X 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are .e:iven by the maximum delay multiplier. 

Maximum Number of B41 used in each UHB device 

Device Name Max. B41 Device Name Max. B41 

C-330UHB 4 C-3000UHB 21 

C-530UHB 5 C-4100UHB 26 

C-830UHB 6 C-6000UHB 50 

C-1200UHB 8 C-8700UHB 70 

C-1700UHB 12 C-12000UHB 90 

C-2200UHB 16 

UHB-B41-E3 I Sheet 1/2 I I Page 18-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name J 

B41 I 

Equivalent Circuit 

,------Co--, 
l' .------------------. r-±--1 I' 

I :: 

AO --,r--:;-, --i '~I: ~i--+' -
I 'BD----------------"TJ-=[--J I 

XO 

i ~------------------~ r--------1 i 
---W ,I ~ 

A1: H: Xl 
1 I , ' I I 

I ~~:::::::::::::::: ~im-----l I 

A2 T' lSiJ----------------J ~ iT- X2 
-lT~ _____ j I 

A3 -H' ;, ------------------;, ~ LL X3 

~ ! I i BD-----~~~ 'w ____ J I 

, , 
C --+-1 --:---1[----~ Co I 

: v-~Co 
L __ .. ______ ........ __ ..... __ ,J 

DC L _________ .J 

Note: 

TG is configured using the special transmission gates buried in the 
channel area of the UHB devices. 

BD and DC use the regular internal baisc cells in the UHB devices. 

A Bus Terminator is invisible to logic designers and is automatically 
connected to each Bus line, when B41 is used. 

UHB-B41-E3 J Sheet: 2/2 I I Page 18-2 
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Clip Cells 

Unit Cell Basic 
Page Name Function Cells 

2-289 ZOO o Clip 0 
2-290 Z01 1 Clip 0 

2-291 KD2 Load Gate (Fan-in = 2) 

2·287 
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Ii 
" I: 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name lFunction J Number of BC 

ZOO I o Clip I 0 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

X 

~ 
Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (Rou) 

X 200 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-ZOO-E1 I Sheet 1/1 I I Page 19-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

ZOI J 1 Clip I 0 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

y 
X 

Parameter Symbol Tvp(ns)'~ 

Input Loading 
Pin Name Factor (.tu) 

Output Driving 
Pin Name Factor (.tu) 

X 200 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are ltiven by the maximum delay multiplier. 

UHB-ZOI-El I Sheet 1/1 I I Page 19-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

KD2 I Load Gate Fan-in = 2 I I 
Cell SYJIlbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 

A -{> 

Parameter Symbol Typ(ns)'~ 

Input Loading 
Pin Name Factor (R.uJ 

A 2 

Output Driving 
Pin Name Factor (R.u) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-KD2-Ell Sheet 1/1 I J PaJ1;e 19-3 

2-291 



2·292 



1/0 Buffer Family 

Page 
Unit Cell 
Name 

Input Buffers 
2-295 
2-296 
2-297 
2-298 
2-299 
2-300 
2-301 
2-302 
2-303 
2-304 
2-305 
2-306 
2-307 
2-308 
2-309 
2-310 
2-311 
2-312 
2-313 
2-314 
2-315 
2-316 
2-317 
2-318 
2-319 
2-320 
2-321 
2-322 
2-323 
2-324 

11B 
11BU 
11BO 
12B 
12BU 
12BO 
IKB 
IKBU 
IKBO 
ILB 
ILBU 
ILBO 
11C 
11CU 
11CO 
12C 
12CU 
12CO 
11S 
11SU 
11S0 
12S 
12SU 
12S0 
11R 
11RU 
11RO 
12R 
12RU 
12RO 

Output Buffers 

Function 

Input Buffer 
11 B with Pull-up Resistance 
11 B with Pull-down Resistance 
Input Buffer 
12B with Pull-up Resistance 
12B with Pull-down Resistance 
Clock Input Buffer 
IKB with Pull-up Resistance 
IKB with Pull-down Resistance 
Clock Input Buffer 
ILB with Pull-up Resistance 
ILB with Pull-down Resistance 
CMOS Interface Input Buffer 
11C with Pull-up Resistance 
11C with Pull-down Resistance 
CMOS Interface Input Buffer 
12C with Pull-up Resistance 
12C with Pull-down Resistance 
Schmitt Trigger Input Buffer 
11S with Pull-up Resistance 
11S with Pull-down Resistance 
Schmitt Trigger Input Buffer 
12S with Pull-up Resistance 
12S with Pull-down Resistance 
Schmitt Trigger Input Buffer 
11 R with Pull-up Resistance 
11 R with Pull-down Resistance 
Schmitt Trigger Input Buffer 
12R with Pull-up Resistance 
12R with Pull-down Resistance 

2-325 01 B Output Buffer 
2-326 01 L Power Output Buffer 
2-327 01 R Output Buffer 
2-328 01S Power Output Buffer 
2-329 02B Output Buffer 
2-330 02L Pdwer Output Buffer 
2-331 02R Output Buffer 
2-332 02S Power Output Buffer 
2-333 02S2 High Power Output Buffer 
2-334 04R Output Buffer 
2-335 O4S Power 3~state Output Buffer 
2-336 O4S2 High Power Output Buffer 
2-337 04T Output Buffer 
2-338 04W Power 3-state Output Buffer 
2-339 01 BF Output Buffer 
2-340 01 RF Output Buffer 
2-341 02BF Output Buffer 
2-342 02RF Output Buffer 
2-343 O4RF 3-state Output Buffer 
2-344 04TF 3-state Output Buffer 
Bidirectional 110 Buffers (Buses) 
2-345 H6T 3-state Output and Input Buffer 
2-346 H6TU H6T with Pull-up Resistance 
2-347 H6TO H6T with Pull-down Resistance 

2-293 

Basic 
Cells 

5 
5 
5 
4 
4 
4 
4 
4 
4 
6 
6 
6 
5 
5 
5 
4 
4 
4 
8 
8 
8 
8 
8 
8 
6 
6 
6 
8 
8 
8 

3 
3 
5 
5 
2 
2 
4 
4 
6 
5 
5 
7 
4 
4 
3 
5 
2 
4 
5 
4 

8 
8 
8 



I/O Buffer Family (Continued) 

2-348 H6W Power 3-state Output and Input Buffer 8 
2-349 H6WU H6W with Pull-up Resistance 8 
2-350 H6WD H6W with Pull-down Resistance 8 
2-351 H6C 3-state Output and CMOS Interface Input Buffer 8 
2-352 H7CU H6C with Pull-up Resistance 8 
2-353 H6CD H6C with PUll-down Resistance 8 
Output Buffers 

2-354 H6E Power 3-state Output and CMOS Interface Input Buffer 8 
2-355 H6EU H6E with Pull-up Resistance 8 
2-356 H6ED H6E with· Pull-down Resistance 8 
2-357 H6S 3-state Output and Schmitt Trigger Input Buffer 12 
2-358 H6SU H6S with Pull-up Resistance 12 
2-359 H6SD H6S with PUll-down Resistance 12 
2-360 H6R 3-state Output and Schmitt Trigger Input Buffer 12 
2-361 H6RU H6R with Pull-up Resistance 12 
2-362 H6RD H6R with Pull-down Resistance 12 
2-363 H8T 3-state Output and Input Buffer 9 
2-364 H8TU H8T with Pull-up Resistance 9 
2-365 H8TO H8T with Pull-down Resistance 9 
2-366 H8W Power 3-state Output and Input Buffer 9 
2-367 H8WU H8W with Pull-up Resistance 9 
2-368 H8WD H8W with Pull-down Resistance 9 

II 2-369 H8W2 High Power 3-state Output and Input Buffer 11 
2-370 H8W1 H8W2 with Pull-up Resistance 11 
2-371 H8WO H8W2 with Pull-down Resistance 11 
2-372 H8C 3-state Output and CMOS Interface Input Buffer 9 
2-373 H8CU H8C with Pull-up Resistance 9 
2-374 H8CD H8C with Pull-down Resistance 9 
2-375 H8E Power 3-state Output and CMOS Interface Input Buffer 9 
2-376 H8EU H8E with Pull-up Resistance 9 
2-377 H8ED H8E with Pull-down Resistance 9 
2-378 H8E2 High Power 3-state Output and Input Buffer 11 
2-379 H8El H8E2 with Pull-up Resistance 11 
2-380 H8EO H8E2 with Pull-down Resistance 11 
2-381 H8S 3-state Output and Schmitt Trigger Input Buffer 13 
2-382 H8SU H8S with Pull-up Resistance 13 
2-383 H8SD H8S with Pull-down Resistance 13 
2-384 H8R 3-state Output and Schmitt Trigger Input Buffer 13 
2-385 H8RU H8R with Pull-up Resistance 13 
2-386 H8RD H8R with Pull-down Resistance 13 
2-387 H6TF 3-state Output and Schmitt Trigger Input Buffer 8 
2-388 H6TFU H6TF with Pull-up Resistance 8 
2-389 H6TFD H6TF with Pull-down Resistance 8 
2-390 H6CF 3-state Output and Input Buffer 8 
2-391 H6CFU H6CF with Pull-up Resistance 8 
2-392 H6CFD H6CF with Pull-down Resistance 8 
2-393 H8TF 3-state Output and Input Buffer 9 
2-394 H8TFU H8TF with Pull-up Resistance 9 
2-395 H8TFD H8TF with Pull-down Resistance 9 
2-396 H8CF 3-state Output and Input Buffer 9 
2-397 H8CFU H8CF with Pull-up Resistance 9 
2-398 H8CFD H8CF with Pull-down Resistance 9 

Oscillator Circuits 

2-399 IT10 Input Buffer for Oscillator 0 
2-400 HOC Output Buffer for Oscillator and Input Buffer 8 
2-401 HOS Output Buffer for Oscillator and 

Schmitt Trigger Input Buffer 8 
2-402 HOCR Output Buffer for Oscillator 8 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

IlB I Input Buffer (Inverter) I 5 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.60 0.04 1.54 0.04 X ... IN 

X ---[>0-- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

II 
Output Driving 

Pin Name Factor (R.u) 
IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-IlB-El J Sheet 1/1 J I Page 20-1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IlBU 
I Input Buffer (Inverter) 

with Pull-up Resistance I 5 
Cell Symbol Pro'j:agation Delay Parameter 

tun tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 60 0.04 1.54 0.04 X ... IN 

X --{>o- IN 

Parameter Symbol TypJns)'~ 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by th6 maximum delay multiplier. 

UHB-IlBU-E1 I Sheet 1/1 I I Page 20-2 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IlBD 
.1 Input Buffer (Inverter) 

with Pull-down Resistance I 5 
Cell Svmbol ProFagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 60 0.04 1.54 0.04 X'" IN 

X -[>0- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (Rou) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

I2B I Input Buffer (True) j 4 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 

X --{>- IN 

Parameter Svmbol TYJ)(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (Rou) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TIL Equivalent Circuit 

"' ........... .. ... ----., 
I I I I 

~ I I I I 

I " I 
I I I I , , , 
I. ... _ ...... .J L ... ____ "" 

74S04 74S04 
74LS04 74LS04 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

I2BU 
I Input Buffer (True) 

with Pull-up Resistance I 4 
Ce 11 SV'lDbol Pronagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 

X -t>- IN 

Parameter Symbol TvP(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-I2BU-El I Sheet 1/1 I I Page 20-5 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB' Version 
Cell Name I Function I Number of BC 

I2BD 
I Input Buffer (True) 

with Pull-down Resistance I 4 
Cell Symbol Pro.agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 

X --f>- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name FactorLR.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IKB I Clock Input Buffer (Inverter) I 4 
Cell Svrnbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.37 0.02 1. 82 0.02 X ... CI 

X -{>o- CI 

Parameter Symbol Typ(ns )'" 

Input Loading 
Pin Name Factor (Rou) 

II 
Output Driving 

Pin Name Factor (Rou) 
CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TTL Equivalent Circuit 
, .. ---., 

llT ' , 
L. ____ J 

74540 
til" 

UHB-IKB-E2 I Sheet 1/1 I I Page 20-7 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

IKBU 
I Clock Input Buffer (Inverter) 

with Pull-up Resistance I 4 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.37 0.02 1.82 0.02 X ... CI 

X ----[>- CI 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (Rou) 

CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TTL Equivalent Circuit 
....... , 

r-., 0 

0 

,:.- 0 

N--~ 0 

h- 0 

:L,...I 0 

0 
L ____ • .1 

74540 
"1" 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IKBD 
I Clock Input Buffer (Inverter) 

with Pull-down Resistance I 4 
Cell Svmbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.37 0.02 1.82 0.02 X ... CI 

X ----{>- CI 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.11l 

CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

TTL Equivalent Circuit 
r .......... , 

~ 
, , 

, - P-7--....;..... 
Tv , , , 

&._ ...... _-, 

74540 
"1" 

"-
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

ILB J Clock Input Buffer (True) I 6 
Cell Svmbol Pro,:agation Delay Parmeter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.03 0.02 2.56 0.02 X ... CI 

X -[>- CI 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (Rou) 

CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

ILBU 
I Clock Input Buffer (True) 

with Pull-up Resistance I 6 
Cell Svmbol Pro):agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.03 0.02 2.56 0.02 X .. CI 

X -t>-- CI 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TTL Equivalent Circuit 

,. ........... ., 
, ,. ........... ., , 

0 

'"" 
, 

I 
, , 

0 0 
0 ::= ~CI , 

L ........... j 

74S04 ~c./ 
, 

74LS04 
, 
0 

............... "" 

74S40 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

ILBD 
I Clock Input Buffer (True) 

with Pull-down Resistance I 6 
Cell Symbol PrOllagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.03 0.02 2.56 0.02 X -+ CI 

X -t>- CI 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

CI 150 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IlC J CMOS Interface Input Buffer (Inverter) I 5 
Cell Svmbol Projlagation Delay Parameter 

tUD tdn 
to KCL to KCL KCLZ CDRZ Path 
1.3Z 0.04 1.44 0.04 X 1> IN 

X -{>o- IN 

Parameter Symbol Tvo(ns)1' 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC I CMOS Interface Input Buffer (Inverter) I IlCU with Pull-up Resistance 5 
Cell Symbol Prooagation Delay PaTameteT 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.32 0.04 1.44 0.04 X .. IN 

X -----t>- IN 

Parameter Symbol Tvo(ns)* 

Input Loading 
Pin Name Factor (tu) 

Output Driving 
Pin Name Factor (tu) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function 1 Number of BC I CMOS Interface Input Buffer (Inverter) I nCD wi th Pull-down Resistance 5 
Cell Svmbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 35 0.04 1.44 0.04 X -+ IN 

X -[>0-- IN 

Parameter Symbol Typ(ns )'" 

Input Loading 
Pin Name Factor (.tu) 

Output Driving 
Pin Name Factor (.tu) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB-IlCD-EI I Sheet 1/1 I r Page 20-15 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

I2C I CMOS Interface Inout Buffer (True) I 4 
Cell Svmbol Prollagation Delav Parameter 

tuo tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X -+ IN 

X -[>- IN 

Parameter Symbol Tvtl(ns)* 

Input Loading 
Pin Name Factor (.ltu) 

III 
Output Driving 

Pin Name Factor (.ltu) 
IN 36 

* Minimum values for the typical operating condition. 
The values for the worst ease operating condition 
are given bv the maximum delav multiplier. 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

I2CU 
I CMOS Interface Input Buffer 

with Pull-up Resistance (True) I 4 
Cell Svmbol Prooagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 

X --{>- IN 

Parameter I Symbol Typ(ns)* 

I 

Input Loading 
Pin Name Factor (Rou) .. 

Output Driving 
Pin Name Factor (Rou) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB VersiQn 
Cell Name I Function I Number of BC 

I2CD 
I CMOS Interface Input Buffer 

with Pull-down Resistance (True) I 4 
Cell Svmbol Propagation Delay_Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X.,. IN 

X -[>- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
, 

• 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

UHB-I2CD-E2 I Sheet 1/1 I I Page 20-18 

2-312 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

11S 
I Schmitt Trigger Input Buffer 

(CMOS Type, Inverter) I 8 
Cell Svmbol ProJ:agation Delay_ Parameter 

tun tdn 
to KCL to KCL KCL2 CDR2 Path 
3.90 0.16 2.68 0.08 X'" IN 

X -f9o- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name J Function I Number of BC 

IlSU 
I Schmitt Trigger Input Buffer 

(CMOS Type Inverter) with Pull-up Resistance J 8 
Cell Svmbol ProJ:agation Delay Parameter 

tun tdn 
to KCL to KCL KCL2 CDR2 Pa1:h 
3.90 0.16 2.68 0.08 X -+ IN 

X -tpo- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

IfI 
Output Driving 

Pin Name Factor (R.u) 
IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

IlSD 
I Schmitt Trigger Input Buffer 

(CMOS Type, Inverter) with Pull-down Resistance I 8 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.90 0.16 2.68 0.08 X ... IN 

X --{90- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.uJ 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

UHB IlSD-E1 I Sheet 1/1 I I Page 20-21 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC I Schmitt Trigger Input Buffer I I2S (CMOS Type, True) 8 
Cell Svmbol Propagation Delay_ Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X -+ IN 

X -W- IN 

Parameter Svmbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) . 

IfI 
Output Driving 

Pin Name Factor (Rou) 
IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU C~OS GATE ARRAY UNIT CELL SPECIFICATION I tillB" Version 
Cell Name I Function I Number of BC 

I2SU 
I Schmitt Trigger Input Buffer 

(CMOS Type, True) with Pull-up Resistance 1 8 
Cell Svmbol Pro.agation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X ... IN 

X -{9- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (iu) 

Output Driving 
Pin Name Factor (iu) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY u~IT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

I2SD 
I Schmitt Trigger Input Buffer 

(CMOS Type, True) with Pull-down Resistance I 8 
Cell Svmbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X'" IN 

X -f9- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
I 

Pin Name Factor (R.u) 

B 
Output Driving 

Pin Name Factor (R.u) 
IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Jl:iven bv the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION J "UHB" Version 
Cell Name I Function I Number of BC I Schmitt Trigger Input Buffer I IlR (TI'L Type Inverter) 8 
Cell Symbol Pro~a~ationDelay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.48 0.16 2.36 0.08 X .. IN 

I 
I 

X --{Po- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

Output Driving 
Pin Name Factor (lu) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I nUHB Version 
Cell Name I Function I Number of BC 

IlRU 
I Schmitt Trigger Input Buffer 

(TTL Type, Inverter) with Pull-up Resistance I 8 
Cell Symbol ProJ)agation Delay Parameter 

tUJ> tdn 
to KCL to KCL KCL2 CDR2 Path 
4.48 0.16 2.36 0.08 X -+ IN 

X ~ IN 

I 
Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

Output Driving 
Pin Name Factor (lu) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are·given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

IlRD 
I Schmitt Trigger Input Buffer 

(TTL Type Inverter) with Pull-down Resistance J 8 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.48 0.16 2.36 0.08 X -+ IN 

X --P- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

Output Driving 
Pin Name Factor (.tu) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Schmitt Trigger Input Buffer I I2R (TTL Type, True) 8 
Cell Symbol Prollagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X" IN 

X ~ IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

Output Driving 
Pin Name Factor (.tu) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FuJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Schmitt Trigger Input Buffer I I2RU (TTL Type True) with Pull-up Resistance 8 
Cell Svmbol Propagation Delav Parameter 

tup tdn' 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X'" IN 

X -19- IN 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (Rou) 

II 
Output Driving 

Pin Name Factor (Rou) 
IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function J Number of BC I Schmitt Trigger Input Buffer I I2RD (TTL Type, True) with Pull-down Resistance 8 
Cell Svmbol Prooagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X .. IN 

X ~ IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (Rou) 

Output Driving 
Pin Name Factor (R.u) 

IN 18 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given bv the maximum delay multiplier. 

UHB-I2RD-El I Sheet 1/1 I I Page 20-30 

2-324 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name JFunction I Number of BC 

OlB I Output Buffer(IOL=3.2mA Inverter) I 3 
Cell Symbol Propa!?;ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 93 0.056 2.24 0.124 OT .. X 

(5.29) (9.68) 

OT ---[>- X 

Parameter Symbol Typ{ns)* 

Input Loading 
Pin Name Factor (tu) 

OT 2 

Output Driving 
Pin Name Factor (tu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are .given by the maximum delay multiplier. 

Note: 1. The unit of KcL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

01L I Output Buffer (IOL=12mA Inverter) I 3 
Cel1 Symbol Propagation De1av Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.29 0.037 2.47 0.041 OT .. X 

(4,.51) 
I 

(4.93) 

OT -[>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

OT 2 

Output Driving 
Pin Name Factor (lu) 

• Minimum values for the typical operating condition. 
The values for the worst ease operating condition 
are given by the maximum delav multiplier. 

Note: 1- The unit of KcL is ns/pF. 

2. Output load eapacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

OlR 
I Output Buffer (lOL=3. 2mA, Inverter) 

with Noise Limit Resistance I 5 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to XCL to XCL XCL2 CDR2 Path 
3.30 0.056 5.18 0.13 OT -+ X 

(6.66) (12.98) 

OT -[>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

OT 1 

Output Driving 
Pin Name Factor (.tu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are 2iven by the maximum delay multiplier. 

Note: 1. The unit of XCL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

01S 
I Output Buffer(IOL=12mA. Inverter) 

with Noise Limit Resistance J 5 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
4.02 0.038 6.39 0.054 OT .. X 

(6.30) (9.63) 

OT -{>- X 

Parameter Sytllbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

OT 1 

Output Driving 
Pin Name Factor (R.u) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1- The unit of KCL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02B I Output Buffer (10L=3. 2mA True) I 2 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 70 0.056 1. 75 0.124 OT .. X 

(5.09) (9.19) 

OT --[>- X 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (.tu) 

OT 4 

Output Driving 
Pin Name Factor (.tu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TTL Equivalent Circuit 

r ............ .. .......... , 
o 0 0 

--H>o++t>+ I I I I 

I 'I I 

I • I I 

0 0 0 ................ ,, __ ...... .1 

74S04 74S04 
74LS04 74LS04 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 60 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

02L I Output Buffer(IOL=12mA True) I 2 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 .CDR2 Path 
2.09 0.037 1.98 0.041 OT -+ X 

(4.31) (4.44) 

OT -[>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

OT 4 

Output Driving 
Pin Name Factor (lu) 

* Minimum values for the typical operating condition. 
The values for the worst ease operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of EeL is ns/pF. 

2. Output load capacitance of 60 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses sre the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02R 
I Output Buffer(IOL=3.2mA. True) 

with Noise Limit Resistance I 4 
Cell Symbol Protla2ation Delay Parameter 

tup tdn 
to RCL to RCL RCL2 CDR2 Path 
2.99 0.056 4.69 0.13 OT .. X 

(6.35) (12.49) 

OT -[>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (lu) 

OT 2 

Output Driving 
Pin Name Factor (lu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of ReL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02S 
I Output Buffer(IOL=12mA. True) 

with Noise Limit Resistance I 4 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.71 0.038 5.67 0.054 OT ... X 

(5.99) (9.11) 

OT -[>- X 

Parameter Symbol Typ(ns);( 

Input Loading 
Pin Name Factor (iu) 

OT 2 

Output Driving 
Pin Name Factor (iu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of KcL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02S2 
I Output Buffer(IOL=24mA, True) 

with Noise Limit Resistance I 6 
Cell Symbol PropaJl:ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
5.27 0.032 9.51 0.06 OT ... X 

(7.19) (13.11) 

OT -i>- X 

Parameter Syttcbol Typ(ns)* 

Input Loading 
Pin Name Factor (iu) 

OT 2 

Output Driving 
Pin Name Factor (iu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are Riven bv the maximum delay multiplier. 

Note: 1. The unit of KcL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 

UHB-02S2-E3 I Sheet 1/1 I I Page 20-39 

2-333 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output Buffer(IOL=3.2mA, True) I 04R with Noise Limit Resistance 5 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.12 0.056 5.66 0.13 OT ... X 

(6.76) (14.11) 

OT --tr X 

C 

L ... Z z ... L 
to KCL to KCL C ... X 
2.22 6.47 0.13 

(13.44) * (14.92) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H ... Z Z ... H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (13.44) * (14.92) 
Pin Name Factor (tu) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kSl 

I LSI 
I 

LSI I lc 102 
kSl c 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KCL is ns/pF. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output Buffer(IOL=12mA. True) I 04S with Noise Limit Resistance 5 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to RCL to I<CL I<CL2 CDR2 Path 
3.96 0.038 7.25 0.054 OT .. X 

(6.43) (10.76) 

OT --tr- X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
3.65 7.40 0.054 

(17.83) * (10.91) 

Input Loading 
Pin Name Factor (1u) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (17.83) * (10.91) 
Pin Name Factor (1u) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

c:BR'2~ 
I LSI 

I 
LSI I lc 1" 2kll C 

~ ,l, 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of ICL is ns/pr. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT C~LL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output Buffer (IOL=24mA, True) I 04S2 with Noise Limit Resistance 7 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
5.61 0.032 11.62 0.06 OT -+ X 

(7.69) (15.52) 

OT -tr X 

C 

L-+ Z Z -+ L 
to KCL to KCL C -+ X 
5.36 11.18 0.06 

(19.23) * (15.08) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H-+ Z Z -+ H 

II 
to KCL to KCL 
6.37 5.25 0.032 

Output Driving (19.23) * (15.08) 
Pin Name Factor (tu) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH' O 

2kS2 

I LSI 
I 

LSI I lc l' = "" C 

~ .I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

04T I Tri-state Output Buffer(IOL=3.2mA, True) I 4 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.42 0.056 2.52 0.13 OT -+ X 

(6.06) (10.97) 

OT ---cr X 

C 

L-+ Z Z -+ L 
to KCL to KCL C -+ X 
2.07 2.55 0.13 

(12.35) ,~ (11. 00) 

Input Loading 
Pin Name Factor (R.u) 

OT 4 
C 2 H-+ Z Z -+ H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (12.35) ;, (11.00) 
Pin Name Factor (R.u) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c:H' = 2 kQ 

I LSI I 1 C t=2 kQ 
C 

;:L rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

04W I Tri-state Output Buffer (IOL=12mA True) I 4 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.02 0.038 4.12 0.047 aT -+ x 

(5.49) (7.17) 

aT -tr x 

c 

L-+ Z Z-+L 
to KeL to KCL c .. X 
2.96 3.69 0.047 

(16.35) * (6.75) 

Input Loading 
Pin Name Factor (.tu) 

aT 4 
c 2 H .. Z Z .. H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (16.35) * (6.75) 
Pin Name Factor (.tu) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

clR
-

2kS2 

I LSI 
I 

LSI I 
lc ~R=2kS2 

C ~ 
~ ~ rr'n 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KCt is ns/pF. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

OlBF I Output Buffer (IOL=8mA Inverter) I 3 
Cell Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.96 0.056 2.01 0.063 OT ... X 

(5.32) (5.79) 

OT ---{>- X 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (lu) 

OT 2 

Output Driving 
Pin Name Factor (lu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

OlRF 
I Output Buffer (IOL=8mA, Inverter) 

with Noise Limit Resistance I 5 
Cell Symbol Pro~aR:ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.39 0.056 5.60 0.063 OT .. X 

(6.75) (9.38) 

OT -{>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

OT 1 

Output Driving 
Pin Name Factor (R.u) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of KcL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02BF I Output Buffer. (IOL=8mA True) I 2 
Cell Symbol Pro~agationDelay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 76 0.056 1.52 0.063 OT -+ X 

(5.12) (5.30) 

OT ---(>- X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (.tu) 

OT 4 

Output Driving 
Pin Name Factor (.tu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

TTL Equivalent Circuit 

p-----., .............. ., 
I It. 

--+-f>o+-+t>c+-I " I 
t I I I 

tit I 

I I' • .... .. ... ... ... "" ................. 
74S04 74504 
74LS04 74LS04 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

02RF 
I Output Buffer (IOL=8mA. True) 

with Noise Limit Resistance I 4 
Cell Symbol Pro~a£ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.08 0.056 5.11 0.063 OT .. X 

(6.44) (8.89) 

OT --t>-- X 

Parameter Symbol Typ(ns)'" 

Input Loading 
Pin Name Factor (lu) 

OT 2 

Output Driving 
Pin Name Factor (lu) 

'" Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

Note: 1. The unit of KcL is ns/pF. 

2. Output load capacitance of 60 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "OOB" Version 
Cell Name I Function I Number of BC I Tri-state Output Buffer (IOL=8mA, True) I 04RF with Noise Limit Resistance 5 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
3.21 0.056 5.96 0.070 OT .. X 

(6.85) (l0.51) 

OT ---cr X 

c 
L" Z z .. L 

to KCL to KCL C .. X 
2.62 6.82 0.070 

(15.89) * (11. 37) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (15.89) * (11.37) 
Pin Name Factor (lu) II 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kS2 

I LSI 
I 

LSI I lc 1=2 .. C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KcL is ns/pF. 

2. Output load capacitance of 65 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

04TF I Tri-state Output Buffer (IOL=8mA True) I 4 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.51 0.056 3.27 0.063 OT .. X 

(6.15) (7.37) 

OT -cr- X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.29 3.35 0.063 

(14.80) * (7.45) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z -+ H 

II 
I 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (14.80) * (7.45) 
Pin Name Factor (iu) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2itS2 

I LSI 
I 

LSI I lc t 02.o c 
~ rL 

(a) Measur~ment of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL is ns/pF. 

2. Output load capacitance of 65 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H6T I Tri-state Output(IOL=3.2mA) & Input Buffer (True) I 8 
Ce11 Symbol Profagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
2.42 0.056 2.52 0.13 OT .. X 

~ 
(7.18) (13.57) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (£u) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (£u) III 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 21Ul 

I LSI 
I 
I~ 1 1'=21& C 

J.C ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H6T-E4 [Sheet 1/1 I - PaRe 20-45 

2·345 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=3.2mA) & Input Buffer (True) I H6TU with Pull-up Resistance 8 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 
2.42 0.056 2.52 0.13 OT ... X 

=tr-
(7.18) (13.57) 

IN 

OT X 

C 

L ... Z ZoO L 
to KCL to KCL CoO X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 
c 2 H oO Z Z oO H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (.tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R- 2kS2 

I LSI 
I 

LSI I 
lc 1-"'" c 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=3.2mA) & Input Buffer (True) I H6TD with Pull-down Resistance 8 
Cell Symbol Pro~a~ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1. 06 0.04 1.84 0.04 X -+ IN 
2.42 0.056 2.52 0.13 OT .. X 

=cr-
(7.18) (13.57) 

IN 

OT X 

C 

L" Z z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (Iu) II 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

cB" 21d2 

I LSI 
I 

LSI I lc 1-.. " C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of lCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

H6W I Tri-state Output(IOL=12mA) & Input Buffer (True) I 8 
Cell Symbol Pro;agation Delay Parameter 

tup tdn 
to KCL t'O KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.02 0.038 4.12 0.047 OT .. X 

=tr-
(6.25) (8.12) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (20.25) * (7.69) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

cHR
• 

2ltS2 

I LSI 
I 

LSI I lc 1-"0' c 
~ ,l, 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of leL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=12mA) & Input Buffer (True) I H6WU with Pull-up Resistance 8 
Cell Symbol Propagation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.02 0.038 4.12 0.047 OT" X 

~ 
(6.25) (8.12) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor Clu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (20.25) * (7.69) 
Pin Name Factor Clu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cHR
-

2kSl 

I LSI 
I 

LSI I lc ~R = 2kSl 
C <; 
~ ,I rr'r7 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT, C to J( is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Versi,on 
Cell Name I Function I Number of BC I Tri-state Output(IOL=12mA) & Input Buffer (True) I H6",'D with Pull-down Resistance 8 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.02 0.038 4.12 0.047 OT .. X 

=cr-
(6.25) (8.12) 

IN 

OT X 

C 

'L" Z Z .. L 
to KCL to KCL C .. X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (20.25) * (7.69) 
Pin Name Factor (.tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propaga,tion delay time 
at ,LZ, ZL, HZ and ZH are as follows: 

cHR='~ I LSI 
I 

LSI J lc 1'·'" C 

~ ,:L 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

H6C 
I Tri-state Output(IOL=3.2mA) 

6. CMOS Interface Input Buffer (True) I 8 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
2.42 0.056 2.52 0.13 OT .. X 

=tr 
(7.18) (13.57) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) '* (13.60) 

Input Loading 
Pin Name Factor (Lu) 

OT 4 
C 2 H" Z z .. H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) ." (13.60) 
Pin Name Factor (Lu) 

IN 36 

'* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c=H' 
= 2kS2 

I LSI 
l 
I lc 1" 21d1 C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

H6CU 
I Tri-state Output(IOL=3.2mA) & CMOS Interface 

Input Buffer (True) with Pull-lip Resistance I 8 
Cel1 Symbol ProJ:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
2.42 0.056 2.52 0.13 OT .. X 

~ 
(7.18) (13.57) 

IN 

OT X 

C 

L" Z Z" L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) • (13.60) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 c 2 H .. Z Z .. H 
to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) • (13.60) 
Pin Name Factor (.tu) 

IN 36 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR'2~ 
I LSI 

I 
LSI I lc lR'2~ C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H6CD 
I Tri-state Output(IOL=3.2mA) & CMOS Interface 

Input Buffer (True) with Pull-down Resistance I 8 
Cell Symbol Pro;agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1. 33 0.04 X .. IN 
2.42 0.056 2.52 0.13 OT .. X 

~ 
(7.18) (13.57) 

IN 

OT X 

C 

L" Z Z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (R.ul_ 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (R.u) 

II 
IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~. = 2idl 

I LSI 
I 
I lc 1" n. c 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

H6E 
I Tri-state Output{IOL=12mA) & CMOS Interface 

Input Buffer (True) . I 8 
Cell Symbol Pro~aJtation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X -+ IN 
3.02 0.038 4.12 0.047 OT -+ X 

=rr 
(6.25) (8.12) 

IN 

OT X 

C 

L-+ Z Z-+L 
to KCL to KCL C -+ X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor (Lu) 

OT 4 
C 2 H -+ Z Z -+ H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (20.25) * (7.69) 
Pin Name Factor (Lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR=2~ 
I LSI 

I 
LSI I Ic 1'2~ C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H6EU 
I Tri-state Output(IOL=12mA) & CMOS Interface 

Input Buffer -CTrue) with Pull-up Resistance I 8 
Cell Symbol Prot a!<ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1. 33 0.04 X ... IN 
3.02 0.038 4.12 0.047 OT ... X 

=cr 
(6.25) (8.12) 

IN 

OT X 

C 

L'" Z Z ... L 
to KCL to KCL C'" X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor (lu) 

OT 4 
C 2 H'" Z Z ... H 

to KCL to KCL 
4.03 2.72 0.038 

Output Driving (20.25) * (7.69) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 2kSl 

I LSI 
I 
I lc 1'2~ C 

~ ,l, 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is ujied for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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I Cell Name-TFunction I Number of BC 

H6ED 
I Tri-state Output(IOL=12mA) & CMOS Interface 

Input Buffer (True) with Pull-down Resistance I 8 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X -+ IN 
3.02 0.038 4.12 0.047 OT -+ X 

=rr-
(6.25) (8.12) 

IN 

OT X 

C 

L" Z Z .. L 
to KCL to KCL CoO X 
2.96 3.69 0.047 

(20.25) * (7.69) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 HoO Z Z -+ H 

to KCL to KCL 

III 4.03 2.72 0.038 
Output Driving (20.25) * (7.69) 

Pin Name Factor (iu) 
IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2102 

~ LSI 
l 

LSI J lc 1. 2 
102 

C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KeL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is u$ed for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITS(fcMOS GATE ARRAY UNIT CELL SPECIFICATION J UHB Version 
Cell Name I Function I Number of BC 

H6S 
I Tri-state Output(IOL=3.2mA) & 

Schmitt Trigger Input Buffer(CMOS Type True) I 12 
Cell Symbol Pro~al:ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X ... IN 
2.42 0.056 2.52 0.13 OT ... X 

=cr-
(7.18) (13.57) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KCL C ... X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 
C 2 H ... Z Z ... H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (.tu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 21& 

I LSI 
I 
J 

Ic 1'0'" C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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III 

jo·UJ1TSU CI1US GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

I Tri-state Output(IOL=3.2mA) & Schmitt Trigger 
H6SU Input Buffer(CMOS Type True) with Resistance I 

Cell Symbol Propagation Delay Parameter 

c 

Input Loading 
Pin Name Factor (Iu) 

OT 4 
C 2 

Output Driving 
Pin Name Factor (Iu) 

IN 18 

tup tdn 
to KCL to KCL 
2.48 
2.42 

(7.18) 

0.16 3.08 0.10 
0.056 2.52 0.13 

to 
2.07 

(15.35) 

to 
3.41 

(15.35) 

(13.57) 

L" Z 
KCL 

* 

H .. Z 
KCL 

* 

to 
2.55 

(13.60) 

to 
2.31 

(13.60) 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

r---1 ~ R = .2 1d2 

~ C 

~ 

KCL2 CDR 2 

Z oO L 
KCL 
0.13 

Z .. H 
KCL 

0.056 

12 

Path 
X .. IN 

OToO X 

C .. X 

<a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I nUHB" Version 
Cell Name J Function I Number of BC 

H6SD 
I Tri-state Output(IOL=3.2mA} & Schmitt Trigger 

Input Buffer(CMOS Type True) with Resistance I 12 
Cell Symbol ProJa~ation Delay Parameter 

tup tdn 
to KCL tQ KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X .. IN 
2.42 0.056 2.52 0.13 OT .. X 

=rr-
(7.18) (13.57) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z .. H 

to XCL to XCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (iu) 

IN 18 

* These values lire subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH··2~ 
I LSI 

I 
LSI I lc 1'02 .. C 

r.:L ,l, 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of XCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Ce1l Name I Function I Number of BC 

H6R 
I Tri-state Output(IOL=3.2mA) & Schmitt Trigger 

Input Buffer -(TTL Type True) I 12 
Ce1l Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X ... IN 
2.42 0.056 2.52 0.13 OT ... X 

=cr 
(7.18) (13.57) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KCL C ... X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (lu) 

OT 4 
C 2 H ... Z Z .. H 

If) 
to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (lu) . 

IN 18 

, 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R.'~ 
I LSI 

I 
LSI I lc lR='~ C 

~ ,.I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H6RU 
I Tri-state Output(IOL=3.2mA) & Schmitt Trigger 

Input Buffer -(TTL Type True) with Pull-up Resistance I 12 
Cell Symbol Pro~8R.ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X ... IN 
2.42 0.056 2.52 0.13 OT ... X 

=cr-
(7.18) (13.57) 

IN 

OT X 

e 

L ... Z Z .. L 
to KCL to KCL e .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
e 2 H .. Z Z .. H 

to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (iu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2id2 

I LSI 

I 
LSI I 

ie t. Hll e 
~ ~ 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of I<cL for paths OT, e to X is Ds/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

H6RD 
I Tri-state Output(IOL=3.2mA) & Schmitt Trigger J 

Input Buffer (TTL Type True) with Pull-down Resistance 12 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X" IN 
2.42 0.056 2.52 0.13 OT .. X 

=rr-
(7.18) (13.57) 

TN 

OT X 

C 

L" Z Z .. L 
to KCL to KCL C .. X 
2.07 2.55 0.13 

(15.35) * (13.60) 

Input Loading 
Pin Name Factor (lu) 

OT 4 c 2 H .. Z Z .. H 
to KCL to KCL 
3.41 2.31 0.056 

Output Driving (15.35) * (13.60) 
Pin Name Factor (lu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH"'~ I LSI 
I 

LSI I lc ~R=2kS2 
C ~ 
~ ,I rr'r7 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths CT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is ~sed for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION J "UHB" Version 
Cell Name J Function I Number of BC 

H8T 
I Tri-state Output(IOL=3.2mA) with Noise Limit Resistance I 

& Input Buffer (True) 9 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to . KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

=cr 
(7.88) (16.71) 

IN 

OT X 

C 

L" Z z .. L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (Lu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) II 
Pin Name Factor (.tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c=H" 
2 ItS! 

I LSI 
I 

LSI I lc J.1 .. C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KcL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

HBTU 
I Tri-state Output(IOL=3.2mA) with Noise Limit Resistance I 

(. Input Buffer (True) with Pull-up Resistance 9 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

~ 
(7.88) (16.71) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (Lu) 

OT 2 
C 2 H .. Z z .. H 

II 
to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17 .52) 
Pin Name Factor (Lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

cHR.2~ 
I LSI 

I 
LSI I lc 1·2~ C 

~ .I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement oftpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT. C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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-- ~FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8TD 
J Tri-state Output(IOL=3.2mA) with Noise Limit Resistance I 

& Input Buffer (True) with Pull-down Resistance 9 
Cell Symbol Pro~a.c:ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X -+ IN 
3.12 0.056 5.66 0.13 OT -+ X 

~ 
(7.88) (16.71) 

IN 

OT X 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H -+ Z Z -+ H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (tu) 

IN 36 

1, These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cijR = 2lU2 

LSI lc 1=2~ C 
,L rL 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS-GATE-ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=12mA) with Noise Limit Resistance I H8W & Input Buffer (True) 9 
Cell Symbol ProJ;a£ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 ·1.84 0.04 X .. IN 
3.96 0.038 7.25 0.054 OT" X 

=cr-
(7.19) (11.84) 

IN 

OT X 

C 

L .. Z Z'" L 
to KCL to KCL C .. X 
3.65 7.40 0.054 

(21.73) * (11. 99) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 2 H .. Z z ... H 

to KCL to lCL 
3.75 3.69 0.038 

Output Driving (21.73) * (11.99) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl" 21d1 

I LSI 
I 

LSI I lc 1" "'" c 
r.:L ,I 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of leL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

HSWU 
I Tri-state Output(IOL=12mA) with Noise Limit Resistance 

& Input Buffer (True) with Pull-up Resistance I 9 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X" IN 
3.96 0.038 7.25 0.054 OT" X 

=rr-
(7.19) (11.84) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL c .. X 
3.65 7.40 0.054 

(21.73) * (11. 99) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
c 2 H .. Z Z .. H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (21. 73) .,. (11.99) II 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~.- 21& 

I LSI 
I 

LSI I 
lc 102 

.. C 

~ . .I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name J Function J Number of BC 

HSWD 
I Tri-state Output(IOL=12mA) with Noise Limit Resistance 

& Input Buffer ~Truel with Pull-down Resistance I 9 
Cell Symbol ProIagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 
3.96 0.038 7.25 0.054 OT ... X 

~ 
(7.19) (11.84) 

IN 

OT X 

I C 

L ... Z Z ... L 
to KCL to KCL C ... X 
3.65 7.40 0.054 

(21.73) * (11. 99) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 2 H ... Z Z ... H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (21.73) * (11.99) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cHR
-

2kl'l 

I LSI 
I 

LSI I 1 C 1·'>0 C 
J, J, 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=24mA) with Noise Limit Resistance I H8W2 & Input Buffer (TTL True) 1l 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 
5.61 0.032 11.62 0.06 OT ... X 

=cr-
(8.33) (16.72) 

IN 

OT X 

C 

L .. Z Z ... L 
to KCL to KCL C ... X 
5.36 11.18 0.06 

(23.23) * (16.28) 

Input Loading 
Pin Name Factor (R.u) 

OT 2 
C 2 H ... Z Z ... H 

to KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) * (16.28) 
Pin Name Factor (R.u) 

II 
IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cHR
-

2kJ1 

I LSI 
I 

LSI J lc 1-"51 C 

~ ~ 
(a) Measutement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8Wl 
I Tri-state Output(IOL=24mA) with Noise Limit Resistance 

& Input Buffer (rn. True) with Pull-up Resistance I 11 
Cell Symbol Pro.agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 
5.61 0.032 11. 62 0.06 OT ... X 

~ 
(8.33) (16.72) 

IN 

OT X 

C 

L'" Z Z ... L 
to KCL to KCL C ... X 
5.36 11.18 0.06 

(23.23) * (16.28) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 2 H ... Z Z ... H 

IfI 
to KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) * (16.28) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH' O 

2 kQ 

I LSI 
I 

LSI I lc J=''''' C 

~ ;L 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8WO 
I Tri-state Output(IOL=24mA) with Noise Limit Resistance 

& Input Buffer TTL True) with Pull-down Resistance I 11 
Cell Symbol Profagation Delay Parameter 

tUjl tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ~ IN 
5.61 0.032 11.62 0.06 OT ~ X 

=tfi 
(8.33) (16.72) 

IN 

OT X 

C 

L~ Z Z ~ L 
to KCL to KCL C ~ X 
5.36 11.18 0.06 

(23.23) '* (16.28) 

Input Loading 
Pin Name Factor (Lu) 

OT 2 
C 2 H ~ Z Z ~ H 

to , KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) '* (16.28) III 
Pin Name Factor (Lu) 

IN 36 

'* These value's are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL. HZ and ZH are as follows: 

cl'- 21tS2 

I LSI 
I 

LSI I ic 1'"2 kll C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the ,values applied to the 
simulation. 

UHB-H8WO-E2J Sheet 1/1 I I Page 20-71 

2-371 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8C 
I Tr1-state uutput(IOL=3.2mA) with Noise Limit Resistance I 

& CMOS Interface Input Buffer (True) 9 
Cell Symbol PrOta2ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

=cr 
(7.88) (16.71) 

IN 

OT X 

C 

L" Z Z" L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor {Lu} 

OT 2 
C 2 H" Z Z .. H 

to KeL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (Lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c:BR=2~ 
I LSI 

I 
LSI I lc I·2~ C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of ICL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

H6CU 
I Tri-state Output(IOL=3.2mA) wI Noise Limit Resistance & I 

CMOS Interface Input Buffer (True) wI Pull-up Resistance 9 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X ... IN 
3.12 0.056 5.66 0.13 OT ... X 

=cr-
(7.88) (16.71) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KCL e ... X 

2.22 6.47 0.13 
(16.44) * (17.52) 

Input Loading 
Pin Name Factor (LuJ 

OT 2 
e 2 H'" Z Z ... H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) II 
Pin Name Factor (Lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kS2 

I LSI 
I 

LSI I 
Ie 1"' IdI 

e 
~ ,I 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KCL for paths OT, e to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

H8CD 
I Tri-state Output(IOL=3.2mA) wI Noise Limit Resistance &:J 

CMOS Interface Input Buffer(True) wI Pull-down Resistanc 9 
Cell Symbol Pro~ agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

=rr-
(7.88) (16.71) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 

2.22 6.47 0.13 
(16.44) * (17.52) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (I.u) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c:HR'2~ 
I LSI 

I 
LSI I lc ~R"'2kS2 

C ~ 
~ ,I 1"7'77 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=12mA) with Noise Limit Resistance I H8E & CMOS Interface Input Buffer (True) 9 
Cell Symbol Pro~agation'Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X .. IN 
3.96 0.038 7.25 0.054 OT .. X 

=cr-
(7.19) (11.84) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
3.65 7.40 0.054 

(21.73) * (11.99) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (21. 73) * (11. 99) 
Pin Name Factor (Lu) II 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH' 
, 

= 2 kl2 

I LSI 
I 
I lc 1'. ,.ll C 

;L ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacita~ce of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name I Function I Number of BC 

H8EU 
I Tri-state Output(IOL=12mA) with Noise Limit Resistance & I 

CMOS Interface Input Buffer (True) wi Pull-up Resistance 9 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X .. IN 
3.96 0.038 7.25 0.054 OT .. X 

=cr-
(7.19) (11.84) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
3.65 7.40 0.054 

(21.73) '" (11. 99) 

Input Loading 
Pin Name Factor (lul 

OT 2 
C 2 H .. Z Z ... H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (21. 73) * (11. 99) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R = 2k\'l 

I LSI 
I 
I lc 1'=2~ C 

T rl, ~ 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8EU-E2 Sheet 111 I Page 20-76 

2-376 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION UHB Version 
Cell Name I Function I Number of BC 

HBED 
I Tri-state Output(IOL=12mA) with Noise Limit Resistance 60 ~J 

CMOS Interface Input Buffer (True) wi Pull-do~~ Resistanc 9 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X ... IN 
3.96 0.038 7.25 0.054 OT ... X 

~ 
(7.19) (11. 84) 

IN 

OT X 

C 

L ... Z Z'" L 
to KCL to KCL C ... X 
3.65 7.40 0.054 

(21.73) * (11.99) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H ... Z Z ... H 

to KCL to KCL 
3.75 3.69 0.038 

Output Driving (21.73) * (11.99) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R = 2kS2 

I LSI 
I 
I lc 1" ,.ll c 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation . . 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name J Function I Number of Be 

H8E2 
'I Tri-state Output(IOL=24mA) wI Noise Limit Resistance 

& Input Buffer (CMOS True) 1 11 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X .. IN 
5.61 0.032 11.62 0.06 OToO X 

=cr-
(8.33) (16.72) 

IN 

OT X 

C 

L oO Z ZoO L 
to KCL to KCL CoO X 
5.36 11.18 0.06 

(23.23) * (16.28) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H oO Z ZoO H 

to KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) * (16.28) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl'=2~ 
I LSI 

I 
LSI I lc >R=2kS2 

C ~ 
~ ~ n-T7 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OTt C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 1 UHB Version 
Cell Name I Function I Number of BC 

H8E1 
I Tri-state Output(IOL=24mA) wI Noise Limit Resistance 

& Input Buffer(CMOS True) wI Pull-up Resistance I 11 
Cell Symbol Pro.aJ(ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X -+ IN 
5.61 0.032 11.62 0.06 OT -+ X 

=cr-
(8.33) (16.72) 

IN 

OT X 

C 

L-+ Z Z -+ L 
to KCL to KCL C .. X 
5.36 11.18 0.06 

(23.23) * (16.28) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H-+ Z Z -+ H 

to KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) * (16.28) 
Pin Name Factor (tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kS! 

I LSI 
I 

LSI J lc t· 2 
.. C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Ce11 Name I Function I Number of BC 

H8EO 
I Tri-state Output(IOL=24mA) wI Noise Limit Resistance 

& Input Buffer(CMOS True) wI Pull-down Resistance I 11 
Cell Symbol Pro~a2ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR Path 
0.92 0.04 1.33 0.04 X .. IN 
5.61 0.032 11.62 0.06 OT .. X 

~ 
(8.33) (16.72) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
5.36 11.18 0.06 

(23.23) * (16.28) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
6.37 5.25 0.032 

Output Driving (23.23) * (16.28) 
Pin Name Factor (tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R- 21Ul 

I LSI I LSI lc 1=2kll C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is u!led for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8EO-E2 I Sheet III I I Page 20-80 

2-380 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of Be 

HSS 
I Tri-state Output(IOL=3.2mA) & Schmitt Trigger :J 

Input Buffer (CMOS Type True) wI Noise Limit Resistanc 13 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.4S 0.16 3.0S 0.10 X" IN 
3.12 0.056 5.66 0.13 OT .. X 

=cr-
(7.8S) (16.71) 

IN 

OT X 

e 

L .. Z Z .. L 
to KCL to KCL e .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
e 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (lu) 

IN IS 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl'- 2ktl 

I LSI I LSI lc 102 

kQ 
C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is llsed for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY VNIT CELL SPECIFICATION I UHB Version 
Cell Namll I FUnction Number of BC I Tri-s~ate Output(IOL=3.2mA) & Schmitt Trigger 

Input Buffllr(CMOS TypIl.True) w/ Noise Limit Resistance 
H8SU wI Pull-up Resistance 13 

Cell Symbol Protaltation Delay Paramlltllr 
tup tdn 

to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

=tfL 
p.88) (16.71) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (tu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl"W I LSI : LSI lc l""n c 
,;L ~ 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. Thll paramlltllrs in parenthllses arll the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name Function Number of BC 

Tri-state Output(IOL=3.2mA) & Schmitt Trigger 
Input Buffer(CMOS Type ,True) wI Noise Limit Resistance 

H8SD wI Pull-down Resistance 13 
Cell Symbol Pro~a£ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.48 0.16 3.08 0.10 X .. IN 
3.12 0.056 5.66 0.13 OT .. X 

~ 
(7.88) (16.71) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (.tu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) II 
Pin Name Factor (.tu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cH'- 21dl 

I LSI 
1 

LSI . 1- 1 1'. 21" C 

~ ~c 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8R 
1 Tri-state Output(IOL=3.2mA) & Schmitt Trigger I 

Input Buffer -(rn.. Type True) w/ Noise Limit Resistance 13 
Cell Symbol Propa~ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X -+ IN 
3.12 0.056 5.66 0.13 OT -+ X 

=rr-
(7.88) (16.71) 

IN 

OT X 

C 

L -+ Z Z" L 
to KCL to KCL C -+ X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H .. Z Z .. H 

fJ to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (lu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl'O 2kS2 

I LSI 
I 

LSI I lc 1" nil c 
~ rL 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1- The unit of KCL for paths OT, C to X is Iis/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name Function Number of BC 

Tri-state Output(IOL=3.2mA} & Schmitt Trigger 
Input Buffer(TTL Type, True} wi Noise Limit Resistance 

H8RU wi Pull-up Resistance 13 
Cell Symbol Prolagation Delay Parameter 

tup tdn 

11 

lj 

II 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X ... IN 
3.12 0.056 5.66 0.13 OT ... X 

~ 
(7.88) (16.71) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KCL C .. X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) II 
Pin Name Factor (iu) 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

01'- 2kSl 

I LSI 
I 

LSI I lc 1'=2'" C 

~ ,.I 
- -

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: l. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHE" Version 
Cell Name Function Number of BC 

Tri-state Output(IOL-3.2mA) & Schmitt Trigger 
Input Buffer(TTL Type, True) wI Noise Limit Resistance 

H8RD wI· Pull-down Resistance 13 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
2.24 0.16 3.72 0.13 X ... IN 
3.12 0.056 5.66 0.13 OT ... X 

=cr-
(7.88) (16.71) 

IN 

OT X 

C 

L ... Z Z ... L 
to lCL to KCL c ... X 
2.22 6.47 0.13 

(16.44) * (17.52) 

Input Loading 
Pin Name Factor (lu) 

OT 2 

II 
c 2 H'" Z Z ... H 

to KCL to KCL 
3.07 3.20 0.056 

Output Driving (16.44) * (17.52) 
Pin Name Factor (lul 

IN 18 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kSl 

I LSI 
I 

LSI I 
lc >R = 2kSl 

c -? r.:L rL rr'n 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: l. The unit of ReL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

H6TF I Tri-state Output IOL=8mA) & Input Buffer (True) I 8 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
2.51 0.056 3.27 0.063 OT" X 

~ 
(7.27) (8.63) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL c .. X 
2 .. 29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clRa2~ 
I LSI 

I 
LSI I 

ic law c 
~ ,I 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=8mA) & Input Buffer (True) I H6TFU with Pull-up Resistance 8 
Cell Symbol Proj:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X ... IN 
2.51 0.056 3.27 0.063 OT ... X 

=tr-
(7.27) (8.63) 

IN 

OT X 

C 

L ... Z Z -+ L 
to KCL to KCL C ... X 
2.29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (fu) 

OT 4 
C 2 H ... Z Z ... H 

IfI 
to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2kSl 

I LSI 
I 

LSI I lc 1'=2kll C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=8mA) & Input Buffer (True) I H6TFD with Pull-down Resistance 8 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X -+ IN 
2.51 0.056 3.27 0.063 OT -+ X 

=er-
(7.27) (8.63) 

IN 

OT X 

C 

L-+ Z Z -+ L 
to KCL to KCL C -+ X 
2.29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 
C 2 H-+ Z Z ... H 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (Iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cBR
-

21d1 

I LSI 
I 

LSI I Ic t· 2
>O C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is u~ed for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H6CF 
I Tri-state Output(IOL=8mA) 

& CMOS Interface Input Buffer (True) I 8 
Cell Symbol Pro.a~ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
2.51 0.056 3.27 0.063 OT .. X 

=cr-
(7.27) (8.63) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (R.u) 

OT 4 
C 2 H .. Z Z ... H 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (R.u) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2k.S2 

I LSI 
I 

LSI I lc J' .. " C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=8mA) & CMOS Interface Input Buffer I 

H6CFU (True) with Pull-up Resistance 8 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X ... IN 
2.51 0.056 3.27 0.063 OT ... X 

~ 
(7.27) (8.63) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KCL C ... X 
2.29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (tu) 

OT 4 
C 2 H ... Z Z ... H 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl R
-

2kS2 

I LSI 
I 

LSI I lc 1"2I<n C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=8mA) & CMOS Interface Input Buffer I 

H6CFD (True) with Pull-down Resistance 8 
Cell Symbol Prot:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1. 33 0.04 X .. IN 
2.51 0.056 3.27 0.063 OT .. X 

~ 
(7.27) (8.63) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL C .. X 
2.29 3.35 0.063 

(18.62) * (8.71) 

Input Loading 
Pin Name Factor (tu) 

OT 4 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.12 2.37 0.056 

Output Driving (18.62) * (8.71) 
Pin Name Factor (tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R- 2kS2 

I LSI 
I 

LSI I lc t· 2 
.. C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H6CFD-E1 I Sheet 1/1 I I Page 20-98 --
2-392 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell Name I Function I Number of BC 

H8TF 
I Tri-state Output(IOL=8mA) with Noise Limit Resistance 

& Input Buffer True) I 9 
Cell Symbol Pro~a.ution Delay Parameter 

tup tdn 
to KCL to· KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.21 0.056 5.96 0.070 OT .. X 

=cr-
(7.97) (11.91) 

IN 

OT X 

C 

L .. Z Z" L 
to KCL to KCL C .. X 
2.62 6.82 0.070 

(19.71) * (12.77) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
C 2 H .. Z z .. H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl'=2~ 
I LSI 

I 
LSI I lc ?R-2kS2 

C ~ 
~ ,J, 1"777 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8TF-E1 I Sheet 1/1 I I Page 20-99 

2-393 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION j"UHB--.r Version 
Cell Name I Function I Number of BC 

H8TFU 
I Tri-state Output(IOL=8mA) with Noise Limit Resistance 

& Input Buffer ~True) with Pull-up Resistance I 9 
Cell Symbol ProtaJtation Delav Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.21 0.056 5.96 0.070 OT .. X 

=cr-
(7.97) (11. 91) 

IN 

OT X 

C 

L .. Z Z .. L 
to KCL to KCL c .. X 
2.62 6.82 0.070 

(19.71) * (12.77) 

Input Loading 
Pin Name Factor (lu) 

OT 2 
c 2 H .. Z Z .. H 

II 
to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (lu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR'2~ 
I LSI 

I 
LSI I 

lc 1'=2~ C 

~ ;L 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8TFU-El I Sheet 1/1 I r Page 20-10( 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB" Version 
Cell Name I Function I Number of BC 

HBTFD 
I Tri-state Output(IOL=8mA) with Noise Limit Resistance 

& Input Buffer (True) with Pull-down Resistance I 9 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
1.06 0.04 1.84 0.04 X .. IN 
3.21 0.056 5.96 0.070 OT .. X 

~ 
(7.97) (11.91) 

IN 

OT X 

C 

L .. Z Z"L 
to KCL to KCL e .. X 
2.62 6.82 0.070 

(19.71) * (12.77) 

Input Loading 
Pin Name Factor (.tu) 

OT 2 
e 2 H .. Z Z .. H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (.tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR-
2kR 

I LSI 
I 

LSI I lc 1R. H' e 
~ ~ 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, e to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-HBTFD-El I Sheet 1/1 I -"-- I l'age 20-101 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number. of BC 

H8CF 
I Tri·state Output(IOL=8mA) with Noise Limit Resistance 

'& CMOS Interface Input Buffer (True) I 9 
Cell Symbol Protagation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X .. IN 
3.21 0.056 5.96 0.070 OT" X 

=tr-
(7.97) (11.91) 

IN 

OT X 

C 

L"Z Z .. L 
to KCL to KCL C .. X 
2.62 6.82 0.070 

(19.71) * (12.77) 

Input Loading 
Pin Name Factor (Iu) 

OT 2 
C 2 H"Z Z .. H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (Iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ. ZL. HZ and ZH are as follows: 

cl··'~ I LSI 
I 

LSI I lc 1'.'" C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT. C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8CF-El ISheet 1/1 I I PaRe 20-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC I Tri-state Output(IOL=8mA) wI Noise Limit Resistance & I 

H8CFU CMOS Interface Input Buffer (True) wI Pull-up Resistance 9 
Cell Symbol ProJ;al(ation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X -+ IN 
3.21 0.056 5.96 0.070 OT -+ X 

~ 
"(7.97) (11. 91) 

IN 

OT X 

C 

L -+ Z Z -+ L 
to KCL to KCL C .. X 
2.62 6.82 0.070 

"(19.71) * (12.77) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H .. Z Z .. H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

eB' = 2 kQ 

I LSI 
I 
I ic 1'.2 kQ 

C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for Fujitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHB-H8CFU-E1 I Sheet III I I Page 20-10 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I UHB Version 
Cell NameJ Function I Number of BC I Tri-state Output(IOL=8mA) wI Noise Limit Resistance & ~J 

H8CFD CMOS Interface Input Buffer(True) wI Pull-down Resistanc 9 
Cell Symbol Pro~ agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X ... IN 
3.21 0.056 5.96 0.070 OT ... X 

=cr-
(7.97) (11.91) 

IN 

OT X 

C 

L ... Z Z ... L 
to KCL to KeL C ... X 
2.62 6.82 0.070 

(19.71) * (12.77) 

Input Loading 
Pin Name Factor (tu) 

OT 2 
C 2 H ... Z Z'" H 

to KCL to KCL 
3.30 3.21 0.056 

Output Driving (19.71) * (12.77) 
Pin Name Factor (iu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2 kS2 

I LSI 
I 

LSI I lc 1'.2 .. C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 

2. Output load capacitance of 85 pF is used for FUjitsu's 
logic simulation. 

3. The parameters in parentheses are the values applied to the 
simulation. 

UHi-H8CFD-EI I Sheet 111 I [Page 20-10~ 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB" Version 
Cell Name I Function I Number of BC 

ITlO I Input Buffer for Oscillator Circuit I 0 
Cell Symbol Prot:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0 0 0 0 X ... IN 

X -1>- IN 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

III 
Output Driving 

Pin Name Factor (R.u) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

This cell if for the oscillator circuit only. Please refer to the document 
Fujitsu CMOS Gate Array 'UHB' Version User's Manual for I/O Cell for Oscillator 
Circuit GATI0281A for the details. 

UHB-ITIO-El I Sheet 1/1 I I Page 20-105 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB Version 
Cell Name I Function I Number of BC 

HOC 
I Output Buffer for Oscillator 

with CMOS Interface Input Buffer I 8 
Cell Symbol Pro~agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X ... IN 

IN 

=G2Lx OT 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor{R.ul 

Output Driving 
Pin Name Factor (R.u) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

This cell is for the oscillator circuit only. Please refer to the document 
"Fujitsu CMOS Gate Array 'UHB' Version User's Manual for I/O Cell for Oscillator 
Circuit (GATI0281A)" for the details. 

UHB-HOC-El I Sheet 1/1 I I Page 20-106 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION 
Cell Name I Function 

I Output Buffer for Oscillator 
HOS with Schmitt Trigger Input Buffer 

Cell Symbol Prot:agation 

Pin Name 

Pin Name 
IN 

Input Loading 
Factor (R.u) 

Output Driving 
Factor (R.u) 

18 

tup 
to KCL to 
2.48 0.16 3.08 

Parameter 

I UHB Version 
I Number of BC 

I 8 
Delay Parameter 

tdn 
KCL KCL2 CDR2 Path 
0.10 x -+ IN 

Svmbol 1'vP(ns)* 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

This cell is for the oscillator circuit only. Please refer to the document 
"Fujitsu CMOS Gate Array 'UHB' Version User's Manual for I/O Cell for Oscillator 
Circuit (GATI0281t.)" for the details. 

UHB-HOS-El I Sheet 1/1 I I Page 20-107 

2·401 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "UHB _sion 
Cell Name I Function INw. 1: of BC I Output Buffer for Oscillator I HOCR w/ CMOS Interface Input Buffer w/ Feedback Resistance 8 
Cell Symbol Pro]:agation Delay Parameter 

tup tdn 
to KCL to KCL KCL2 CDR2 Path 
0.92 0.04 1.33 0.04 X -+ IN 

IN =Gix OT 

Parameter Symbol 'l'yp(ns)* 

Input Loading 
Pin Name Factor (tu) 

Output Driving 
Pin Name Factor (tu) 

IN 36 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

This cell is for the oscillator circuit only. Please refer to the document 
"Fujitsu CMOS Gate Array 'UHB' Version User's Manual for I/O Cell for Oscillator 
Circuit (GATI028111)" for the details. 

UHB-HOCR-E1 Sheet 1/1 I I Page 20-108 
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APPENDIX A: General AC Specifications 

Simulation Delay Specifications 
(Recommended Operating Conditions, Ta = 0 to 70°C, Vee = 5V±5% 

Delay Multipliers Min. Max. 

Pre-layout Simulation 0.35 1.65 

Post-layout Simulation 0.40 1.60 
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APPENDIX B: Hierarchical Structure 

Hierarchical blocks (or Functional Logic Blocks) within other hierarchical blocks are user-defined 
groups of cells laid out in close proximity to each other in both X and Y dimensions of the array. 

The hierarchical method of design allows circuit sections to be placed within the array at positions 
relative to each other. This is made possible by the designer's defining and placing functional logic 
blocks within the hierarchy and thus controlling path lengths. 

There are five levels of hierarchy, also referred to as Functional Logic Blocks (FLBs). Certain design 
rules regarding what may and what must appear at certain levels are condensed in the diagram below. 

A: C-6000UHB Through C-12000UHB 

B: C-330UHB Through C-4100UHB 

Use of the hierarchical design method is mandatory for partitioned arrays and optional for non-parti­
tioned arrays. Section A of the figure above addresses partitioned arrays C-6000UHB through 
C-12000UHB. Section B of the figure above addresses non-partitioned arrays C330UHB through 
C4100UHB. Immediately below the chip level, four Levell (FLB1) blocks must be defined, giving 
identity to each of the four partitioned quadrants of the array. 
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APPENDIX B: Hierarchical Structure (Continued) 

All 110 buffers and their associated circuitry must be defined immediately beneath the chip level with 
the FLB1 blocks. Nothing but 110 buffers may be so defined. If pull-up or pull-down cells (A01s or XOOs) 
are required for unused inputs of the 110 buffers. they must also be defined at this level. Unit cells (UC) 
may be defined at each level. 

For optimum delay characteristics. Level 2 blocks should be defined under each of the Level 1 blocks. 
Level 3 Blocks under Level 2 blocks. and so on. Unit cells should be defined under Level 4. 
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APPENDIX C: Estimation Tables for Metal Loading 

C-330UHB C-530UHB 

NOI CL(lu) NOI CL(tu) NOI CL(tu) NOI CL(tu) 

1 1.0 10 5.0 1 1.1 10 5.6 
2 2.2 11 5.0 2 2.5 11 5.6 
3 3.0 12 5.1 3 3.4 12 5.7 
4 3.5 13 5.2 4 3.9 13 5.8 
5 3.9 14 5.3 5 4.4 14 5.9 
6 4.2 15 5.3 6 4.7 15 5.9 
7 4.6 16-30 5.7 7 5.1 16-30 6.4 
8 4.8 31-50 6.6 8 5.4 31-50 7.4 
9 4.9 51-75 6.7 9 5.5 51-75 7.5 

76-100 7.4 76-100 8.3 

C-830UHB C-1200UHB 

NOI CL(lu) NOI CL(lu) NOI CL(tu) NOI CL(tu) 

1 1.3 10 6.7 1 1.7 10 8.2 
2 3.0 11 6.7 2 3.6 11 8.2 
3 4.0 12 6.8 3 4.9 12 8.3 
4 4.7 13 6.9 4 5.7 13 8.4 
5 5.2 14 7.1 5 6.3 14 8.6 
6 5.6 15 7.1 6 6.8 15 8.6 
7 6.1 16-30 7.7 7 7.4 16-30 9.3 
8 6.4 31-50 8.8 8 7.8 31-50 10.6 
9 6.6 51-75 9.0 9 8.0 51-75 10.9 

76-100 9.9 76-100 12.0 

C-1700UHB 

NOI CL(lu) NOI CL(tu) 

1 1.8 10 8.8 
2 3.9 11 8.8 
3 5.3 12 9.0 
4 6.2 13 9.1 
5 6.8 14 9.3 
6 7.4 15 9.3 
7 8.1 16-30 10.1 
8 8.4 31-50 11.5 
9 8.6 51-75 11.8 

76-100 13.0 

2-407 



APPENDIX C: Estimation Tables for Metal Loading (Continued) 

C-2200UHB C-3000UHB 

NOI CL(tu) NOI CL(tu) NOI CL(lu) NOI CL(lu) 

1 2.2 10 10.7 1 2.6 10 12.9 
2 4.7 11 10.7 2 5.7 11 12.9 
3 6.4 12 10.B 3 7.7 12 13.1 
4 7.4 13 10.9 4 9.0 13 13.2 
5 8.2 14 11.2 5 10.0 14 13.6 
6 B.9 15 11.2 6 10.B 15 13.6 
7 9.7 16-30 12.1 7 11.8 16-30 14.7 
B 10.1 31-50 13.9 8 12.3 31-50 16.8 
9 10.4 51-75 14.3 9 12.6 51-75 17.3 

76-100 15.7 76-100 19.0 

C-4100UHB 

NOI CL(tu) NOI CL(tu) 

1 3.0 10 14.8 
2 6.6 11 14.B 
3 B.B 12 15.0 
4 10.3 13 15.2 
5 11.4 14 15.5 
6 12.4 15 15.5 
7 13.5 16-30 16.8 
8 14.0 31-50 19.3 
9 14.4 51-75 19.B 

76-100 21.B 

C-6000UHB (Within Block) C-6000UHB (Inter-Block) 

NOI CL(tu) NOI CL(tu) NOI CL(lu) NOI CL(tu) 

1 1.6 10 7.9 1 3.5 10 17.2 
2 3.5 11 7.9 2 7.6 11 17.2 
3 4.7 12 B.O 3 10.2 12 17.4 
4 5.5 13 B.2 4 12.0 13 17.6 
5 6.1 14 B.4 5 13.3 14 1B.1 
6 6.6 15 B.4 6 14.4 15 1B.1 
7 7.2 16-30 9.1 7 15.7 16-30 19.6 
B 7.5 31-50 10.4 B 16.3 31-50 22.4 
9 7.7 51-75 10.6 9 16.B 51-75 23.0 

76-100 11.7 76-100 25.3 

Inter-Block tables must be applied to a net which has an inter-block connection. If a net, for 
example, has 3 NOI in a block and 1 NOI in a different block, NOI = 4 of the Inter-Block table 
must be applied. 
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APPENDIX C: Estimation Tables for Metal Loading (Continued) 

C-8700UHB (Within Block) C-8700UHB (Inter-Block) 

NOI CL(/u) NOI CL(/u) NOI CL(tu) NOI CL(tu) 

1 2.2 10 10.7 1 4.2 10 20.8 
2 4.7 11 10.7 2 9.2 11 20.8 
3 6.4 12 10.8 3 12.4 12 21.0 
4 7.4 13 10.9 4 14.5 13 21.3 
5 8.2 14 11.2 5 16.0 14 21.8 
6 8.9 15 11.2 6 17.3 15 21.8 
7 9.7 16-30 12.1 7 18.9 16-30 23.6 
8 10.1 31-50 13.9 8 19.7 31-50 27.1 
9 10.4 51-75 14.3 9 20.2 51-75 27.8 

76-100 15.7 76-100 30.5 

C-12000UHB (Within Block) C-12000UHB (Inter-Block) 

NOI CL(/u) NOI CL(/u) NOI CL(tu) NOI CL(tu) 

1 2.6 10 12.9 1 4.9 10 24.3 
2 5.7 11 12.9 2 10.8 11 24.3 
3 7.7 12 13.1 3 14.5 12 24.6 
4 9.0 13 13.2 4 17.0 13 25.0 
5 10.0 14 13.6 5 18.8 14 25.6 
6 10.8 15 13.6 6 20.3 15 25.6 
7 11.8 16-30 14.7 7 22.2 16-30 27.7 
8 12.3 31-50 16.8 8 23.1 31-50 31.7 
9 12.6 51-75 17.3 9 23.7 51-75 32.6 

76-100 19.0 76-100 35.8 

Inter-Block tables must be applied to a net which has an inter-block connection. If a net. for 
example. has 3 NOI in a block and 1 NOI in a different block. NOI = 4 of the Inter-Block table 
must be applied. 
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APPENDIX C: Estimation Tables for Metal Loading for Clock Nets 

C-330UHB (for CK20. CK40) C·330UHB (for CK60. CKSO) 

NOI CL(lu) NOI CL(lu) NOI CL(lu) NOI CL(tu) 

1 - 2 5.1 11 - 12 12.7 1 - 2 7.0 11 - 12 17.6 
3-4 9.5 13 - 15 13.0 3-4 13.4 13 - 15 17.9 
5-6 11.9 16 - 30 13.3 5-6 16.7 16 - 30 18.1 
7-8 12.2 31 - 50 15.4 7-8 17.0 31 - 50 20.2 
9 - 10 12.4 51 - 80 18.1 9 - 10 17.3 51 - 80 23.0 

C·S30UHB (for CK20. CK40) C-S30UHB (for CK60. CKSO) 

NOI CL(lu) NOI CL(lu) NOI CL(lu) NOI CL(lu) 

1 - 2 5.1 11 - 12 14.9 1 - 2 7.3 11 - 12 21.4 
3-4 9.6 13 - 15 15.1 3-4 14.0 13 - 15 21.7 
5-6 14.1 16 - 30 15.4 5-6 20.7 16 - 30 21.9 
7-8 14.4 31 - 50 17.3 7-8 20.9 31 - 50 23.8 
9 - 10 14.6 51 - 80 19.8 9 - 10 21.2 51 - 80 26.4 

C-S30UHB (for CK20. CK40) C·S30UHB (for CK60. CKSO) 

NOI CL( lu) NOI CL(tu) NOI CL(tu) NOI CL(tu) 

1 - 2 5.6 11 - 12 18.5 1 - 2 8.1 11 - 12 27.3 
3-4 10.5 13 - 15 18.8 3-4 15.5 13 - 15 27.6 
5-6 15.4 16 - 30 19.1 5-6 22.9 16 - 30 27.8 
7-8 18.0 31 - 50 21.2 7-8 26.7 31 - 50 30.0 
9 - 10 18.2 51 - 80 24.1 9 - 10 27.0 51 - 80 32.8 

C-1200UHB (for CK20. CK40) C·1200UHB (for CK60. CK80) 

NOI CL(tu) NOI CL(tu) NOI CL(tu) NOI CL(tu) 

1 - 2 6.2 11 - 12 23.3 1 - 2 9.3 11 - 12 36.0 
3-4 11.7 13 - 15 23.7 3-4 18.0 13 - 15 36.3 
5-6 17.2 16 - 30 24.0 5-6 26.7 16 - 30 36.6 
7-8 22.7 31 - 50 26.3 7-8 35.4 31 - 50 38.9 
9 - 10 23.0 51 - 80 29.3 9 - 10 35.7 51 - 80 41.9 
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Estimation Tables for Metal Loading for Clock Nets (Continued) 

C-1700UHB (for CK20, CK40) C-1700UHB (for CK60, CK80) 

NOI CL(tu) NOI CL(tu) NOI CL(tu) NOI CL(tu) 

1 - 2 6.6 11 - 12 28.0 1 - 2 10.3 11 - 12 44.4 
3-4 12.6 13 - 15 28.3 3-4 19.9 13 - 15 44.7 
5-6 18.6 16 - 30 28.6 5-6 29.5 16 - 30 45.0 
7-8 24.5 31 - 50 31.0 7-8 39.1 31 - 50 47.4 
9 - 10 27.7 51 - 80 34.2 9 - 10 44.1 51 - 80 50.6 

C-2200UHB (for CK20, CK40) C-2200UHB (for CK60, CK80) 

NOI CL(lu) NOI CL(lu) NOI CL(lu) NOI CL(lu) 

1 - 2 7.1 11 - 12 33.1 1 - 2 11.2 11 - 12 53.7 
3-4 13.5 13 - 15 33.4 3-4 21.8 13 - 15 54.1 
5-6 19.9 16 - 30 33.8 5-6 32.3 16 - 30 54.4 
7-8 26.3 31 - 50 36.3 7-8 42.8 31 - 50 56.9 
9 - 10 32.8 51 - 80 39.6 9 - 10 53.4 51 - 80 60.2 

C-3000UHB (for CK20, CK40) C-3000UHB (for CK60, CK80) 

NOI CL(lu) NOI CL(lu) NOI CL(lu) NOI CL(lu) 

1 - 2 7.7 11 - 12 43.0 1 - 2 12.6 11 - 12 72.1 
3-4 14.8 13 - 15 43.3 3-4 24.5 13 - 15 72.4 
5-6 21.8 16 - 30 43.7 5-6 36.4 16 - 30 72.8 
7-8 28.9 31 - 50 46.3 7-8 48.3 31 - 50 75.4 
9 - 10 35.9 51 - 80 49.8 9 - 10 60.2 51 - 80 78.9 

C-4100UHB (for CK20, CK40) C-4100UHB (for CK60, CK80) 

NOI CL(tu) NOI CL(lu) NOI CL(lu) NOI CL(tu) 

1 - 2 8.4 11- 12 47.3 1 - 2 14.0 11 - 12 80.8 
3-4 16.2 13 - 15 51.4 3-4 27.4 13 - 15 87.6 
5-6 24.0 16 - 30 51.7 5-6 40.7 16 - 30 88.0 
7-8 31.7 31 - 50 54.6 7-8 54.1 31 - 50 90.9 
9 - 10 39.5 51 - 80 58.4 9 - 10 67.4 51 - 80 94.6 
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Estimation Tables for Metal Loading for Clock Nets (Continued) 

C-6000UHB (for CK20, CK40) C·6000UHB (for CK60, CKSO) 

NOI CL(lu) NOI CL(lu) 

1 9.9 1 13.2 
2 14.9 2 24.8 
3 24.1 3 37.3 
4 29.2 4 48.9 

C-S700UHB (for CK20, CK40) C·S700UHB (for CK60, CKSO) 

NOI CL( lu) NOI CL(/u) 

1 11.8 1 15.7 
2 17.8 2 29.7 
3 28.9 3 44.8 
4 34.9 4 58.7 

C-12000UHB (for CK20, CK40) C·12000UHB (for CK60, CKSO) 

NOI CL(tu) NOI CL( lu) 

1 13.7 1 18.3 
2 20.7 2 34.7 
3 33.7 3 52.3 
4 40.8 4 68.7 
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APPENDIX D: Available Package Types 

UHB CMOS Available Package Types 
Plastic 

Standard (100 mil pin pitch) 

16 DIP 
18 DIP CH 
20 DIP 
22 DIP 
24 DIP 
28 DIP 
40 DIP 
42 DIP 
48 DIP 

Shrink (70 mil pin pitch) 

28 SHDIP 
42 SHDIP 
48 SHDIP 
64 SHDIP 
Skinny (300 mil wide body) 

22 SKDIP 
24 SKDIP CH CH 
28 SKDIP NW NW 

16 FPT CH CH CH 
20 FPT CH CH CH 
24 FPT 
28 FPT 

(leads on all four sides) 
44 FPT 
48 FPT 
48 FPT-S' 
64 FPT 
80 FPT 
100 FPT 
120 FPT 
160 FPT 

'smaller than the other 48-pln FPT 

64 PGA 
88 PGA 
135 PGA 

NOTES: 
: Available 
: Not Available 

UD : Under Development 
NW : Newly Available 
CH : The availability of the package has changed, I.e .. become unavailable 
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II 

APPENDIX D: Available Package Types (Continued) 

Standard 

20 DIP 
22 DIP 
24 DIP 
28 DIP 
40 DIP 
42 DIP 
48 DIP 
Shrink 

28 SHDIP 
42 SHDIP 

(100 mil pin pitch) 

(70 mil pin pitch) 

UHB CMOS Available Package Types 
Ceramic 

(leads on aU four sides) 
48 FPT 
80 FPT 
100 FPT 
120 FPT 

160 FPT 

64 PGA 
88 PGA 
135 PGA 
179 PGA 
208 PGA 
256 PGA 

NOTES: 

CH 

Available 
Not Available 

UD Under Development 
NW Newly Available 

NW NW 
NW 

CH The availability of the package has been changed. I.e .. become unavailable 
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Appendix E: TTL 7400 Function Conversion Table 

TTL 7400 
Series 
Name 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7415 
7418 
7419 
7420 
7421 
7422 
7423 
7424 
7425 
7426 
7427 
7428 
7430 
7432 
7433 

7434 
7435 
7437 
7438/9 

7440 
7442 
7443 
7444 
7445 
7446 
7447 
7448 
7449 
7450 
7451 
7452 
7453 
7454 
7455 
7460 
7461 
7462 
7464 
7465 

Function 

Quad 2-lnput NAND 4 x N2N 
Quad 2-lnput NAND, Open Collector Outputs T24 multiplexer 
Quad 2-lnput NOR 4 x R2N 
Quad 2-lnput NAND, Open Collector Outputs T24 multiplexer 
Hex Inverter 6 x VIN 
Hex Inverter, Open Collector Outputs R6B 
Hex Inverter/Buffer, Open Collector Outputs R6B 

Fujitsu 
Basic Cells 

Hex Buffer, Open Collector Outputs 2 x N3N Into R2n 
Quad 2-lnput AND 4 x N2P 
Quad 2-lnput AND, Open Collector Outputs N8P 
Triple 3-lnput NAND 3 x N3N 
Triple 3-lnput AND 3 x N3P 
Triple 3-NAND, Open Collector Outputs T33 
Dual 4-lnput NAND, Schmitt Trigger 2 x (4 x 12R to N4N) 
Hex Schmitt Trigger Inverter 6 x 11 R 
Triple 3-lnput AND, Open Collector Outputs N8P to N2P 
Dual 4-lnput NAND, Schmitt Trigger 2 x (4 x 12R to N4N) 
Hex Schmitt Trigger Inverter 6 x 11 R 
Dual 4-lnput NAND 2 x N4N 
Dual 4-lnput AND 2 x N4P 
Dual 4-lnput NAND, Open Collector Outputs 2 x N4N + N2P 
Expanded Dual 4-lnput NOR with Strobe R4P to 023 + R4P to R2N 
Quad Schmitt Trigger 2-lnput NAND 8 x 12R + 4 x N2N 
Dual 4-lnput NOR with Strobe 2 x (R4P + R2N) 
Quad 2-lnput NAND, High Voltage Output 4 x N2N 
Triple 3-lnput NOR 3 x R3N 
Quad 2-lnput NOR Buffer 4 x R2N 
8-lnput NAND N8B 
Quad 2-lnput OR 4 x R2P 
Quad 2-lnput NOR Buffer, Open Collector 
Outputs 4 x R2N + N4P 
Hex Nonlnverter 6 x B 1 N 
Hex Nonlnverter with Open Collector Outputs 2 x N3N Into R2N 
Quad 2-lnput NAND Buffer 4 x N2B 

Number 
of Unit 
Cells 

4 
6 
4 
6 
6 
5 
5 
5 
8 
6 
6 
9 
7 
68 
48 
8 
68 
48 
4 
6 
6 
9 
68 
8 
4 
6 
4 
6 
8 

7 
6 
5 
12 

Quad 2-lnput NAND Buffer, Open Collector 
Outputs 4 x N2N + N4P 7 
Dual 4-lnput NAND Buffer 
BCD to Decimal Decoder 
EX3 to Decimal Decoder 
4 to 10 Line Decoder 
BCD to Decimal Decoder/driver (30V) 
BCD to 7-segment Decoder/Driver (30V) 
BCD to 7-segment Decoder/Driver (15V) 
BCD to 7-segment Decoder/Driver 
BCD to 7-segment, Open Collector Outputs 
Dual 2-lnput, 2-wlde AOI (One Expandable) 
AOI 
Expandable 4-wlde AND-OR 
Expandable 4-wlde AOI 
4-wlde AOI 
2-wlde 4-lnput AOI 
Dual 4-lnput Expander 
Triple 3-lnput Expander 
4-wlde AND-OR Expander 
4-2-3-2 AOI 
4-2-3-2 AOI (Open Collector) 

2 x N4B (N4N If not power) 8(4) 
4 x V2B + 10 x N4N 24 
4 x V2B + 10 x N4N 24 
4 xV2B + lOx N4N 24 
4 x V2B + 10 x N4N 24 
4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 
4 x Vl N + 11 x N2N + lOx N3N + 4 x N3P + 3 x N2P 53 
4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 
4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 
036+024 . 5 
2 x 024 (LS51 = 024 + T32) 4(7) 
N3N + 036 + V1N Into N3N 8 
036 + 023 Into N2P 7 
2 x N3N + 2 x N2N + N4N + V1N 9 
T42 6 
2 x N4P 6 
3 x N3P 6 
2 x N3N + 2 x N2N + N4N 8 
T54 10 
T54 10 
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TTL 7400 Function Conversion Table (Continued) 

TTL. 7400 Number 
Serle. Fujitsu of Unit 
Name Function Basic Cells Cells 

7470 AND-gated positive-edge JK FF with Preset 
and Clear 3 x V1 N + 2 x N3N + N2N + R2N + FJD 21 

or: FD4 + 2 x N2N + R2N + V1N + R2P + 024(2) 17 
7471 AND-gated RS M/S FF with Preset 

and Clear FD4 + 2 x N3N + 2 x 023 + 2 x V1N 19 
or: L.T1+ 2 x N4N + N2P 10 

7472 AND-gated JK M/S FF with Preset 
and Clear V1N + 2 x N3N + N2N + R2N + FJD 19 

or: FD4 + N3P + N3N + V1N +024 17 
7473 Dual JK FF with Clear 2 x FJD 24 
7474 Dual positive-edge D-FF with Preset and 

Clear 2 x FOP 16 
7475 4-blt Bistable L.atch L.TM 16 
7476 Dual JK FF with Preset and Clear 2 x (FJD + N2N + R2N + V1N) 30 
7477 4-blt Bistable L.atch L.TM 16 
7478 Dual JK FF with Preset and Common 2 x (FJD + N2N + R2N + V1N) 30 

Clear and Clock 
7480 Gated Full Adder A1N 8 
7482 2-blt Binary Full Adder A2N 16 
7483 4-blt Binary Full Adder with Fast Carry A4H 48 
7484 4-blt Magnitude Comparator MC4 42 

IfI 
7486 Quad 2-lnput XOR 4 x X2N 12 
7487 4-blt True/Complement Zero/One Element 4 x N2N + V1N + 4 x N2N 17 
7489 64-blt (16 x 4) Memory 2xDE6+V1N+16xL.T4 298 

+ 5 x (V2B + T5A) + 10 x V1B 
7490 Decade Counter 2 x (FOP + FDO + N2P + N2N + R2N) + V1N 39 

(Different Implementation) 4 x N2P + 2 x R2P + N2N + C41 + L.T1 41 
7491 8-blt Shift Register 2 x FDS + V1N 41 
7492 Dlvlde-by-12 Counter 4 x FDO + 2 x V1 N + 2 x R2N + N2N 33 
7493 4-blt Binary Counter C41 + N2N (for the resets) 25 
7494 4-blt Shift Register, 2 asynchronous Presets F53 34 

4-blt Shift Register, 2 asynchronous 
Presets, Full Implementation 4 x FDP+4 x 024 + 2 x V1N 42 

7495 4-blt Parallel-access Shift Register FS2 + 024 + 2 x V1N 34 
7496 5-blt Shift Register 5 x FOP + 5 x N2N + V1N(clock) 46 
7497 Synch 6-blt Binary Rate Multiplier FOR + 2 x FDO + 3 x V1N + 2 x N2N 122 

+ 2 x N3N + 2 x N4N + 5 x N6B + 3 x N8B 
+ R2B + X2N + 5 x X1B. 

7498 4-blt Data Selector/Storage Register FDQ + T2F + 4 x V1 N 33 
7499 4-blt Universal Shift Register FS2 + L.TK + 2 x 024 + 4 x V1N 42 
74100 8-blt Bistable L.atch 2 x YL4 + 2 x V1N 30 
74101 AO-gated JK Negative-Edge FF, 

with Preset FD3 + V1 N + 3 x 024 15 
74102 AND-gated JK Negative-Edge FF with 

Preset and Clear FD4 + 024 + N3P + N3N 16 
74103 Dual JK FF with Clear 2 x FJD + 2 x V1 N (for clock) 26 

or: 2 x (FD5 + 024 + V1N) 22 
74106 Dual JK Negative-Edge FF with Preset 

and Clear 2 x (FD4 + 024 + V1N) 24 
74107 Dual JK FF with Clear 2 x (FJD + 2 x V1N) 22 
74108 Dual JK Negative-Edge FF with Preset 

and Common Clear and Clock 2 x (FD4 + 024 + V1N) 24 
74109 Dual JK Positive-Edge FF with Preset and 

Clear 2 x (FOP + VIN + 024) 22 
74110 AND-gated JK M/S FF with Data 

L.ockout FOP + 024 + N3P + N3N 15 
74111 Dual JK M/S FF with Data L.ockout 2 x (FOP + 024 + V1N) 22 
74112 Dual JK Negative-Edge FF with Preset 

and Clear 2 x (FD4 + 024 + V1N) 24 
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TTL 7400 Function Conversion Table (Continued) 

TTL 7400 Number 
Series Fujitsu of Unit 
Name Function Basic Cells Cells 

74113 Dual JK Negative-Edge FF with Preset 2 x (FD3 + 024 + V1N) 22 
74114 Dual JK Negative-Edge FF with Preset and 

Common Clear and Clock 2 x (FD4 + 024 + V1N) 24 
74116 Dual 4-blt Latch with Clear 2 x.LTM 32 
74120 Dual Pulse Synchronizer/Driver 2 x (N2P + LTl + 4 x N3N + 2 x N2N + 2 x V1N) 36 
74125 Quad Bus Buffer with 3-state Output B41 9 
74126 Quad Bus Buffer with 3-state Output B41 + 4 x V1N 13 
74132 Quad 2-lnput NAND Schmitt Trigger 4 x (2 x 12R + N2N) 68 
74133 13-lnput NAND 2 x N4N + N3N + N2N Into R4P 10 
74134 12-lnput NAND with 3-state Outputs NCB + 04R 15 
74135 Quad 3-lnput EXOR/EXNOR 4 x X4N 20 
74136 Quad 2-lnput EXOR with Open-Collector 

Outputs 4 x X2N + R4N 14 
74137 3-lIne to 8-lIne Decoder with Address 

Latch 3 x LTK Into DE6 42 
74138 3-lIne to 8-llne Decoder with Enable DE6 30 
74139 Dual 2-llne to 4-lIne Decoder 2 x DE4 16 
74141 BCD-to-Declmal Decoder 4 x V2B + 10 x N4N 24 
74145 BCD-to-declmal Decoder 4 x V1N + 10 x N4N 24 
74147 1 O-line to 4-lIne BCD Priority Encoder 3 x N4N + 3 x N3N + 2 x N2N + 2 x N2P 36 

+ 3 x R2N + R4N + 13 x V1N 
74148 8-lIne to 3-lIne Octal Priority Encoder N9B + 2 x N2N + R2P + R4N + 4 x N3N 40 

II + 2 x N4N + G44 + 12 x V1N 
74150 l-to-16 Multiplexer DE3 + 2 x U28 + 024 + 2 x V1N 41 
74151 l-to-8 Multiplexer with Strobe DE3 + U28 + N2N(1) + VIN 28 
74152 l-to-8 Multiplexers DE3 + U28 26 
74153 Dual 4-llne to l-line Selector/Multiplexer DE2 + 2 x U24 + 2 x R2N) 19 
74154 4-lIne to 16-lIne Decoder/Demultiplexer 2 x DE6( + V1N 61 

or: 2 x DE4 + N2P + 16 x R2P 50 
74155 Dual 2-llne to 4-lIne Decoder/Demultiplexer 

(Totem Pole) 8 x N3N + 2 x R2N + 5 x Vl N 23 
74156 Dual 2-llne to 4-llne Decoder/Demultiplexer 

(Open Collector) 8 x N3N + 2 x R2N + 5 x Vl N 23 
74157 Quad 2-lIne to I-line multiplexer T2F + 4 x R2N + B1N 13 
74158 Quad 2-lIne to l-line multiplexer 

(Inverter Data Outputs) 4 x 024 + V1N + 2 x R2N 11 
74159 4-lIne to 16-lIne Demultiplexer 2 x DE6 + Vl N (without open collector) 50 
74160 Synchronous 4-blt Counter 4 x Cll + K1B + 2 x V1B + V1N + B1N+ 62 

(Decimal with Direct Clear) N2K + 2 x R3N + R4N + 3 x R2N + N2N 
74161 Synchronous 4-blt Counter (Binary 

with Direct Clear) C43 48 
74162 Synchronous 4-blt Counter 

(Decimal with Synchronous Clear) C45 + 036 + N3P + 2 x R2N + Bl N 57 
74163 Synchronous 4-blt Counter (Binary 

with Synchronous Clear) C45 48 
74164 8-blt Parallel Output Serial Shift 

Register. Asynchronous Clear 2 x FOR + N2P 54 
74165 8-blt Shift Register 2 x FDS + 8 x 024 + 11 x VIN + K4B + R2P 71 
74166 8-blt Shift Register 2 x FOR + 8 x 024 + 10 x V1N + K4B 80 
74168 4-blt Up/Down Synchronous Counter 

(Decade) 4 x Cll + 4 x T32 + 7 x N2N + 2 x N3N + R2N 85 
+7xV1B+K1B 

74169 4-blt Up/Down Synchronous Counter 
(Binary) C47 68 

74170 4-by-4 Register File 4 x (YL4 + B1N + V1N + U24) + 2 x DE4 104 
74171 Quad D-FF with Clear FOR + 4 x V1N 30 
74172 16-blt (8 x 2) Register File 3 x DE6 + 4 x FDS + 16 x (N2N + G34 + 348 

+ V1N + 2 x R2P + 4 x U28) + 2 x VIN + 2 x R2P 
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TTL 7400 Function Conversion Table (Continued) 

TTL 7400 Number 
Series Fujitsu of Unit 
Name Function Basic Cells Cells 

74173 4-blt D-type Register 
(3-state Output) FOR + 2 x R2N + B41 + 6 x V1N + K1B + 4 x 024 53 

74174 Hex D-FF (Single Output) FDR+2xFDO 40 
74175 Quad D-FF (with Clear) FOR + 4 x V1N 30 
74176 Presetlable Decade/Binary Counter 4 x FOP + 2 x R2N + 5 x N2N + 4 x N3N + Kl B 49 
74177 Presetlable Binary Counter 4 x FOP + 5 x N2N + 4 x N3N + Kl B 47 
74178 4-blt Universal Shift Register FS2 30 
74179 4-blt Universal Shift Register 

(Direct Clear) FS2 + 9 x N2N + B1N 40 
74180 9-blt Odd/Even Parity Checker P08 + 2 x 024 + V1N 23 
74181 ALU/Functlon Generator 5 xV1N + 5x T32 + 4 x 036 + 8 x X2N + 3 x T54 + 

N6B + N4B + 2 x N2N + 2 x N4P 113 
74182 Look-ahead Carry Generator R4P + 2 x V1N + 2 x T44 + T33 + 024 36 
74183 Dual Carry-save Full Adder 2 xA1N 16 

74184 BCD-to-blnary Code Converter These devices are ROM based 
74185 Blnary-to-BCD Code Converter These devices are ROM based 
74190 Synch Up/Down Counter (BCD) 4 x FOP + 4 x X2N + K1B + 3 x V1N + 3 x N3N 

+ 9 x N2N + 2 x T32 + T43 

i 74191 Synch Up/Down Counter (Binary) C47 68 .- 74192 Up/Down Dual Clock Counter (BCD) 4 x Cll + 4 x V2B + N6B + 2 x N3N + R2N 79 
+ T32 + T42 + T43 

74193 Up/Down Dual Clock Counter (Binary) 4 x Cll + 2 x N6B + 4 x V2B + R2N + 024 + T32 72 
+ T42 

74194 4-blt Bidirectional Universal Shift Register FOR + 6 x V1N + R2N + 4 x 036 + 023 + B1N 48 
74195 4-blt Parallel Acoess Shift Register FS2 + 024 + 2 x V1N 34 
74196 Preset Decade/Binary Counter/Latch 4 x FOP + 2 x R2N + 5 x N2N + 4 x N3N + Kl B 49 
74197 Preset Binary Counter/Latch 4 x FOP + 5 x N2N + 4 x N3N + Kl B 47 
74198 8-blt Bidirectional Universal Shift Register 2 x FOR + 024 + 10 x V1N + R2N + 8 x 036 89 
74199 8-blt Bidirectional Universal Shift 

Register (JK Serial Input) 2 x FS2 + 024 + 3 x V1N + B1N + R2N + 8 x N2P 83 
or: 2 x FOR + 7 x 024 + T33 + 11 x V1N + R2N 85 

74246 BCD-to-7-Segment Decoder/Driver 
(30V. Active Low Open Collector) 4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 

74247 BCD-to-7-Segment Decoder/Driver 
(15V. Active Low Open Collector) 4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 

74248 BCD-to-7-Segment Decoder/Driver 
(Internal Pull-up) 4x V1N + 11 x N2N + lOx N3N +4 x N3P + 3 x N2P 53 

74249 BCD-to-7-Segment Decoder/Driver 
(Open Collector) 4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 

74260 DualS-Input NOR 2 x R6B 10 
74265 Quad Complementary Output Element B1N + V1N 
74266 Quad 2-EXNOR. Open Collector 4 x X1N 12 
74273 Octal D-type FF with Clear 2 x FOR 52 
74276 Quad J-K FF 4 x (FOP + V1N + 024) + 2 x B1N 46 
74347 BCD-to-7 -Segment Decoder/Driver 4 x V1N + 11 x N2N + 10 x N3N + 4 x N3P + 3 x N2P 53 
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APPENDIX F: UHB Unit Cell Library Alphanumeric Index 

Name Function Page No. 

AlA l-bit Half Adder ........................................................ 2-219 
A 1 N l-bit Full Adder. . . . .. .. .. .. . .. .. . .. . .. . . .. .. . .. . . .. . .. .. .. . .. . .. . . .. . . .. 2-220 
A2N 2-bit Full Adder .......................•...........•..................... 2-221 
A4H 4-bit Binary Full Adder with Fast Carry ..................................... 2-223 
BD3 Delay Cell .............................................................. 2-11 
BD4 True Delay Buffer ........................................................ 2-12 
BD5 Delay Cell .............................................................. 2-13 
BD6 Delay Cell ..........................................•................... 2-14 
B1N True Buffer ...................................•......................... 2-10 
B41 4-bit Bus Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-285 
Cll Non-Scan Flip-Flop for Counter ............................................ 2-197 
C41 Non-Scan 4-bit Binary Asynchronous Counter ................................ 2-199 
C42 Non-Scan 4-bit Binary Synchronous Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-202 
C43 Non-Scan 4-bit Binary Synchronous Up Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-205 
C45 Non-Scan 4-bit Binary Synchronous Up Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-209 
C47 Non-Scan 4-bit Binary Synchronous Up/Down Counter ........................ 2-213 
DE2 2:4 Decoder ........................................................... 2-264 
DE3 3:8 Decoder ........................................................... 2-265 
DE4 2:4 Decoder with Enable ...................................•.•........... 2-267 
DE6 3:8 Decoder with Enable ................................................. 2-268 
D14 2-wide 3-AND 4-lnput AOI ...•.................•....•...•.......•.......... 2-72 
023 2-wide 2-AND 3-lnput AOI ................................................. 2-71 
024 2-wide 2-AND 4-lnput AOI ................................................. 2-73 
034 3-wide 2-AND 4-lnput AOI ................................................. 2-74 
D36 3-wide 2-AND 6-lnput AOI ................................................. 2-75 
044 2-wide 2-0R 2-AND 4-lnput AOI ............................................ 2-76 
FDM Non-Scan 0 FF ......................................................... 2-159 
FDN Non-Scan 0 FF with Set ................................................. 2-161 
FDO Non-Scan D FF with Reset ..........•.................................... 2-163 
FOP Non-Scan 0 FF with Set and Reset ........•.•....•........................ 2-165 
FDQ Non-Scan 4-bit D FF ..............................•..................... 2-168 
FOR Non-Scan 4-bit 0 FF with Clear ........................................... 2-170 
FDS Non-Scan 4-bit D FF .................................................... 2-173 
FD2 Non-Scan Power D FF ......•.....................................•...... 2-175 

FD3 Non-Scan Power D FF with Preset .......•............................•.... 2-177 
FD4 Non-Scan Power 0 FF with Clear and Preset ................................ 2-179 
FD5 Non-Scan Power D FF with Clear .........•................................ 2-181 
FJD Non-Scan Positive Edge Clocked Power J-K FF with Clear ..................... 2-183 
FSl 4-bit Serial-in Parallel-out Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-245 
FS2 4-bit Shift Register with Synchronous Load .•......................•......... 2-247 
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APPENDIX F: UHB Unit Cell Library Alphanumeric Index (Continued) 

Name 

FS3 
G14 
G23 
G24 
G34 
G44 
HOC 
HOCR 
HOS 
H6C 
H6CD 
H6CF 
H6CFD 

H6CFU 

H6CU 
H6E 
H6ED 
H6EU 
H6R 
H6RD 
H6RU 
H6S 

H6SD 
H6SU 
H6T 
H6TD 
H6TF 
H6TFD 

H6TFU 
H6TU 

H6W 

H6WD 
H6WU 

H8C 

H8CD 
H8CF 

Function Page No. 

4-bit Shift Register with Asynchronous Load . . • . . . • . • . • . . • . . • . . . . • . • • . • • . . . .. 2-249 
2-wide 3-0R 4-lnput OAI .....•...•........•...•.•.•..•..•....•....•.•....• 2-80 
2-wide 2-0R 3-lnput OAI .•.•.•...•.••..•..•.....••••.••........••...•....• 2-79 
2-wide 2-0R 4-lnput OAI ..••.•.......•.•....•.•...•..•.•...•..•.......•... 2-81 
3-wide 2-0R 4-lnput OAI ...••.•.....•..•••..•....•..•••.....•......•...... 2-82 
3-wide 2-AND 2-0R' 4-lnput OAI ..............••...•..•.......••...•.••....• 2-83 
Output Buffer for Oscillator and Input Buffer • . . . . . . . . . . . . • . . • . . . . . . . . . . . • . . .. 2-400 
Output Buffer for Oscillator ...•................•......•..•...•.....•...... 2-402 
Output Buffer for Oscillator and Schmitt Trigger Input Buffer ..•.....•...•...... 2-401 
3-state Output (IOL=3.2mA) & CMOS Interface Input Buffer (True) .•....•....... 2-351 
H6C with Pull-down Resistance .•. . . . . . . . . . • . • • . . . . • . . . . . . . . . . • . . . . • . . • . . .. 2-353 
3-state Output (IOL=8mA) & CMOS Interface Input Buffer (True) •..••..•.•••.... 2-390 
3-state Output (IOL=8mA) & CMOS Interface Input Buffer (True) 
with Pull-down Resistance ...••••••....••••.•••.•..•..•••••.......••.•.... 2-392 
3-state Output (IOL =8mA) & CMOS Interface Input Buffer (True) 
with Pull-up Resistance •......•.•...•.•.••.•....•..•........•............ 2-391 
H6C with Pull-up Resistance •..•.•.•......••••....•..••.•.•.••.......•.... 2-352 
Power 3-state Output (IOL=12mA) & CMOS Interface Input Buffer (True) .•..•.... 2-354 
H6E with Pull-down Resistance .•.....•......••....•..••..•.•..•...•..•.... 2-356 
H6E with Pull-up Resistance .•••.••.......•..•.....•..............••...... 2-355 
3-state Output (IOL=3.2mA) and Schmitt Trigger Input Buffer (TIL type, True) ..•. 2-360 
H6R with Pull-down Resistance .•.•.......•........•..•.....•.•.••....•.... 2-362 
H6R with Pull-up Resistance ...•.•...•.•..•.••....•........•.•.••.••.•.... 2-361 
3-state Output (IOL=3.2mA) and Schmitt Trigger Input Buffer 
(CMOS type, True) •••.............•..•..•...•...•.•.•...............•.. 2-357 
H6S with Pull-down Resistance .•.....•.•....•.....................••...... 2-359 
H6S with Pull-up Resistance .......•..........•...••...................... 2-358 
3-state Output (IOL=3.2mA) & Input Buffer (True) •......•................... 2-345 
H6T with Pull-down Resistance ........•.........•••.•.....•.••.......•.... 2-347 

3-state Output (IOL=3.2mA) & Input Buffer (True) .....•...........•.•....... 2-387 
3-state Output (IOL=3.2mA) & Input Buffer (True) with PUll-down Resistance .•.... 2-389 
3-state Output (IOL=3.2mA) & Input Buffer (True) with Pull-up Resistance ........ 2-388 
H6T with Pull-up Resistance ......•................•...................... 2-346 
Power 3-state Output (IOL=12mA) & Input Buffer (True) ....•.........•........ 2-348 

H6W with Pull-down Resistance . • • . . . • . • . • • • . • . . . . • . . . . . . . . . . . . . • • . • . . • . . .• 2-350 
H6W with Pull-up Resistance .•. • • • • • . . • . • . . • . . . . • . . . . . . • . . • . . • . . . . . . . • . . .. 2-349 

3-state Output Buffer (IOL=3.2mA) with Noise Limit Resistance and CMOS 
Interface Input Buffer (True) .•...•..••.••.••.••.......•..•................ 2-372 
H8C with Pull-down Resistance ...... , ...........• , •....•..•......•...•..•. 2-374 

3-state Output (IOL=8mA) with Noise Limit Resistance and CMOS 
Interface Input Buffer (True) ........••.••..•........•..•..•.............•. 2-396 
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H8CFD 3-state Output (IOL=8mA) with Noise Limit Resistance and CMOS 
Interface Input Buffer (True) with Pull-down Resistance ..•.................•... 2-398 

H8CFU 3-state Output (lOL=8mA) with Noise Limit Resistance and CMOS 
Interface Input Buffer (True) with Pull-up Resistance .......................... 2-397 

H8CU H8C with Pull-up Resistance ....•......................................... 2-373 
H8E 

H8ED 

H8EU 

H8EO 

H8E1 
H8E2 

H8R 

H8RD 
H8RU 
H8S 

H8SD 

H8SU 

H8T 

H8TD 

H8TF 

H8TFD 

H8TFU 

H8TU 

H8W 

H8WD 
H8WU 

H8WO 

H8W1 

H8W2 

IKB 
IKBD 

IKBU 
ILB 

Power 3-state Output Buffer (IOL=12mA) with Noise Limit Resistance 
and CMOS Interface Input Buffer (True) .................................. 2-375 

H8E with Pull-down Resistance ............................................ 2-377 

H8E with Pull-up Resistance .....................•..•.....•.......•....... 2-376 

H8E2 with Pull-down Resistance ........................•.................. 2-380 

H8E2 with Pull-up Resistance ....•........................................ 2-379 
High Power 3-state Ouput (IOL=12mA) with Noise Limit Resistance 
and Input Buffer (CMOS type, True) ........•...................•.....•.... 2-378 

3-state Output Buffer (lOL=3.2mA) with Noise Limit Resistance and 
Schmitt Trigger Input Buffer (TTL type, True) ................................ 2-384 

H8R with Pull-down Resistance ............................................ 2-386 
H8R with Pull-up Resistance ...............•............................•. 2-385 
3-state Output Buffer (IOL=3. 2mA) with Noise Limit Resistance and 
Schmitt Trigger Input Buffer (CMOS type, True) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-381 

H8S with Pull-down Resistance .........................•..•...••...•...••. 2-373 
H8S with Pull-up Resistance .............................................. 2-382 

3-state Output Buffer (IOL=3.2mA) with Noise Limit Resistance and Input 
Buffer (True) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. 2-363 

H8T with Pull-down Resistance ..........•..•.........•.................... 2-365 

3-state Output (IOL=8mA) with Noise Limit Resistance and Input Buffer (True) .... 2-393 

3-state Output (IOL=8mA) with Noise Limit Resistance and Input 
Buffer (True) with Pull-down Resistance .................................... 2-395 

3-state Output (IOL=8mA) with Noise Limit Resistance and Input 
Buffer (True) with Pull-up Resistance ....................................... 2-394 

H8T with Pull-up Resistance ...............•.............................. 2-364 

Power 3-state Output Buffer (lOL=12mA) with Noise Limit Resistance 
and Input Buffer (True) •................•.......•...................... 2-366 

H8W with Pull-down Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .. 2-368 
H8W with Pull-up Resistance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-367 

H8W2 with Pull-down Resistance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-371 

H8W2 with Pull-up Resistance . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . •. 2-370 

High Power 3-state Output Buffer (IOL=12mA) with Noise Limit 
Resistance and Input Buffer (TTL type, True) ............................... 2-369 

Clock Input Buffer (Inverter) ...........•.................................. 2-301 

IKB with Pull-down Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-303 

IKB with Pull-up Resistance ...................•........................... 2-302 
Clock Input Buffer (True) ..............•...•.............................. 2-304 
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ILBD ILB with Pull-down Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-206 
ILBU ILB with Pull-up Resistance ..•............................................ 2-305 
IT1 0 Input Buffer for Oscillator ............•.....................•............. 2-399 
11 B Input Buffer Inverter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-295 
11 BD 11 B with Pull-down Resistance ... . • . . . . • . . . . • . . . . . . . . . • . . . • . . . . . . . . . . . . . . .. 2-297 
11BU 11B with Pull-up Resistance ...............•....•...•.....•..•............. 2-296 
11C CMOS Interface Input Buffer (Inverter) ..................................... 2-307 
11CD I1C with Pull-down Resistance .•.......•.......•.....................•..•.. 2-309 
11CU 11C with Pull-up Resistance ............................................... 2-308 
11R Schmitt Trigger Input Buffer (TIL Type, Inverter) ..•.......................... 2-319 
11 RD 11 R with Pull-down Resistance . . . . . . . . • . . . . • . . . . . . . • . . . • . • . . . . . . . . . . . . . . . .. 2-321 
11RU 11R with Pull-up Resistance •...•.•..••......•..•...••..................... 2-320 
11S Schmitt Trigger Input Buffer (CMOS Type, Inverter) .......................... 2-313 
11SD 11S with Pull-down Resistance ...•.....•...•..•.•..••.......•••.•..•....... 2-315 
11SU 11S with Pull-up Resistance ..•........•..................•................ 2-314 
12B Input Buffer (True) ...•......................•.........•...........••.•.• 2-298 
12BD 12B with Pull-down Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-300 
12BU 12B with Pull-up Resistance ....•...•.............••................•...... 2-299 
12C CMOS Interface Input Buffer (True) ........................................ 2-310 
12CD 12C with Pull-down Resistance ..............•.............................. 2-312 
12CU 12C with Pull-up Resistance ............................................... 2-311 
12R Schmitt Trigger Input Buffer (TIL Type, True) •.....................•........ 2-322 
12RD 12R with Pull-down Resistance . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-324 
12RU 12R with Pull-up Resistance ........•...................................... 2-323 
12S Schmitt Trigger Input Buffer (CMOS Type, True) ............................. 2-316 
12SD 12S with Pull-down Resistance ............................................. 2-318 

12SU 12S with Pull-up Resistance •.....•........................................ 2-317 
KAB Block Clock (OR) Buffer ....•............................................ 2-114 

KBB Block Clock (OR x 10) Buffer ............................................. 2-115 

KD2 Load Gate Fan-in = 2 • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-291 
K1B True Clock Buffer ....•........••.....•..................•................ 2-109 
K2B Power Clock Buffer ............•.....•...........•..••.................. 2-110 
K3B Gated Clock (AND) Buffer.. .. . .. . . . .. .. .. . .. .. .. .. . . .. . .. .. . .. . . .. . . .. ... 2-111 
K4B Gated Clock (OR) Buffer ...................... , .. .. .. .. .. . .. .. .. .. .. .. ... 2-112 
K5B Gated Clock (NAND) Buffer.. . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-113 
LTK Data Latch ......................•......•.............•................ 2-231 
L TL 1-bit Data Latch with Clear ............................................... 2-233 
L TM 4-bit Data Latch with Clear .............•........•................•....... 2-235 
L T1 S-R Latch with Clear .......................................•............ 2-238 
LT4 4-bit Data Latch ..........•..........................................•.. 2-240 
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MC4 4-bit Magnitude Comparator .............................................. 2-281 
NCB Power 12-lnput NAND .................................................... . 2-27 
NGB Power 16-lnput NAND .................................................... . 2-28 
N2B Power 2-lnput NAND ...................•.................................. 2-18 
N2K Power 2-lnput NAND ..................................................... . 2-19 
N2N 2-lnput NAND .......................................................... . 2-17 
N2P Power 2-lnput AND ...................................................... . 2-49 
N3B Power 3-lnput NAND ..................................................... . 2-21 
N3K Power 3-input NAND ......•............................................... 2-29 
N3N 3-lnput NAND .......................................................... . 2-20 
N3P Power 3-lnput AND ...................................................... . 2-50 
N4B Power 4-lnput NAND ..................................................... . 2-23 
N4K Power 4-input NAND ..................................................... . 2-30 
N4N 4-lnput NAND .......................................................... . 2-22 
N4P Power 4-lnput AND ...................................................... . 
N6B Power 6-lnput NAND ..................................................... . 
N8B Power 8-lnput NAND ..................................................... . 

2-51 

II 2-24 
2-25 

N8P Power 8-lnput AND ...................................................... . 2-52 
N9B Power 9-lnput NAND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-26 

01 B Output Buffer (IOL=8mA. Inverter) ......................................... 2-325 
01BF Output Buffer (IOL=3.2mA. Inverter) ....................................... 2-339 
01L Power Output Buffer (IOL=12mA, Inverter) .................................. 2-326 

01 R Output Buffer (IOL=3.2mA. Inverter) with Noise Limit Resistance ................ 2-327 
01 RF Output Buffer (IOL=8mA. Inverter) with Noise Limit Resistance ................. 2-340 
018 Power Output Buffer (IOL=12mA. Inverter) with Noise Limit Resistance. . . . . . . . . .. 2-328 

02B Output Buffer (IOL=3.2mA. True) ........................................•. 2-329 
02BF Output Buffer (IOL=8mA. True) ........................................... 2-341 
02L Power Output Buffer (IOL=12mA. True) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-330 

02R Output Buffer (IOL=3.2mA. True) with Noise Limit Resistance .................. 2-331 
02RF Output Buffer (IOL=8mA. Inverter) with Noise Limit Resistance ................. 2-342 
028 Power Output Buffer (IOL=12mA. True) with Noise Limit Resistance ......•...... 2-352 

0282 High Power Output Buffer (IOL=24mA, True) with Noise Limit Resistance . . . . . . . .. 2-333 
04R 3-state Output Buffer (IOL=3.2mA. True) with Noise Limit Resistance ............ 2-334 
04RF 3-state Output Buffer (IOL=8mA. True) with Noise Limit Resistance ............. 2-343 

048 Power 3-state Output Buffer (IOL=12mA. True) with Noise Limit Resistance. . . . . .. 2-335 
0482 High Power 3-state Output Buffer (IOL=24mA. True) with Noise Limit 

Resistance . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. 2-336 
04T 3-state Output Buffer (IOL=3.2mA. True) ................................... 2-337 
04TF 3-state Output Buffer (IOL=3.2mA, True) ................................... 2-344 
04W Power 3-state Output Buffer (IOL=12mA. True) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-338 
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PE5 
PE8 
PE9 
P05 
P08 
P09 
P24 
RCB 
RGB 
R2B 
R2K 
R2N 
R2P 
R3B 
R3K 
R3N 
R3P 
R4B 
R4K 
R4N 
R4P 
R6B 
R8B 
R8P 
R9B 
SC7 
SC8 
SDA 
SDB 
SDD 
SDH 
SDJ 
SDK 
SHA 
SHB 
SHC 
SHJ 
SHK 
SJH 
SR1 
T2B 
T2C 

Function 

5-bit Even Parity Generator/Checker 
8-bit Even Parity Generator/Checker 

Page No. 

2-257 
2-259 

9-bit Even Parity Generator/Checker .•.........•.......................•... 2-261 
5-bit Odd Parity Generator/Checker ......... " . • . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-258 
8-bit Odd Parity Generator/Checker . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . .. 2-260 
9-bit Odd Parity Generator/Checker . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . .. 2-262 
4-wide 2: 1 Data Selector . • • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . • • . • . . .. 2-263 
Power 12-lnput NOR . . . . . . . • • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .. 2-43 
Power 16-lnput NOR . . . . . • . • . . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . . . . . • . . . . • .. 2-44 
Power 2-lnput NOR . . . . . . • • • . . . . . . . . • • . . . . • . . . . . . . . . . . . . . . . . . • . . . . • . • . . . .. 2-34 
Power 2-lnput NO .............•......•...... '. . . . . . . . . . . . . . . . . . . . . . . • . . . .. 2-35 
2-lnput NOR . . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-33 
Power 2-lnput OR .......••....•.......................•... . . . . . . . . . • . . . .. 2-55 
Power 3-lnput NOR . . . . . . • . • . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-37 
Power 3-lnput NOR . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .. 2-45 
3-lnput NOR . . . . . . . • . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-36 
Power 3-lnput OR . . . . . . . . • . • . . . . . . . . • . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-56 
Power 4-lnput NOR . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-39 
Power 4-lnput NOR . . . . • . • • • • . . • . . • . . . • . . • • . . • . . • . . • . • • . • . . . . . • . • • • . . . . • .. 2-46 
4-lnput NOR . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-38 
Power 4-lnput OR ......................................... . . . . . . . . . . . . . .. 2-57 
Power 6-lnput NOR . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-40 
Power 8-lnput NOR . . . . . . . . • • . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . • . . • . . . . . . . •. 2-41 
Power 8-lnput OR .......•....•......•.••..•....••......•.. . . . . . . • • . . • . . .. 2-58 
Power 9-lnput NOR .....................•..•...... .' . . . . . . . . . . . . . . . . . . . . . •. 2-42 
Scan 4-bit Synchronous Binary Up Counter with Parallel Load .........•........ 2-187 
Scan 4-bit Synchronous Binary Down Counter with Parallel Load . . . . . . . . . . . . . . .. 2-192 
Scan 1-lnput DFF with Clock Inhibit ........................................ 2-135 
Scan 1-lnput 4-bit DFF with Clock Inhibit •......•............................ 2-138 
Scan 2-lnput DFF with Clear. Preset. and Clock Inhibit ........................ 2-131 
Scan 2-lnput DFF with Clear and Clock Inhibit ............................... 2-119 
Scan 4-lnput DFF with Clear and Clock Inhibit ...••.......................... 2-122 
Scan 6-lnput DFF with Clear and Clock Inhibit ..........•................•... 2-125 
Scan 1-lnput 8-bit DFF with Clock Inhibit ....•......•....................... 2-142 
Scan 1-lnput 8-bit DFF with Clock Inhibit and Q Output ..................•.... 2-145 
Scan 1-lnput 8-bit DFF with Clock Inhibit and XQ Output ......•.........•..... 2-148 
Scan 8-bit DFF with Clock Inhibit and 2-to-1 Data Multiplexer .•................. 2-151 
Scan 8-bit DFF with Clock Inhibit and 3-to-1 Data Multiplexer . . . • . . . . . . . . • . . . . .. 2-154 
Scan J-K FF with Clear and Clock Inhibit ................................... 2-128 
Scan 4-bit Serial-in Parallel-out Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . .. 2-252 
2:1 Selector ...............•.....•........•.............•.............• 2-270 
Dual 2:1 Selector .................•.......................•...........•. 2-271 
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T2D 2:1 Selector 2-273 
2E Dual 2:1 Selector .................................... , .................. 2-274 
T2F 2:1 Selector ..............•............•.....•......•...•.............. 2-275 
T24 Power 2-AND 4-wide Multiplexer • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . .. 2-87 
T26 Power 2-AND 6-wide Multiplexer . . . . . . . . . • . . . . . . . . . . • . . . . . . . • . • . . . . • . . . . . • .. 2-88 
T28 Power 2-AND 8-wide Multiplexer . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . .. 2-89 
T32 Power 3-AND 2-wide Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. 2-91 
T33 Power 3-AND 3-wide Multiplexer ........•..........••....•.•..•••.....•... " 2-92 
T34 Power 3-AND 4-wide Multiplexer . . . . . . • . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .. 2-93 
T42 Power 4-AND 2-wide Multiplexer .......•.......•.......•....... , ..........•• 2-94 
T43 Power 4-AND 3-wide Multiplexer ......................•..................... 2-95 

T44 Power 4-AND 4-wide Multiplexer ... " ..•..• , ......•...............•.•....... 2-96 
T54 Power 4-2-3-2 AND 4-wide Multiplexer . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. 2-97 
T5A 4: 1 Selector .............••.......•..................•................. 2-277 

U24 Power 2-0R 4-wide Multiplexer ..••.....•....•.......•.........•............ 2-98 
U26 Power 2-0R 6-wide Multiplexer •..............•............................. 2-99 

U28 
32 

U33 
U34 

U42 
U43 
U44 
V1L 

V1N 
V28 

V3A 
V38 
X18 
X1N 
X28 
X2N 
X38 
X3N 
X48 
X4N 
YL2 
YL4 
ZOO 
ZOl 

Power 2-0R 8-wide Multiplexer 
Power 3-0R 2-wide Multiplexer 
Power 3-0R 3-wide Multiplexer 
Power 3-0R 4-wide Multiplexer 

2-100 
2-101 
2-102 
2-103 

Power 4-0R 2-wide Multiplexer ..................................•......... 2-104 
Power 4-0R 3-wide Multiplexer ..............••...•.....•...........•....•. 2-105 
Power 4-0R 4-wide Multiplexer .......................................•...• 2-106 

Double Power Inverter .........•......•...........•........................ 2-9 
Inverter .•............••...............•..•..........................•..• 2-7 
Power Inverter ........•...........................•..............•....... 2-8 

1:2 Selector ...................•.•...........•••....................... 2-279 
Dual 1:2 Selector •.•..•.........................•..................... " 2-280 
Power Exclusive NOR . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. 2-62 
Exclusive NOR •......................•....•.............................. 2-61 
Power Exclusive OR ..........•...................•....................... 2-64 

Exclusive OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-63 
Power 3-lnput Exclusive NOR ...•..............•..........................• 2-66 
3-lnput Exclusive NOR .........•..........•........•...................... 2-65 
Power 3-lnput Exclusive OR . . • . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-68 
3-lnput Exclusive OR ....................•................................ 2-67 
l-bit Data Latch with TM ..................•.••..........................• 2-227 
4-bit Data Latch with TM .............•.•.••..••...........•...........•.. 2-229 
o Clip . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. 2-289 
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Unit Cell Specification Information 

This section contains specifications for all the unit cells available for the AV Series CMOS Gate Arrays. 
The unit cell (gate array) is a functional group of one or more basic cells or gates. A basic cell 
contains one pair of P-channel and one pair of N-channel transistors. 

How to Read a Unit Cell Specification 

The following paragraphs numbered 1-10 explain how the information given in the AV Unit Cell Library 
is organized. Each of the numbers corresponds to an area of the Unit Cell Library page illustrated on 
the right. 

1. The unit cell name appears in the upper left corner of the page. 

2. The unit cell Function is given on the same line as the unit cell Name. 

3. The number of basic cells (BC) or equivalent that make up the unit cell is shown in the upper 
right corner of the page. 

4. Propagation delay parameters for the unit cell are given in a table on the upper right side of 
the page. The basic delay time of the unit call (to) is given in ns. KCL, the delay constant for 
the cell (delay time per load unit) is given in ns/pF. KCL2 and CDR2 are a delay constant and 
an output driving factor provided for some unit cells to calculate delay when a unit cell is 
loaded beyond its published output driving factor (CDR). 

5. 

6. 

7. 

B. 

9. 

10. 

The cell (logic) symbol is shown in the top left box under the cell name box. 

Clock parameters (in ns) for unit cells such as flip-flops and counters that make use of clock 
signals are given when applicable in a table directly below the propagation delay parameters. 

Input loading factors are shown in a table directly under the cell symbol box on the left side 
of the page. The input loading factor is the value of the load placed on a net by the connec­
tion of the unit cell input. Unit cell loading factors are shown in load units (Iu). The Fujitsu 
CMOS load unit is the input capacitance of an inverter used for the measurement and calcu­
lation of capacitive loads presented to unit cells within the gate array. 

The output driving factor is shown directly under the input loading factor. The output driving 
factor is the maximum number of load units the unit cell can drive while performing at pub­
lished specifications. 

The function (truth) table, if applicable, is shown in a box at the lower left side of the page. 

The unit cell schematic, or equivalent circuit, illustrates how discrete components would be 
connected to perform the unit cell function. It is shown in the lower right corner of the page 
or on the page following. 
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1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

Cell Name Function 

T2D 2 : 1 ~elector 

Cell Symbol I 
I 

A -
B::::::::;; 
S1 p-X 

S2-
'---

Input Loading 
Pin Name Factor 

A,B 1 tu 
S1,S2 1 tu 

Output Driving 
Pin Name Factor 

X 14lu 

Function Table 

Inputs Output 

A B S1 S2 X 

L X L H H 
H X L H L 
X L H L H 
X H H L L 
L H L L INHIBIT 
L H H H INHIBIT 
H L L L INHIBIT 
H L H H INHIBIT 

AV-T2D-E1 Sheet 1/11 

Number of BC 

2 

Propagation Delay Parameter 

tup tdn 
Path 

to KCL to KCL 

6.63 0.12 4.14 0.07 CK-+Q,XQ 
6.63 0.12 4.14 0.07 CL-+Q,XQ 
6.63 0.12 4.14 0.07 PR-+Q,XQ 

Parameter Symbol Min. Typ Max. Unit 

II 
Equivalent Circuit 

Rb-A 

:E- -0 X 

{O--B 

S1 
=r= 

S2 

I Page 8-3 
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III 
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Inverter, Clock Buffer Family 

Unit Cell Basic 
Page Name Function Cells 

3-7 V1N Inverter 

3-8 V2B Power Inverter 

3-9 K1B Clock Buffer 2 

3-10 K2B Power Clock Buffer 3 

3-11 K3B Gated Clock Buffer (AND) 3 

3-12 K4B Gated Clock Buffer (OR) 3 

3-13 KCB Gated Clock Buffer 11 

II 

3·5 



II 
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FUJITSU CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

VIN I Inverter I 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.55 0.25 0.30 0.14 A ... X 

----I>-- . · . .. .,. 
A X Parameter Symbol MIN TYP MAX UNIT 

· . .. ..' 
· . .. . ..... 

Input Loading Factor Pin Name 

Ifu A 

Output Driving Factor Pin Name 
o 

18 fu X 

TTL Equivalent Circuit 

r-----., 

~ I I 
I I 74S04 L _____ .I 

74L5Q4 

AV-VI:-i·EI I I VIN I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

V2B I Power Inverter 1 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to K(L to KCL 

0.64 0.12 0.24 0.07 A ..... X 

.--±--· . .. . ... 
A X Parameter Symbol MIN TYP MAX UNIT 

· . .. . .. 
· . .. ...... 

Input loading Factor Pin Name 

2tu A 

II Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit 

,..-----, 

~ I I 
I I 14504 
L _____ ,J 

74lSQ4 

AV·V2B-El I I V2B I Sheet 111 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell LibTary 

Cell Name I Function NumberofBC 

KIB I Clock Buffer 2 

Cell Symbol Propagation Delay Parameters 

Input loading Factor Pin Name 

ltu A 

Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit 

r-----~ r-----~ -+t>+---H>t-' I I f 
I I I I 

I I I I 
I I I I 

AV·KIB·EI 

1.. _____ ..1 L _____ .1 

I 

74S04 
74lS04 

74504 
74lSQ4 

1.20 

Path 

0.12 1.26 0.07 A .... X 

Parameter Symbol MIN TYP MAX UNIT 

1 KIB 1 Sheet III 
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II 

AV·CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function I Number of Be 
K2B I Power Clock Buffer I 3 

Cell Symbol Propagation Delay Parameters 

-8>---. '. .. '. -... ... , ,.-

x 
. . .. .. . 

.. . ... ,. 

Input Loading Factor 

ltu 

Output Driving Factor 

72fu 

TTl Equivalent Circuit 

AV·K2B·EI 

r-----' , , , , 

I 

74504 
14lS04 

1.51 

Parameter 

Pin Name 

A 

Pin Name 

X 

r-------, 
I ~ : , , 

r-L- : 
: J>-....,.'---r-r-
~I ~ , -- , L _______ J 

"," 14S40 

Path 

0.05 1.83 0.04 A-+X 

Symbol MIN TYP MAX UNIT 

I K2B I Sheet III 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

K3B I Gated Clock Buffer 3 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.34 0.06 1.45 0.04 A-X 

===f)--Al ... 
X Parameter Symbol MIN TYP MAX UNIT 

A2 
. . .. ..... 

Input Loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name II 
36 eu X 

TTL Equivalent Circuit 

... ----""1 
I I r-------, I I 

I I ...... I 
I 

I I I I 

,...J- I I I I I I 
.... _---", I =>-+ ..-:- I 

74500 I I 

74lS00 T~ 
I 
I 
I I.. _______ J 

"I ~ 14')40 

AV-K3B-El I J K3B I Sheet 1'1 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

K4B I Gated Clock (OR) Buffer 3 

Cell Symbol Propagation Delay Parameters 

A1 

A2 

Input loading Factor 

ltu 

Output Oriving Factor 

36tu 

TTL Equivalent Circuit 

AV-K4B-El 

[)---

,.----., 

: '""" : 
I I I 

:V 
-----~ 

I 

74>02 
74LS02 

1.39 

X Parameter 

Pin Name 

A 

Pin Name 

X 

r-------, 
I ~ : 

r-------,r-~ I 

~ : 
I b-l-

t---!...- r: 
I i I 

~ I : ~ : L. _______ J 

"1· 74S.:10 

Path 

0.05 3.07 0.04 A~X 

Symbol MIN TYP MAX UNIT 

I K4B I Sheet 111 
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FUJITSU CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

KCB I Block Clock Buffer (Non-Invi I 11 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

2.26 0.02 3.3! 0.02 A_X 

--()-. . .. 
A X Parameter Symbol MIN TYP MAX UNIT 

.. .. 
. . . .. ". 

Input Loading Factor Pin Name 

2 eu A 

Output Driving Factor Pin Name II 
360eu X 

TTL Equivalent Circuit 

r-----' r-------, 
I I I r'I 

I 
I I I 

I I 
I I 

,--;- I 
I I I Lo _____ .J 

I P-+ 
74S04 ~ I 

74lSQ4 I I 

~~ 
I 
I 
I 

L _______ J 

74$40 ",. 

AV-KCB-E! I I KCB I Sheet II! 
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NAND Family 

Unit Cell Basic 
Page Name Function Cells 

3-17 N2N 2-input NAND 1 

3-1B N3N 3-input NAND 2 

3-19 N4N 4-input NAND 2 

3-20 N2B Power 2-input NAND 3 

3-21 N3B Power 3-input NAND 3 

3-22 N4B Power 4-input NAND 4 

3-23 N6B Power 6-input NAND 5 

3-24 NBB Power B-input NAND 6 

3-25 N9B Power 9-input NAND 7 

3-26 NCB Power 12-input NAND 9 

3-27 NGB Power 16-input NAND 11 

II 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function 1 Number of Be 
N2N 12-input NAND I 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.71 0.27 0.34 0.19 A ... X 

A'===Cr-... x Parameter Symbol MIN TYP MAX UNIT 
A2 ... 

. .. . .... 

Input Loading Factor Pin Name 

Uu A 

Output Oriving Factor Pin Name 
II 

ISiu X 

TTL Equivalent Circuit 

,..------. 

=t{)+-o 0 
0 

0 
0 

o 0 
o 0 1.._--_ ... 

74S00 
74lS00 

AY·N2N·EI I I N2~ I Sheet III 
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II 

AV·CMOS Unit Cell Library 

Cell Name I Function 

N3N 13-input NAND 

Cell Symbol 

::=D-•... x 

A3 .. 
. ... 

Input loading Factor 

Jeu 

Output.Driving Factor 

14 eu 

TTL Equivalent Circuit 

r-------, 
I I I _ I 

+-~ : 
I I 

-:-- P-:--
+---' i 
~-------~ 

AV·N31'·El 

74S10 
74lS10 

Pin Name 

A 

Pin Name 

X 

FUJITSU CMOS Gate Arrays 

Number of BC 

I 2 

Propagation Delay Parameters 

Path 

0.83 0.27 0.63 0.28 A ... X 

Parameter Symbol MIN TVP MAX UNIT 

I N3N I Sheet 111 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name I Function Number of BC 

N4N 14.input NAND 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.96 0.27 0.96 0.35 A-+ X 

.,~ · , . . ... Parameter Symbol MIN TYP MAX UNIT 
A2 .. 

· . . x 
A3 .. 

· . . ... 
A4 ..... 

· .. . ..... 

Input Loading Factor Pin Name 

1 eu A 

Output Driving Factor Pin Name • 10 eu X 

TTL Equivalent Circuit 

r------.., 

____ 1""1 

-+-
~ -+-

-i,..I 

-----
74S20 
74lS20 

AV·N4N·EI I 1 N4N I Sheet 111 
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III 

FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name .. 1 Function NumberofBC 

N2B I Power 2-input NAND 3 

Cell Symbol Propagation Delay Parameters 

AI~X' 
A2~~ 

Input Loading Factor 

ltu 

Output Driving Factor 

36tu 

TTL Equivalent Circuit 

r----.., =tt)+-' , , , , 
I 

I 
I I 
I I 

AV·N2B·El I 

74500 
74lS00 

Pin Name 

A 

Pin Name 

X 

Path 

2.03 0.12 1.73 0.07 A-+X 

Parameter Symbol MIN TYP MAX UNIT 

I ~2B I Sheet III 
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A V-CMOS Unit Cell Ubrary 

Cell Name I Function 

N3B I Power3-inputNAND 

Cell Symbol 

'A'=G-' '::: , .. 
A2 

, , , 

A3 .. . 
.. . .. . 

Input Loading Factor 

Itu 

Output Driving Factor 

36£u 

TTL Equivalent Circuit 

r-------., 
, I 

, - I +-,-000 : 
, I 

-t- P-t--
I 

~~ 
I 
"'-------" 

AV·!I13B·EI 

74S10 

74lS10 

Pin Name 

A 

Pin Name 

x 

FUJITSU CMOS Gate Arrays 

Number of BC 

3 

Propagation Delay Parameters 

tup Path 

KCL KCL 

2.27 0,12 2.09 0.07 A .... X 

Parameter Symbol MIN TVP MAX UNIT 

I N3B I Sheet 111 
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• 

FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name , Function ., Number of BC 

N4B 'Power4-inputNAND , 4 

Cell Symbol Propagation Delay Parameters 

.Al~.":::: . . . . .. 
A2 .. 

A3 .. 
. . . . . .. 

A4 ... . 
. .. .... . 

Input Loading Factor 

leu 

Output Driving Factor 

36tu 

TTL Equivalent Circuit 

I 

--L~ 
I 

-t--+- i>:-
I 

-+-~ 
I 
I 

AV-N4B-El 

14520 
74lS20 

, 

Path 

2.38 0.12 2.35 0.07 A-+X 

Parameter Symbol MIN TYP MAX UNIT 

Pin Name 

A 

Pin Name 

X 

, N4B 1 Sheet III 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

N6B I Power 6-input NAND 5 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

2.18 0.12 2.83 0.07 A .... X 

Al~r-.. 

A2-
Parameter Symbol MIN TYP MAX UNIT 

A3-
o·_-x 

A4-

AS-

A6~L/: 

Input Loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name II 
36tu X 

TTL Equivalent Circuit 

;----------, 

-i-~ 
-+--+-
-+--r-
~ 
r-t-

i L.J 
I 
I 
.... _--------

"," 74S3C 

74lS30 

AV-:\6B·EI I N6B I Sheet III 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

NS8 I Power S-input NAND 6 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

A' ...:....:....:.~: 2.29 0.12 3.09 0.07 A_X 

A2-

A3-

A4- Parameter Symbol MIN TYP MAX UNIT 
0--- x 

A5-

A6-

A7-

AS ~./: 

Input Loading Factor Pin Name 

1 eu A 

Output Driving Factor Pin Name 

36 eu X 

TTL Equivalent Circuit 

r-------, 
---L~ 
-+---+--
---T- p-+-

5= -Tl.,..I l _______ 

74S30 
74LS30 

AV·NS8-EI I I N8S I Sheet 111 
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AV-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

N9B I Power 9-input NAND 7 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

Al~~ 2_28 0.12 4.24 0.07 A-X 

A2-

A3-

A4- Parameter Symbol MIN TVP MAX UNIT 

A5- P-- x 

A6-

A7-

AS-

A9~/.: 

Input Loading Factor Pin Name 

1 (u A 

Output Driving Factor Pin Name 

36(u X 

TTL Equivalent Circuit 

,..----., 
1 1 
1 1 

1 

, , , , , 
t------i ,.----., , , , , , , , , , , 

, , , , , , 
r --, , , 
I I "" ____ ..t , , 

74510 , 
74LS1Q , , , , I 

'- ____ ..t 

74511 

74LS11 

AV-N9B-El 1 J N9B ISheet III 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name I Function I Number of Be 
NCB I Power 12-input NAND I 9 

Cell Symbol Propagation Delay Parameters 

Al ~""': 
. A2 -
A3 -
A4 -
A5 -
A6 -

~x 
A7 -
A8 -

A9 -

A,O-

Input Loading Factor 

leu 

Output Driving Factor 

36fu 

TTL Equivalent Circuit 

74LS2t 

AV-NCB-E1 I 

2.26 

Parameter 

Pin Name 

A 

Pin Name 

x 

r-------., 
I I 

: ..... : 
I 

t+-

74>10 

74LS1Q 

3-26 

Path 

0.12 5.38 0.07 A_X 

Symbol MIN TYP MAX UNIT 

I NCB I Sheet 111 



A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

NGB I Power 16-inputNAND 11 ' -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

..:...:....:...~ to KCl to KCL 
A1 

A2 - 2.37 0.12 5.64 0.07 A-X 

A3 -
A4 -
A5 - Parameter Symbol MIN TVP MAX UNIT 

A6 -

A7-

A8 -

I>--- x 
A9 -

A10-

A11-

A12-

A13-

A14-

A15-

A16 ~../ 

Input loading Factor PinName 

leu A 

Output Driving Factor Pin Name 

36fu X 

TTL Equivalent Circuit 

r-------'1 
1 1 

1 

1 
1 1 t--------i 
1 1 

I 

+)+ I 
I I 
I--------i 

+----_! I I 
I 

I 
I I 74';]0 1"-------'4 
I I 74lS20 

I 

I 
I I 10 _______ 4 

74LSll 

AV-:\GB-EI I I NGB I Sheet III 
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AND Family 

Unit Cell Basic 
Page Name Function Cells 

3-31 N2P Power 2-input AND 2 

3-32 N3P Power 3-input AND 3 

3-33 N4P Power 4-input AND 3 

.. 

3-29 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

N2P I Power 2-input AND 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.32 0_12 1.41 0_07 A--+X 

====D-. ::. : : : : 
Parameter Symbol MIN TYP MAX UNIT 

x 

Input Loading Factor Pin Name 

Uu A 

Output Driving Factor Pin Name II 
36tu X 

TTL Equivalent Circuit 

=ID+-I I 
I 

I 
I 

I I 
I I ... _--_ ... 

74$08 
7.alS08 

AV-~2P-El I 1 N2P 1 Sheet 111 
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FUJITSU CMOS Gate Arrays A V-CMOS Unit Cell Ubrary 

Cell Name I Function I Number ofBC 

N3P I Power 3-input AND I 3 

Cell Symbol Propagation Delay Parameters 

A'=D--" " ":::: · . . . .. 
A2 X 

· . . . . . 
A3 •.... 

· ....... . 

Input Loading Factor 

leu 

Output Driving Factor 

36(u 

TTL Equivalent Circuit 

r------- .. , , 
, -' +-'" : +- I-t-, 
-:--~ , 
~------- ... 

AV-N3P-EI 

74$11 
74lS11 

Pin Name 

A 

Pin Name 

x 

Path 

KCL 

1.82 0.12 1.61 0.07 A ... X 

Parameter Symbol MIN TYP MAX UNIT 

I ~3P I Sheet III 
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A V-CMOS Unit Cell Library 

Cell Name I Function 

N4P I Power4-inputA~D 
Cell Symbol 

::w-... :.::: 
· . . x 

A3 .. 
· . . . .. . 

A4 .... . 
· .. .... . 

Input Loading Factor 

leu 

OutpufDriving Factor 

36tu 

TTL Equivalent Circuit 

1""-----'"' 
I I 
I I 

--!- ...... : 
I I 

-+- : --+- --j-
I 

+,..; 
I 
I 
..... _---_ ... 

74L521 

AV·t\4P-EI J 

Pin Name 

A 

Pin Name 

X 

FUJ"SU CMOS Gate Arrays 

I Number of BC 

I 3 

Propagation Delay Parameters 

tup Path 

KCL KCL 

2.15 0.12 1.72 0.07 A-X 

Parameter Symbol MIN TYP MAX UNIT 

0 

J N4P 1 Sheet III 
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NOR Family 

Unit Cell Baslc 
Page Name Function Cells 

2-37 R2N 2-input NOR 1 

2-38 R3N 3-input NOR 2 

2-39 R4N 4-input NOR 2 

2-40 R2B Power 2-input NOR 3 

2-41 R3B Power 3-input NOR 3 

2-42 R4B Power 4-input NOR 4 

2-43 R6B Power 6-input NOR 5 

2-44 R8B Power 8-input NOR 6 

2-45 R9B Power 9-lnput NOR 7 

2-46 RCB Power 12-input NOR 9 

2-47 RGB Power 16-input NOR 11 

II 
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FUJITSU CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name ! Function ! Number of BC 

R2N !2-input NOR ! 
Cell Symbol Propagation Delay Parameters 

AI ---+--..r~ 
A2 l;I .... 

Input Loading Factor 

ltu 

Output Driving Factor 

lOtu 

TTL Equivalent Circuit 

AV-R2N-El 

14SQ2 
74LS02 

I 

Pin Name 

A 

Pin Name 

X 

Path 

KCL 

0_87 0.46 0_23 0_13 A-X 

Parameter Symbol MIN TVP MAX UNIT 

I R2N I Sheet III 
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AV-CMOS Unit Cell Library FUJITSU CMOS Gate A"ays 

Cell Name I Function I Number of BC 

RaN 13-input NOR 2 

Cell Sy~bol Propagation Delay Parameters 

Path 

KCL 

1.98 0.60 0.34 0_15 A-+X 

Parameter UNIT 
AI=$--··::: : · . . . . . 
A2 x 

· . . . .. 
A3 .... . 

· .. ..... . 

Symbol TYP MAX MIN 

Input Loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name 

10 eu x 

TTL Equivalent Circuit 

i&+ 
I I ... -----~ 

74lS27 

AV·R3\,-EI I I R3:-; I Sheet III 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

R4N 14-input NOR I 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

2.74 0.76 0.39 0.16 A .... X 

.. ~ . . . . . ... 
A2 ... 

. .... w Parameter Symbol MIN TYP MAX UNIT 
A3 ... 

. . . . .. 
A4 .... 

. .. ..... 

Input Loading Factor Pin Name 

ltu A 

Output Driving Factor Pin Name II 
6tu X 

TTL Equivalent Circuit 

r---------------, 
I ... I 

~F\l F,=J.>-L ~ 

~b': I ... I 
I 
I 

I I L _______________ J 

"'- 7453 

AV-R4N-EI I I R4N lSheet III 
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III 

FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

R2B I Power2-inputNOR I 3 

Cell Symbol Propagation Delay Parameters 

Input Loading Factor 

Itu 

Output Driving Factor 

36tu 

TTL Equivalent Circuit 

,..----., 

:~: !J+-
I I 
I I .. _--_ ... 

AV·R2B-E1 

74S02 
74l>02 

I 

Pin Name 

A 

Pin Name 

X 

Path 

KCL 

2.38 0.12 1.54 0.Q7 

Parameter Symbol MIN TYP MAX UNIT 

I R2B I Sheet 1/1 
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AV-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I function NumberofBC 

RaB I Power 3-input NOR 3 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.65 0.12 1.61 0.07 A-+X 

"==&--· . . . . .. 
.2 X Parameter Symbol MIN TYP MAX UNIT 

· . . . . . . 
A,3 . .... 

· ......... 

Input Loading factor Pin Name 

1 fu A 

Output Driving factor Pin Name .. 
36fu X 

TTL Equivalent Circuit 

r------.., 

~ 
I I 

I 

I 
I I 
I I .... ----_ ... 

741527 

AV-R3B-El I I RaB I Sheet III 

3-41 



FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Celf Name I Function I Number of Be 
R4B I Power 4-input NOR I 4 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL 

4.66 0.12 1.61 0.07 A .... X 

E} .... 
A1 •.. '.:. 

A2 ... 

• x 
A3 

A4 .. 

Parameter UNIT Symbol MIN TYP MAX 

Input Loading Factor Pin Name 

itu A 

• Output Driving Factor Pin Name 

36fu X 

TTL Equivalent Circuit 

r---------------, 

~~ F,=l>L~:::»+-
~17 

L ______________ _ 

"'- 1453 

AV·R4B-Et 1 I R4B I Sheet 111 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function I Number of BC 

R6B I Power 6-input NOR I 5 

Cell Symbol Propagation Delay Parameters 

A' 
A2 

A3 

A4 

AS 

A6 

ro..: 

p--x 
--1-1 

Input loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit 

____ ~r_-~ .... -,---------------~ 
:::::I:l )------, I 

__ ~I~ :,_~~"" I _: 
~} : 

~ ___ ~4~3 ____ J 
__ ~_r_-s"-,---------------i 

EtRI 1 q:::t)L :': 
I .... I 

~ I: 
~ I 74H6~",+ 
~---------~ 

-0-

-'" 
AV-R6B-EI I 

tup teln Path 

KCl to KCl 

3.80 0.12 1.79 0.07 

Parameter Symbol MIN TYP MAX UNIT 

I R6B I Sheet III 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

RSB I Power8·inputNOR I 6 

Cell Symbol Propagation Delay Parameters 

Path 

KCL 

A' 
~: 4.81 0.12 1.79 0.07 A ... X 

A2 

A3 

A4 Parameter Symbol MIN TVP MAX UNIT 

AS 

A6 

A7 

A8 
./. 

Input Loading Factor Pin Name 

ltu A 

II 
Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit r-----------------, 
----.-~~' , 

-~~~~ I~~~~l!--r-r-"" L I I 

M-~ I ~+ 
r-!--~ 7453 I L _________________ ~ 

~-----~--' 

I 

.," 

~ II 

~.5N74~ L ________________ _ 

AV·RSB·El I I RSB I Hh •• t 111 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function I Number of BC 

R9B I Power 9-input NOR I 7 

Cell Symbol Propagation Delay Parameters 

Path 

KCL 

A' 4.30 0.12 1.99 0.07 A-+X 

A2 ---t--i 

A3 

A' ---+--1 TTL Equivalent Circuit 

A5 

A6 

A7 

AS 

A9 

II 

Input Loading Factor PinName 

Itu A 

Output Driving Factor Pin Name 

36tu x 

r-----------------, 
---I...-L--, ...... l)-------,' : 

, r\-, I ....: 
;" L :' 

~-'-: 
~ I "H6~ 
~---------~ 

__ ~~r~-~-,---------------' 
~h i 
r+-h;"" : 

FFI( I ~ i 
~~ 14H62 "-+ L _________________ ~ 

.,-

AV·R9B·EI I I R9B I Sheet III 
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FUJITSU CMOS Gate Allays AV-CMOS Unit Cell LiblalY 

Cell Name I Function I Number of BC 

RCB I Power 12-inputNOR I 9 

Cell Symbol Propagation Delay Parameters 

Path 

KCL 
A' 
A2 4.63 0.12 2.10 0.07 A-+X 

A3 

A4 

A5 TTL Equivalent Circuit 

A6 

A7 

A8 

A9 

A'O --+-1 

___ r_-~~-,---------------i 
33tI _: 
=Flh. : 

I I 
An 

A '2 --+,/....,.~: 

-~ .-'-.: 
~ ___ ~4~J~~ 

Input Loading Factor Pin Name 

II 
teu A 

Output Driving Factor Pin Name 

36tu x 

_~~r_-r~-,---------------i 

33tI _ : 
:-11)-, I: ;--v L I 

~ I: 
~ I 74H6~ ~ _________ J 

~---------' 

=Flh. .~ 

~ I 74H6~ 
~----------,. 

AV·RCB·EI I I RCB Sheet III 
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A V-CMOS Unit Cell Library 

Cell Name Function 

RGB Power IS-input NOR 

Cell Symbol 

A' "" 
A2 

A3 

44 

A5 

A6 

A7 

A8 

P--
A9 

A,O 

All 

A12 

An 

A'4 

A'5 

A'6 
./ 

Input Loading Factor 

llu 

DutputOriving Factor 

3seu 

AV-RCB-EI 

Pin Name 

A 

Pin Name 

x 

FUJITSU CMOS Gate Arrays 

Number of BC 

11 

Propagation Delay Parameters 

5.64 

TTL Equivalent Circuit 

KCL 

0.12 2.10 0.07 

r-----------------, ----__ ~ I 

"'" 

3-47 

I 
I 
I 
I 
I 

Sheet Iii 

Path 

A--+X 

II 



• 
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OR Family 

Unit Cell Basic 
Page Name Function Cells 

3-51 R2P Power 2-input OR 2 

3-52 R3P Power 3-input OR 3 

3-53 R4P Power 4-input OR 3 

II 

3-49 
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A V-CMOS Unit Cel/library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

R2P I Power 2-input OR 2 

Cell Symbol Propagation Delay Parameters 

tup ldn Path 

to KCL to KCL 

1.08 0.12 1.97 0.07 A ..... X 

AI D---:' Parameter Symbol MIN TYP MAX UNIT 
A2 

Input Loading Factor Pin Name 

ltu A 

Output Driving Factor Pin Name II 
36tu X 

TTL Equivalent Circuit 

,...------. 
I 

D+-I 

! 
I 
I I 
.... ----_ .... 

J4Sll 
74lSJl 

AV·R2P·EI I I R2P I Sheet III 
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II 

FUJITSU CMOS Gate Arrays 

Cell Name I Function 

RaP I Power3-inputOR 

Cell Symbol 

::=9-:::::: x 

A3 .. . 
. .. .... . 

Input Loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name 

36 tu X 

TTL Equivalent Circuit 

,..---------. 
~ : r-----' 

I I I 1. I I I 

--~_4~~--~--~~ ~ J I I 

AV·RaP·EI 

I I 

I 
I 
I 

~ "-----" 
74504 

---------~ 
74LS04 

74lS27 

I 

AV-CMOs Unit Cell Library 

Number of BC 

I 3 

Propagation Delay Parameters 

tup Path 

to KCL KCL 

1.18 0.12 3.38 0.07 

Parameter Symbol MIN TYP MAX UNIT 

I R3P I Sheet 111 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

R4P I Power 4-input OR 3 

Cell Symbol Propagation Delay Parameters 

:;~. 'x 

A3 

A4 

Input Loading Factor Pin Name 

Itu A 

Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit 

r---------------, 

1.16 

~f'I f-----~ 
=t=VL~:::ft--+-l1 ~ 
F-":! ~ ib' 'm __ 1 _..... 74S04 

74LSQ4 

L _______________ J 

.. ,- 7453 

AV·R4P·EI I 

Path 

0.12 4.52 0.07 A .... X 

Parameter Symbol MIN TVP MAX UNIT 

I R4P I Sheet \11 
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II 



II 
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EXNORlEXOR Family 

Page 

3-57 

3-58 

Unit Cell 
Name Function 

X1B Power EXNOR 

X2B Power EXOR 

3-55 

Basic 
Cells 

4 

4 

II 



II 
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FUJITSU CMOS Gate Arrays A V-CMOS Unit Cell Library 

:~. 

Cell Name I Function I NumberofBC 

XIB I Power ENOR I 4 

Cell Symbol Propagation Delay Parameters 

Path 

2.41 0.12 3.24 0.07 

Parameter Symbol MIN TYP MAX UNIT 

Input Loading Factor Pin Name 

2tu A 

Output Driving Factor Pin Name 
II 

36fu X 

TTL Equivalent Circuit 

r---------------, :±:jf) I 

"'-rV r==4f>---t-L _______________ J 

74S135 

AV-XIB-EI I I XIB I Sheet III 
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AV-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

X2B I Power EOR 4 

Cell Symbol Propagation Delay Parameters 

Path 

KCL 

2.34 0.12 3.50 0.07 A .... X 

ID---: " TVP Symbol MAX MIN UNIT Parameter 
'2 

Input Loading Factor Pin Name 

2tu A 

• Output Driving Factor Pin Name 

36tu X 

TTl Equivalent Circuit 

r---------------, 
±::if) I .0.:: r=ff>--t-L _______________ J 

74S135 

AV-X2B-EI I I X2B I Sheet III 
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AND-OR-Inverter Family 

Unit Cell Basic 
Page Name Function Cells 

3-61 014 2-wide 3-AND 4-lnput AND-OR inverter 2 

3-62 023 2-wide 2-AND 3-input AND-OR inverter 2 

3-63 024 2-wide 2-AND 4-input AND-OR inverter 2 

3-64 034 3-wide 2-AND 4-input AND-OR inverter 2 

3-65 044 2-wide 2-0R 2-AND 4-input AND-OR inverter 2 

3-66 036 3-input AND-OR Inverter 3 

D 

3-59 



• 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name I Function NumberofHC 

D23 j2.wide 2·AND 3·input AND·OR·lnverter 2 

Cell Symbol Propagation Delay Parameters 

A1.~. . . . . . .... . 

A2 . . . .. . 
. .. .... x 

B . . . . 
. . . . . . .. ..... . 

Input Loading Factor Pin Name 

I tu A,B 

Output Driving Factor Pin Name 

tOfu X 

TTL Equivalent Circuit 

r----------------~ 

"1· 

AV·D23·El 

I 
I 

I 

74551 
74lSS1 

tup teln Path 

to 

1.41 0.54 0.48 0.24 A,B-+X 

Parameter Symbol MIN TYP MAX UNIT 

I D23 I Sheet 111 

3-61 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name Function NumberofBC 

014 2-wide 3-AND 4-input AND-DR-Inverter 2 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

KCL KCL 

1.79 0_58 0.72 0.33 A,B-+X 

., ~""'hfF--: : : : : : : : : : . . . . ....... . 
'2- ...... . 

. . . . ...... . 

'3 ---:-:-:- • .1:: ..::::: 
. . . . . . . . . ... , 

. . . . . . . . . . x 

MIN TYP MAX Parameter Symbol UNIT 

.v:·· 

Input Loading Factor Pin Name 

ltu A,B 

• Output Driving Factor Pin Name 

10 fu X 

TTL Equivalent Circuit 

____ +r_-~~-,---------------i 
__ ~~]~ I 

___ .J.'_~::: _: =t=Vt- II: 
__ L-.J.'_~~ I 

~-----~--j 
"0' 

··0' 

"'- 7453 

AV-DI4-El I 014 I Sheet 111 
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FUJITSU CMOS Gate Arrays 

Cell Name I Function 

D24 IZ-wide 2-AND 4-input AND-OR-Inverter 

Cell Symbol 

., 
'2 

., 

.2 

Input Loading Factor Pin Name 

teu A,B 

Output Driving Factor Pin Name 

!Ofu X 

TTL Equivalent Circuit 

r----------------~ 
1 
1 

AV-D24-El I 

I 

74S51 
74LSSl 

A V-CMOS Unit Cell Library 

NumberofBC 

2 

Propagation Delay Parameters 

tup Path 

KCL KCL 

1.66 0.61 0.48 0.26 A.B_X 

Parameter Symbol MIN TYP MAX UNIT 

II 

1 DZ4 I Sheet 111 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name Function NumberofBC 

034 3-wide 2-AND 4-input AND-OR-Inverter 2 

Cell Symbol Propagation Delay Parameters 

teln Path 

KCl KCl 

2.36 0.69 0.48 0.27 A.B .... X 

AI 

A2 

81 

~. 

82 
J. 
~ .. 

Symbol MIN TYP MAX Parameter UNIT 

Input loading Factor Pin Name 

leu A,B 

II Output Driving Factor Pin Name 

tOfu X 

TTl Equivalent Circuit 

r-----------------, 
--~~j'~ : 

-0-

----~I_~~ ~: i=R>"t. ,: 
__ ~~I-~~ I 

~ I I 

~-----~---j ",. 7453 

AV-D34-EI I I 034 I Sheet III 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

een Name I Function I Number of Be 

044 12.wide 2·0R 2·ANO 4·input ANO·OR·)nverter 2 

Cell Symbol 

~ 
............. . 

Al ........... . 

· ........ . 
A2 . . ....•.. 

· ... . .... 
B .. . 

· . . .. .. x 

Input Loading Factor 

\eu 

Output Driving Factor 

10 tu 

TTL Equivalent Circuit 

. a...."'. 

74S32 
74LS32 

~----,,--: 

;----VIl 

Pin Name 

A,B,C 

Pin Name 

X 

~--~:--1 
"," 

AY·044·EI I 

I V : 
I I 
I I 
I I L _______________ J 

7455' 
J4LSSl 

Propagation Delay Parameters 

Path 

2.30 0.67 0.63 0.26 A.B.C .... X 

Parameter Symbol MIN TYP MAX UNIT 

I 044 I Sheet 111 

3-65 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "AV" Version 
Cell Name I Function I Number of BC 

D36 I 3-input AND-DR-Inverter I 3 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.92 0.77 0.72 0.30 A;B,C -+ X 

Al 
A2 

Bl X B2 

Cl Parameter Symbol Typ(ns)'/' C2 

Input Loading 
Pin Name Factor (R.u) 

II 
A, B, C 1 

Output Driving 
Pin Name Factor (R.u) 

X 8 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. 

AV-D36-E1 I Sheet 1/1 I I Page 5-7 
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OR-AND-Inverter Family 

Unit Cell Basic 
Page Name Function Cells 

3-69 G14 2-wide 3-0R 4-input OR-AND Inverter 2 

3-70 G23 2-wide 2-0R 3-input OR-AND Inverter 2 

3-71 G24 2-wide 2-0R 4-input OR-AND Inverter 2 

3-72 G34 3-wide 2-0R 4-input OR-AND Inverter 2 

3-73 G44 2-wide 2-AND 2-0R 4-input OR-AND Inverter 2 

III 

3-67 
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AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function NumberofBC 

G14 ~ 12-wide 3-0R 4-input OR-AND-Inverter 2 

Cell Symbol Propagation Delay Parameters 

r"'..' 
AI ---t-~' , 
A2 1 ' 
A3 _--l~J' v: 

Input Loading Factor 

ltu 

Output Driving Factor 

lotu 

TTL Equivalent Circuit 

74')21 ,-------, 
I ~ I 

1 : 
} I 

I 
I 

I V I L ______ J 

Pin Name 

A,S 

Pin Name 

x 

74<;04 

74LS04 

r-----' 
I I 
I I 

I 
$-~------: 

I I 

-------------------r--~ I 

AV-GI4-EI I 

I I L. ______ J 

741)00 
74lS00 

tup tdn Path 

2_23 0.69 0.54 0.27 A,B-+X 

Parameter Symbol MIN TYP MAX UNIT 

I GI4 I Sheet III 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

G23 12-wide 2-0R 3-input OR-A~D-Inverter I 2 

Cell Symbol Propagation Delay Parameters 

:: --i--::IDfu,--, 

Input Loading Factor Pin Name 

ltu A,B 

Output Driving Factor Pin Name 

10fu x 

TTL Equivalent Circuit 

r-----' 
I I 

I 

----------------~,i : 

AV-G23-El I 

L. _____ .J 

14SJO 
74lS00 

Path 

KCL 

1.41 0_54 0_48 0_24 A_B--+X 

Parameter Symbol MIN TVP MAX UNIT 

I G23 I Sheet 111 

3-70 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

G24 12-wide 2-0R 4.input OR·AND·lnverter 2 

Cell Symbol Propagation Oelay Parameters 

tup tdn Path 

to KCL to KCL 

1.47 0.57 0.54 0.28 A,B~X 

Al 

,...... 
I A2 Parameter Symbol MIN TYP MAX UNIT . v.. 

x ., ~ 

I 
.2 

. V. 

Input Loading Factor Pin Name 

1 eu A,B 

Output Driving Factor Pin Name II 
10 eu X 

TTL Equivalent Circuit 

74S32 
74LS32 

'-f':-: 
I I I 
I .... ----- .... 

~_~_J 
I I 

I 
I I 

I-~-: 
I 

I 
I I 

I I I -----_ ... 
I 

74500 

~_~_J 74LSOO 

74532 
74lS32 

AV·G24·EI I I G24 I Sheet 111 
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• 

A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Fun~ion Number of BC 

G34 la-wide 2-0R 4-input OR-AND-Inverter 2 

Cell Symbol Propagation Delay Parameters 

......... 
• 1 --.-ilt--;· 
'2 ---+-7-. ...,.. 

~ ..... 

---1)--' 81 

.2 

Input loading Factor 

lfu 

Output Driving Factor 

10fu 

TTL Equivalent Circuit 

74532 
74LS)2 

Pin Name 

A.B 

Pin Name 

X 

r-~-l 

, }+-' -------+'-i ' 

AV-G34-EI 

, , ____ ---','-1./ : 
L.. _____ .J 

I 

74510 
74lS1Q 

Path 

to KCl 

1.53 0.57 0.72 0_34 A.B_X 

Parameter Symbol MIN TYP MAX UNIT 

I G34 I Sheet III 
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FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function 

G44 12-wide 2-AND 2-0R 4·input OR·AND·lnverter 

Cell Symbol Propagation Delay Parameters 

tup tdn 

to KCL to 

1.72 0.60 0.58 

A' 

A2 Parameter Symbol MIN 

B 
.V- x 

c 

Input Loading Factor Pin Name 

lfu A,B,C 

Output Driving Factor Pin Name 

!Oiu X 

TTL Equivalent Circuit 

74S51 

r----------------~ , 
74lS51 

I 74504 

I 
74lSQ4 

r--.. r------, 
I 

'~ I 

I \- I I 
I 
I r 

t ______ ! I V-
I -,-
I 
I 

~ ~---------------- I I 
I 

I 
I 

I I 
I I l- _____ -' 

74500 
74LSOO 

AV·G44·E! I I 
3-73 

AV-CMOS Unit Cell Library 

Number of BC 

I 2 

Path 

KCL 

0.35 A,B,C->X 

TYP MAX UNIT 

G44 L Sheet \/\ 

'i 
I~ 

11 
I ~. 

I 
Ii 

:1 

II 
! 

II 



• 
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Multiplexer Family 

Unit Cell Basic 
Page Name Function Cells 

3-77 T24 Power 2-AND 4-wide Multiplexer 6 

3-78 T26 Power 2-AND 6-wide Multiplexer 9 

3-79 T28 Power 2-AND 8-wide Multiplexer 11 

3-80 T32 Power 3-AND 2-wide Multiplexer 5 

3-81 T33 Power 3-AND 3-wide Multiplexer 7 

3-82 T34 Power 3-AND 4-wide Multiplexer 9 

3-83 T42 Power 4-AND 2-wide Multiplexer 6 

3-84 T43 Power 4-AND 3-wide Multiplexer 9 

3-85 T44 Power 4-AND 4-wide Multiplexer 11 

3-86 U24 Power 2-0R 4-wide Multiplexer 6 

3-87 U26 Power 2-0R 6-wide Multiplexer 9 

3-88 U28 Power 2-0R 8-wide Multiplexer 11 

3-89 U32 Power 3-0R 2-wide Multiplexer 5 

3-90 U33 Power 3-0R 3-wide Multiplexer 7 

3-91 U34 Power 3-0R 4-wide Multiplexer 9 

II 3-92 U42 Power 4-0R 2-wide Multiplexer 6 

3-93 U43 Power 4-0R 3-wide Multiplexer 9 

3-94 U44 Power 4-0R 4-wide Multiplexer 11 

3-75 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

T24 I Power 2-AND 4-wide Multiplexer 6 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

A'===D-: 3.51 0.12 2.10 0.07 Any .... X 
Input 

... 
A2 .. 

.. .. 

8'~~:: •.. 
Parameter Symbol MIN TVP MAX UNIT 

B2 .. ... 

==D-rr:::~ · (1 .. . . . t:7 
C2 

. .. . . 

===D-
01 .. 

. 02 ... ::: 

Input Loading Factor Pin Name 

1 tu Any Input 

III 
Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit 

r------------------~ , 
I 

I 

I 
I 
I r""o. 
I 
I 

, p......f-I 
I 

I 
I ./ 
I 

-,i=t>- 7453 

~------------------

AV-T24-El I 1 T24 I Sheet 111 
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III 

AV,CMOS Unit Cell Library 

CeU Name I Function 

T26 I Power 2·AND 6-wide Multiplexer 

CeUSymbol 

: AI ====D--'" ':::: . ... 
A2 •.• 
......... 

. .. ... 
81 ... 

Propagation Delay Parameters 

tup 

to Ktl to 

4,01 0.12 2.30 

FUJ"SU CMOS Ci;lte Arrays 

Number of BC 

I 9 

tdn Path 

KCl 

0.07 Any .... X 
Input 

;=[)--' , , 
82 •.. .:: 

Parameter Symbol MIN TVP MAX UNIT 

~' 
Cl 

-I-
(2 

Dl 
,---

D2 

'7.: 
£1;=[)--" : 

, , , 

E2 .. 
. . . .. 

====D--
... .. 

f1 . . 

F2 : .. : :.:: 

Input loading Factor Pin Name 

ltu Anylnput ~---------------------------------t--------;----------t--------;--------t-------i 

Output Driving Factor Pin Name 

36tu x 

TTl Equivalent Circuit 
r-h---------------, 

-----~J~ : 
____ J..' --,,::: ...: 
_-,I-,J~. 1 

1 r I' 

____ J..: -I"5----J'. I: 
--t: __________ ~4~l ____ J 

__ ~~r_-~~-,---------------' 
..i. : 

__ ~J..'_~~ ~: 
1 1 

--~T,-"~ I 1 

~Ii 
~ ___ '~~6~ 

"" 

AV·T26-El L I T26 J Sheet III 
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FUJITSU CMOS Gate Arrays 

Cell Name I Function 

T28 I Power 2-Al\D 8-wide Multiplexer 

Cell Symbol Propagation Delay Parameters 

A1 

A2 4.34 0.12 2.41 

'., ==D---" .:: .. 
82 .... 

.. . .. 
Symbol MIN Parameter 

. ==D--" . '" C1 .... 

. c~. ,. ::: 

'--I--
01 

02 

E1 

E2 

;-- I--

==D--. .. 
FT . 

F2.. . .. . 

==D---
... . 

Gl ... . 

. G2 " .. :::: 

H1 

H2 

•_In_p_u_t_L_o_a_d_in_g;.F_a_ct_o_r ______ -+_p_in_N_am_e---4 TTL Equivalent Circuit r _________________ , 
----__ ~~ I 

~ 1 ---+i'--- l -'" I 
----,--~~ I 

~ 

Any Input Ifu 

Output Driving Factor Pin Name 

36tu x 
-+Jooo 1453 

I L _________________ ~ 

- r f ---------------' 
'~ 

-1" 

AV-CMOS Unit Cell Library 

KCL 

0.07 

TYP 

I Number of BC 

I II 

MAX 

Path 

Anv-+ X 
Input 

UNIT 

AV-T28-EI I 1 T28 I Shoet III 

3-79 
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10 

A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function I Number of BC 

T32 I Power 3-AND 2-wide Multiplexer 5 

Cell Symbol Propagation Delay Parameters 

"­.2-
AJ-

Bl~""": 
B2-

BJ --:-:-:- /.. 

Input Loading Factor 

leu 

Output Driving Factor 

36fu 

TTL Equivalent Circuit 

-+-Dh---: I I --+- I 
I I 

--t- : L _____ J 

+-[)tl---l 
-+- : 

I I 

--:--- : L _____ J 

74S11 

74lS11 

AV·T32-El I 

Pin Name 

Any Input 

Pin Name 

X 

r-----' 
: ~ : 

I 
I 

I V: 
I I 
L _____ J 

74S02 

74lS01 

tup teln 

KCL to KCL 

2.42 0.12 2.27 0.07 

Parameter Symbol MIN TYP MAX 

I T32 I Sheet 111 

3·80 

Path 

Any ... X 
Input 

UNIT 



FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Ubrary 

Cell Name I Function NumberofBC 

T33 I Power 3·AND 3-wide Multiplexer 7 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

::=1- 2.92 0.12 2.47 0.07 Any- X 
Input 

. A3 --:-:-:- ~. : 

Parameter Symbol MIN TVP MAX UNIT .. ,~""": ~: . .. \ . 

• 2~ J J . x 

.• 3~~ 7. : 

===D-<3- ... 
. .. .... 

Input Loading Factor Pin Name 

ltu Any Input 

Output Driving Factor Pin Name II 
36tu X 

TTL Equivalent Circuit r-----' 

-+-r"I: 
=+)t-
-+~: 1 _____ 1 

--+~-1 r-~--~ 
o 0 

0 =+ Ji 
0 0 

0 

ri- o 
--:-~: I-- 0 1 _____ 1 

r 0 :--fi- o l..I I o 0 

~ : ~-----~ 

~ 0 
NO" 74';260 

-+ 0 o 0 

--T : 1 _____ 1 

74511 

AV·T33-El I 
14L511 

J T33 I Sheet III 
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II 

AV-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

T34 I Power 3-AND 4-wide Multiplexer 9 

Cell Symbol Propagation Delay Parameters 

:: ===D-::: 
A3- .. 

. . .. ... 

·'...:....:...:..00:: ::: . . . .. 

.2 --:--:-:- ~: 

.3- . 
..... ~ 

P-- x 

c'~"'m· .­C2 ~ ;;I: 

C3 --:-:-:- ...I:: ::: 

... D-.. 0'- .. 

::=;= < 
Input Loading Factor Pin Name 

3.25 

tup 

0.12 2.58 

Parameter Symbol MIN 

0.07 

TVP MAX 

Path 

Any ~ X 
Input 

UNIT 

1 !u Any Input ~----------------------+------4~-----+------~------+-------I 

OutputOriving Factor 

36tu 

TTl Equivalent Circuit 

AV-T34-EI I 

Pin Name 

x 

-+'-"\l :-~--1 

=t_Lh~:::::::::t::~o-.. : --
f-----~ rrl - : 

: ~_~ __ J , 
I '0· 745260 L _____ J 

r-----' 
I I 

I 
I 

L _____ J 74$11 

14lS1 t 

1 T34 J Sheet III 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Ubrary 

Cell Name I Function I Number of BC 

T42 I Power 4-AND 2-wide Multiplexer I 6 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCl 

2.53 0.12 2.53 0.07 Any -> X 

A''''':'''':'''': ~. 
Input 

A2-

Al- Parameter Symbol MIN TYP MAX UNIT 

A4 .~l,..I 

x 

B' ....:....:....:~ 
B2-

Bl-

B4 --:-:-:-l,..I 

Input loading Factor Pin Name 

ltu Any Input 

Output Driving Factor Pin Name II 
36tu X 

TTL Equivalent Circuit 

r-----' =Fh r-----' 
=t=/ : I 

"-
I 

I I 
I L _____ .J 

I I I 

~-J+-l 
I I 

V-
I 

I I 

-:- : I I L _____ .J 

I I 74S01 

:::::r= / i 74lS02 

L _____ .J . 

74LS21 

AV·T42·El I J T42 I Sheet 111 
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AV·CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function NumberofBC 

T43 I Power 4-AND 3-wide Multiplexer I 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

A'~""": to KCL to KCL 

Al-

I- 3.03 0.12 2.73 0.07 Any ... X A3- (nput 

A4 ~ ,.,I: 

., ~"" Parameter Symbol MIN TYP MAX UNIT 

F\ .. . ,-
b! 

X .3-
B4~L.I 

C'~~ 
Cl-

I--
C3-

C4 .--:-:-:-l..I: 

Input Loading Factor Pin Name 

leu Any Input 

Output Driving Factor Pin Name 

36fu X 

TTL Equivalent Circuit 

=EDt---+- : -+ : 1 _____ J 

,-----, 
f-~--~ =t=f\ i o 0 

0 
0 0 

--+- J 0 

0 

d- o -+1/ : - 0 1 _____ J 1 : ./ i -L-1---+ : "0" a..--;4;2:0.J 
--!- 0 

-+.." : 1 _____ 1 

74Llill 

AV-T43-El I 1 T43 I Sheet iiI 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cel/Name I Function NumberofBC 

T44 I Power 4-AND 4-wide Multiplexer 11 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

·01~~: to KCL to KCL 

02-

t- 3.36 0.12 2.84 0.Q7 Any .... X 
03- Input 

A4- ./.: . .... 

·81~~· Parameter Symbol MIN TYP MAX UNIT 

82-.. ru·· 83~ ~: 

84 ~./.: . l-
. . p-- x 

CI~~JrI-
C2- ~ 
0-

C4 -:---:-l..I 

01~~ 
02-

r-
03-

04 .~l..I: 

Input Loading Factor Pin Name II 
1 tu Any Input 

Output Driving Factor Pin Name 

36tu X 

TTL Equivalent Circuit +-~-1 
--'- I 

I 

i ): 
~~_1 

+-h -!- I i-,-i I -+- : I 

--r:~_1 I I 
I +-}J I 

-+- I rt~: I L_~_J -+- : 
~~_1 

74$}60 
":JW 

+~-1 
-+- I 

I 

-+ J: 74lS.21 

AV-T44-E1 ---t~_1 I T44 I Sheet III 
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.<lV·CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

1.)24 I Power 2·0R ~·wide ,Iultiple,e, 6 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCl to KCl 

.r--.. a.II 0.12 2.73 0.07 Any ... X 

" 1>-:-
Input 

"' V 

fJ-L~: 
Parameter Symbol MIN TYP MAX UNIT 

31 

" V 
P--' 

u ~/ " 

[ll~: 

0' 1 >-:-
L/ 

Input loading Factor Pin Name 

1 iu Any [nput 

III Output Driving Factor Pin Name 

36 tu X 

TTl Equivalent Circuit 

~-K-~ 
I 

I, 
I 

~-~-~ .... -----.., 
I 

'"' 
I 

I '" : 
I 

I I I I 
I I I 

I 

~-~-~ I l+-
I '"' : 

I I 
I I 

I 
r-:-,...I : I I 

I 

~-~-~ 
'-------' 

]4<;10 

I '"' I 
74lS10 

: H-
l_~_J 

74S]2 
74LS32 

AV·U24·El I I 1.)24 I Sheet 111 
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FUJITSU CMOS Gate Arrays AV·CMOS Unit Cell Library 

Cell Name I Function Numberof BC 

lJ26 I Power 2-0R 6·wide ~Iultiple"er 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

r.... to KCL to KCL 
.... 1 

1 -~ ., 3.21 0.12 ·U-t 0.07 Any - X V Input 

81 r.... 
I~ 32 Parameter Symbol MIN TYP MAX UNIT 
V 

___ I"'\. r'\ 
(1 

LiL= Ci. 

::>--- , 

c· I1-1r ,-, 
V ..I. 

:':i r.... 
I T:-El 
V 

F·l '"'. I ~ F, 
.V 

Input Loading Factor Pin Name II 
I lu Any Input 

Output Driving Factor Pin Name 

36 eu X 

TTL Equivalent Circuit r----' 
, '"' ' , lh-
~-~-~ 
, '"' , 
, L 

, 

~-~-~ 
~--r:..:--~ , , , , , , I , , , , 

~-~-~ , =>-+-
'}+J , , 
I I : 

, , 
~-~-~ F:~-_J , '"' I 

: Ih-
L_~_J 

'1" 74S10 
74LS30 

, '"' : 
, L)-:-
L_~_l /4S31 

AV·U26·EI I J4lSJl I U26 I Sheet III 
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AV-CMOS Unit Cell Library 

Cell Name Function 

U28 Power 2-0R 8-wide Multiplexer 

Cell Symbol 

., 

.2 ---I-~. 

.' 

.2 

(1 

C2 ---1-1 

01 ---+-~ 

02 ---I--c;/ 

E1 

E2 

f1 

F2 

G1 ---I-~ 

G2 ---1-~ 

H1 

H2---+~' 

Input loading Factor Pin Name 

ltu Any Input 

Output Driving Factor Pin Name 

36fu X 

AV·U28·E1 

Propagation Delay Parameters 

tup 

KCl 

3.19 0.12 5.28 

TTL Equivalent Circuit 

r-----' 
I I 

I 

I 
I I L _____ J 

14S32 
74lS32 

3-88 

FUJITSU CMOS Gate Arrays 

KCl 

0.07 

'4530 
f4LS30 

Number of BC 

11 

Path 

Any .... X 
Input 

Sheet 111 



FUJITSU CMOS Gate Artays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

U32 I Power 3-0R 2-wide MUltiplexer 5 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.56 0.12 2.35 0.07 Any ..... X 
Input 

., K 
\ : Parameter Symbol MIN TVP MAX UNIT 

.2 

'3 1: v. 
x ., K 

\ : 
.2 

) 
93 

V 

Input Loading Factor Pin Name 

ltu Any Input 

Output Driving Factor Pin Name II 
36 eu X 

TTL Equivalent Circuit 

r------, 
I r..... I 

I ,.-----, 
I l I I I 
I I I I 

I r I I I 
I I I I r------., 

I 
L. _____ ~ 

I I 
I V I I I ,, ______ .l 

I r------., I 
I r..... I I 

I ,.-----, I I 
I l I I I I I 
I I I I ~------ ... 
I J I I I 74')00 
I I I I MlSOO 

,/ I L _____ .J 

I I 1. ______ .1 
74S04 

7427 74LSQ4 

74LS27 

AV·U32·EI I I U32 J Sheot III 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name I Function Number of BC 

V33 I Power 3-0R 3-wide Multiplexer 7 

Cell Symbol Propagation Delay Parameters 

1""'0... 

:; ~=====:=~1~·,-:., 
A3 ---If---,fJ . V· 

_t-I""'o..-t-': : --t[)--: :: x 

_-I-~J ...... . V: ...... . 

B1 

B2 

B3 

C1 K· 
C2 \ . 

C3 __ +-~J ,/: : 

Input Loading Factor Pin Name 

I iu Any Input 

to 

3.66 0.12 3.76 

Parameter Symbol MIN 

KCL 

0_07 

TVP 

Path 

Any .... X 
Input 

MAX UNIT 

~-------------~----+---~~--~----+---~ 

Output Driving Factor 

36tu 

TTL Equivalent Circuit 

AV-L'33-EI I 

Pin Name 

X 

r------, 
, K : .-----, 

t: : -[:>+-' --~,--t--Ji>~,--~,-i , 
I I I I 

, ,/ : 
~------i 

K : .-----, 
1:: : 

--~~+-~Jo-+---~:~ 

I " I ~ _____ .t 

~------i 
I K : • _____ , 

1:: : 
---'--+--i:J>-'-----+-i 

,'/ 
I. ______ .t 

7427 
74L527 

74S04 
74l.S04 

r------, 

Lf.-D+: , , 
, , , , 

r-:- : 10 ______ .1 

.1 L"33 I Sbeet III 

3·90 



FUJITSU CMOS Gate Arrays 

Cell Name I Function 

U34 I Power 3-0R 4-wide Multiplexer 

Cell Symbol 

Al--+~~. 

A' ---t--f-, 
A3---......,.,· V. 

Ol 

0' 
03 

"'. 
_-t--l ...... ·• .•• 
---I~v)· L~ 

P---- x 

Cl --+-~--+-') Ir/ 
C3 ---+1.0'-7 .. 

Ol --+~-'\: 
0' ---t--f_..J 
03 ---1r~J .. v' 

Input loading Factor Pin Name 

3.64 

Propagation Delay Parameters 

0.12 4.90 

Parameter Symbol MIN 

AV-CMOS Unit Cell Library 

0.07 

TYP 

I Number of BC 

MAX 

9 

Path 

Any -+ X 
Input 

UNIT 

Itu Anylnput ~-----------+---~~---+---4----+---~ 

Output Oriving Factor 

36 eu 

TTL Equivalent Circuit 

AV-U34-EI I 

Pin Name 

x 

1"'----, , , , 
+;/ : 
+~-1 r----~ 
_4-~~ l~_~:-f 1 

,17', , .... , 
L ____ .J 

-+;/: ~----~ 
~----~ 

--.!... ~: ,----, 
ill I I 

-4-i-~~--4:~ 1 -+;/: ~ ____ J 

-rF\---: 
1 , 

r----' , , 
:1.~·rl , .... , 
L ____ .J 

74lSQ4 

14LS]7 14504 

7427 

~-~---] 
r---T'-i ~ 
-t- : L _____ J 

3-91 

]4510 

7-lLS20 

J U34 I Sheet iiI 

II 



II 

AV-CMOS Unit Cell Library 

Cell Name I Function 

U42 I Power 4-0R 2-wide Multiplexer 

Cell Symbol 

" 
,....,.. 

'2 

'3 

•• ~: 

B1 K 

B2 

B3 

... 
~ 

Input Loading Factor 

Itu 

Output Driving Factor 

36fu 

TTL Equivalent Circuit 

~-r;.--~ 
I 
I 
I 
I 

I 

Pin Name 

Any Input 

Pin Name 

X 

r----' 
I I 
I 

I 
I I 

rt-~i 
L.. ____ ..J 

.... _---_ .. 
r--,--~ 

I 
I I r----' 

I I I 

-f~-f--f>t,--~:~ I 
I I I 

~;7 : L-7;C,~4-.J 
Ir. _____ .l 74l~04 

"G" 745260 

AV-l'42-El I 

FUJrrSU CMOS Gate Arrays 

J Number of BC 

J 6 
Propagation Delay Parameters 

tup 

4.57 

Parameter 

r-----' 
I I 

I 
-r-­

I 
I I L _____ .J 

14S0C 
14lSQO 

KCL 

0.12 

3-92 

to KCL 

2.35 0.07 

Symbol MIN TVP MAX 

I U42 I Sheet 111 

Path 

Any .... X 
Input 

UNIT 



FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

C43 I Power 4-0R 3-wide Multiplexer 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

Al ~ to KCL to KCL 

A2 

r-- 4.67 0.12 3.76 0.07 Any ..... X 
A3 Input 

AA 

V. 

~ Parameter Symbol MIN TVP MAX UNIT 
91 r-[)-. 92 

93 

94 
V 

(I ~ 

(2 

I--
(3 

(4 
./ 

Input Loading Factor Pin Name 

llu Any Input 

Output Driving Factor Pin Name II 
36(u X 

TTL Equivalent Circuit ,.-----.., 
I !". I 

I ft>+-, I 
I 

I I 
I I I 1.. ____ ..1 

I 

~-~--~ 
r-~,-~ 

~Jt-
I r----' I I 
I I I I I 

I 

I I I 

~ : I I I 

I 
L ____ .J 

I , 

~-~--~ 74S10 
r--,--~ 74lS10 

I r----., 
I 

I I : -t>+--
I I 

I I I 1..----..1 
I 

~--~- -~ 74"'04 

T 
, 74l'iG4 

AV·U43·El I 
74S260 

I U43 I Sheet 111 
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A V-CMOS UnitCe/llibrary 

Cell Name I Function 

U44 J Power 4-0R 4-wide Multiplexer 

Cell Symbol 

A' r-..: 
.2 

.3 __ -1--11--

A4 

6' 

62 

63 

64 

C' 

C2 

CJ 

C4 

0' 

02 

OJ __ +--11--

1,..0'. 

Pin Name 

04 

II Input Loading Factor 

Ifu Any Input 

Output Driving Factor Pin Name 

36fu x 

AV-U44-El I 

FUJITSU CMOS Gate Arrays 

I NumberofBC 

I 11 

Propagation Delay Parameters 

tup 

KCL 

4.65 0.12 

TTL Equivalent Circuit 

i--~--i 

i : , , 

i 
, , , 

, 10' ' L. _____ .J 
j-----, , ~ , , , , 
, , , , , 
L_~ __ J 
i--~--i , , , , 
, , , , 
~_.!.::" __ J 
i--~--i , , , , 
, , , , 
~_.!.::" __ J 

"0" 14S260 

r----' , , , , , , 
L ____ .J 

r----' , , , , , , 
.... ____ ..1 

r----' , , , , , , 
L ____ .J 

r----' , , , , , , 
L. ____ .J 

74SQ4 

14LS04 

3-94 

tdn 

4.90 0.07 

L...._ .. ~ -_--I~ - -: , , 
L-____ -+: __ ~ r-+---

, , , 
~-...,~>-_-_~~ __ J 

74S2Q 
74lS20 

Path 

Any .... X 
Input 

I U 44 I Sheet III 



Selector Family 

Unit Cell Basic 
Page Name Function Cells 

3-97 T2B 2:1 Selector 2 

3-98 T2C Dual 2: 1 Selector 4 

3-99 T2D 2: 1 Selector 2 

3-100 V3A 1 : 2 Selector 2 

3-101 V3B Dual 1:2 Selector 3 

3-102 TSA 4:1 Selector S 

II 

3·95 



• 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name 1 Function Number of BC 

T2B 12 : 1 Selector 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.87 0.25 0.62 0.14 A.B .... X 
1.39 0.25 3.09 0.14 SI.S2 .... X 

A-

Parameter Symbol MIN TYP MAX UNIT 
B- .. 

~x 

'1---< 

S>-

... 

Input loading Factor Pin Name 

2tu A,B 
leu SI,S2 

Output Driving Factor Pin Name II 
18 tu X 

Function Table Equivalent Circuit 

INPt.:TS OUTPUT 

A B SI 82 X 

L X L H II A 

H X L H L x 

X L H L H B 

X H H L L 

H L L L 51 

H L H H IN-
HIBIT 

S> 

L H L L 

L H H H 

A\,·T2B-El I I T2B I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name Function NumberofBC 

T2C Dual 2: 1 Selector 4 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KcL 

0.87 0.25 0.62 0.14 A,B _ X 
SI S2 1.39 0.25 3.09 0.14 SI,S2 _ X 

: 11 : . . . 
Parameter Symbol MIN TYP MAX UNIT 

AI- D--- .0 

·A2-

BT-

B2- D--- ., 

Input Loading Factor Pin Name 

2tu A,B 
2eu SI,S2 

III Output Driving Factor Pin Name 

18eu X 

Function Table Equivalent Circuit 

... 
AI 

INPUTS OUTPUTS 
.0 

Al,BI A2.B2 SI S2 XO XI ... 
A2 

L X L H H H 

H X L H L L 

X L H L H H ... 

[}-t> 
BI 

X H H L L L 
XI 

L H L L ... 
B2 

H L L L INHIBIT 

L H H H 

H L H 
SI 

H 
s, 

AY·T2C·EI I I T2C I Shoet III 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

T2D 12 : 1 Selector 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.72 0.19 1.03 0.20 A.B .... X 
2.63 0.19 0.70 0.20 81.82 .... X 

A- .. Parameter Symbol MIN TYP MAX UNIT 
B-

S1 ---<: 
p--x 

S2 -'--j 

.. 

Input Loading Factor PinName 

I tu A.B 
ltu 81.82 

Output Driving Factor Pin Name II 
14tu X 

Function Table Equivalent Circuit 

INPUT8 OUTPUT 

A B 81 82 X 
A 

L X L H H , 
H X L H L 

B 
X L H L H 

X H H L L 

L H L L S1 

L H H H 1:-'-
S2 

HIBIT 
H L L L 

H L H H 

AV·T2D·EI 1 1 T2D 1 8heet iii 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name Function NumberofBC 

V3A 1 : 2 Selector 2 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.77 0.19 1.18 0.20 A-+ X 
2.34 0.19 0.42 0.20 SI.S2 -+ X 

Parameter Symbol MIN TYP MAX UNIT 
A- p..-xo 

Sl -----( 

S2- I>-- Xl 

Input Loading Factor Pin Name 

leu A 
leu S1,S2 

II Output Driving Factor Pin Name 

14tu X 

Output Loading Factor Pin Name 

leu X 

Function Table Equivalent Circuit 

INPUTS OUTPUTS 

UTt A SI S2 XO I XI 
xo 

L L L INHIBIT tW 1 
A 

L H L X H 

" L L H H I X 

L H H 
INHIBIT 

S1 0 
H L L 

H H L X I L " 0 

H L H L I X 

H H H INHIBIT 

AV·V3A·El l V3A 1 Sheet 111 
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FUJITSU CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

V3B I Dual I : 2 Selector 3 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0.77 0.19 1.18 0.20 A.B .... X 
2.34 0.19 0.42 0.20 SI,S2 - X 

Parameter Symbol MIN TYP MAX UNIT 

A- p.--xo 

B- p.--Xl 

S~ ----0 P--- x> 

S2- p.-- X3 

.. 

Input Loading Factor Pin Name 

i(u A,B 
2tu SI,S2 

Output Driving Factor Pin Name D 
14tu X 

Output Loading Factor Pin Name 

Itu X 

Function Table Equivalent Circuit 

.. 
A o-f>o-{ INPUTS OUTPUTS xo 

A,B SI S2 XO,X2 XI,X3 .. 
L L L INHIBIT Xl 

L H L X H 

L L H H X 

~ 
x> 

L H H 
INHIBIT B 

H L L 
X3 

H H L X L 

H L H L X 
....-J-

H H H INHIBIT S10 

S2 0 

AV·V3B·EI I I V3B I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU CMOS Gate Arrays 

Cell Name 1 Function Number of BC 

T5A 14: 1 Selector 5 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.48 0.19 1.13 0.20 A,B_ X 
SI S2 S3 S4 3.22 0.19 1.25 0.20 SI-S4_ X 

'11 : 11 : 
2.63 0.19 0.70 0.20 S5-S6 -X 

· . . . . 
· . . .. Parameter Symbol MIN TYP MAX UNIT 

Al-

A2-
:>--~ 

81-

82-

· . . il 
S5 S6 . 

Input Loading Factor Pin Name 

Itu A,B 
Itu SI-S6 

II Output Driving Factor Pin Name 

9tu X 

Function Table 

INPUTS OUTPUT 

Al A2 BI B2 SI S2 SO SI S5 S6 X 
Al ~ A2-S1 = S20rS5 = S6 Inhibit 

L L H L H H 
BI ~ B2 - S3 = S4 or S5 = S6 Inhibit 

H L H L H L 
AI, A2 ~ BI, B2 or S5 = 86 Inhibit 

L H L L H 1\ 

H H L L H L 

L L H H L H 

H L H H L L 

L H L H L H 

H H L H L L 

AV·T5A-El I I T5A I Sheet 112 
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FUJITSU CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

41 cr--(>o,~--+ 

'2 cr--(>o,~ 

11 

12 

S4 

13 

81 

82 

II 

S6 

AV-T5A-EI 

AV-CMOS Unit Cell Library 

H AV" Version 

II 

Sheet 212 
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Flip-Flop Family 

Unit Cell Basic 
Page Name Function Cells 

3-107 F02 Power 0 FF a 

3-109 F03 Power 0 FF with Preset 9 

3-111 F04 Power 0 FF with Clear and Preset 10 

3-113 F05 Power 0 FF with Clear 9 

3-115 F06 OFF 7 

3-117 F07 o FF with Clear a 

3-119 FDa o FF and Latch 9 

3-121 FOO Positive Edge Clocked Power 0 FF with Clear 
and Preset 11 

3-123 FOE Positive Edge Clocked Power 0 FF with Clear 10 

3-125 FOG Positive Edge Clocked 0 FF with Clear 9 

3-127 FOM OFF 6 

3-129 FON OFF with Set 7 

3-131 FOO o FF with Reset 7 

3-133 FOP o FF with Set and Reset a 

3-135 FOQ 4-bit 0 FF 21 II 3-137 FOR 4-bit 0 FF with Clear 26 

3-139 FOS 4-bit 0 FF 20 

3-141 FJ4 Power J-K FF with Clear 11 

3-143 FJ5 Power J-K FF with Clear and Preset 12 

3-145 FJO Positive Edge Clocked Power J-K FF with Clear 12 



• 

3-106 



FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function 

FD2 I Power DFF 

Cell Symbol 

0-

co --0 

Input Loading Factor 

teu 
4eu 

Output Loading Factor 

36eu 

TTL Equivalent Circuit 

t---Q 

P--XQ 

Pin Name 

D 
CK 

Pin Name 

Q,XQ 

,"-:----!----: 
r-----' liD PR Q H-
I I L..f-- I 
I I I : 

I CK I 
I I I I 
I I I XQ I 

AV-FD2-El 

74504 

74lS04 

I 

: CR T 
L----r----J 

'," 
74514 
74lS74A 

AV-CMOS Unit Cell Library 

Number of BC 

8 

Propagation Delay Parameters 

KCL 

4.83 0.12 

Parameter 

Clock Pulse Width 

Data Set Up Time 

Data Hold Time 

Clock Pause Time 

3-107 

to 

3.24 

Symbol 

tcw 

tSD 

tHO 

tcWL 

Function Table 

Inputs 

CK D 

H 
L 

Outputs 

Q XQ 

H L 
L H 

Path 

KCL 

0.07 CK_Q,XQ 

MIN TVP MAX UNIT 

4 ns 

4 ns 

ns 

3 ns 

I FD2 I Sheet 112 



AV-CMOS Unit Cell library FUJITSU AV"CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

Equivalent Circuit 

Do----; 

Q 

CK 0--+----1~ 

):>--....... -; >:>----0 XQ 

Definition of Parameters 

CK 

D ___ ",-

Q.XQ 

tpd 

AV-FD2-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

FD3 I Power DFF with PRESET 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

PR 5.33 0.12 3.54 0.07 CK-Q,XQ 
5.13 0.12 3.54 0.Q7 PR-Q,XQ 

'1' .. 

Parameter Symbol MIN TYP MAX UNIT 
0- r--- Q 

Clock Pulse Width tcw 4 ns «_ 
Preset Pulse Width tpw 4 ns 

Data Set Up Time tSD 4 ns 
I>-- XQ 

1 Data Hold Time tHO ns 

Clock Pause Time tCWL 4 ns 

Input Loading Factor Pin Name 

l(u D 
4tu CK 
2tu PR 

Output Loading Factor Pin Name 

36tu Q,XQ 

TTL Equivalent Circuit Function Table 

:-----1----~ L+- I Inputs Outputs 
r-----' I D PR Q f-j--
I I I I PR CK D Q XQ 
I I I I 

CK I 
L X X H L I I I 

CLRQ H-I I I H i H H L L _____ .1 
I I H L L H 

74S04 L----I--~4~:. 74LS04 

74LS74A ",. 

AV-FD3-EI I I FD3 I Sheet 1/2 
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A V-CMOS Unit Cell Ubrary FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • A V· Version 

Equivalent Circuit 

PR 

o 

Q 

CK 

XQ 

Definition of Parameters 

CK PR 

0 ______ '1'-

t~k 
Q,XQ -------~ __ t~ 

FD3 Preset 
tPWJ tREM' tINH, and tpd. (PR .. Q, XQ) 

)) 
CK 

PR "Ii--'I-----)) 

'p- ;v-----))--------,,---
-+--'1'.------------)) X ______ _ 

XQ --______ ,------------~~--------X -------

AV-FD3-EI Sheet 212 
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FUJITSU AV-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number ofBC 

FD4 I Power DFF with CLEAR and PRESET I 10 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 
P' ·r 5.63 0.12 3.54 0.Q7 CK .... Q.XQ 
.. 5.63 0.12 3.54 0.07 CL .... Q.XQ 

5.63 0.12 3.54 0.07 PR .... Q.XQ 

D- I---- Q 
Parameter Symbol MIN TYP MAX UNIT 

CK --<: Clock Pulse Width tcw 4 ns 

Preset Pulse Width tpw 5 ns p--- XQ 
Clear Pulse Width tLW 5 ns 

" 

Data Set Up Time tso 4 ns 
.. 

Data Hold Time tHO 1 ns 

eL Clock Pause Time tcwL 4 ns 

Input Loading Factor Pin Name 

Itu D 
4tu CK 
2tu CL 
2eu PR 

Output Driving Factor Pin Name 

36tu Q.XQ 

TTL Equivalent Circuit Function Table 

;-----1----, ~-----., 
I I Inputs Outputs LL I I I '0 D PRQ I r-----' I I I I PR CL CK D Q XQ 

I I I I ... ----_..1 
I I I I r-----' 

CK I I I L H X X H L 
I I I 

CLRQ 
I I Q 

I I I H L X X L H 
L _____ .1 

I I I I 
H H L H H L 

!.----f----J 
11._---_ .. 

74504 74S04 H H L L L H 
74LS04 74574 74li04 

74lS74A 

AV-FD4-El I I FD4 I Sheet 112 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification .. A V" Version 

Equivalent Circuit 

PR 

Do----i 

Q 

CK 

XQ 

CL 

Definition of Parameters 

CK 
PR 

D ~~--~~----
CL 

Q,XQ 

FD4 Pr ••• t FD4 Clear 
tP\i. tREH. tINH. and tpd (PR ~ Q. xQ) tLW. tREM. tINH. and tpd. (CL .. Q. XQ) 

PR 
·v-.... -+----:b CL 

.[r----\\--------,,-----+_--'1' ____________ \\ X ______ _ ------------~~-------x--------

r-----------~ X--------------- \\--------,'-. -- ------------'1-____________ ~~--------X--------

AV-FD4-El Sheet 212 
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FUJITSU AV-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function JNumber of BC 

FD5 I Power DFF with CLEAR 9 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCl to KCl 

5.33 0.12 3.54 0.07 CK __ Q.XQ 
5.13 0.12 3.54 0.07 CL __ Q.XQ 

0- r--o Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tcw 4 ns 
CK ---< 

Clear Puis. Width tLW 5 ns 

b--- xo Data Set Up Time tso 4 ns 

Data Hold Time tHO 1 ns 
" 

.. Clock Pause Time tCWL 4 ns 

CL 

Input loading Factor Pin Name 

Itu D 
4tu CK 
2 tu CL 

Output Driving Factor Pin Name II 
36tu Q.XQ 

TTL Equivalent Circuit Function Table 

_1 -,-L[--- ----: 
Input Output 

D PRQ f--+--r-----' I I CL CK D Q XQ , , , I 
I I I I 

CK I L X X L H 
I I I 

CLR Q r-+- H t H H L I I I 
H L L H &._---_ ... I I 

~----T----J 74504 
74lS04 74S74 

14lS74A 

AV·FDS-El I I FDS I Sheet 1/2 
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AV-CMOS Unit Cell libraI)' FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "AV" Version 

Equivalent Circuit 

00-----1 

Q 

CK 0--+--+,\ 

XQ 

CLO--------4----------~ 

Definition of Parameters 

II tcw 

CK 

D __ --''I'-

Q,XQ 
----+--.,-

FDS Clear 
tLW. tHEM' tINH. and tpd (eL .... Q. XQ) 

CL .II---'t-----~~ 

Q -- - --- ------ ~~.: _______ X--------

---------Ir-----~~ --------,r----
---1f------------~~ X _______ _ 

Sheet 2/2 
XQ 

AV-FD5-El 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name JFunction Number of BC 

FD6 I DFF 7 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.94 0.25 2.69 0.14 CK_Q.XQ 

Parameter Symbol MIN TVP MAX UNIT 
0- f---o 

Clock Pulse Width tcw 4 ns 

CK ----<l Da ta Set UpTime tso " ns 

Data Hold Time tHO 1 ns 
0·-- XQ 

Clock Pause Time tcwL 3 ns 

Input Loading Factor Pin Name 

1 eu D 
4eu CK 

Output Driving Factor Pin Name 

18 eu Q.XQ 

TTL Equivalent Circuit Function Table 

~----r~--- Input Output 

r-----' LL D PR Q '-+- CK D Q XQ I I I 
I I I 

~ CK H H L 
I I I I ~ L L H I I Q 10._---_.1 I 

---T-I eLR 
74504 I 

74LS04 

L_ ---r --;'~,; 
74lS74A 

"1-

AV-FD6·E! I I FD6 I Sheet 1/2 
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III 

A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

00-----1 

CK 0--+---+,\ 

Definition of Parameters 

CK 

"",..--~----­O __ ....J'!'-

Q.XQ 

AV·FD6·El 

-toO 

FUJITSU A V-CMOS Gate Arrays 

• AV· Version 

Q 

Sheet 212 

3-116 



FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FD7 I DFF with CLEAR 8 

Cell Symbol Propagation Delay Parameters 

0'-

CK --C 

Input Loading Factor 

Itu 
4fu 
2fu 

Output Driving Factor 

18tu 

TTL Equivalent Circuit 

.. I" 
CL 

~Q 

o--XQ 

Pin Name 

D 
CK 
CL 

Pin Name 

Q.XQ 

f---J----~ LL D PRQ r-!-r-----' I I 
I I 
I I 

~,..;..--1-_l CK I 
I I 
I I 
1..-----.1 
74S04 
74lS04 

AV·FD7·EI I 

CLR Q"H-
L---l----J 

]4S74 

14lS74A 

Path 

to KCL to KCL 

4.34 0.25 2.89 0.14 CK ..... Q.XQ 
4.34 0.25 2.89 0.14 CL ..... Q.XQ 

Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tcw 4 n. 

Clear Pulse Width tLW 4 ns 

Da ta Set UpTime tso 4 ns 

Data Hold Time tHO ns 

Clock Pause Time tCWL 4 ns 

I FD7 I Sheet 112 

3·117 
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A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Fundion Table 

Input Output 

CL CK D Q XQ 

L X X L H 
H ,f. H H L 
H ,f. L L H 

Equivalent Circuit 

Oo----t 

CK o--+----a--:~ 

CL 

Definition of Parameters 

tcw 

CK 

O __ .....J'I'-

Q,XQ 
----+-"'1'-

tpd 

AV·FD7·El 

FUJITSU A V-CMOS Gate Arrays 

• A V· Version 

Q 

XQ 

FD7 Clear 
tLV. tREK. tum. aDd tpd. (CL • Q. IQ) 

CL ~-~-----:~ 
Q ------------~~-------X-----~--

---------1--____________ ~~--------X--------

Sheet 2/2 

3.118 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

F08 IOFF&Latch 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.94 0.25 2.69 0.14 CK .... Q.XQ 
10.14 0.25 8.89 0.14 O .... Q.XQ 
10.14 0.25 8.S9 0.14 G .... Q.XQ 

0- ~o 

. CK ~ Parameter Symbol MIN TVP MAX UNIT 

OFF Operation 
G- o--- '0 

Clock Pulse Width tcw 7 ns 

Data Set Up Time tso 7 ns 

Data Hold Time tHO 1 ns 

Clock Pause Time tCWL 4 ns 

Latch Operation 

G Pulse Width tGW 7 ns 

Data Set Up Time tsOG 7 ns 

Data Hold Time tHOG 1 ns 

Input Loading Factor Pin Name 

4tu CK 
2tu O.G 

Output Driving Factor Pin Name II 
IStu Q.XQ 

TTL Equivalent Circuit 745004 74S00 
74LS04 74L')OO 

r----' 

~ 
0_ 1 I I I 

L ____ J I I 
G 0 

o 0 
t-----4 
o 0 

0 

: I , 

r---J----~ 
0 

0 0 

0 PR 
0 

0 +- 0 ,.----., 0 Q 
o 0 0 0 
0 0 

CK 
0 

CK 0 Q 
0 

0 0 0 0 
L ____ .J 0 

CL r+- xo 0 
74S04 0 0 

74lSQ4 ~----~ 
74S74 

AV-FOS-El I 
74lS74A I F08 I Sheet 112 
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AV·CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Function Table 

Inputs Outputs 

G CK D Q 

L t L L 
L H H 
H L L L 
H L H H 
L L X Qo 
H H X Qo 

Equivalent Circuit 

o o--t-+--i 

G 

CKo-~~~r-~~ 

Definition of Parameters 

XQ 

H 
L 
H 
L 
XQo 
XQo 

(1) OFF Operation 

tcw 

CK 

+-Inhibited 

G' --------~~~~~---­a 

o 

Q,XQ -----..:::~Jr_-

AV-FDS-El 

FUJITSU AV·CMOS Gate Arrays 

• AV· Version 

Q 

t:>--....... -I >::>---0 XQ 

(2) Latch Operation 

(Case 1) (Case 2) 

CK~ Oo-----t-G-W----

G 

Q,XQ ___ --JI'-__ 

Sheet 2/2 
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FUJITSU AV-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FDD I Positive Edge Clocked Power OFF with CLEAR and PRESET 11 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 
PR 

r 6.53 0.12 4.44 0.07 CK-> Q.XQ 
.. 5.63 0.12 3.54 0.Q7 CL->Q.XQ 

5.63 0.12 3.54 0.07 PR->Q.XQ 

0- -0 
Parameter Symbol MIN TYP MAX UNIT 

(K- Clock Pulse Width tew 5 ns 

Preset Pulse Width tpw 6 ns 
:>--- xo 

Clear Pulse Width tLw 6 ns 

" 

Data Set UpTime tSD 4 ns .. 
Data Hold Time tHO 1 ns 

(l Clock Pause Time tCWL 6 ns 

Input Loading Factor Pin Name 

1 tu 0 
Itu CK 
2 tu CL 
2tu PR 

Output Driving Factor Pin Name II 
36tu Q.XQ 

TTL Equivalent Circuit Function Table 

.. ---- ---~ 
I I 

Inputs Outputs I I ~-~-~ 

-+ PR I "0 D Q I I I PR CL CK 0 Q XQ --r- CK _ I ~----i 

CLR Q I L H X X H L 
I I I 0 
I I I I H L X X L H .. _------_ .. ~----~ H H f H H L 

74574 74504 H H f L L H 
14lS74A 74l'i04 

AV-FDD-El J I FDD I Sheet 112 
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III 

A V-CMOS Unit Cell Library FUJITSU AV-CMOS Gate A"ays 

Fujitsu CMOS Gate Array Unit Cell Specification H AV· Version 

Equivalent Circuit 

PR o-------------~~----------------__, 

Q 

CK 

XQ 

CLo-------------~--------------------~ 

Definition of Parameters 

CK 

D __ -.J'!'-

Q,XQ 
----+-"1'-

tpd 

FDD Pr ... t 
trw. tlJUh tINB. aad tpd (PI .. Q. XQ) 

PI! 
ss-t=--.t.1It 

'v---t---SS~ 

Q 
-+_--T ____________ ~~--------x-------

--------, -----------~--------X-------

AV-FDD-El 

FDD CI •• r 
tLW, tREK. tum. aa4 tpd (CL .. Q. XQ) 

ss-r:-
~I-----SS~ CL 

Q ------------ ~~- _______ X-------

XQ 
-------- ____________ ~~--------X- ______ _ 

Sheet 212 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FOE I Positive Edge Clocked Power OFF with CLEAR 10 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCl 

6.23 0.12 4.44 0.07 CK ..... Q,XQ 
5.13 0.12 3.54 0.07 CL ..... Q,XQ 

0- -Q 

(K- Parameter Symbol MIN TYP MAX UNIT 

Clock Pulse Width lew 6 ns 
O'--xo 

Clear Pulse Width tLW 5 ns 

I Data Set Up Time tSD 4 ns 

.. Oata Hold Time tHO I ns 

(l Clock Pause Time tcwH 4 ns 

Input Loading Factor Pin Name 

ltu D 
leu CK 
2 eu CL 

Output Driving Factor Pin Name III 
36 eu Q,XQ 

TTL Equivalent Circuit Function Table 

.,-

~----l----~ Inputs Outputs 

CL CK 0 Q XQ I o PR Q 
I 

-:- -r-
-+ CK I L X X L H 

CLR Q -+- H i H H L I 
H i L L H I 

I I 

~- ---r -:;7~ ~ 
74lS74A 

AV-FOE·EI I I FOE Sheet 112 
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AV-CMOS UnitCellUbrary 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

CK 

CL o--------------+--------------------~ 

Definition of Parameters 

CK 

-u. __ -""\J,- - - - - CL 
0 __ --1')'-

-tpd 

FOE Clear 
tLWt tREMJ tINHJ and tpd. (eL .. Q, XQ) 

CK 

CL 

)) 

'Ir--'f-----\) 

XQ 

_____ , ------------~~--------X------­

-_-_-_--_-_---1- -----------~~ -------- X_ -------

AV-FDE-El 

3-124 

FUJITSU A V-CMOS Gate Arrays 

-AV' Version 

Q 

):>--~-I :>:0---0 XQ 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FDG I Positive Edge Clocked DFF with CLEAR 9 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

5.24 0.25 3.79 0.14 CK_Q,XQ 
4.14 0.25 2.89 0.14 CL_Q,XQ 

D- r---- 0 

(K- Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tew 6 ns 
P---xQ 

4 Clear Pulse Width tLw ns 

I Data Set Up Time tSD 4 ns 

Data Hold Time tHD 1 ns 

CL Clock Pause Time tC:WH 4 ns 

Input Loading Factor Pin Name 

ltu D 
ltu CK 
2 (u CL 

Output Driving Factor Pin Name .. 
18 (u Q.XQ 

TTL Equivalent Circuit 

J-'-r---- ----~ 

--:- D PR Q -+--
I I 

-+ CK 
I 
I 

I CLRQ -L-
I I 
I I 

~----r-:~7~J 
74lS74A 

AV-FDG·EI I I FDG ISheet 1/2 
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AV·CMOS Unit Cell Library FUJITSU AV·CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification ,. A V· Version 

Function Table 

Inputs Outputs 

CL CK 0 Q XQ 

L X X L H 
H t H H L 
H t L L H 

Equivalent Circuit 

00-----1 

Q 

CK 

t;>--'---1 >>----<> XQ 

Cl .. r 

Cl o---------------~--------------------~ tLW. tllll' tDOlI and 'tpd (CL .. Q. XQ) 

Definition of Parameters 

CL 

))-r:--
'V---1f------))--t=-r 

.... 

Q 

·-----------~--------x-------

CK 

-------- ))--------,,...--
XQ __ ---'1. ___________ )) A. ______ _ 

O __ ....J'I'-

Q.XQ 

tpd 

AY-FDG·El Sheet 2/2 
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FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function 

FDM I DFF 

Cell Symbol 

0- -Q 

«-

p--xQ 

Input Loading Factor Pin Name 

2 tu D 
Ifu CK 

Output Driving Factor Pin Name 

lStu Q,XQ 

TTL Equivalent Circuit 

-1"'-~---- ----~ 

-+ I 
D PR I 

I Q t-j -+- CK I 
I CL Q r+-I 
I I 

L----f----~ 
74514 -,- 74LS74A 

AV-FDM-El I 

A V-CMOS Unit Cell Library 

NumberofBC 

6 

Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.46 0.25 5.16 0.14 CK ..... Q 
5.96 0.25 4.22 0.14 CK ..... XQ 

Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tcw 6 ns 

Data Set Up Time tSD 2 ns 

Data Hold Time tHO 2 ns 

Clock Pause Time tcwH 5 ns 

Function Table 

Inputs Outputs 

D CK Q XQ 

H t H L 
L L H 

I FDM I Sheet \/2 

3-127 
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AV-i:MOS Unit Cell Ubtary FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • A V· Version 

Equivalent Circuit 

Q 

o XQ 

CKO CKO 

CKO 

CK~ 
CKO CKO 

Definition of Patameters 

tcw tCWH 

CK 

o 

Q.XQ ± -------~ --

AV-FDM-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

FDN I DFF with SET I 7 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

, 

'1 
3.46 0.25 5.16 0.14 CK __ Q 

.. 6.10 0.25 4.42 0.14 CK--XQ 
2.S2 0.25 1.40 0.14 S __ Q.XQ 

0- -0 Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tcw 6 ns 
(K-

Data Set Up Time tso 2 ns 

~---xo Data Hold Time tHO 2 ns 

Set Pulse Width tsw 3 ns 

Clock Pause Time tcWH 6 ns 

Set Release Time tREM I ns 

Set Hold Time tINH 4 n. 

Input Loading Factor Pin Name 

2tu D,S 
ltu CK 

Output Driving Factor Pin Name II 
IStu Q.XQ 

TTL Equivalent Circuit Function Table 

~----!----~ Inputs Outputs 
I I 

S 0 CK Q XQ -:- o PRQ -:-
-+ CK 

I L X X H L 
I CL Q -+- H H t H L 
I H L L H 
I I 

l----l----l 
74S74 

",' 74U74A 

AV-FD:-i-EI I I FDS I Sheet 1/2 
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AV·CMOS Unit Cell Ubrary FUJITSU AV·CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • A V' Version' 

Equivalent Circuit 

Q 

D XQ 

CKO CKO 

CK~ 
CKO CKO 

Definition of Parameters 

1} tcw. tCWH • t,o. tHO' and tpd (CK -+ Q. XQ) 

II 

2) t,w. t REM • t ,NH• and tpd (S -+ Q. XQ) 

CK 

If 

-ti!::!:~----If 

-+---'1------------------- ~~ ::.::.J 
XQ -+---v------------------- If 

-----------1'------- II :==\'-____ _ 

AV-FDN-El Sheet 2/2 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FDO I DFF with RESET 7 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.46 0.25 5.16 0.14 CK ... Q 
5.96 0.25 4.22 0.14 CK .... XQ 
2.72 0.25 1.92 0.14 R .... Q.XQ 

0- '---Q 

(K- Parameter Symbol MIN TYP MAX UNIT 

Clock Pulse Width tew 6 ns 
0·-- XQ 

Data Set Up Time tso 2 ns 

I Data Hold Time tHO 2 ns 
.. 

Reset Pulse Width tRw 3 ns 

R Clock Pause Time tCWH 6 ns 

Reset Release Time tREM 1 ns 

Reset Hold Time tT.'IH 3 ns 

Input Loading Factor Pin Name 

2 tu D,R 
1 tu CK 

Output Driving Factor Pin Name II 
18 tu Q,XQ 

TTL Equivalent Circuit Function Table 

-r-r---- ----~ Inputs Outputs 

I I R D CK Q XQ 
"i" D PR Q r,-
-+ CK 

I L X X L H 
I H H l H L I CL Q 4-I H L L H 

, I 

~ ----f --~4:L 
74LS74A 

AV·FDO·El I J FDO I Sheet 1/2 
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AV·CMOS Unit Cell Library FUJITSU AV·CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "AV" Version 

Equivalent Circuit 

Q 

D XQ 

CKO 

CK~ 
R 

CKO CKO 

Definition of Parameters 

II 
Q.XQ 

CK 

If 

R ~~-----------If 

Q --+_-_-__ -_-__ "J-------------------- ~~ ____ n_.\lo. _____ _ 

XQ _...;....-_--_-_-_-,-.. n __ n ______ nn __ n ~~----n7 

AV·FDO·El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

FDP I DFF with SET and RESET 8 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

, 

'1' 
3.46 0.25 5.16 0.14 CK-Q .. 6.10 0.25 4.42 0.14 CK_XQ 
2.96 0.25 1.40 0.14 S-Q.XQ 
2.86 0.25 1.92 0.14 R .... Q.XQ 

0- -0 Parameter Symbol MIN TYP MAX UNIT 

Clock Pulse Width tcw 6 ns 
(K-

Data Set Up Time tso 2 ns 

p._-xo Data Hold Time tHD 2 ns 

Set Pulse Width tsw 3 ns 

j . . Reset Pulse Width tRw 3 ns 

Clock Pause Time tCWH 6 ns 
R 

Reset Release Time tREM I ns 

Set Release Time tREM I ns 

Reset Hold Time t[NH 4 ns 

Set Hold Time tlNH 4 ns 
Input Loading Factor Pin Name 

2 eu D.S,R 
teu CK 

Output Driving Factor Pin Name II 
18eu Q,XQ 

TTL Equivalent Circuit Function Table 

~----1----~ Inputs Outputs 

I I S R 0 CK Q XQ -+- D PR Q I 
I I "0 I 

I I I I H L X X L H I I '------" L H X X H L -+- I .. -----, 
CK I I I L L X X I~HlBITED 

I 
CLQ 

I I I Q H H H t H L I I 
I I I I H H L L H 

~----t----.1 
"'-----" 

74504 
74L504 

74574 
74lS74 

AV·FDP·EI I I FDP I Sheet 112 
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AV-CMOS Unit Cell Library FUJITSU AV-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • A V' Version 

Equivalent Circuit 

Q 

o XQ 

CK~ 
CKO 

CKO CKO R 

Definition of Parameters 

1} tcw. t CWH ' tso. tHO' and tpd (CK .. Q. XQ) 

CK 

II 
Q.XQ __________ ~--J~ 

2) tRW' t REM • t ,NH• and tpd (R .. Q. XQ) 

CK 

If 

R 
~~ ___________ If 

Q--f---_.I- --------------- If --f--'"\. 
-------1'--+_------ If 

-------~-+_---------- f f .--
XQ -..;...--'t-------------------- If _..L...-J 

CK 

If 
~~ ___________ If 

__ +-__ "\- ___________________ ~~ ::..:..:.:.:.l- _____________ __ 
XQ -+----.1-------------------- ~~ ~----------------

~--A~V~.~F~D~P--E-l---, ~------------~~~--,-s~h-ee-t-2n--------~ 
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FUJITSU AV-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name J Function NumberofBC 

FDQ 14-bitDFF 21 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

8.32 0.25 6.58 0.14 CK .... Q 
DA DB DC DD 

:1 : 1·1 : l . . . .. 
Parameter Symbol MIN TYP MAX UNIT 

r--- OA Clock Pulse Width tcw 6 ns 

---
co ---0 

OB Data Set Up Time tSD I ns 

--- OC Data Hold Time tHO 5 ns 

--- OD Clock Pause Time tewL 7 ns 

Input Loading Factor Pin Name 

teu D,CK 

Output Driving Factor PinName II 
18 tu Q 

TTL Equivalent Circuit 

74514 14574 74574 74574 
74l574A 74L574A 74LS74A 74lS74A 

-,- OA -,- OB ",- OC "1'" OD 

r--- ----, r--- ----, r--- ----, r--- ----, , , , , , , , 0 

DA -!- 0 
DB +- 0 

DC ~ 0 
DO -!- 0 

D Q D Q D Q D Q 
0 0 0 0 0 0 0 0 

Co 0 
CK 

0 ;f- eK 
0 r+- CK 0 r!- CK 

0 
0 0 0 0 

0 Q 1- 0 0 Q 1- 0 0 Q _0 0 Q 1- 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 I 0 0 0 0 0 L ___ ____ .I 1.--- ---_ .. 1.--- ____ .t L ___ ----.I 

"'- ." ~ "1'" "," 

AV-FDQ·EI I I FDQ I Sheet 1/2 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification HAVH Version 

Fundion Table 

Input 

CK D 

t H 
L 

Equivalent Circuit 

Output 

Q 

H 
L 

r-----------------------------------------------------, , , , , 
DA +-------+-i 

eK 

eKO eKO , , , , 
I , 

eKO 

eKO eKO 

~-----------------------------------------------------~ , , 
DB -+ ________ '- ' 

, I 
I I r-----------------------------------------------------, , , 

De -+ _______ +,_ , 
, , 
~-----------------------------------------------------~ I I 

DD ~----------------r'- ' , , 
L _____________________________________________________ J 

Definition of Parameters 

eK 

D 

Q 

tpd 

AV-FDQ-El Sheet 212 
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FUJrrSUAV-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

FDR 14-bit DFF with CLEAR 26 

CeUSymbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

DA DB DC 00 
8.36 0.25 6.68 0.14 CK .... Q 

'1'1'1'1 
3.52 0.14 CL .... Q 

. . . .. 

. . . .. 

---OA Parameter Symbol MIN TYP MAX UNIT 

-OB Clock Pulse Width lew 8 ns 
C<-

-OC Data Set Up Time tSD 1 ns 

-00 Data Hold Time tH:J 5 ns 

Clear Pulse Width tr.,w 5 ns 

I' Clear Release Time tREM 3 ns 
. . 

Clear Hold Time tlNH 3 ns 

Cl Clock Pause Time tcwH 6 ns 

Input Loading Factor Pin Name 

Itu D,CK,CL 

Output Driving Factor Pin Name II 
ISfu Q 

TTL Equivalent Circuit 

74574 74574 74574 74574 
74LS74A 74lS74A 74LS74A 74lS74A 

-,- OA -,- OB "'- OC ",. 00 

r--- ----, ;-±--: r--- ----, ;-±--: , , , , 
DA -!-

, 
DB~D Q ' DC -!- , 

DO -!- D Q ' D Q D Q , , , , , I , , 
CK 

, 
CK 

, + CK_ 
, + CK_ 

I -+ CK_ 
, 

- , , , , , 
Q 1-' 

, 
Q -' , 

Q -' , 
Q 1-' , , , , , I , , 

l_+ __ ! 'T' l-~-l---! l_=+=" __ ! ~--- ----! 
Cl 

AV-FDR-El I I FDR J Sheet 112 
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• 

A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • AV' Version 

Function Table 

Inputs Outputs 

CK D CL Q 

X X L L 

f L H L 
H H H 

Equivalent Circuit 

DA 

CK ~ 
CKO CKO 

CL ~ 

r----------------------------------------------------- , 
I 

CKO CLO: 
I 
I 

I 
__ I 

CKO CLO CKO : 

~-----------------------------------------------------~ I I 

QA 

DB 
I I 

----____________ ~I- --T-- QB 
I I 
I I j----------------------------------------------------- , 
I I 

DC ---------f-:- -T- QC 
I I 

~-----------------------------------------------------~ I I 

DO ---------r:- ~ QD 
I I L _____________________________________________________ J 

Definition of Parameters 

CK 
_tcw - _tCWH -

_tso tHO ---.... 

o - - - - - - - "'"' ,1/ 'r----
,--- -------

.. tpd 

------------ ---------" V-QA-QD 

'---

2) tLW' t REM • t ,NH• and tpd (CL -+ QA-QD) 

\~-"""l +-''""r 
CK If 

CL 

QA-QD 

-------------------~ .... ----
AV-FDR-El Sheet 2/2 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

FDS I PosItive Edge Clocked 4·bit DFF I 20 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to ICL 

DA DB DC 00 

.,., : ,., 5.96 0.25 7.66 0.14 CK .... Q 

..... 
. . ... 

-Q" Parameter Symbol MIN TVP MAX UNIT 

--- QB Clock Pulse Width (Low) tcw 8 ns 
CK- --- QC Data Set Up Time !.sD I ns 

---QD Data Hold Time tHD 5 ns 

Clock Pause Time tcwH 6 ns 

Input loading Factor Pin Name 

2tu DA-DD 
CK 

Output Driving Factor Pin Name II 
18 tu QA-QD 

AV·FOS·EI I I FOS I Sheet 1/2 
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II 

AV-CMOS Unit Cell Library FUJrrSU AV-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "AV" Version 

Function Table 

Inputs Outputs 

CK D Q 

t L L 
H H 

Equivalent Circuit 

DA 

CK 

CKO CKO 

~---------------------------------------------------~ 

, , , 
: FF , 

CKO 
...L 

I 
CKO CKO 

...L 

CKO 

CKO 
...L 

T 
CKO 

, , 
r------4 :>~------~'-+--~ QA , 

CKO 
...L 

L..-_-I~ 

T 
CKO 

, 
'1 

~---------------------------------------------------1 
DB 0-+--------------+' --- ---""H--~ QB 

~---------------------------------------------------~ 
DC 0-+-------------;-' ___ ----',4--~ QC 

~---------------------------------------------------~ DDo-+---------------r'--- ----+'-+--~ QD L ___________________________________________________ ~ 

Equivalent Circuit 

AV-FDS-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

FJ4 I Power JKFF with CLEAR 11 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

6.33 0.12 4.14 0.07 CK-+Q,XQ 
5.93 0.12 4.14 0.07 CL-+Q,XQ 

J ~ -Q 

(K~ 

Parameter Symbol MIN TVP MAX UNIT 

• ~ p--- XQ Clock Pulse Width tcw 4 ns 

Clear Pulse Width tLw 6 ns 

" 

.. J, K Set Up Time t,;D 2 ns 

J, K Hold Time tHD 1 ns 
CL 

Clock Pause Time tcWL 4 ns 

Input Loading Factor Pin Name 

2tu CL 
4tu CK 
ltu J.K 

Output Driving Factor Pin Name II 
36tu Q.XQ 

TTL Equivalent Circuit 

r-----' -,-
I I 

;-----1----~ I I 

I I 
I I 

I J PR Q --!--"'-----" 74S04 I I 

~~K : 
: : : CLRQ --+-

I I : : ~----T----J 
~-----~ ~~ 

74S04 
74lS04 

AV·FJ4·EI I I FJ4 I Sheet 1/2 
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II 

A V-CMOS Unit Cel/Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

function Table 

Inputs Outputs 

CL CK J K Q XQ 

L X X X L H 
H J"L H H Qo XQo 
H J'L H L L· H· 
H J'L L H H· L· 
H J'L L L XQo Qo 

Equivalent Circuit 

*Note: 
In a logic simulation, this Flip-Flop must 
be initialized by ·CL· input in order to 
achieve these outputs. If not, the outputs 
remain -X" (unknown state), 

FUJrrsu A V-CMOS Gate Arrays 

• AV· Version 

CL o-------------------------~------------_, 

):>---+---1 >:)---() XQ 

CKo---------+-----~~~~~~ 

K 10--+--1 ~.o---o Q 

Definition of Parameters 

CK 

J.K 

F.J. Cl .. r 
tLW' "tDtl. tINH. aacl tpct (et .. Q. XQ) 

r4------:~ 
Q.XQ --";;;"---+--W-

""1'--

tpd 

CIt 

CL 

Q ------------~~-------X-----~--

--------,v-----
KQ ------1 

AV-FJ4-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

FJ5 I PowerJKFF with CLEAR and PRESET 12 

Cell Symbol Propagation Delay Parameters 

Path 

to KCl to KCl 

PR 

6.63 0.12 4.14 0.07 CK-+Q.XQ 

1 6.63 0.12 4.14 0.07 CL-+Q.XQ 
.. 6.63 0.12 4.14 0.07 PR-+Q.XQ 

J . ---< -0 Parameter Symbol MIN TYP MAX UNIT 

Clock Pulse Width tcw 5 ns 
(K ---< 

Preset Pulse Width tpw 6 ns 

, .---< :>-- xo Clear Pulse Width tLw 6 ns 

I 
J. K Set Up Time !sD 2 ns 

J. K Hold Time tHD 1 ns 

Clock Pause Time lewL 5 ns 
eL 

TTL Equivalent Circuit 

r-----' , , , , 
, , , , ;-----1----~ , , r---' , , 

Q , , "--"'0'-" ,J PR Q , 
L.. ___ .J 

r---' , , 
Q , ..... , 

L ___ .J 

74S04 
74l>O4 

74lS04 I I 

--ti>¥I' __ u_~ : 0 CK - l-+-l_~1/ 
I I I KrL~ Q I 

: : L----1----.! 
~-----~ I 14lb 

74504 
74lS04 

AY·FJ5-E1 I I FJ5 I Sheet 1/2 
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III 

A V-CMOS Un;tCeUUbrary 

Fujitsu CMOS Gate Array Unit Cell Specification 

function T.bkt 

Inputs Outputs 

PR CL CK J K Q XQ 

L L X X X Inhibited 
L H X X X H L 
H L X X X L H 
H H ..n.. H H Qo XQo 
H H ..J'l.. H L L· H· 
H H ..J'l.. L H H· L· 
H H ..n.. L L XQoQo 

Equivalent Circuit 

*Note: 
In a logic simulation. this Flip·Flop must 
be initialized by ·CL" or ·PR" input in 
order to achieve these outputs. If not, 
the outputs remain "X· (unkno .... n state I. 

FUJITSU A V-CMOS Gate Arrays 

• AV· Version 

CL~~=============4==========~~=-__ ~ 
XQ 

CK 

K Q 

PRo-........................................ -4 ............................ ~ 

Definition of Parameters 

CK PR CK ----+-'1 
tq,EM 

J,K CL --~ .. CL 

Q,XQ 

FJS Cl.ar 
J'.IS ...... t 

'I'll. 'DI!' '1MB. - 'Pol (PI • Q. ZQ) 
tLV' tlWl' tIN." ad t.pd. (Cl. .. Q. XQ) 

PI r·~-----:~ r·~-----:~ 
Q 

v-----\\-------- X 
--+,---'1'------------\\ -------

Q .... -_--_-_-_-_-_--_-_-_-\\ X\..--_-_-_--_-_-
r \\-'-------' 

-----------~--------x------- ZQ -------- ____________ ~~--------X--------

AV·FJ5-El Sheet 212 
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FUJITSU AV·CMOS Gate Arrays 

Cell Name I Function 

FJD 1 Positive Edge Clocked Power JKFF with CLEAR 

Cell Symbol Propagation Delay Parameters 

tup tdn 

to KCL to 

7.83 0.12 4.34 
5.03 0.12 3.44 

J .- -Q 

(K-

Parameter Symbol MIN 

K·- j-- XQ Clock Pulse Width tew 

Clear Pulse Width tLW 

I J, K Set L"p Time tSD .. 
J, K Hold Time tHO 

ee 
Clock Pause Time tcWH 

Input Loading Factor Pin Name 

2tu CL 
leu CK 
leu J,K 

Output Driving Factor Pin Name 

36 fu Q,XQ 

TTL Equivalent Circuit 

",. 

LC+---' 
~-----~ I J PR Q r+-
I I I I 

I 

: : Ii~K : 
"-----" I CLR Q r+-
~:~~4: I 

~----f -7~'~~": 
74l ~11}.<l 

AV·FJD-EI I I 
3·145 

AV·CMOS Unit Cell Library 

Number of BC 

12 

Path 

KCL 

0.07 CK .... Q,XQ 
0.07 CL .... Q,XQ 

TVP MAX UNIT 

6 ns 

5 ns 

6 ns 

1 ns 

6 ns 

FJD I Sheet 1/2 

'J il 
I·~ j 

II 



AV·CMOS Unit Cell Ubrary FUJITSU AV·CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification -AV' Version 

Function Table 

Inputs Outputs 

CL CK J K Q XQ 

L X X X L H 
H + L L Qo XQo 
H + L H L H 
H + H L H L 
H + H H XQo Qo 

Equivalent Circuit 

Ko--+~ XQ 

CK o---ooi 

Clo-----------------~~------_+~~----~ 

• Q 

Definition of Parameters 

tew 

CK 

1.K - - - '"\J._--t-o.JI-
rJD Cloar 

tIM, tilth tINl1t ad tpct. (CL .. Q, ZQ) 

CL 

~~-r:--
'&--'I-----~~~ 

Q.XQ 

Q 

·-----------~--------x-------

IQ 
-------- . ___________ ~~--------X. ______ _ 

AV-FJO-El Sheet 212 
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Data Latch Family 

Unit Cell Basic 
Page Name Function Cells 

3-149 LT1 S-R Latch with Clear 4 

3-151 LT2 1-bit Data Latch 4 

3-153 LT2 4-bit Data Latch 15 

3-155 LT4 4-bit Data Latch 13 

3-157 LTK Data Latch 4 

3-159 LTL Data Latch with Clear 5 

3-161 LTM 4-bit Data Latch with Clear 15 

II 

3-147 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

LTl I S-R Latch with CLEAR I 4 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

2_54 0.25 1.59 0.14 R.CL~Q.XQ 
2.84 0.25 1.39 0.14 

S~Q.XQ 

; ---< -Q 

Parameter Symbol MIN TYP MAX UNIT 

Set Pulse Width I.sw 3 ns 
R~ :>--- xo 

Reset Pulse Width tRw 3 ns 

I Clear Pulse Width tLw 3 ns 

. (,-

Input Loading Factor Pin Name 

1 tu S.R.CL 

Output Driving Factor Pin Name II 
18 tu Q.XQ 

TTL Equivalent Circuit 

r----------- .. ,..----.., 
I I I 
I I I 

12> 
I I 
I I 
~ 

I I 
I I 
I I 
I I 

I ... ---- .... 

~ 1 
I I 
I I 
I I 
I _,-

I 
I I 
I I 
I I 

I I I 1.---------..:.-.1 '- ____ ..1 

74LS279 l.l')O" 

:-lLSQ4 

AIi-lTl·EI I L LTi I Sheet 112 
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II 

AV-CMOS Unit Cell Lib,ary 

Fujitsu cMos Gate Array Unit Cell Specification 

function Table 

Inputs 

CL S 

L H 

H H 

H H 

H L 

H L 

Equivalent Circuit 

R 
CL 

R 

H 

H 

L 

H 

L 

Definition of Parameters 

AV·LTl·El 

Outputs 

Q XQ 

L H 

Qo XQo 

L H 

H L 

Inhibited 

tsw 

FUJrrSU A V-CMOS Gate Arrays 

• AV' Version 

XQ 

Q 

tpd 

Sheet 2/2 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

LT2 II-bit DATA Latch 4 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.84 0.25 3.09 0.14 G-+Q 
3.94 0.25 2.59 0.14 G -+ XQ 
1.44 0.25 3.09 0.14 D-+Q 

0- -0 3.94 0.25 2.19 0.14 D -+ XQ 

G ---c Parameter Symbol MIN TYP MAX UNIT 

G Input Pulse Width t(.w 5 ns 
::>----- xo 

Data Set Up Time tSD 4 ns 

Data Hold Time tHD I ns 

Input Loading Factor Pin Name 

Uu G 
leu D 

Output Driving Factor Pin Name II 
18eu Q,XQ 

TTL Equivalent Circuit 

0---

r -----------., , , , -r-- --, , r----' r----' '-1' , rtf> 
, , , , , ' , , , ' , , , , , ' , , , 

L ____ .J : .... L ____ -' L ____ -' 

----r1 r----., 

Y-t> 
, , 

:- , L ____________ 
L ____ .J 

74S51 74S04 

74LS51 14lS;)4 

AV·LT2·EI I I LT2 I Sheet 112 
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II 

A V-CMOS Unit Ceu Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification 

Fundion Table 

Inputs Outputs 

D G Q XQ 

H H Qo XQo 

L H Qo XQo 

H L H L 

L L L H 

Equivalent Circuit 

G 

o 

Definition of Parameters 

(Case 1) 

Q. XQ ----1-------'I'~ 
I .... ·----tod-

(Case 2) 

G 

- - - - - - -W----~I- - --o ____ .....J'I'- ____ -'1' ..... __ 

------- ----~--Q. XQ _____ -+ ___ --'')' ___ _ 
_tpd_ 

D(Hlgh) J----------

Q (XQ) ___ -: Lex::: 

·AV· Version 

<0 

o 

Note: 
When Data Input IS high level and G 
Input transfers from high to low 
level. a spike noise occurs as below 

.... _______ ., ~ Spike (Several nano seconds: 

AV-LT2-El 1 Inverter Gate Delay time) 

3-152 
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I,; 
FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Ub,ary 

Cell Name IFunction NumberofBC 

LT3 14.bit Data Latch 15 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.04 0.25 4.69 0.14 G-+P 
5.54 0.25 3.79 0.14 G-+l'O 

OA- f---- PA 1.44 0.25 3.09 0.14 D-+P 
3.94 0.25 2.19 0.14 D-N 

DB- p--NA 

DC- I--- PB Parameter Symbol MIN TVP MAX UNIT 

00- p--NB G Input Pulse Width t,}W 6 ns 

G ----< I--- PC Data Set Up Time tSD 4 IlS 

P--NC Data Hold Time tHtJ 2 ns 

I--- PO 

b--- NO 

Input Loading Factor Pin Name 

5tu G 
Itu D 

Output Driving Factor Pin Name II 
18 tu Any 

Output 

TTL Equivalent Circuit Function Table 

,..---------.., 74L75 
I I 74LS75 INPUTS OUTPL-TS 
I I 

DA OA 

~ D G P N 
I DB OA 

DC OB ~ H H Po !lio DO 'OB 

~ r,;;.-, I OC 

i.~_J I 
EN OC L H Po ~o 

I 00 ~ H L H I '00 L 
14S04 I 

74lS04 I I 
L L L H L _________ ..J 

AV·LT3·EI I 1 LT3 I Sheet 1/2 
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II 

A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification .. AV" Version 

Equivalent Circuit 

r--------------------------------, 
I 
I 
I 
I 
I 
I 

::>0--;'-- NA 

OA -----------------;----~LI ::>0------------+--- PA 
I I 

~--------------------------------~ 
---L- i\lB 

DB -----------------'t,----- : PB 

~--------------------------------~ 

DC ------------------i:----- --7- NC I I PC 

~--------------------------------~ 
I -..L- NO 

DO -----------------;:----- 1 PO 

Definition of Parameters 

(Case 1) 
~tGW --... 

___ .1 ___ -

D ----..J. ______ .Jfl'---
tHO ......... , -- - - - - - - - - - - ..... ~ 

Q,XQ ,- --

(Case 2) 

I· .. ----to"-

G 

D - - - - - - '"\IJ-----'-'/- - -­
----~ - - - - -'1'--- Note: 

Q,XQ 
---- ... 1-

,---
When Data Input IS high level and G 
Input transfers from high to low 
level, a spike nOIse occurs as below 

D(Hlgh) 1 
o 

_to"_ 

G~ 
Q,XQ 

AV-LT3-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

LT4 .14-bit Data Latch I 13 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

6.74 0.25 5.00 0.14 G ... p 
5.80 0.25 7.50 0.14 G ... N 

DA- r-- PA 1.42 0.25 1.63 0.14 D ... P 
2.43 0.25 2.18 0.14 D-+N 

DB- p--- NA 

De- I--- PB Parameter Symbol MIN TYP MAX UNIT 

00- p--- NB G Input Pulse Width tuw 7 ns 

G ---< r-- pe Data Set UpTime tSD 1 ns 

p--- Ne Data Hold Time tHD 3 n. 
I--- PO 

p--- NO 

Input Loading Factor Pin Name 

Itu G 
2 tu D 

Output Driving Factor Pin Name II 
IStu Any 

Output 

TTL Equivalent Circuit Function Table 

r----------. 14l7':i 
I I 14lS75 Inputs Outputs 
I I 

DA QA 

~ D G P N 
I DB OA 

DC OB ~ H H Po No DO OB =b r,;;,-, I O( 

L~_J I 
EN 

oe --!-<> L H Po No 
I OD 

~ L I QD H H L 
74SQ4 I 

14lS04 I I 
L L L H '- _________ .J 

AV·LT4·EI I I LT4 I Sheet li~ 
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• 

AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

Equivalent Circuit 

r--------------------------------, 

..-------1 ">()---I--o PA 

DA ~O---'--O NA 

GO~ 
GO 

GO 

~--------------------------------~ 
DO 0---... : __ ---:!---O PB 

I i 0 N8 

~--------------------------------~ 
DC 0---... , -- , , :=:'~==O PC I i 0 NC 

~--------------------------------~ , :=:+==:0 PO DO o---+-- 0 NO 

Definition of Parameters 

(Case 1) 

G--~ 

- - _.A-----+-"""'\I..-o __ -.J''U. _____ _ -'1'----

Q, XQ ---+--------'1"-

(Case 2) 

1· ........ --- tpd 

G 
\. 

o ------~------.l/---­
----"I'- - - - - -'1'---

------- -----.v--
Q, XQ _____ -+ ____ -'1'_ 

AV-LT4-El 

3-156 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

LTK II-bit Data Latch 4 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.42 0.25 1.63 0.14 D .... Q 
2.43 0.25 2.18 0.14 D .... XQ 
5.35 0.25 3.61 0.14 G .... Q 
4.41 0.25 6.11 0.14 G ... XQ 

0- f---o 

Parameter Symbol MIN TYP MAX UNIT 
G --<> 

G Input Pulse Width \CW 6 ns 

~xo Data Set UpTime t~m 2 ns 

Data Hold Time tHD 2 ns 

Input Loading Factor Pin Name 

2tu D 
1 tu G 

Output Driving Factor Pin Name D 
18(u Q 
18 (u XQ 

function Table 

Inputs Outputs 

D G Q XQ 

X H Qo XQo 

H L H L 

L L L H 

AV·LTK-El I J LTK I Sheet 112 
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III 

A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

Definition of Parameters 

(Case 1) 

G--'""'\I 

D ___ .... , .... 

FUJITSU A V-CMOS Gate Arrays 

"AV· Version 

r--------------------------------~ 

GO 

--L 

T 
Go 

...-----1 >:: ___ "",,,!--o 0 

Go 

--L 

GO 

>0--...... -0 '0 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I I L ________________________________ ~ 

tHD .......... 

Q, XQ ---+--------'1'" 

(Case 2) 

G 

"'---+---'1 
~ tC;(i -..""--' tHO 

- - - - - - .... 1,-----.11- - --D _____ '1'"- ____ ....,.'--__ 

-- -- ,"",---
Q,XQ 

_too_ 

AV-LTK-El Sheet 212 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

LTL II-bit Data Latch with Clear I 5 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCl 

2.20 0.25 1.40 0.14 CL ... Q, XQ 
1.56 0.25 1.83 0.14 D ... Q 
2.63 0.25 2.32 0.14 D ... Xq 

0- -J 
5.49 0.25 3.81 0.14 G ... Q 
4.61 0.25 6.25 0.14 G ... XQ 

G--o Parameter Symbol MIN TYP MAX UNIT 

G Input Pulse Width t(j\\, 6 n 
:>-- <Q 

Clear Pulse Width tr..w 2 ns 

I Data Set Up Time tSD 2 ns 

Data Hold Time tHO 2 ns 

CL Data Input Release Time tREM 3 ns 

Input loading Factor Pin Name 

2eu D 
Ifu G 
Ifu CL 

Output Driving Factor Pin Name II 
18tu Q 
18tu XQ 

Function Table 

Inputs Outputs 

CL D G Q XQ 

L X H L H 

H X H Qu X(t" 

H H L II L 

H L L L H 

AV·LTL-EI I I LTL J Sheet 1,'2 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "AV· Version 

Equivalent Circuit 

r--------------------------------, 

D 

I 
I 
I 

>:>---1-0 Q 

>:>---.--1 ;>0--""--<> XQ 

GO 

~--------------------------------~ 

GO~ 
GO 

Definition of Parameters 

(Case 1) 

D __ -J''-/. ______ -'1''--__ _ 

Q. XQ ---+--------'1'-

(Case 2) 

G 

- - - - - - V----~- - --D _____ '1'- ____ -'1''--__ 

- - - - -.111'""---
Q.XQ 

AY·LTL·EI 

3·160 

(Case 3) 

Note*: 

G input must be high level at the time 
thIS latch IScieared. 
If Clear is input. while G-input is low) 
the spike may be caused on 
the output or this latch may oscUlat.e. 

Sheet 2/2 



FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

LTM 14-bit Data Latch with Clear 15 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

DA- -PA 2.20 0.25 1.40 0.14 CL ..... p.:>! 
1.56 0.25 1.83 0.14 D ..... P 

DB- :>-- NA 2.63 0.25 2.32 0.14 D ..... N 
6.88 0.25 5.20 0.14 G ..... p 

DC- I--PB 6.00 0.25 7.64 0.14 G ..... N 

DD- p---NB Parameter Symbol MIN TYP MAX UNIT 

t-- Pc G Input Pulse Width tow 7 ns 
G~ 

p--- NC Clear Pulse Width tLW 2 ns 

t-- PD Data Set Up Time tso 2 ns 

p--- NO Data Hold Time tHO 3 ns 

Data Input Release Time tREM 3 ns 

r 
CL 

Input Loading Factor Pin Name 

2fu DA-DD 
1 fu G 
4tu CL 

Output Driving Factor Pin Name II 
18tu PA-PD 
18 fu NA-ND 

Function Table 

Inputs Outputs 

CL D G P N 

L X H L H 

H X H Po Sn 

H H L H L 

H L L L H 

AV-LT:.I-E1 I I LTM I Sheet 112 
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II 

AV-CMOS Unit Cell Liblary FUJITSU A V-CMOS Gate Allays 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

Equivalent Circuit 

DB 

DC 

r--------------------------------, 
I 

CL I 

DA 

PA 

>0--..... -0 NA 

GO 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~--------------------------------~ :------0 PB 
I ~NB 

~--------------------------------~ :------0 PC 
I ~NC 

~--------------------------------~ 

000-----0 
I 

'-----0 PO 
~NO 

Definition of Parameters 

(Case 1) 

G ---"\I 

0 ___ .1'0'-'-

Q. XQ ---+-----__ -'1'-

(Case 2) 

G 

- - - - - - V----""\ll- - - -o _____ ~ ___ _ -'1''''----

------- ----~--Q. XQ _____ -+ ____ -'1' _ 
_ tpd_ 

AY·LTM·El 

3-162 

(Case 3) 

Note·; 

G input must be high level at the time 
thiS latch IS cleared. 

If Clear 1s inputted whUe G-:l.nput is low, 
the spike ma,. be caused on 
the output or this latch .. .,. oscillat.e. 

Sheet 2/2 



Shift Register Family 

Unit Cell Basic 
Page Name Function Cells 

3-165 FS1 4-bit Serial-in Parallel-out Shift Register 18 

3-168 FS2 4-bit Shift Register with Synchronous Load 30 

2-171 FS3 4-bit Shift Register with Asynchronous Load 34 

D 

3-163 
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FUJITSU AV-CMOS Gate Arrays 

Cell Name I Function 

FSI 14-bit Serial-in Parallel-out Shift Register 

Cell Symbol Propagation Delay Parameters 

SD~ 

CK ---() 

Input Loading Factor 

leu 
leu 

Output Driving Factor 

l6iu 

-QA 

-QS 

-QC 

-QO 

Pin Name 

SD 
CK 

Pin Name 

Q 

tup teln 

KCL 

6_39 0_25 7.88 

Parameter Symbol MIN 

Clock Pulse Width tcw 

S-Data Set Up Time tsD 

S-Data Hold Time tHD 

Clock 
C = 16iu tcwLO 

Pause C = 32tu tcWL· 
Time 

C = 64tu tcWLO 

AV-CMOS Unit Cell Library 

I Number of BC 

I 18 

Path 

KcL 

0.14 CK-+Q 

TVP MAX UNIT 

6 ns 

ns 

5 ns 

9 ns 

IS ns 

39 no 

o The value oftcwj. depends on the load (C) connected to the output 
terminals, QA, \lB, QC. and QD. 

Equivalent Circuit 0. Oc 00 

r-------------------------------------- -T-- --T-- --T-- --, , 
, CKo 

so !-t-CKO 1:tJ-r1C>~~--~~ 
:--r --r 

-' CKo 
I" CK, "CK, I:, CKo , CKo 

~l~ ~ 
: ,---r=CKO 1 Bit CKo L ________________________________________ • _____ • _____ ~ ____ _ 

CK 

AV-FSI-E2 I I FSI 1 Sheet 11:1 

3-165 
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• 

A V-CMOS Unit Cell Library FWITSUAV-CMOS ~teArrays 

Fujitsu CMOS Gate Array Unit Cell Specification • A V· Version 

TTL Equivalent Circuit 

Qo 

so "'" "'" "'" ;---i----; 
I I 

H--_-l PR t--<t--....... -t-t 

CK 

74504 
74LS04 

I 
I 
I 
I 
I 
I 

I I 
,--- ----" 

"'" 74574 
74LS74A "'" 

Definition of Parameters 

-tcw • tCWL 

CK ----i 

so 
"I .... t so -

_t
HO =* X 

I 
• tpd 

AV-FSI-E2 

o Q 
CK 
CLRQ 

"' " 

r-

.I 
X 
I 

3-166 

74574 
74LS74 

I 
I 
I 
I 
I 
I 
I 1 _______ .I 

74574 
74LS74A 

Sheet 2/3 



FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification I .. AV" Version 

FSl 
Function Table 

Inputs Outputs 

SD I CK QAI QB IQc IQo 

SD I ~ SO I QAnlQBnlQCn 

Note: -SO = HorL 

- QAn, QBn, and QCn are levels of 
QA, QB, and QC, respectively, 

before the falling edge ofCK, i.e. 

I bit shift by the falling edge of 

CK. 

II 

AV·FSI·E2 I I FSI I Sheet 313 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name lFunction I Number of BC 

FS2 14-bit Shift Register with Synchronous Load I 30 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

6.39 0.25 7.88 0.14 CK->Q 
PA- -QA 

PB- -QB 

PC- -QC 
Parameter Symbol MIN TYP MAX UNIT 

PD- -QO 
Clock Pulse Width tcw 6 ns 

50-
S-Data Set Up Time tso 2 ns 

S-Data Hold Time tHO 3 ns 
CK --0 

L-
P-Data Set Up Time tsP I ns 

P-Data Hold Time tHP 4 ns 

Load Set Up Time tsL 2 ns 

Load Hold Time tHL 2 ns 

C = 16 tu tCWL" 9 ns 
Clock 
Pause C = 32 tu tcwL- 15 ns 
Time 

C 6Hu tcWL" 39 ns 
Input Loading Factor Pin Name 

1 tu SO 
ltu CK 
I tu L 

II 
leu P 

Output Oriving Factor Pin Name 

16tu Q 

" The value oftCWL depends on the load (C) connected to the output 
terminals. QA. QB. QC. and QD. 

Equivalent Circuit 

~ QA ? ? Y 
~---------------------------------- -q- ~-I- ~-r , 

CKo 
I 

: C. --La, ¢-I> 
I .. .. 

so : .. .. 
:Lo _ 
I CKo CKo 

- I CKo -

C~ ~ -L ~KO 

.. .. .. .. 
Lo- f'.... : Lo -
~ l ________________________ ~KE ________________ 5!2 ________ ____ .! ____ .1 ____ J 

AV-FS2-E2 I I FS2 Sheet 1/3 

3-168 



FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification 

TTL Equivalent Circuit 

50 --+---L.:1..>>L:L-t----....... -f 

PA ___ ~-_=====~+_----~ 

CK --+--H 

PS 

PC ---+------t----~-f 

PO 

Definition of Parameters 

-tcw - .. tCWL 

CK ----I 

-- ~~~ -.- i:~----J 
50 

PA-PO 

QA-QO 

AV-FS2-E2 

- t,, __ I+- tHL ~ 

.. tpd 

3-169 

74504 
741504 

,--

"'.1 
X 
-I 

AV-CMOS Unit Cell Library 

"A V" Version 

"1 " 

"';'1';--.1 

----.I 
"1" 

____ .I 

"1" 

74574 
74LS74A 

QA 

74574 
74l574A 

QS 

74574 
74LS74A 

QC 

74574 
74L574A 

QO 

Sheet :!/3 
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AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate A"ays 

Fujitsu CMOS Gate Array Unit Cell Specification I" AV· Version 

FS2 Function Table 

Inputs Outputs 
SO L P CK QA QB QC QO 
SO L X L SO QAn QBn QCn 

X H P L PA PB PC PO 

Note: -SO = HorL 

- QAn, QBn, and QCn are levels of QA, QB, and 
QC, respectively, before the falling edge ofCK, 
Le. 1 bit shift by the falling edge ofCK. 

- P represents PA, PB, PC, and PO. 

AV·FS2·E2 I I FS2 I Sheet 3/3 
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FUJITSU AV·CMOS Gate Arrays A V·CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

FS3 14.bit Shift Register With Asynchronous Load I 34 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCl to K(L 

4.34 0.25 6.04 0.14 CK ... Q 
6.36 0.25 8.01 0.14 L"'Q 
1.98 0.25 3.63 0.14 P ... Q 

PA - -QA 

PS- -QS 
Parameter Symbol MIN TYP MAX UNIT 

PC- -QC 
Clock Pulse Width tr:w 6 ns 

PD- -QD 
Load Pulse Width tu.1, 8 ns 

SD-
S·Data Set Up Time t.'~1 3 11,s 

S·Data Hold Time 
CK-

tyu 3 ns 

P Set Up Time ILoad) Lp I ns 
L~ 

P Hold Time (Load) t:-.::p 4 ns 

Load Release Time tREM 3 ns 

Load Hold Time tINH 3 ns 

Input loading Factor Pin Name 

2eu CK 
leu L 
2 eu PA-PD 

SD 

Output Driving Factor Pin Name 

18h QA-QD 

Function Table 

INPUTS OCTPL'T 

L P SD CK Q 

L L X X L 

L H X X H 

H X L i L 

H X H i H 

A V·FS3-El I 1 FS3 1 Sheet 112 
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-A V-CMOS Unit Cell Ubrary 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

CK 

PA 

so 0----1 

p 

DO 

CKO 
XCKO 
XLDO 

LDO 

Q 

QO 

DO 

QA PB 

CKO 

Defini tion of Parameters 

CK 

SD 

L 

p 

AV·FS3·El 

FUJITSU AV-CMOS Gate Arrays 

.. AV· Version 

QB PC QC PO QO 

XCKO 

Sheet 2/2 
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Counter Family 

Unit Cell Basic 
Page Name Function Cells 

3-175 Cll Flip-Flop for Counter 11 

3-177 C41 4-bit Binary Asynchronous Counter 24 

3-180 C42 4-bit Binary Synchronous Counter 32 

3-183 C43 4-bit Binary Synchronous Up Counter 48 

3-186 C45 4-bit Binary Synchronous Up Counter 48 

3-189 C47 4-bit Binary Synchronous Up/Down Counter 68 

3·173 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

Cll I Flip-Flop for Counter 1l 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

·D·- 3.23 0.25 4.93 0.14 CK~Q, 
5.90 0.25 4.30 0.14 CK~XQ 

L·- -Q 1.58 0.25 1.83 0.14 CL~(l 
2.80 0.25 2.65 0.14 CL~XQ 

Parameter Symbol MIN TYP MAX UNIT 

CK- Clock Pulse Width tc.-w 6 11.5 

Clear Pulse Width tt.-w 3 ns 

TG- :>-- XQ Clear Release Time tRE:\-l 1 ns 

Load Set Up Time ICK) t~s. 5 IlS 

Load Hold Time ICK > tH:'" 1 ns 

1 Data Set L'p Time ICK) tS:J 3 I1S 

Data Hold Time ICK> tflO 2 ns 
CL 

TGSet Cp Time ICK) tST 6 ns 

TG Hold Time ICK) tHT 1 IlS 

Input Loading Factor Pin Name 

I tu D.CK 
2 tu L,TG,CL 

Output Driving Factor Pin Name II 
18 tu Q,XQ 

Function Table 

L 0 TG CL CK QIQo> 

X X X L X L 

H H X H I H 

H L X H I L 

L X L H t QIQo> 

L X H H t QIQO) 

AV-CII-EI I I CII I Sheet 1/2 
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--

A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

CL 

D 

LO 0>-----4 

TG 

Definition of Parameters 

• I 
CK _____ ~:- tew --:,.. _____ _ 

" I I I I I 

CL ~ tLW ~~~t~R~'M~~~--------
~ :/" : 

: ; : tHl 

:..--tSl~~ 

_______ ~l ! ~~-------
I : tHC' : 

'--t'D_~1 
o ----jr : X' ----

..J!'-----..- .­
I I t ... r I 

0..-- tST ----l...., 

TG~ : ~~----

AV-Cll-El 

I 
I 

FUJ"SU A V-CMOS Gate Arrays 

• A V' Version 

Q 

XQ 

Sheet 212 
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FUJfTSU A V-CMOS Gate A"ays 

Cell Name I Function 

C41 J 4-bit Binary Asynchronous Counter 

Cell Symbol 

CK-

. T· .( 
·CL 

Input Loading Factor 

1 tu 

Ouput Driving Factor 

18 tu 

Equivalent Circuit 

-QA 

--QB 

-QC 

-QD 

Pin Name 

CK,CL 

Pin Name 

Any 
Output 

QA 

A V-CMOS Unit Cell Ubrary 

Number of BC 

24 

Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

3.48 0.25 5.18 0.14 CK .... QA 
9.23 0.25 10.93 0.14 CK .... QB 
14.98 0.25 16.68 0.14 CK .... QC 
20.73 0.25 22.43 0.14 CK .... QD 

4.70 0.14 CL .... Q 

Parameter Symbol MIN TVP MAX UNIT 

Clock Pulse Width tcw 5 ns 

Clear Pulse Width tLW 5 ns 

Clear Release Time tREM 4 ns 

Clear Hold Time tINH ns 

Clock Pause Time tcWH 7 ns 

QB QC QD 

~;~ =lFT'\'""°j-Il--==t-'-~L""I!FT,\,""°j-I--==r-'-1""1!FT'\'""°j-Il--==t-'-~L ..... FT~O .... 
CLO ____ -----1_----__ ------', 

AV-C41·E2 I I C41 I Sheet 1/3 

3-177 

,j 
I' 
"I I" 

i1 
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II 

A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

FTO (Flip-Flop for Counter) (not Unit Cell) 

CKO QO O Q 

CKO -<> XQO 

CLO 

CKO 

Definition of Parameters 

TTL Equivalent Circuit 

CK 

74504 
74L504 

,.----, , , , , 
, , L ____ ~ 

r----' 

CLO 

CKO 

74L5393 
r--'--------, , , , , , QA , , QB , , CK QC , 

CL QD , , , 
L _____ I _____ J -t[>o: CL, +, ____ --' 

AV-C41-E2 

, , 
L. ____ -' 

74504 
74L504 

FUJITSU AV-CilfOS Gate Arrays 

H AV" Version 

Function Table 

CLO CKO Q 

L X L 

H t Qn-l 

Q 

...... ..---1 .>0--...... --<> QO 

CKO 

CLO 

'-----0 XQO 

QA 

OB 

OC 
OD 

Sheet 2/3 
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FUJrrsU A V-CMOS Gate Arrays AV-CMOs Unit Cell Ubrary 

Fujitsu CMOS Gate Array Unit Cell Specification I" AV· Version 

(41 Function Table 

Inputs Outputs 

CL ICK (QA-QDI 

H I t Count up 

L Ix L 

II 

AV-C41-E2 I I C41 I Sheet 3/3 
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AV-CMOS Unit eeR Ubrary 

Cell Name I Function NumberofBC 

C42 14-bit Binary Synchronous Counter 32 

Cell Symbol Propagation Delay Parameters 

,CK-

.. 'I' 

. Cl 

Input loading Factor 

1 tu 

Output Driving Factor 

18tu 

Equivalent Circuit 

CKO _ 

eKO -0 FT2 

r--- QA 

--QB 

r--- QC 

r--- QD 

Pin Name 

QA 

CK,CL 

Pin Name 

Any 
Output 

CKO _ 

~CKO-o FT2 

tup teln 

KCl 

6.55 0.25 

Parameter 

Clock Pulse Width 

Clear Pulse Width 

Clear Release Time 

Clock Pause Time 

Clear Hold Time 

QB 

CKO _ 

ao -0 FT2 

r- ~ 

QC 

r-

8.25 
4.06 

Symbol 

tcw 

tLW 

tREM 

tcWH 

tlNH 

CKO _ 

CKO -0 

r-o 

MIN 

FT2 

KCL 

0.14 
0.14 

TVP 

8 

5 

3 

6 

4 

QD 

MAX 

Path 

CK ..... Q 
CL ..... Q 

UNIT 

ns 

ns 

ns 

ns 

ns 

I 1 J tI 
CLO ------~~--+_----------+---~----~--~----~--_4-----J 

R ~CK ~CKO , CKO 

Cl o---(:>o--{::>o CLO 

AV-C42-E2 I I C42 I Sheet 1/3 

3·180 



FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

FT2 (Flip-Flop for Counter) (not Unit Cell) 

Function Table 

CKOVQ CKO 

TG QO 

CLO TG CKO Q<QO) 

L X X L 

H H t Qn-l 

H L t Qn-l 

CLO 

Q 
(LO 

~--_--oQO 

eKO CKO 

11 
TG --+-+--1 

Definition of Parameters 

CK---~ 

If --J'I 

(L ~---~---------------JJ 

AV-C42-E2 Sheet 2/3 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification '" AV· Version 

C42 
Function Table 

Inputs Outputs 

CL ICK (QA-QDl 

H I t Count up 
L Ix L 

II 

AV-C42-E2 , I C42 I Sheet 3/3 
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FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function 

C43 14-bit Binary Synchronous Up Counter 

Cell Symbol 

DA­

DB--­

DC--­

DD---

L---< 

(K­

EN­

(1-

Input Loading Factor 

1 tu 
Ieu 
Ieu 
2tu 

Duput Driving Factor 

18 tu 

·r . I 
(L 

t--- OA 

--- OB 

f--- O( 

t--- OD 

t--- CO 

Pin Name 

D 
L,EN 

CK,CL 
CI 

Pin Name 

Any 
Output 

Propagation Delay Parameter. 

tup 

to KCL to 

6.67 0.25 8.37 
13.40 0.25 12.44 
2.94 0.25 3.04 

5.54 
9.61 

Parameter Symbol MIN 

Clock Pulse Width tcw 

Data Set Up Time too 

Data Hold Time tHO 

Load Set UpTime tSL 

Load Hold Time tHL 

CI Set UpTime tse 

CI Hold Time tHe 

EN Set UpTime toE 

EN Hold Time tHE 

Clear Pulse Width tLW 

Clear Release Time tREM 

Clear Hold Time tlNH 

Clock Pause Time tCWH 

AV-CMOS Unit Cell Library 

Number of BC 

48 

Path 

KCL 

0.14 CK ..... Q 
0.14 CK ..... CO 
0.14 CI ..... CO 
0.14 CL ..... Q 
0.14 CL ..... CO 

TYP MAX UNIT 

8 ns 

2 ns 

4 ns 

4 ns 

4 ns 

6 ns 

1 ns 

6 ns 

1 ns 

7 ns 

5 ns 

8 ns 

8 ns 

Equivalent Circuit DA OA DB OB DC OC DD OD 

(L -H>-~;-----~~~------L~ =-------j--~o- ~-------d---L: ~------J--L~- ~-------J-------l 
L I ~ U; --0 Lo --0 Lo --0 La --0 : 

~ ~o (Ko - FH (Ko - FH (Ko - FT3 (Ko _ FH : 

;: :" "I>-~: I ,"0': I ,"0-= I ,"0': : 
: (Lo A~ (Lo fTT CLo r ~ (Lo 

i W 
i Lcf> rl/ ~ 
L _________________________________________________________________________________ J 

AV-C43-E2 I I C43 I Sheet 1/3 
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• 

A V-CMOS Unit Cell Ubrary 

Fujitsu CMOS Gate Array Unit Cell Specification 

FT3 (Flip-Flop for Counter) (not Unit Celli 9B.C. 

DA 
DB 
DC 
DO 

(K 

EN 

CI 

CL 

o 

D-r--..... 

Lo 

Lo 

(Ko 
(Ko 

roo 

CLo 

Lo ------+ 

TGo 

TTL Equivalent Circuit 

74LS161A 
r--------------., 
I 
I 

A 
B QA 
C QB 
0 QC 
L QD 
CK 
P 

T RC 
I 

CL I 
I L. ______ -------

AV-C43-E2 

QA 
QB 

QC 
QD 

CO 

Q 

Qo 

FW/TSU A V-CMOS Gate Arrays 

-AVVersion 

Function Table 

Lo 0 TGo CLo CK Q(Qo) 

X X X H X L 

H H X L t H 

H L X L t L 

L X H L t Q(Qo) 

L X L L t Q(QO) 

CLo 

";>o---Q 

):>--~- Qo 

CKO 

Definition of Parameters 

(K 

o 

CL 

L---'\J 

CI---

EN ---II 

Sheet 2/3 
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FUJITSU AV·CMOS Gag Arrays AV·CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Spetification I-A V Version 

C43 Function Table 

Inputs Outputs 
CL L D EN CI CK tQA-QDI 

L X X X X X L 
H L H X X t H 
H L L X X t L 
H H X X L X No Counting 

H H X L X X No Counting 
H H X H H t Count up 

Note: The CO output produces a high level output data 
when the counter overflows. 

II 

AY·C43·E2 1 1 C43 J Sheet 3/3 
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• 

AV·CMOS Unit Cell Library FUJITSU AV·CMOS Gate Arrays 

CeU Name I Fundion 

C45 14.bit Binary Synchronous Up Counter 

CeU Symbol Propagation Delay Parameters 

OA­

OB---

0(---

00---

L ----< 

(K­

EN­

(1-

Input Loading Fador 

ltu 
ltu 
ltu 
2tu 

Output Driving Fador 

18tu 

.. '1' 
(L 

t---QA 

--QB 

f--- Q( 

t---QO 

f--- CO 

Pin Name 

D 
L,EN 

CK,CL 
CI 

Pin Name 

Any 
Output 

tup ldn 

to Ka to 

6.64 0.25 8.34 
9.18 0.25 11.18 
1.46 0.25 2.41 

Parameter Symbol MIN 

Clock Pulse Width tcw 

Data Set Up Time tsD 

Data Hold Time tHD 

Load Set Up Time tsL 

Load Hold Time tHL 

CI Set Up Time tsc 

CI Hold Time tHe 

EN Set Up Time tsE 

EN Hold Time tHE 

Clear Set UpTime tSR 

Clear Hold Time tHR 

Clock Pause Time tcwH 

'I Number of BC 

1 48 

Path 

KcL 

0.14 CK-+QA-QD 
0.14 CK-+CO 
0.14 CI-+CO 

TVP MAX UNIT 

8 ns 

2 ns 

4 ns 

7 ns 

1 ns 

9 ns 

2 ns 

9 ns 

1 ns 

3 ns 

3 ns 

9 ns 

Equivalent Circuit DA QA DB QB D( Q( DD QO 

CL ~-~~~------L~ =-------d--~:~-------d--~: =------d--L~-~-------J-------1 
L ~ ~ LO -0 Lo'-C LO-O LO-O 

~i":'_~ ~o (Ko- FTl (Ko _ FT1 (Ko _ FTl (Ko _ FT1 
(K I (Ko ao -0 ao -c ao -0 ao --<l 

: (Ko.....o r-e: -<l --0 

~~: 1fS I I I I 
I n. 'A n. fT1 ceo /'" ....... ,~ 

! 4> rH L _________________________________________________________________________________ J 

AV·C45·E2 1 C45 1 Sheet 1/3 
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FUJITSU A V-CMOS Gate Arrays AV-CMOs Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

FT1 (Flip-Flop for COUNTER - NOT UNIT CELL 

eLo -----------, 

o >--- Q (Output) 

Lo------+ .... _--ct >--_- Qo 

eKo 

TGo -+-+<~ 

Svmbol Function Table 

0 Lo 0 TGo CLo CKo QCQo) 

Lo Q 
[0-0 

Qo 
eKo FTl 
eKo 

L X X H t L 

H H X L t H 

H L X L t L 
D 

TGo -0 
L X H L t QfQo) 

L X L L t QIQO) 

CLo 
Definition of Parameters 

TTL Equivalent Circuit 

eK 
74LS163A 

r--------------~ 
I 

DA I 
A o 

DB B QA QA 

De C QB OB 

DO D QC oe 

eL __________ t~S_R~::~~t:H~R~~-----------

L L QD 00 
eK CK 

EN P 
CI T RC eo 

I 
I CL CI ----II 
I L ____________ _ 

eL ____ --' 
EN --...JJ 

AV-C45-E2 Sheet 2/3 
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AV-CMOS Unit Cell Library FUJITSU AV-CMOS Gate A"ays 

Fujitsu CMOS Gate Array Unit Cell Specification I "AV" Version 

(45 Fundion Table 

Inpuu Outpuu 

CL L D EN CI CK (QA-QD) 

L X X X X t L 

H L H X X t H 
H L L X X t L 

H H X X L X No Counting 
H H X L X X No Counting 
H H X H H t Count up 

Note: The CO output produces a high level output data 
when the counter overflows. 

II 

AV·C45-E2 1 I C45 I Sheet 3/3 
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FUJtrSU A V-CMOS Gate Arrays AV-CMOs Unit Cell Ubra'Y 

Cell Name I Fundion I Number of BC' see note 

C47 14-bit Binary Synchronous Up/Down Counter I 68 

Ce"Symbol Propagation Delay Parameters 

tup teln Path 

to KcL to KCL 

6.82 0.25 8.52 0.14 CK-Q 
9.65 0.25 9.41 0.14 CK-CO 
4.96 0.25 4.43 0.14 L_Q 

DA- -QA 6.07 0.25 5.76 0.14 DV-CO 

DS- -QS 
Parameter Symbol MIN TVP MAX UNIT 

DC- -QC 
Clock Pulse Width tcw 10 ns 

DD- t--- QD 
Load Pulse Width 

L--c 
tLw 5 ns 

Data Set Up Time (L) tso 7 ns 
CK-

Data Hold Time (L) 
EN--C 

tHo 3 ns 

9 EN Set Up Time (CK) tSE ns 
DU- I>-- CO 

EN Hold Time (CK) tHE 3 ns 

DUSetUpTime(CK) tsu 11 ns 

DU Hold Time (CK) tHu 2 ns 

Clear Release Time tREM 3 ns 

Clear Hold Time tINH 8 ns 
Input Loading Fador Pin Name 

Clock Pause Time tcwH 10 ns 

1 eu D 
1 eu CK,DU 
2tu L 
3tu EN 

Output Driving Fador Pin Name II 
18tu Any 

Output 

Fundion Table nL Equivalent Circuit 

74LS191 
Inputs r--------------, 

Outputs , 
DA"'DD L EN DU CK (QA"'QD) DA-+ A 

1 L X X X H DB=t B QA H--QA 

DC , C QB H-- OS 
0 L X X X L 

DD --+ D 
X H H X f No Counting 

QC r-- OC 
L -f<: L QD rT- OD 

X H L L f Count Up CK =t CK ~ ____ , 
X H L H f CountDown 

EN ,G ~ 
DU --;- DU MAXIMINI ' , CO 

, " 
Note: 

L______________ L ____ ~ 
The CO output produces a low 74504 
level output Ilulse when the 74LS04 
counter over ows or 
underflows. Note·: C47 is not available for C350A VB or C540A VB. 

AV·C47-E2 I I C47 I Sheet 114 
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"'V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification • AV· Version 

Equivalent Circuit 

"" r---

co 
CK o-{> 4>=CKO "I 

CKO r"I 
O~LO 

DU 0 

~ ~ 
DA 

LO-

QA 

~ ~O- FT7 

CKO -0 

~ 5l EN 

DB QB 

• 
~W-I ~O- FT7 

CKO -0 

5l 

~ 
- LO-

CKO - FT7 

CKO -0 

~ 

QC 

"" DD QD 
L-~ LO-

,/ ~O-
CKO -0 

FT7 

-"" -
-

,/ 

AV-C47-E2 Sheet 2/4 
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FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification 

FT7 (Flip-Flop for Counter) (not Unit Cell) 

D Q 
LO 

(KO 
(KO 
TGO 

QO 
QO 

TGO 0-+---+-1 

AV-C47-E2 

AV-CMOS Unit Cell Ubrary 

• AV· Version 

Function Table 

Inputs 

LO D TGO CKO 

H H X X 

H L X X 

L X L t 
L X H t 

D 0---!>;i>l 
DO DO 

3-191 

Outputs 

QO(QI QO 

H L 

L H 

Qn-I Qn-I 

Qn-l Qn-l 

QO 

Q 

'---..... -_--0 QO 

DO 
LO 

Sheet 3/4 
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II 

AV-CMOS Unit Cell Llbtaty 

Fujitsu CMOS Gate Array Unit Cell Specification 

Definition of Parameters 

CK ___ '\.I tew -~ ... .--- tCWH -----I 

-tSD 
0---"'\1 

EN 

OU ---'I 

AVCC47-E2 

FUJITSU A V-CMOS Gate Amtys 

·VH" Version 

If 

If 

If 
....--. tlNH 

If \ 

If 

Sheet 4/4 
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Adder Family 

Unit Cell Basic 
Page Name Function Cells 

3-195 A1N 1-bit Full Adder 8 

3-197 A2N 2-bit Full Adder 18 

3-199 A4H 4-bit Full Adder 50 

o 

3-193 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

AIN II-bit Full Adder I 8 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

2.03 0.61 1.36 0.26 CI ... S 
5.23 0.61 2.96 0.26 A.B ... S 

B- -CO 1.75 0.54 1.33 0.24 CI ... CO 
1.85 0.54 2.13 0.24 A.B ... CO 

Parameter Symbol MIN TYP MAX UNIT 

A- -s 

.. ·1· 
CI 

Input Loading Factor Pin Name 

2tu A,B,CI 

Output Driving Factor Pin Name II 
tofu S,CO 

TTL Equivalent Circuit Function Table 

7480 74LS04 Inputs Outputs 

i--------~ ~ 
A CO A B CI S CO 

I ACn +-1 : L..:.-.J I L L L L L 
B I 

B Cnl:: 
I S H L L H L 

L ___ + ___ J L H L H L 
H H L L H 
L L H H L 

CI H L H L H 
L H H L H 
H H H H H 

AV·AI:'>i·EI I I Al:-; I Sheet 1:2 
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A V-CMOS Unit Cell Lib,ary FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "AV" Version 

Equivalent Circuit 

A 0--.,.--1""1 
~-------------------------oco 

Clo-------,--C~~~------------------~_t~ 

II 

AV-AIN-El Sheet 2/2 
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FUJITSU AV-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name Function I Number of BC 

A2N 2-bit Fuji Adder 16 

Cell Symbol Propagation Delay Parameters 

tup tefn Path 

to KCL to KCL 

4.93 0.61 3.06 0.26 CI ..... SI,82 
5.23 0.61 2.96 0.26 A.S ..... 81,82 
4.65 0.54 3.03 0.24 c:t ..... CO 
4.75 0.54 3.83 0.24 A,S ..... CO 

B2- I--- CO 

A2- Parameter Symbol MIN TYP MAX UNIT 

Bl- I--- 52 

AI- l--- 51 

.. ., 
. (1 

Input Loading Factor Pin Name 

2tu A,S,CI 

Output Driving Factor Pin Name II 
10fu 8,CO 

TTL Equivalent Circuit 

7482 

,..--------, 
I +-(0 A2+ A2 C2 

82 -+- 82 E2 +52 
AI -t AI El +-51 

81 -+- 81 CO : 
I I 

L----r-·--.J 

CI 

AV·A2"'·EI I I A2N I Sheet 112 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification "A V" Version 

Function Table 

Outputs 

Inputs CI=L I CI=H I 

Al BI A2 B2 SI S2 CO SI S2 CO 

L L L L L L L H L L 

H L L L H L L L H L 

L H L L H L L L H L 

H H L L L H L H H L 

L L H L L H L H H L 

H L H L H H L L L H 

L H H L H H L L L H 

H H H L L L H H L H 

L L L H L Ii L If H L 

H L L H H Ii L L L H 

L H L H H H L L L H 

H H L Ii L L Ii H L H 

L L H H L L H H L H 

H L Ii H H L H L H Ii 

L H H Ii H L H L H H 

H Ii H H L H H H H Ii 

II 
Equivalent Circuit 

co 
A2 o-..----f-, 

62 0--4--I::~ 

52 

A1o-_--f~ 

61 o----bof 
51 

CI 

AV-A2!\i-EI Sheet 212 
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FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function 

A4H 14-bit FuJI Adder 

Cell Symbol 

B4- I--- CO 

A4- I--- S4 

83-

A3- r-- 53 

B2-

A2- I--- 52 

B1- .. 
A1_ '--- 51 

., 

.. 

CI 

... 

Input Loading Factor Pin Name 

2fu A.B,CI 

Output Driving Factor Pin Name 

10fu S 
18fu CO 

TTL Equivalent Circuit 

74L583A 
r---------, , , , , 

A4j: 
, 

A4 C4 p:co 
B4 -+- 84 E4 , 54 
A3 , A3 r+- 53 83 :::t B3 E3 
A2 -+- A2 ~52 B2 , 82 E2 
A1 :::j:: A1 , 
81 , 81 E1 Lf- 51 , 

CO 
, , , , , 

L----t----.J 
C, 

AV·A4H-E1 

Propagation Delay Parameters 

tup tdn 

to KCL to 

6.73 0.61 5.16 
8.13 0.61 5.76 
5.04 0.25 5.79 
5.64 0.25 7.19 

Parameter Symbol MIN 

I 

3-199 

AV-CMOS Unit Cell Library 

Number of BC 

50 

Path 

KCL 

0.26 rI - S 
0.26 A.B - S 
0.14 rI - CO 
0.14 A.B - CO 

TYP MAX UNIT 

A4H I Sheet 113 

il 

i1 
I.; 

II 
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AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Fujitsu CMOS Gate Array Unit Cell Specification I· AV· Version 

Function Table 

Outputs 

Inputs 

CI~ CI~ C,=L C,.H 

X; A3 /-' B3 % A4 ~ B4 I~ 53 ~ 54 Yo CO ~ 53 !~ 54 IYo CO 

L L L L L L L H L L 
H L L L H L L L H L 

L H L L H L L L H L 
H H L L L H L H H L 

L L H L L H L H H L 

H L H L H H L L L H 

L H H L H H L L L H 

H H H L L L H H L H 

L L L H L H L H H L 
H L L H H H L L L H 

L H L H H H L L L H 

H H L H L L H H L H 
Note: 

L L H H L L H H L H Input conditions at A 1, B1, B2 and CI are used 
H L H H H L H L H H to determine outputs 51 and 52 and the value 

of the internal carr~ C2. The values at C2, A3, 
L H H H H L H L H H B3, A4 and B4 are t en used to determine 
H H H H L H H H H H outputs 53, 54, and CO. 

II 

AV·A4H·El I I A4H I Sheet 2/3 
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FUJ"SU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Fujitsu CMOS Gate Arrav Unit Cell Specification H AV" Version 

Equivalent Circuit 

co 

B4 

A4 
54 

B3 

53 
A3 

II 
B2 

52 
A2 

B1 

51 
A1 

CI 

AV-A4H-El Sheet 3/3 
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Miscellaneous Functions 

Unit Cell Basic 
Page Name Function Cells 

3-205 MC4 4-bit Magnitude Comparator 42 

3-207 DE2 2:4 Decoder 5 

3-208 DE3 3:8 Decoder 15 

3-209 SM1 Schmitt Trigger Input 8 

3-211 SM2 Schmitt Trigger Input 7 

3-213 BD3 Buffer (Delay Cell) 5 

3-214 BD5 Buffer (Delay Cell) 9 

3-215 BDS Buffer (Delay Cell) 17 

II 

3-203 
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FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

MC4 14-bit Magnitude Comparator I 42 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

9.25 0.25 8.70 0.14 AorB .... OE 
8.77 0.46 8.33 0.13 A or B -+ 

83 - OG.OS 
A3- 4.75 0.25 4.60 0.14 IE .... OE 
82 - 4.67 0.46 3.83 0.13 IS .... OG. 
A2- IG .... OS 
81- 6.07 0.46 5.53 0.13 IE .... OSor 
Al- OG 
80 -
AO-

Parameter Symbol MIN TYP MAX UNIT 

IG- f-- OG 

IE- f-- OE 

IS- f-- OS 

.. 

Input Loading Factor Pin Name 

3fu A.B 
leu IS,IE,IG 

Output Driving Factor Pin Name II 
18fu DE 
10fu OG,OS 

Function Table 
74LSB5 Compatible 

Comparing Inputs Cascading Inputs Outputs 

IG IS IE OG OS OE 
A3.B3 A2,B2 AI,BI AO,BO IA>BI IA<BI IA=BI IA>B. IA<B. IA=BI 

A3>B3 X X X X X X H L L 
A3<B3 X X X X X X L H L 

A3=B3 A2>B2 X X X X X H L L 
A3=B3 A2<B2 X X X X X L H L 

A3=B3 A2=B2 AI>BI X X X X H L L 
A3=B3 A2=B2 AI<BI X X X X L H L 

A3=B3 A2=B2 Al=Bl AO>BO X X X H L L 
A3=B3 A2=B2 AI=BI AO<BO X X X L H L 

A3=B3 A2=B2 AI=BI AO=BO X X H L L H 
A3=B3 A2=B2 AI=BI AO=BO H L L H L L 
A3=B3 A2=B2 AI=BI AO=BO L H L L H L 
A3=B3 A2=B2 AI=BI AO=BO H H L L L L 
A3=B3 A2=B2 AI=Bl AO=BO L L L H H L 

AV·~C4·EI I 1 ~fC4 I Sheet 1/2 
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AV-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Equivalent Circuit 

AV-YlC4-EI 

A3 
B3 

A2 
82 

15 

IE 

IG 

A1 

B1 

AO 
BO 

i}-

i}-

i}-

I 

FUJITSU A V-CMOS Gate Arrays 

• AV· Version 

~ 
D-

I 
I 

\ 

"I 

~ 
~ 

r---./ 

I>-~ 

r--

OG 

,L) 
OE 

r--
>--
Lr"I 

r--

~ 
P-

r-r"I 

05 

\ 

I 
I 

~ 
I 

I \[C4 1-Sheet 212 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function 1 Number of BC 

DE2 12:4 Decoder 1 5 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

LOS 0.27 1.29 0.19 A, B --+ X 

A- '-- XO 

-Xl Parameter Symbol MIN TYP MAX UNIT 

-X2 

B - -X3 

Input Loading Factor Pin Name 

3 tu A,B 

Output Driving Factor Pin Name II 
IStu X 

TTL Equivalent Circuit 74504 74500 Function Table 
74L504 r-----' ~.?1l"SQ~ , , , , , I I I A 

I I 
I I 

, 
XO , , , L _____ J , , , , 

Inputs Outputs t------t 

Lff)' , , 
A B XO Xl X2 X3 , , Xl 
L L L H H H , , , 
H L H H L H , , 

1------4 
L H H L H H , I 

r-----' I I 
H H H H H L I I , I , , I X2 

B , 
I I 

, , 
I , I , 
L _____ J 1----- ... , , , I 

, I , 
X3 

I , I 

AV-DE2·EI I I , 
I DE:? 1 Sheet 1/1 1..----..1 
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AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate A"ays 

Cell Name 1 Function I Number of BC 

DE3 13 : 8 Decoder 1 15 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

3.68 0.27 3.29 0.28 A,B,C -+X 
I--- xo 

A- I--- Xl 

r-- X2 

I--- X3 
Eguivalent Circuit 

8-
I--- X4 74504 74510 

I--- X5 
74L504 74LS10 

r-----' r-----' c- r-- X6 I I 
I ... I 

A I I I 

-X7 
I 

I I I I I XO L _____ J 

I I I 
r-----' ,- I 

Y-t> : I 
~----- .. 

I I +f'\ 
I 

I I I 
L _____ .1 I 

'I 
Xl , 

,- I , 
fo-----i r-----' 

+f'\ I , , , 
Input Loading Factor Pin Name 8 

, , I , X2 
I , , I , 
L _____ .I 

I 

Itu A,B,C ,- , 
fo-----" 

II 
r-----' ---t-r\ 

, , --H> ' , , , 
X3 , , ' I , 

I L _____ J , - , 
Output Driving Factor Pin Name 

.. -----1 
,_ ..... , 
I' 

I 

r-----' 
, 

X4 14tu X , I 
I I , 

c , , , , , 
1- , , , 
t-----i L _____ J 

~+r 
, , 

r-----' , 
X5 4t> I 

, I , 
Function Table ' , , , , ,-, I 

, 
L _____ J ,.-----'4 ,- I , 

" 
I 

X6 
Inputs Outputs ' I I 

I ,- , 
fo-----i 

A B C XO XI X2 X3 X4 X5 X6 X7 ' ..... I 
I 

" 
, 

X7 
L L L L H H H H H H H , I , 

,- , 
L L H H L H H H H H H , 

10----- .. 
L H L H H L H H H H H 

L H H H H H L H H H H 

H L L H H H H L H H H 

H L H H H H H H L H H 
H H L II H H H H H L H 

H H H H H H Ii II H H L 

AV·DE3·EI 1 DE3 1 Sheet III 
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FUJITSU A V-CMOS Ci<tte Arrays 

Cell Name I Function 

8Ml I Schmitt·Trigger Input 

Cell Symbol Propagation Delay Parameters 

tup fdn 

-Q 

0-

::l-XQ 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

18 tu Q.XQ 

Equivalent Circuit 

0 

7.70 
12.7 

Param·eter 

KCL 

0.16 
0.16 

Positive· going Thre.hold 
Voltage' 

Xegative·going Threshold 
Voltage' 

Hysteresis· 

Data Pulse Width 
(Positive Pulse. 
Negative Pulse) 

XQ 

>0--0 Q 

Note: 8MI must not be used with 8M2 in one chip. 
Also. the rule of usage on the next page should be observed. 

10.6 
7.40 

Symbol 

VT + 

VT -

VT + -
V,... 

tDW 

MIN 

2.5 

0.7 

1.1 

Function Table 

Input Outputs 

0 Q XQ 

I. L H 

H H L 

AV·CMOS Unit Cell Ubrary 

KCL 

0.10 
0.11 

TVP 

3.3 

1.4 

1.9 

25 .... 

Number of BC 

MAX 

4.0 

2.0 

2.7 

8 

Path 

D~Q 
D ... XQ 

UNIT 

V 

V 

V 

AV·8MI·E2 I I 8M I I Sheet 1i2 
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II 

A V-CMOS Unit Cell Library 

Fujitsu CMOS Gate Array Unit Cell Specification 

Rule of Usage 

SMI must be used with 1T1, 110 cell for only protection circuit, as shown below. 
ITI is available only for SMI. 

EXTI [> 

AC Spec Condition 

VIL = 0.6 V, V,H = 4.0 V 
t, = tt = 10 ns 
Voo = 5V, TA = 25'( 

Hysteresis Characteristics 

VDD ------r------..,..---

Vout 

VT - (Typ.) = 1.4V VT + (Typ.) = 3.3V 

Note": The specification is expressed as follows: 

Values of VT +, V, - and VT +- - VT - are for reference only. 

V'H(m;n) = Voo x 0.8 (V) 

VIL(m.,) = 0.6(V) 

(Voo = 5V ± 5%, TA = 0-70°C) 

'f'*minimum value with typical' operation conditions. 

AV-SMl-E2 I 
3-210 

FUJITSU A V-CMOS Gate Arrays 

InAV· Version 

I 8Ml I Sheet 2/2 



FUJITSU A V-CMOS Gate Arrays ,'IV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

SM2 . I Schmitt-Trigger Input 7 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

7.30 0.16 11.6 0.13 D_Q 
13.8 0.14 6.50 0.07 D .... XQ 

f--Q 

D- Parameter Symbol MIN TYP MAX UNIT 

Positive-going Threshold VT + 1.4 1.9 2.5 V 
b-xQ Voltage* 

Segati\'e-going Threshold VT - 0.8 1.3 1.8 V 
Voltage* 

Hysteresis· VT +-
V,.... 

0.4 0.6 0.7 V 

Data Pulse Width 
(Positive Pulse., 
Negative Pulse) 

tDW 25 *" 

Input Loading Factor Pin Name 

D 
stu 

Output Driving Factor Pin Name o 
18tu Q,XQ 

Equivalent Circuit Function Table 

Input Outputs 
D 

XQ D Q XQ 

L L H 

H H L 

Q 

~ote: 8M2 must not be used with 8Ml in one chip. 
Alsu. the rule of usage on the next page should be observed. 

AV·S:l.12·E2 I SM2 I Sheet 1/2 
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AV·CMOS UnitCellUbrary 

Fujitsu CMOS Gate Array Unit Cell Specification 

Rule of Usage 

SM2 must be used with IT!, 110 cell for only protection circuit, as shown below. 
IT! is available only for Schmitt·Trigger Input. 

EXTI C> 

AC Spec Condition 

v" = 0.6 V, V,H = 2.6 V 
t, = t, = IOns 
VDD = SV,T. = 25'( 

Hysteresis Characteristics 

VDD ------r--------;----

Vout 

VT·{Typ) 
= 1.3V 

Note': The specifICation IS expressed as follows: 

Values of V r +, V,·· and V, + - V, - are for reference only. 

V,Hlmin) = VOD xO.5 (V) 

V,L1m .. ) = O.S{V) 

(VDD = 5V ± 5%, T. = 0-70'C) 

1I *minimum value with typical operation conditions. 

AV-SM2-E2 I 

3·212 

FUJITSUAV·CMOS Gate Arrays 

I "AV' Version 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

BD3 I Buffer cDelay Cell) I 5 

Cell Symbol Propagation Delay Parameters 

to 

I1.S0 

· ----I>---". . ...... . . . . . . ... . 
A X 
· . . . . . ... . 
· . . .. . ...... . 

Parameter 

Input Loading factor Pin Name 

I tu A 

Output Driving Factor Pin Name 

IStu X 

TTL Equivalent Circuit (Logic Function Equivalent only The propagation 
delay time IS not equivalent.) 

r-----' r-----' --H>+--+--C>+-I I I I 
I I I I 

I I I I 
I I I I L _____ .I 

74504 
74LS04 

AV-BD3-EI 1 

74504 
74LS04 

3·213 

Path 

KCL 

0.16 11.76 0.10 A-+X 

Symbol MIN TVP MAX UNIT 

I BD3 I Shoet III 

II 



• 

A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function NumberofBC 

BDS I Buffer melay Cell) 9 

Cell Symbol Propagation Delay Parameters 

to 

22.18 

· . -----r>---' .. . ...... . · .... . ... . 
· A X 
· . . . . . . . . . . 
· . . . .. . ...... . 

Parameter 

Input Loading Factor Pin Name 

1 tu A 

Output Driving Factor Pin Name 

18tu X 

TTL Equivalent Circuit (Logic Function Equivalent only. The propagation 
delay time IS not equivalent.) 

r-----' r-----' -H>+-H>+-I I I I 
I I I t 

f I I I 
I I I I 

AV·BDS-EI 

74504 
74L504 

1 

74504 
74L504 

3-214 

Path 

0.16 18.78 0.10 

Symbol MIN TVP MAX UNIT 

I BD5 I Sheet 111 



FUJrrsu A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

BOS I Buffer fOelay Cell) 17 

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

43.10 O.IS 32.S0 0.10 A ..... X 

· ----I>--· .... . .... Parameter Symbol MIN TYP MAX UNIT 
A X 

· . . . . . . . . . 
. . . .. . .... 

Input Loading Factor Pin Name 

leu A 

Output Driving Factor Pin Name II 
IStu X 

TTL EqUivalent Circuit (Logic Function EqUivalent only_ 
delay time" not equivalent.) 

The propagation 

r-----' r-----' 

--+-t>++t>+-I I I I 

I I I I 
I I I I .. -----~ L. _____ ..I 

74504 74504 
74L504 74LS04 

AV-BOS-EI I I BOS I Sheet III 
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I/O Cell Family 

Unit Cell 
Page Name Function 

Input Buffers 

3-219 12B Input Buffer (True) 

3-220 12BU 12B with Pull-up Resistance 

3-221 12BD 12B with Pull-down Resistance 

3-222 ILB Clock Input Buffer (True) 

3-223 ILBU ILB with Pull-up Resistance 

3-224 ILBD ILB with Pull-down Resistance 

3-225 IKB Clock Input Buffer (Inverter) 

3-226 IKBU IKB with Pull-up Resistance 

3-227 IKBD IKB with Pull-down Resistance 

3-228 12C CMOS Interface Input Buffer 

3-229 12CU 12C with Pull-up Resistance 

3-230 12CD 12C with Pull-down Resistance 

3-231 IT1 Input Buffer for Schmitt Trigger Input 

3-232 Inu IT1 with Pull-up Resistance 

3-233 IT1D In with Pull-down Resistance 

Output Buffers 

3-234 02B Output Buffer (True II 
3-235 02L Power Output Buffer (True) 

3-236 04T 3-state Output Buffer (True) 

3-237 04W Power 3-state Output Buffer (True) 

3·217 



1/0 Cell Family (Continued) 

3-state Output and Input Buffers 

3-238 H6T 3-state Output and Input Buffer (True) 

3-239 H6TU H6T with Pull-up Resistance 

3-240 H6TD H6T with Pull-down Resistance 

3-241 H6W Power 3-state Output and Input Buffer (True) 

3-242 H6WU H6W with Pull-up Resistance 

3-243 H6WD H6W with Pull-down Resistance 

3-244 H6C 3-state Output and CMOS Interface Input Buffer (True) 

3-245 H6CU H6C with Pull-up Resistance 

3-246 H6CD H6C with Pull-down Resistance 

3-247 H6E Power 3-state Output and CMOS Interface Input Buffer (True) 

3-248 H6EU H6E with Pull-up Resistance 

3-249 H6ED H6E with Pull-down Resistance 

3-250 H6D 3-state Input and Output Buffer for SM1. SM2 

3-251 H6DU H6D with Pull-up Resistance 

3-252 H6DD H6D with Pull-down Resistance 

High-Drive Buffers 

3-253 02L2 02L with 20mA Drive 

3-254 04W2 04W with 20mA Drive 

3-255 H6W2 H6W with 20mA Drive 

3-256 H6Wl H6WU with 20mA Drive 

3-257 H6WO H6WD with 20mA Drive 

3-258 H6E2 H6E with 20mA Drive 

3-259 H6El H6EU with 20mA Drive 

3-260 H6EO H6ED with 20mA Drive 

3-261 02B2 02B with 10mA Drive 

3-262 02B3 02B with 15mA Drive 

3-263 04T2 04T with 10mA Drive 

3-264 04T3 04T with 15mA Drive 

3-265 H6T2 H6T with 10mA Drive 

3-266 H6T3 H6T with 15mA Drive 

3-267 H6C2 H6C with 10mA Drive 

3-268 H6C3 H6C with 15mA Drive 

3-269 OH Crystal Oscillator CMOS Interface Input Buffer with 
Schmitt Trigger 

3-270 OTl Output Buffer with Protection Circuit Only 

3-218 



FUJ/rSUAV-CMOSGateArrays AV-CMOS Unit Cell Ub,ary 

CeU Name I Function I Number of BC 

12B I Input BulTer (True) I -
CeU Symbol Propagation Delay Parameters 

. . . 
x ~ ---t>+-. 

. . . 

Input Loading Factor Pin Name 

Output Oriving Factor Pin Name 

36tu IN 

TTL Equivalent Circuit 

r-----~ r-----' -+t>+----H>+-' I I I 
I I I I 

I I I I 
I I I I 

A V·12B-t:l 

L _____ ~ L _____ ~ 

I 

74504 
74LS04 

74S04 
74lS04 

Path 

KCL 

2.06 0.06 3.08 0.08 X-+IN 

Parameter Symbol MIN TYP MAX UNIT 

I 12B 1 Sheet 111 

3-219 
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III 

A V-CMOS Unit Cell Library FUJITSU AV-.CMOS Gate Arrays 

Cell Name I function I Number of BC 

12BU I Input Buffer with Pull Up Resistance (Truel I -
Cell Symbol Propagation Delay Parameters 

Input loading factor Pin Name 

Output Driving factor Pin Name 

3Stu IN 

TTL Equivalent Circuit 

--+t>+--H>T-
r-----~ ~-----~ 
I I I I 

I I I I 
~ _____ ~ ~ _____ J 

AV-12BU·El I 

74504 
74lS04 

14504 
74lS04 

2.06 

Parameter 

Path 

0.06 3.08 0.08 X ..... IN 

Symbol MIN TVP MAX UNIT 

Note: This cell is available for AVB Series only. 

I 12BU I Sheellil 
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FUJITSU A V-CMOS Gate AmlYs AV-CMOS Unit Cell Ub,ary 

Cell Name I Function NumberofBC 

12BD I Input Buffer with Pull Down Resistance (True) I 
Cell Symbol 

+-r>--..... 
.. . .. 

IN 
. . . . . 

. . .. . ... 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

36fu IN 

TTL Equivalent Circuit 

r-----' r-----' -H>+--+-t>t-I I I I 
I I I I 

I I I I 
I I I I 

AV·12BD-El 

L _____ ~ &. _____ ..1 

I 

14~04 

14lSQ4 

14SQ4 

14lS04 

Propagation Delay Parameters 

tup teln Path 

2.06 0.06 3.08 0.08 X ... IN 

Parameter Symbol MIN TVP MAX UNIT 

Sote: This cell is available for A VB Series only. 

I 12BD I Sheet III 
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• 

AV·CMOS UnitCellUbrary FUJITSU AV·CMOS Gate Arrays 

Cell Name I Function I Number of BC 

ILB I Clock Input BufTerlTruel I 
Cell Symbol Propagation Delay Parameters 

3.14 

----[>--... 
· .. 

CI 
· ... 
· ... .. 

Parameter 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

360tu CI 

TTl Equivalent Circuit 

r-----' r-------, 
:: I ~ : 

~,....-----I!--t 1 

~ : 
1 ",>-..;..' __ 

..-f--" co 

AV·ILB·EI I 

14SQ4 
74lS04 +1 ...... 

1 - 1 L _______ .I 

14'>40 

Path 

KCL to 

0.02 5.30 0.01 X-CI 

Symbol MIN TVP MAX UNIT 

I ILB I Sheet III 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

ILBU I Clock Input Buffer with Pull Up Resistance <True I 

Cell Symbol Propagation Delay Parameters 

Path 

KCL 

3.14 0.02 5.30 0.01 X-+CI 

. . . . .. . ---{>-" ... . 
x 0 

• • • •• • •••••• 

Parameter Symbol MIN TYP MAX UNIT 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

360 (u CI 

TTL Equivalent Circuit 

r-----' r-------, 
x 1 ~~:----------~:~~~ : 
~: I I 

L _____ .J :---:-- : + p.."";"':--o 
74SQ4 

74LS04 +~ : L _______ J 

74540 

AV-ILBC-EI I 

3-223 

Note: This cell is available for AVB Series only, 

I ILBC I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

.:Cell Name I Function I Number of BC 

[l.BD I Clock Input Bulfer with Pull Down ResIstance ,True, I 
Cell Symbol Propagation Delay Parameters 

Path 

KCL 

3.14 0.02 5.30 o.ot X ..... CI 

----{:>--.......... . . . . . . .. 
co 

. . . .. 
. .. .... . .. 

Parameter Symbol MIN TVP MAX UNIT 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

360 tu CI 

TTL Equivalent Circuit 

r-----' r-------, 
! ~,~:~--------~'__i~ : 
~I I I 

I I ~ : 

I ~~'-----~ .. (I 

I 

~i.J 
I - I I. _______ J 

~()te: This l'~IlI~ uvailable lin .. \ VB Series only. 

AV·ILBO·EI I I I1.BO I She.t Iii 

3·224 



FUJITSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

IKB I Clock Input Buffer .Invertl -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCl to KCl 

4.91 0.02 3.03 0.01 X .... CI 

----1>+-· . . . . . . . . 

X (I Parameter Symbol MIN TVP MAX UNIT 
· . . . . . . . . 
· . .. . ....... 

Input loading Factor Pin Name 

Output Driving Factor Pin Name II 
360(u CI 

TTL Equivalent Circuit 

r-------, , 
~ 

, 
1 

I I 

+- 1 
I , 1 

~ 1 + ..... 1 , , 
I 

L _______ J 

-," 74'>40 

,,"ote: This cell is available for AVB Series only. 

AV·IKB-~:I I I IKB ISheet 111 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function Number of BC 

IKBU I Clock Input Buffer with Pull Cp Resistance Ilnvertl 

Cell Symbol Propagation Delay Parameters 

tup fdn Path 

KCL KcL 

4.91 0.02 3.03 0.01 X .... CI 

----{>+--'" ....... . 
· . . . . ... . 

CI 
· . . . . . . . . 
· .. , ....... . 

Parameter Symbol MIN TVP MAX UNIT 

Input Loading Factor Pin Name 

II Output Driving ·Factor Pin Name 

360tu CI 

TTL Equivalent Circuit 

r-------, 
I ~ : 

----------~,r-~ , 
,---!- : 

, J>--.-'--
~ 

I 

~L...-' 
L _______ J 

~ 1" 741)40 

:-.rote: Thiscell is available for AVB Series only. 

AV-IKBU-El I I IKBt: I She.t 111 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Ce" Library 

Cell Name I Function I Number of BC 

IKBD I Clock Input Buffer with Pull Down Resistance (invert) I -
Cell Symbol Propagation Delay Parameters 

tup ldn Path 

to KCL to KCL 

4.91 0.02 3.03 0.01 X-+CI 

-----I>o--- . . . . . .... 
X CI Parameter Symbol MIN TYP MAX UNIT 

. . . . .... 
. . .. ........ 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name II 
360 eu CI 

TTL Equivalent Circuit 

r-------, , 
r""I 

, , , , 
r--L-

, , , , 
~ , , , 
~~ 

, , , 
L _______ J 

-," 74S40 

Sote: This cell is available for AVB Series only. 

AV-IKBD-EI I I IKBD I Sheet 111 
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II 

A V-CMOS Unit Cell UlHary 

Cell Name I Function 

12C I CMOS Interface Input Buffer 

Cell Symbol 

----{» .... 

.. , ..... 

Input loading factor 

Output Driving Factor 

36fu 
1Stu 

TTL Equivalent Circuit 

NI 

PI 

Pin Name 

Pin Name 

PI 
NI 

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

145004 
74lS04 

74'504 

74LS04 

NOTE·: tdn lPIl = totdnJ + KCL1dni >C CL1(ul 
tuplPIl =to!UPl - KCL(UPI)( eLleU) 

AV·12C·EI I 

I 
I 
I 

FUJITSU A V-CMOS Gate Arrays 

NumberofBC 

Propagation Delay Parameters 

tup 

to KCl to 

2.29 0.08 2.41 

t.ln ,PO* 0.13 t,,,(PI)* 
+0.4S +0.35 

Parameter Symbol 

High-level Input Voltage VIH 

Low.levellnput Voltage V1L 

NI 

PI 

3-228 

KCL 

0.05 

0.07 

MIN TYP MAX 

Voo 
xO.7 

Voo 
XO.3 

function Table 

INPUT 

x 
L 
H 

OUTPUTS 

PI Nl 

L 
H 

H 
L 

I 12C I Sheet iii 

Path 

X .... PI 

X_NI 

UNIT 

V 

V 



FW/TSU A V-CMOS Gate Arrays A V-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

12CU I CMOS Interface Input Buffer with Pull Up Resistance ITrue & Invertl -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

2.29 O.OS 2.41 0.05 X-CI 

t.in (PII· 0.13 l~b~Jr 0.07 X-+NI 
+0.48 

----{» NI 
X Parameter Symbol MIN TVP MAX UNIT 

. . . . 

PI . . .. . ... Input High Voltage VIH Von V 

XO.7 

Input Low Voltage V1L Von V 

XO.3 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name II 
3Hu PI 
IStu NI 

TTL Equivalent Circuit Function Table 

PI 

r-------, r-------, r-------, INPUT OUTPUTS 
I I I I I I 
I I I I I I X PI NI I I I I I I 

X NI 
I I I I I I L L H 
I I I I I I H H L I I I I I I .. -------~ "-------,, 10 _______ .1 

74504 140;04 '4~O4 

74lS04 14\ 504 14[ 504 

NOTE-: ~dn ·PI = !c,~dnJ + KCL Irlnl '>( rr. fl.: 
t:1p PI. '':' tu \:p .... KC:",l;pJ I( CL.f-:· 

!liote: This cell is available for AVB Series only. 

AV·12CU·EI I I 12CU I Sheet III 
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AV·CMOS Unit Cell Library FUJITSU AV·CMOS Gate Arrays 

Cell Name I Function Number of BC 

I2CD I CMOS Interface Input Buffer with Pull Down Resistance (True & Invertl -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCl to KCl 

2.29 0.08 2.41 0.05 x .... PI 

t.!n(PII* 0.13 ~b~Jr 0.07 X .... NI 
+0.48 

----{» NI 
X Parameter Symbol MIN TYP MAX UNIT 
.... 

PI 
........ Input High Voltage VJH Voo V 

xO.7 

Input Low Voltage V1L V::,o V 
XO.3 

Input loading Factor Pin Name 

II Output Driving Factor Pin Name 

36tu PI 
18 tu NI 

TTL Equivalent Circuit Function Table 

PI 

r-------., r-------, r-------., INPUT OUTPUTS 
I I I I I I 
I I I I I I X PI KI I I I I I I 

X NI 
I I I I I I L L H 
I I I I I I H H L I I I I I I ,, _______ 01 

... _-------- 10 _______ 01 

745004 14504 74504 

74LS04 14LS04 74LSQ4 

NOTE·: tdn (PI) = toldn) + KCL Idol x CL (CUI 

tup (PI) = to ~UP) + 1\.CL !Up I x CL 'tu) 

:>iote: This reil is a ,·ailable for A VB Series only. 

AV·12CD·El I I 12l"IJ JSheet III 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

IT! I Input Buffer for Schmitt Trigger Input I -
Cel/Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

0 0 0 0 X_IN 

----t>--. . . . ... 
X IN Parameter Symbol MIN TYP MAX UNIT 

. . . . . ... 

. . ' ........ 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name II 

Note: ITl is the input protection circuit only for 8Ml, 8M2. 

AV·IT!·EI I I IT! I Sheet \/1 
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AV-CMOS Unit Cell Library FUJrrsu A V-CMOS Gate Arrays 

Cell Name J Function Number of BC 

IT! U I Input Buffer for Schmitt Trigger Input with Pull Up Resistance 

Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCl to KCl 

0 0 0 0 X-IN 

----I>--. . . 
X IN Parameter Symbol MIN TVP MAX UNIT 

. . . .. 
.. .. 

Input loading Factor Pin Name 

Output Driving Factor Pin Name 

Note: ITl U is the input protection circuit only for SMl, SM2. 

Note: This cell is available for AVB Series only. 

AV-ITIU-EI I I ITI C I Shoet III 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

ITID I Input Buffer for Schmitt Trigger Input with Pull Down Resistance -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

0 0 0 0 X-IN 

----r>--· . . . . ... 
X IN Parameter Symbol MIN TYP MAX UNIT 

· . . . . . . . 
· ........... 

Input Loading Factor Pin Name 

Output Driving Factor Pin Name 

Note: ITI D is the input protection circuit only for SM I, SM2. 

Note: This cell is available for AVB Series only. 

AV-ITID-EI I I /TID I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name . I Function I Number of BC 

02B I Output Buffer (True) I -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

1.35 0.08 4.39 0.07 OT .... X 
(6.15) (8.59) 

--[>-. Parameter Symbol MIN TYP MAX UNIT 
aT 

Input Loading Factor Pin Name 

2tu OT 

II Output Driving Factor Pin Name 

Sote: 1: The unit ofKee is nsipF. 
2: Output load capacitance of60pF is used for Fujitsu's logic simulation. 
3: The parameters in parentheses are the values applied to the simulation. 

TTL Equivalent Circuit 

r-----., ,.-----, 

--+t>+-+t>+-I I I I 

I I I I 
I I I I L _____ .I L _____ .I 

:-iote: This cell is a\'ailable for A VB Series only. 

74504 14<'04 

74lSQ4 74LC)04 

AV-02B-EI J I 02B I Sheet 1/1 
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FUJrr5UAV-CMOSGateArrays AV-CMOS Unit Cell Library 

Cell Name I Function Number of BC 

02L I Power Output Buffer (True I 

Cell Symbol Propagation Delay Parameters 

--{:>-:'::::: 
OT X 

· . . . ... 
· . . . . . . . . 
· .. . ..... . 

Input Loading Factor 

2tu 

Output Driving Factor 

Note: 1: The unitofKCl.isnsipF. 

Pin Name 

OT 

Pin Name 

2.20 
(4.60) 

Parameter 

0,04 

2: Output load capacitance of60pF is used for Fujitsu's logic simulation. 
3: The parameters in parentheses are the values applied to the simulation. 
4: VOL = 0.5V at IOL = IOmA, TA = 0-70·C, V DD = 5V ± 5% 

TTL Equivalent Circuit 

r-----' r-----' ---H>+--+--t>T-' I I I 
I I I I 

I I I I 
I I ~ _____ J 

4.30 
(6.70) 

Symbol MIN 

0.04 

TYP 

Path 

OT ... X 

MAX UNIT 

Note: This cell is available for A VB Series only. 

74504 
74L~04 

AV-02L·EI I 

74504 
74lS04 

3·235 
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AV-CMOs Unit Cell UbTary FUJITSU A V-CMOS Gate Arrays 

Cell Name JFunction I NumberofBC 

04T I Tri·State Output Buffer cTrue 1 I -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

2.46 0.08 6.47 0.08 OT .... X 
(7.66) ell.67) 

.. -tf-. .. . .... L .. Z ZoOL HoOZ Z .. H 
. . . .. 

OT X to KCL to KCL to KCL to KCL C .... X 
. . . 

. . ... 1.60 . 5.72 0.08 2.85 . 3.55 0.08 ..... (24.951 110.92) (24.95) elO.92) 

C 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ, ZL, HZ and ZH are as 
follows. 

D1 
R=2kQ 

Input Loading Factor Pin Name C 

2 fu OT 
3fu C (a) Measurement of1pd at LZ and ZL 

II I 8 Output Driving Factor Pin Name LSI 1 R=2kQ 
C 

cb) Measurementoft,.i at HZ and ZH 

Note: 1: The uinit of KCL is ns/pF. 
2: Output load capacitance of65pF is used for Fujitsu's logic simulation. 
3: The parameters in parentheses are the values applied to the simulation. 

TTL Equivalent Circuit 

r----., 

i~i ~~ __ J 
14125 
74LS125A 

AV·04T·EI I 04T I Sheet III 
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FUJITSU AV·CMOS Gate A"ays AV·CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

04W I Power Tri·State Output Buffer (True) I -
Cell Symbol Propagation Delay Parameters 

tup teln Path 

to KCL to KcL 

2.80 0.05 6.60 0.06 OT_X 
16.07) (10.50) 

.. --tr-. . . . ...... L-+Z Z-+L H -+ Z Z-+H 
. . . . . , . . 

OT X to KCL to KCL to KCL to KCL C-X 
. . . ... 

. . . . ..... 3.00 . 7.00 0.07 6.70 • 3.80 0.05 
. . . .. .. ... . 131.3) (11.55) 131.3) 01.55) 

.. ... 

C 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ. ZL. HZ and ZH are as 
follows. 

c:Ji 
R=2kQ 

Input Loading Factor Pin Name C 

2tu OT 
3tu C (a) Measurement oft,.! at LZ and ZL 

I ~ Output Driving Factor Pin Name LSI 1 R=2kQ 
C 

II 
(b) Measurement Oft"d at HZ and ZH 

!'Oote: 1: The unitofKcL is nsipF. 
2: Output load capacitance of65pF is used for Fujitsu's logic simulation. 
3: The parameters in parentheses are the values applied to the simulation. 
4: VOL = 0.5VatloL = 10mA, TA = 0-70·C, Vee = 5V ± 5% 

TTL Equivalent Circuit 

r----., 

U?j 
74125 
74lS125A 

~ ote: This cell is available for A VB Series only. 

AV·04W·El I I 04W Sheet III 
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FUJITSU A V-CMOS Gate Arrays AV-CMOs Unit Cell Library 

Cell Name I Function I Number of Be 
H6T I Tri-State Output and Input Buffer ITrue) I -

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

IN±<} 

2.46 0.08 6.47 0.08 OT .... X 
(9.26) 113.27) 

OT_tt_x L ... Z Z ... L H ... Z Z ... H 

to KCL to KCL to KCL to KCL 

1.60 • 5.72 0.08 2.85 . 3.55 0.08 C-+X 
131.75) (12.52) 131.75) 112.52) 

C 

tup tdn 

to KCL to KCL 

2.06 0.06 3.08 0.08 X-IN 

.. These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ, ZL. HZ and ZH are as 
follows. 

II c:J1 
Input Loading Factor Pin Name R=2krl 

2 eu OT 
3 eu C 

C 

Output Driving Factor Pin Name la) Measurement Oft.d at LZ and ZL 

I 8 
36 eu IN 

LSI 1 R=2krl 
C 

TTL Equivalent Circuit 

Ib) Measurement Oflod at HZ and ZH 

74125 
r----'74lS125A 
I I Note: I: The unit of KCL for paths OT, C to X is ns/pF. I I 

'~' 2: Output load capacitance of85pF is used for Fujitsu's logic 

~----~ simulation. 
3: The parameters in parentheses are the values applied to the 

simulation. ,..------, r-----' 
I I I 

<l-+ I I I 
I I I 
I I I 
L.. _____ ...J L.. _____ ..J 

14S04 74')04 
14l':>O4 74lS04 

AV-H6T-El I H6T I Sheet III 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function I Number of BC 

H6TU I Tri-State Output and Input Buffer with Pull Up Resistance ITrue) I -

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

.±<J-... 2.46 0.08 6.47 0.08 OT-+X 
IN 19.26) 113.271 

.. '" ... . 

O'--kf X L-+Z Z -+ L H -+ Z Z-+H 

to KCL to KCL to KCL to KCL .. 
1.60 • 5.72 0.08 2.85 . 3.55 0.08 C-+X 

131.751 112.52) 131.751 112.521 
C 

tup tdn 

to KCL to I KCL 

2.0S I 0.06 3.08 I 0.08 X-+IN 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ. ZL. HZ and ZH are as 
follows. 

Dl 
Input Loading Factor Pin Name R=2kQ 

2iu OT 
3 eu C 

C 

Output Driving Factor Pin Name la) Measurement oft"d at LZ and ZL 

I h 
3Seu IN 

LSI 

C 1 R=2kQ 

II 

TTL Equivalent Circuit 

Ibl Measurementoft"d at HZ and ZH 

74125 r----., 74lS125A , , 
Note: I: The unitofKcL for pathsOT. C to X is ns/pF. , , 

'-1 ' 2: Output load capacitance of85pF is used for Fujitsu's logic 

~----~ simulation. 
3: The parameters in parentheses are thp values applied to the 

simulation. r-----., r-----., , , , <l-+ , , , , , , ,~ , , , , , L.. _____ .J L. _____ -' 

74<;04 74<;CJ 

74LSQ4 1410:,0.4 

~ote: This cell is available for A VB Series only. 

AV-H6TC·EI I I H6TU I Sheet III 
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FUJITSU AV-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function I Number of BC 

H6TD I Tri·State Output and Input Buffer with Pull Down Resistance (True I I -
CeUSymbol Propagation Delay Parameters 

tup teln Path 

to KCL to KCL 

..• -2<}. · ,.. . . . 2.46 0.08 6.47 0.08 OT_X 
IN (9.261 (13.27) 

· ..... 

"'K' · . . . .. 
. . . OT-V( X L .. Z Z .. L H .. Z Z .. H 

to KCL to KCL to KCL to KCL 

1.60 . 5.72 0.08 2.85 . 3.55 0.08 C-X 
(31.751 112.521 131.75) <12.521 

C 

tup tdn 

to I KCL to KCL 

2.06 I 0.06 3.08 0.08 X-IN 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ, ZL, HZ and ZH are as 
follows. 

81 Input Loading Fador Pin Name R=2kQ 

2tu OT 
3tu C 

C 

-=-

II Output Driving Fador Pin Name lal Measurement of tpd at LZ and ZL 

~ 
36lu IN 

I LSI 

C 
1 R=2kQ 

-=- -=-
TTL Equivalent Circuit 

(bl Measurement oftpd at HZ and ZH 

1411S 
r----., 14lS11')A 
I I Note: 1: The unit ofKcL for paths ~T. C to X is ns/pF. I I 

2: Output load capacitance of 85pF is used for Fujitsu's logic 
I!f- I simulation. L ____ J 

3: The parameters in parentheses are the values applied to the 
simulation. 

r-----' ,...-----, 
I I I 

<H-I I I 
I 

I I I L.. _____ ..I L. _____ .J 

74S04 74504 
74lS04 74lS04 

Xote: This ceU is available for AVB Series only. 

AV·H6TD·EI I H6TD I Sheet 111 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name J Function I Number of BC 

H6W I Power Tri-State Output and Input Buffer (True) I -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL .. <J-. . . . . . 2.S0 0.05 6.60 0.06 OT~X 
IN (7.05) IU.70) 

K ... 
m~/f 

X LoOZ ZoO L H ... Z ZoOH 

. _. . . to KCL to KCL to KCL to KCL .. . 
3.00 . 7.00 0.07 6.70 . 3.S0 0.05 C~X 

(41.55) 112.951 (41.55) 112.951 
C 

tup ~n 

to KCL to KCL 

2.06 0.06 3.011 O.OS X-+ I:' 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ. ZL. HZ and ZH are as 
follows. 

Dl 
Input Loading Factor Pin Name R=2kn 

2tu OT 
3tu C 

C 

Output Driving Factor Pin Name (al Measurement of '-pc at LZ and ZL 

I 8 
36tu IN 

LSI 

C 1 R=2kn 

II 

TTL Equivalent Circuit 

(bl Measurement oft".! at HZ and ZH 

'4125 
r----' 7~LST}S.l 
I I Note: I: The unit of KCL for paths OT.C to X is ns/pF. I I 

'~ I 
2: Output load capacitance ofS5pF is used for Fujitsu's logic 

~- --~ simulation. 
3: The pllrameters in parentheses are thp values applied to the 

simulation. r-----.., r-----' 4: VOL = 0.5YatloL = lOrnA. TA = 0 -70·C. YDO = 5Y ± 5% I I I 

<l+ I I I 
I I I 
I I I L.. _____ ..I L. _____ ..J 

14SJ4 ~JS04 

14lSQ4 ,'JL\Q4 

Note: This cell is available for A VB Series only, 

AY·H6W·EI I I H6W I Sheet III 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cel/Name I Function I Number ofBC 

H6WU I Tri·State Output and Input Buffer with Pull Up Resistance I True , I -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KcL 

<l 2.S0 0.05 6.60 0.06 OT-.X 
IN 17.051 111.70, 

O~-'" 
X L ... Z Z ... L H ... Z Z ... H 

to KCL to KCL to KCL to KCL .~ 3.00 . 7.00 0.07 6.70 . 3.S0 0.05 C .... X 
.. .. 141.551 112.951 141.55) 012.95, 

C 

tup tdn 

to KCL to KCL 

2.06 I 0.06 3.08 O.OS X-+IN 

• These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ. ZL, HZ and ZH are as 
follows. 

c:J1 Input Loading Factor Pin Name R=2kn 

2tu OT 
3tu C 

C 

=-
Output Driving Factor Pin Name (al Measurement Oft"d at LZ and ZL 

I ~ 
36tu IN 

LSI 

C 
1 R=2kn 

=-
TTL Equivalent Circuit 

Ibl Measurement oft"d at HZ and ZH 

74125 

r----,74lS125A 
0 I Note: 1: The unit of KCL for pathsOT,C to X is ns/pF. I I '_1" I 

2: Output load capacitance of S5pF is used for Fujitsu's logic 
I I 
L__ _oJ simulation. 

3: The parameters in parentheses are the values applied to the 
simulation. 

r-----' r-----' 4: VOL = 0.5Vat IOL = 10mA, TA = 0 -70·C, Voo = 5V ± 5% I 0 , 
<H-I I , 

I I , I I L.. _____ ..J '- _____ .J 

74SQ4 14S04 
74LSQ4 74lSQ4 

Sote: This cell is available for AVB Series only. 

AV·H6Wl'·EI I H6'Wl: I Sheet Iii 
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AV·CMOS Unit Cell Library FUJ"5U AV·CMOS Gate Array. 

Cell Name I Function J Number of BC 

H6WD I Tri·State Output and Input Buffer with Pull Down Resistance ITruel I -
Cell Symbol Propagation Delay Parameter. 

tup teln Path 

to KCL to KCL 

"'<J-.... 2.80 0.05 6.60 0.06 OT .... X 
IN 17.051 01.701 

~ . . . . . 

"'~1' 
X L ... Z Z ... L H ... Z Z ... H 

.. . . to KCL to KCL to KCL to KCL .. .. .. 

. " .. .. 3.00 . 7.00 0.07 6.70 . 3.80 0.05 C .... X 
. . .. .. 141.551 112.951 141.551 02.951 

C 

tup tdn 

to KCL to KCL 

2.06 0.06 3.08 0.08 X .... I:-i 

.. These values are subject to external loading condition. 
Measurement circuits of propagation delay time at LZ. ZL. HZ and ZH are as 
follows. 

LJ1 
Input Loading Factor Pin Name R=2kQ 

2tu OT 
3 tu C 

C 

Output Driving Factor Pin Name la) Measurement Oft"d at LZ and ZL 

I ~ 
36tu I~ 

LSI 

C 1 R=2k!2 

TTL Equivalent Circuit 

Ibl Measurement oft"d at HZ and ZH 

14125 
r----,14l'i 1}51l 
I I Note: 1: The unitofKCL for pathsOT. C to X is nsipF. I I 

I -1" I 
2: Output load capacitance of85pF is used for Fujitsu's logic 

~ ____ J simulation. 
3: The parameters in parenthe-ses are the values applied to the 

simulation. 
r-----' r-----" 4: VOL = 0.5VatloL = IOmA, TA = 0 -70·C, VDD = 5V ± 5% I I I <H-I I I 
I I 
I I I 
..... ----_ .... L.. _____ ..I 

74504 745004 
74lS04 7alS04 

:-Jote: This cell is available for A VB Series only. 

AV·H6WD-EI I I H6WD I Sheet 111 
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FUJITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell Library 

Cell Name I Function NumberofBC 

H6C I Tri·State Output and CMOS Interface Input Buffer (Truel -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCl to KCL 

.. <)- 2.46 0.08 6.47 0.08 OT-+X 
IN (9.26) (13.27) 

K·· .. 

. '-k[ X L ... Z Z ... L H ... Z Z .. H 

to KCL to KCL to KCL to KCL 

1.60 • 5.72 0.08 2.85 . 3.55 0.08 C-+X 
(31.75) (12.52) 131.751 (12.521 

C 

tup tdn 

to KCL to KCL 

2.29 0.08 2.41 0.05 X-+IN 

Parameter Symbol MIN TYP MAX UNIT 

Input High Voltage VlH Vuo V 

xO.7 

Input Low Voltage VIL VDD V 
Input Loading Factor Pin Name XO.3 

2tu OT 
3 fu C ... These values are subject to external loading condition. 

Measurement circuits of propagation delay time at LZ, ZL. HZ and ZH are as 
follows. 

II Output Driving Factor Pin Name 

oI R=2kQ 

36tu IN 

C 

-=-

TTL Equivalent Circuit 
(a) Measurement Oft.,d at LZ and ZL 

74125 

I 11 ... ----,74LS12SA LSI 1 R=2kQ 

, , , , 

'1" ' C 
L__ _..I 

r-----' r-----' Ib) Measurementoft.,.J at HZ and ZH , I I 

<J+ I I 
I 

I I I 
.... ----_ ..... L. _____ .... 

Note: I: The unitofKcL for paths OT, C to X is ns/pF. 
14';04 74SQ4 2: Output load capacitance of85pF is used for Fujitsu's logic simulatiun. 
74LS04 14l'>O4 

3: The parameters in parentheses are the values applied to the simulation. 

!'iote: This cell is available for AVB Series only. 

AV·H6C·EI I I H6C I Sheet III 
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AV·CMOS Unit Cell library FUJITSU AV·CMOS Gate Arrays 
I , 

Cell Name I Function NumberofBC 
I 

H6CU I Tri·State Output and CMOS Interface Input Buffer with Pull Up Resistance (True) -

Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL ... <J-. . . . . . 2.46 0.08 6.47 0.08 OT-+X 
IN 19.261 {I3.271 

K .... O'---kf X L~Z Z ... L H ... Z Z~H 

to KCL to KCL to KCL to KCL 

.. . 1.60 • 5.72 0.08 2.S5 . 3.55 O.OS C-+ X 
{31.751 112.521 (31.75) '12.521 

C 

tup tdn 

to I KCL to I KCL 

2.29 I \1.08 2.41 I 0.05 X-I:'; 

Parameter Symbol MIN TVP MAX UNIT 

Input High Voltage VII{ Voo V 

xO.7 

Input Low Voltage VIL Voo V 
Input Loading Factor Pin Name xO.3 

2tu OT 
3tu C • These values are subject to external loading condition. 

Measurement circuits of propagation delay time at LZ, ZL, HZ and ZH are as 
follows. 

Output Driving Factor Pin Name 

c:Ji 
R=2kO 

36tu IN 

C 

o 
TTL Equivalent Circuit 

{al Measurement oft".; at LZ and ZL 

74125 

I 8 r----., 74LS125A LSI 
I I 1 R=2kO 
, , 
'-1" ' c 
~_ __J 

r-----., r-----.., {bl Measurement oft".; at HZ and ZH 
I I I 

<J-+ I I I , I I 
I I I L _____ .J '- _____ .J Note: I: The unit of KCL for paths OT, C to X is ns/pF. 

14S04 14S04 2: Output load capacitance ofS5pF is used for Fujitsu's logic simulation. 
74lSD4 14LS04 3: The parameters in parentheses are the values applied to the simulation. 

Sote: Thiscell is available for AVB Series only. 

AV·H6CL'·EI I I H6(T Sheet III 
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FWITSU A V-CMOS Gate Arrays AV-CMOS Unit Cell library 

CenName I Function I Number of BC 

H6CD I Tri·State Output and CMOS Interface Input Buffer with Pull Down Resistance (True I -
CenSymbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

.<}. 2.46 0.08 6.47 0.08 OT-+X 
IN (9.26) (13.27) 

. "(.: 
X L .... Z Z .... L H .... Z Z .... H 

0'-4 
to KCL to KCL to KCL to KCL 

.. .. 1.60 • 5.72 0.08 2.85 . 3.55 0.08 C-+X 
. . . (31.75) !l2.52) (31.751 !l2.52) 

C 

tup tdn 

to KCL to KCl 

2.29 n.os 2.tl O.()5 X_IN 

Parameter Symbol MIN TYP MAX UNIT 

Input High Voltage V'H Voo V 

xO.7 

Input Low Voltage V1L VOD V 
Input Loading Factor Pin Name xO.3 

2tu OT 
3 eu C • These values are subject to external loading condition. 

Measurement circuits of propagation delay time at LZ, ZL, HZ and ZH are as 

II 
follows. 

Output Driving Factor Pin Name 

81 
R=2kQ 

3Stu IN 

C 

TTL Equivalent Circuit 
{al Measurement of t"d at LZ and ZL 

74125 

I ~ r----., 74l5125A LSI 1 R=2kQ 
, , , , 

-1' c , , 
L_ __oJ 

=- =-

r-----' r-----' (b) Measurement oft"d at HZ and ZH , , , 
<l+ , , , , , , , , L. _____ -' L. _____ .J 

Note: 1: The unitofKCL for paths OT, C to X is ns/pF. 
74S04 14SC4 2: Output load capacitance of85pF is used for Fujitsu's logic simulation. 
741504 74lS0ol 

3: The parameters in parentheses are the values applied to the simulation. 

Note: This cell is available for AVB Series only. 

AV·H6CD·EI 1 H6CD I Sheet 111 
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A V-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function NumberofBC 

H6E I Power Tri-State Output and CMOS Interface [nput Buffer ITrue) 

Cell Symbol Propagation Delay Par.meters 

IN- -<J-
OT - "">---4>-- X ··kf 

Input Loading Factor 

2tu 
3tu 

Output Driving Factor 

36tu 

TTL Equivalent Circuit 

C 

74125 
r----., 74l'ill5A 
I I 

l~j 

i ----"--l:---fi-(-:l(~:---; 
I II~ 
~~ ____ ~ L _____ ~ 

74'104 74')04 

74l S04 74lS04 

AV-HSE-El I 

Pin Name 

OT 
C 

Pin Name 

IN 

2.80 
(7.051 

L-+Z 

to 
. 3.00 

(41.55) 

to 

2.29 

0.05 

Z-+L 

KCL to 

• 7.00 
112.95) 

tup 

KCL 

0.08 

Parameter 

Input High Voltage 

Input Low Voltage 

KCL 

0.07 

6.60 
111.70) 

H -+ Z 

to KCL 

6.70 . 
141.551 

tdn 

to 

2.41 

Symbol MIN 

VIR VDO 

xO.7 

V1L 

KCL 

0.06 

Z-+H 

to 
3.80 

112.951 

KCL 

0.05 

TVP 

• These values are subject to external loading condition. 

Path 

OT ... X 

KCL 

0.05 C ... X 

X ... 1:"10 

MAX UNIT 

V 

Voo V 

xO.3 

Measurement circuits of propagation delay time at LZ, ZL, HZ and ZH are as 
follows. 

(a) Measurement oflpd at LZ and ZL 

I LSI 8 1 R=2kQ c 
=-

Ibl Measurement oflpd at HZ and ZH 

Note: I: TheunitofKcLforpathsOT.CtoXisnslpF. 
2: Output load capacitance of 85pF is used for Fujitsu's logic simulation. 
3: The parameters in parentheses are the values applied to the simulation. 
4: vo,. = 0.5\1 at IOL = 10mA, TA = 0 -70·C, Voo = 5V ± 5% 

Note: ThIs cell is available for A VB Series only. I H6E I Sheet III 

3-247 

II 



FUJITSU AV·CMOS Gate Arrays AV·CMOS Unit Cell Library. 

Cell Name I Function NumberofBC 

H6EU L Power Tri·State Output and CMOS Interface Input Buffer with Pull Up Resistance (Truel I -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

IN-b<]-

2.80 0.05 6.60 0.06 OT .... X 
(7.05) (11.701 

OT_K. X L ... Z Z-L H -Z Z .. H . ·kf to KCL to KCL to KCL to KCL .. :.. 
3.00 • 7.00 0.07 6.70 . 3.80 0.05 C .... X 

. . 141.551 112.951 141.551 112.951 
C 

tup tdn 

to I KCL to I KCL 

2.29 0.08 2.41 0.05 X-I:-I 

Parameter Symbol MIN TVP MAX UNIT 

Input High Voltage V,H Voo V 

xO.7 

Input Low Voltage "'IL VooXO. V 
Input loading Factor Pin Name 3 

2 tu OT 
3 tu C • These values are subject to external loading condition. 

Measurement circuits of propagation delay time at LZ. ZL. HZ and ZH are as 
follows. 

II Output Driving Factor Pin Name 

oI R=2kn 

36tu IN 

C 

'=' 

TTL Equivalent Circuit 
lal Measurement of!."" at LZ and ZL 

74125 I I~f ,.----.., 74l~12SA LSI 
I I 1 R=2kQ I I 

_~ I 
C 

I I 
~_ --..I 

'=' =-

r-----' ,------, Ibl Mea~urement Of~ .. i at HZ and ZH 
I I I 

<H-I , 
I I 
I I I '- _____ ...1 L.. _____ .... 

!'Iote: I: The unit ofKrL for paths OT. C to X is nsipF. 
!.1~O4 I~S04 2: Output load capacllanct' ufK5pF is used fhr Fujitsu's logic simulation. 
741 S04 74lS04 ·3: The parameters in pare-nthflses arc thl:' values applied tu thl:' simulatitlll. 

4: VIlL = 0.5V at InL = IOmA. T, = 0 -70·C. V:lD = 5V :t 5% 

:liote: This cen is availablet;,r A VB Se"es .,"ly. 

AV·H6EU·EI I I H6EL" I She", 1'\ 
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AV-CMOS Unit Cell Library FUJITSU A V-CMOS Gate Arrays 

Cell Name I Function I Number of BC 

H6ED I Power Tri·5Late Output and C:o.I05 Interface Input ButTer with Pull Down Resistance ITruel I -
Cell Symbol Propagation Delay Parameters 

tup tdn Path 

to KCL to KCL 

IN-±<} 

2.80 O.OS 6.60 0.06 OT-+X 
(7.0S) 111.701 

OT_K X L~Z Z~L H ~Z Z~H 

kf to KCL to KCL to KCL to KCL 

3.00 . 7.00 0.07 6.70 . 3.80 O.OS C-+X 
141.S51 112.951 141.SS1 ([2.951 

C 

tup tdn 

to KCL to I KCL 

2.29 0.08 2.41 I 0.05 X -+ 1:-; 

Parameter Symbol MIN TYP MAX UNIT 

Input High Voltage V'H \')0 V 

xO.7 

Input Low Voltage V,L ,,":,jJ,t( V 
Input Loading Factor Pin Name 0.3 

2tu OT 
3 iu C • These values are subject to external loading contiltlfHl. 

Measurement circuits of propagation delay timE" at LZ. ZL. HZ and ZH are as 
follows. 

Output Driving Factor Pin Name 

oI 
R=2kQ 

36iu IN 

C 

II 

TTL Equivalent Circuit 
lal Measurement "f L,., at LZ and ZL 

1412S 

I ~ r----., 741')115,1 LSI 1 R=~kQ I I 
I I 

-1' c , , 
'- ___ oJ 

-=-

,...------. r-----' Ibl ~[ensurement oft". at HZ and ZII , , , 
<H-, , , 

I , I 
I I I L _____ -' 

'-------' Note: I: The unit oI'K':L ror paths OT. C til X is "S/pF. 
i':<";;." J.lS(J.1 2: Output load capacitance nfH5pF IS lIst.'ti ti)r Fujitsu's IOl!ic simulatlOll. 
".l(.J.1 t.1L su.1 

3: The paranwters in parentheses Clfe the values ap[lht!'d tn the slmulUl1l)n. 
4: VOL = U.5\" at 10:" = lOrnA, T ~ = t) -- 70°C. V:n = 5V ± 5''Ic 

Sote: This ,:ell is a\·adablp fill':\ VR Series ImJy. 

.-\\··H6ED·EI I 1 H6ED She,'t 1:1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

H6D I Tri-state Output and Input Buffer for SMl, SM2 I -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.46 0.08 6.47 0.08 OT -+ X 
(9.26) (13.27) 
0 0 0 0 X -+ IN 

IN =cr. OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
1.60 5.72 0.08 

(31. 75) * (12.52) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 3 H ... Z Z ... H 

to KCL to KCL 
2.85 3.55 0.08 

Output Driving (31. 75) * (12.52) 
Pin Name Factor (iu) 

• * These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl R
-

2 kll 

I LSI 
I 

LSI I lc 1'2~ C 

rL ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. H6D is the bidirectional protection circuit only for SMl, SM2. 

AV-H6D-El I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

I Tri-state Output and Input Buffer for SM1, SM2 I H6DU with Pull Up Resistance -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.46 0.08 6.47 0.08 OT -+ X 
(9.26) (13.27) 

• 0 0 0 0 X -+ IN 

IN 

=tf1x OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
1.60 5.72 0.08 

(31. 75) * (12.52) 

Input Loading 
Pin Name Factor (iu) 

OT 2 
C 3 H -+ Z Z -+ H 

to KCL to KCL 
2.85 3.55 0.08 

Output Driving (31.75) * (12.52) 
Pin Name Factor (iu) 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R = 2 kQ 

I LSI 
I 
I lc 1'0 2 

kl'l 
C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for FUjitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. H6DU is the bidirectional protection circuit only for SM1, SM2. 

AV-H6DU-E1 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

I Tri-state Output and Input Buffer for SM1, SM2 I H6DD with Pull Down Resistance -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.46 0.08 6.47 0.08 OT -> X 
(9.26) (13.27) 
0 0 0 0 X -> IN 

IN =qlx OT 

C 

L -> Z Z ->L 
to KCL to KCL C ... X 
1. 60 5.72 0.08 

(31. 75) * (12.52) 

Input Loading 
Pin Name Factor (R.u) 

OT 2 
C 3 H ... Z Z ... H 

to KCL· to KCL 
2.85 3.55 0.08 

Output Driving (31. 75) * (12.52) 
Pin Name Factor (Rou) 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 2 kQ 

I LSI 
I 
I lc 102 

kQ 
C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. H6DU is the bidirectional protection circuit only for SM1, SM2. 

AV-H6DD-E1 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

02L2 .1 High Power Output Buffer (True) (02L with 20mA drive) 1 -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.11 0.015 4.04 0.018 OT -+ X 
(3.01) (5.12) 

OT 
-{>-X 

Parameter Symbol Typ(ns)~' 

Input Loading 
Pin Name Factor (.Q.u) 

OT 4 

Output Driving 
Pin Name Factor (.Q.u) 

,~ Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. II 

TTL Equivalent Circuit 

r----. r----I 

~ I I 1 I 
L ____ I L ____ ' 

74S04 74S04 
74LS04 74LS04 

Note: 1. The unit of KCL is ns/pF. 
2. Output load capacitance of 60 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70 oe, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

04W2 
I High Power Tri-State Output Buffer (True) 

(04W with 20mA drive) I -
Cell Symbol Propagation Dday Parameter 

tup tdn 
to KCL to KCL Path 

3.09 0.015 6.17 0.021 OT ... X 
(4.07) (7.54) 

OT ~x 
C 

L ... Z Z ... L 
to KCL to KCL C ... X 
5.00 6.10 0.021 

(18.8) * (7.47) 

Input Loading 
Pin Name Factor (R.u) 

OT 4 
C 6 H ... Z Z ... H 

to KCL to KCL 
6.00 3.30 0~016 

Output Driving (18.8) * (7.47) 
Pin Name Factor (Rou) 

• * These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~' = 2 kQ 

W le ~R = 2kQ 
e ~ 
~ ,-L .rrT7 

(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, e to X is ns/pF. 
2. Output load capacitance of 65 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70De, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available fo~ biB series o::lly. 

AV-04W2-E1 I Sheet 1/1 I I 
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II 
11 

FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC I High Power Tri-State Output and Input Buffer (True) I H6W2 (H6W with 20mA drive) -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.06 0.06 3.08 0.08 X -+ IN 

3.09 0.015 6.17 0.021 OT -+ X 

IN =tr-x 
(4.37) (7.96) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
5.00 6.10 0.021 

(22.6) * (7.89) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) * (7.89) 
Pin Name Factor (iu) 

IN 36 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

Dl' = 2 kQ 

LSI lc l' = 2 
kQ 

C 

~ rL 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70°C, VOD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

H6Wl 
I High Power Tri-State Output and Input Buffer with 

Pluu Up Resistance(True) (H6WU with 20mA drive) I -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.06 0.06 3.08 0.08 X ... IN 

3.09 0.015 6.17 0.021 OT ... X 

IN 

=cr-x 

(4.37) (7.96) 

OT 

C 

L ... Z Z ... L 
to KCL to KCL C ... X 
5.00 6.10 0.021 

(22.6) * (7.89) 

Input Loading 
Pin Name Factor (R.u) 

OT 4 
C 6 H ... Z Z ... H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) * (7.89) 
Pin Name Factor (R.u) 

IN 36 

III 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R = 2 kQ 

W Ie 1R · 2 
kQ 

C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, e to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

I High Power Tri-State Output and Input Buffer with I H6WO Pull Down Resistance(True) (H6WD with 20mA drive) -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.06 0.06 3.08 0.08 X -+ IN 

3.09 0.015 6.17 0.021 OT -+ X 

IN 

=crx 

(4.37) (7.96) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
5.00 6.10 0.021 

(22.6) * (7.89) 

Input Loading 
Pin Name Factor (.h) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) * (7.89) 
Pin Name Factor (.tu) 

IN 36 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

CJ1' 
= 2 kll 

LSI lc l' · 2 

kQ 
C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70 DC, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "AV" Version 
Cell Name I Function I Number of BC I Power Tri State Output and CMOS Interface Input BUfferl 

H6E2 (True) (H6E with 20mA drive) -
Cell Symbol Propall;ation Delav Parameter 

tup tdn 
to KCL to KCL Path 

2.29 0.08 2.41 0.05 X ... IN 

3.09 0.015 6.17 0.021 OT ... X 

IN 

~x 
(4.37) (7.96) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C ... X 
5.00 6.10 0.021 

(22.6) * (7.89) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 
C 6 H ... Z Z ... H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) * (7.89) 
Pin Name Factor (.tu) 

IN 36 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 21& 

I LSI 
I 
I 1 C 1" 2 kO C 

;L ,I 
(a) Measurement of tpd atLZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of ~CL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV" Version 
Cell Name J Function I Number of BC 

H6El 1 
High Power Tri-State Output and CMOS Interface Input )1 
Buffer wI Pull Up Resistance(True) (H6EU wI 20mA drive) -

Cell Symbol Propa~ation Delav Parameter 
tup tdn 

to KCL to KCL Path 
2.29 0.08 2.41 0.05 X -+ IN 

3.09 0.015 6.17 0.021 OT -+ X 

IN 

~x 
(4.37) (7.96) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
5.00 6.10 0.021 

(22.6) * (7.89) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) * (7.89) 
Pin Name Factor (iu) 

IN 36 

D 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

~R = 2 kQ 

I LSI 
I 
I lc 1'·2 kn 

C 

~ ~ 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer ,. rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 

AV-H6El-El I Sheet 111 I I 
3·259 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

H6EO 
I High Power Tri-State Output and CMOS Interface Input ~)I 

Buffer wI Pull Down Resistance(True) (H6ED wI 20mA drive -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.29 0.08 2.41 0.05 X -+ IN 

3.09 0.015 6.17 0.021 OT -+ X 

IN 

~x 
(4.37) (7.96) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
5.00 6.10 0.021 

(22.6) .,. (7.89) 

Input Loading 
Pin Name Factor (.tu) 

OT 4 
C 6 H-+ Z Z -+ H 

to KCL to KCL 
6.00 3.30 0.016 

Output Driving (22.6) .,. (7.89) 
Pin Name Factor (.tu) 

IN 36 

* These values are subject to external loading condition. 
Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cl' = 2 kS2 

I LSI 
I 
I lc 1'0 2 .. C 

~ rI 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 20mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AVB series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL 'SPECIFICATION I "AV" Version 
Cell Name I Function I Number of BC 

02B2 J Power Output Buffer (True) (02B with 10mA drive) I -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

II 
II 

1.40 0.030 2.82 0.033 OT -+ X 
(3.20) (4.80) 

OT -(>--x 
Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

OT 4 

Output Driving 
Pin Name Factor (R.u) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. .. 

TIL Equivalent Circuit 

r - - --, r----' 

~ I I I I 
L __ __ I 

L •••• ' 

74S04 74S04 
74LS04 74LS04 

Note: 1. The unit of KCL is ns/pF. 
2. Output load capacitance of 60 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = lOmA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVK series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I -.rAV Version 
Cell Name I Function I Number of BC 

02B3 I High Power Output Btiffer(True) (02B with l5mA drive) I -
Cell Symbol Propa~ation Delav Parameter 

tup tdn 
to KCL to KCL Path 

1.39 0.020 2.59 0.023 OT -+ X 
(2.59) (3.97) 

OT-(>-X 

Parameter Symbol TvP(ns)* 

Input Loading 
Pin Name Factor (tu) 

OT 6 

Output Driving 
Pin Name Factor (tu) 

• * Minimum values for the typical operating c·ondition. 
The values for the worst case "operating condition 
are given by the maximum delay multiplier. 

TIL Equivalent Circuit 

r----' r----' 

~ I I I I 
L ____ I L •••• ' 

74S04 74S04 
74LS04 74LS04 

Note: 1. The unit of KCL is ns/pF. 
2. Output load capacitance of 65 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = l5mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVK series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC I Power Tri-State Output Buffer (True) I 04T2 (04T with lOrnA drive) -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.03 0.030 4.48 0.034 OT .. X 
(3.98) (6.69) 

OT -i1' 
C 

1 .. Z Z .. 1 
to KCL to KC1 C .. X 
3.00 4.41 0.034 

(16.00) * (6.62) 

Input Loading 
Pin Name Factor (Jl.u) 

OT 4 
C 6 H .. Z Z .. H 

to KCL to KCL 
3.50 2.57 0.030 

Output Driving (16.00) * (6.62) 
Pin Name Factor (Jl.u) 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at 1Z, Z1, HZ and ZH are as follows: 

cl' = 2 kQ 

I 1SI 
I 
I lc t 02 

kQ 
C 

~ ,I 
(a) Measurement of tpd at 1Z and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KC1 for paths OT, C to X is ns/pF. 
2. Output load capacitance of 65 pF is used for Fujitsu's logic simulation. 
3, The parameters in parentheses are the values applied to the simulation. 
4. V01 = 0.5V at 101 = 10mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs shQuld be strictly observed. 

This cell is available for AV & AVK series only. 

AV-04T2-El I Sheet 1/1 I I 
3-263 



FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "AV" Version 
Cell Name I Function I Number of BC 

04T3 
I High Power Tri-State Output Buffer(True) 

(04T with lSmA drive) I -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.01 0.020 4.16 0.024 OT ... X 
(3.31) (S.72) 

OT -ii x 

C 

L ... Z Z ... L 
to KCL to KCL C ... X 
3.S0 4.33 0.023 

(16.8) * (S.83) 

Input Loading 
Pin Name Factor (Rou) 

OT 6 
C 9 H ... Z Z ... H 

to KCL to KCL 
4.46 2~S2 0.020 

Output Driving (16.8) * (S.83) 
Pin Name Factor (Rou) 

III 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

cij' = 2 kQ 

LSI lc 1'· "" C 

~ -I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 6S pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = O.SV at IOL = lSmA, TA = 0 - 70oC, VDD = SV±S% 
s. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVK'series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV" Version 
Cell Name I Function I Number of BC I Power Tri-State Output and Input Buffer(True) I H6T2 (H6T with 10mA drive) -
Cell SytIlbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.06 0.06 3.08 0.08 X -+ IN 

2.03 0.030 4.48 0.034 OT -+ X 

IN 

~x 
(4.58) (7.37) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
3.00 4.41 0.034 

(20.00) * (7.30) 

Input Loading 
Pin Name Factor (iu) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
3.50 2.57 0.030 

Output Driving (20.00) * (7.30) 
Pin Name Factor (iu) 

IN 36 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

eB' = 2lUl 

I LSI 
I 
I lc 1. 2 

kSl 
C 

~ ,I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 10mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This ce11 is available for AV & AVK series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC' I High Power Tri-State Output and Input Buffer(True) I H6T3 (H6T with 15mA drive) -
Cell Symbol Prop_a~ation Del8Y_ Parameter 

tup tdn 
to KCL to KCL Path 

2.06 0.06 3.08 0.08 X -+ IN 

2.01 0.020 4.16 0.024 OT -+ X 

IN 

=ctx 

(3.71) (6.20) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
3.50 4.33 0.023 

(20.9) * (6.29) 

Input Loading 
Pin Name Factor (Jl.u) 

OT 6 
C 9 H -+ Z Z -+ H 

to KCL to KCL 
4.46 2.52 0.020 

Output Driving (20.9) * (6.29) 
Pin Name Factor (Jl.u) 

IN 36 

III 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

clR
-

2 k!'l 

W LSI lc 1" 2 kll C 

rL ,-I 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = 0.5V at IOL = 15mA, TA = 0 - 70°C, VDD = 5V±5% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVH series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "AV" Version 
Cell Name I Function I Number of BC I Power Tri-State Output and CMOS Interface Input Buffer I 

H6C2 (True) (H6C with 10mA drive) -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.29 0.08 2.41 0.05 X -+ IN 

2.03 0.030 4.48 0.034 OT -+ X 

IN 

~x 
(4.58) (7.37) 

OT 

C 

L -+ Z Z -+ L 
to KCL to KCL C -+ X 
3.00 4.41 0.034 

(20.00) * (7.30) 

Input Loading 
Pin Name Factor (.eu) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
3.50 2.57 0.030 

Output Driving (20.00) * (7.30) 
Pin Name Factor (.eu) 

IN 36 

II 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

c=B R 

= 2 kQ 

I LSI 
I 
I lc 102 

kQ 
C 

rL rI 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KCL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = O.SV at IOL = 10mA, TA = 0 - 70°C, VDD = SV±S% 
S. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVK series only. 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AV Version 
Cell Name I Function I Number of BC I High Power Tri-State Output and CMOS Interface Input I H6C3 Buffer (True) (H6C with lSmA drive) -
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

2.29 0.08 2.41 0.05 X -+ IN 

2.01 0.020 4.16 0.024 OT -+ X 

IN 

~x 
(3.71) (6.20) 

OT 

C 

L -+ Z Z -+ ,L 
to KCL to KCL C -+ X 
3.50 4.33 0.023 

(20.7) * (6.29) 

Input Loading 
Pin Name Factor (R.u) 

OT 4 
C 6 H -+ Z Z -+ H 

to KCL to KCL 
4.46 2.52 0.020 

Output Driving (20.9) * (6.29) 
Pin Name Factor (R.u) 

IN 36 

III 
* These values are subject to external loading condition. 

Measurement circuits of propagation delay time 
at LZ, ZL, HZ and ZH are as follows: 

eB' = 2 kQ 

I LSI 
I 
I lc 1'·2 .. C 

".;L. ,L 
(a) Measurement of tpd at LZ and ZL. (b) Measurement of tpd at HZ and ZH. 

Note: 1. The unit of KcL for paths OT, C to X is ns/pF. 
2. Output load capacitance of 85 pF is used for Fujitsu's logic simulation. 
3. The parameters in parentheses are the values applied to the simulation. 
4. VOL = O.SV at IOL = lSmA, TA = 0 - lOoC, VDD = SV±S% 
5. Pin numbers to which this buffer can be tied are predetermined for each 

package and device type. In using this buffer, rules regarding 
simultaneously switching outputs should be strictly observed. 

This cell is available for AV & AVK series only. 

AV-H6C3 El I Sheet III I 1 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I "AV" Version 
Cell Name I Function . I Number of BC 

I5C 
I Crystal Oscillator 

CMOS Interface Input Buffer with Schmitt Trigger I 0 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

84.18 0.12 72.39 0.05 X ... PI * 1.00 1.123 0.91 0.990 X ... NI *2 

x~NI 
PI 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (R.u) 

Output Driving 
Pin Name Factor (R.u) 

PI 18 1u 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 
are given by the maximum delay multiplier. II 

Equivalent circuit 

Crystal Oscillator Amp 

X-t> [ -
NI 

[} - PI 

Schmitt trigger 

I5C cell should be used with OT1. 
I5C is designed for low frequency ocillation. 

Note: 
*1 The unit of KCL is ns/pF. 

60pF is used for Fujitsu's logic simulation. *2 Output load capacitance of 

AV-I5C-El I Sheet 1/1 I 
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FUJITSU CMOS GATE ARRAY UNIT CELL, SPECIFICATION I AV Version 
Cell Name I Function I Number of BC 

OTl I Output Buffer with Protection Circuit Only I 0 
Cell Symbol Propagation Delay Parameter 

tup tdn 
to KCL to KCL Path 

0 0 0 0 OT -+ X 

OT-{>-X 

Parameter Symbol Typ(ns)* 

Input Loading 
Pin Name Factor (tu) 

OT 0 

Output Driving 
Pin Name Factor (tu) 

* Minimum values for the typical operating condition. 
The values for the worst case operating condition 

- are given by the maximum delay multiplier. 
Note : 

OTl cell should be used with ISC. 

AV-OTl-El I Sheet 1/1 I 
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RAM Family for C-2301AVM 

Unit Cen 
Page Name Function 

3-273 R51 32w x 32b Single Port Static RAM 

3-274 R51A 32w x 2Bb plus 32w x 4b Single Port Static RAM 

3-275 R51B 32w x 24b plus 32w x 8b Single Port Static RAM 

3-276 R51C 32w x 20b plus 32w x 12b Single Port Static RAM 

3-277 R51D 32w x 16b plus 32w x 16b Single Port Static RAM 

3-27B R61 64w x 16b Single Port Static RAM 

3-279 R61A 64w x 12b plus 6w x 4b Single Port Static RAM 

3-2BO R61B 64w x 8b plus 64w x 8b Single Port Static RAM 

3-281 R71 128w x Bb Single Port Static RAM 

3-282 R71A 128w x 4b plus 128w x 4b Single Port Static RAM 

3-283 R83 256w x 4b Single Port Static RAM 

3-284 R83A 256w x 2b plus 256w x 2b Single Port Static RAM 

RAM Family for C1502AVM/C4002AVM 

Unit Cen 
Page Name Function 

3-285 R610 64w x 36b Single Port Static RAM 

3-2B6 R611 64w x 20b plus 64w x 16b Single Port Static RAM 

3-287 R711 128w x 18b Single Port Static RAM 

3-288 R712 128w x 9b plus 128w x 9b Single Port Static RAM 

3-289 RB7 256w x 9b Single Port Static RAM 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R51 132W x 32b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
. . . . . ............ tup tdn 
..... . .... " , " , 

, .. , to KCL to KCL Path 
..... . ..... ..... . ...... , .. , , . . . . . . 

, , 9 0.12 21 0.07 CK to D 
,,- 100 DOO - " 

,,- 101 DOl - " 

- 102 D02 - , , 

,,- 103 D03 
:: c.::..:. 

-:: 
-

,,- 128 D28 - " 

,,- 129 D29 -, 
::- 130 D30 -:: 
,,- 131 D31 -" 
,,- AO ' ' 

, , ,- Al ' , 
, , ,,- A2 ,,- A3 Parameter ~bol Typ(ns)* 

::- A4 ' , Clock Pulse Width (High) tCWH 25 
, , Clock Pulse Width (Low) tCWL 20 

,- WE Clock Pulse Width (Low) tCWM 5000 
,,- CK Address Setup Time tSA 5 

Address Hold Time tHA 5 
::- T1 TO r-' , Data Output Hold Time tHDO 5 
,,- T2 Input Data Setup Time tSDI 20 
,,- TI R51 Input Data Hold Time tHDI 10 ,,- TA WE Setup Time tSEH 3 ,,- TW WE Hold Time tHEH 3 ,,- TC1 , ' WE Setup Time (Inhibition Mode) tSEL 5 ,,- TC2 , , WE Hold Time (Inhibition Mode) tHEL 5 

, , 
.... . .... 

. , .. " ..... .......... . , , .... 

* Minimum values (or maximum value for tCWM) for 
typical operation condition. 

Input Loading 
Pin Name Factor (.fI.u) 

. . . . . . . . . . . . 
...... . . . . . . . . . . 100 - 131 1 .fI.u 

..... AO - A4 1 .fI.u 
..... . , .. WE 1 .fI.u 

.......... . .... CK 1 .fI.u 
" , Output Driving 

'" . ....... , ....... Pin Name Factor (.fI.u) 

DOO - D31 36 .fI.u 

Note: 
100 - 131 : Data Inputs DOO - D31 : Data Outputs 
AO - A4 : Address Inputs T1, T2, TI, TA, Inputs for RAM Test WE Write Enable TW, TC1, TC2 : : 
CK : Clock TO : Output for RAM Test 

** AO : LSB, A4 : MSB 
R51 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION 1 "AVM" Version 
RAM Name .1 Function 

R51A \32W x 28b + 32w x 4b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
tup tdn 

to .. . .... . ... KCL to KCL Path 
· . . ... 

... 9 0.12 21 0.07 CK to D 
.. - 100 DOO :- .. 

::- 101 DOl f-- .. 

.- 102 D02 r-- .. 

.. - 103 D03 f-- .. 
· : -=.: -- 126 D26 '-: . 
.. - 127 D27 f-- .. 

---
::- 128 D28 1- .. 
.. - 129 D29 1- .. 
.. - 130 030 I- . 
.. - 131 D31 1- .. 

::- AO Parameter SYIl1bol Typ(ns)'" 

::- Al Clock Pulse Width (High) tCWH 25 

::- A2 .. Clock Pulse Width (Low) tCWL 20 

::- A3 Clock Pulse Width (Low) tCWM 5000 

::- A4 Address Setup Time tSA 5 
Address Hold Time tHA 5 

::- BO Data Output Hold Time tHDO 5 
· - B1 Input Data Setup Time tSDI 20 
.. - B2 Input Data Hold Time tHDI 10 
· - B3 WE Setup Time tSEH 3 

III 
.- B4 WE Hold Time tHEH 3 

.. - WEI WE Setup Time (Inhibition Mode) tSEL 5 
WE Hold Time (Inhibition Mode) tHEL 5 

- WE2 
· . - CK1 

- CK2 * Minimum values (or maximum value for tCWM) for 
.. - Tl TO I-- .. typical operation condition . 
.. - T2 
.. - TI R51A 

Input Loading 
.. - TA Pin Name Factor (Rou) 

- TW 100 - 131 1 Rou 

::- TC1 AD - A4 1 Rou 
- TC2 BO - B4 1 Rou 

· . WEI, WE2 1 Rou 
CK1, CK2 1 Rou 

Output Driving 
Pin Name Factor (Rou) 

DOO - 031 36 Rou 

Note: 
100 - 131 : Data Inputs DOD - 031 : Data Outputs 
AO - A4 Address Inputs Tl, T2, TI, TA, Inputs for RAM Test BO - B4 : TW, TC1, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CK1, CK2 : Clock *,~ AD, BO : LSB 

R51A I Sheet 1/1 I A4, B4 : MSB 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R5lB 132W x 24b + 32w x 8b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
..... ....... , · . tup tdn ... . ............. to KCL to KCL Path .. . .. , .... , ...... ..... . ........ . · . · . .......... , . . .. · . . . . . . . . . . . . . . . . 9 0.12 21 0.07 CK to D ..... , . . . . ....... 

· . · . 
::- 100 DOO '-- : : 
::- 101 DOl r-: : 
::- 102 002 -:: 
:: -JP3 003 '-- : : 

· . · . - · . 
::- 122 022 '-: : 
::-~2~~ -:: 
::- 124 D24 - .. 
" - 125 D25 - .. 
: : _wo.:::: -· . 

. - 130 D30 -. 
.. - 131 D3l - .. Parameter Symbol Typ(ns)* 
· . · . Clock Pulse Width (High) tCWH 25 
.. - AO · . · . Clock Pulse Width (Low) tCWL 20 
.. - Al · . 

· . Clock Pulse Width (Low) tCWM 5000 
.. - A2 · . 

· . Address Setup Time tSA 5 
::- A3 · . 

· . Address Hold Time tHA 5 
::- A4 · . 

· . Data Output Hold Time tHDO 5 
::- BO · . Input Data Setup Time tSDI 20 
.. - Bl · . Input Data Hold Time tHDI 10 

· . WE Setup Time tSEH 3 .. - B2 · . · . WE Hold Time tHEH 3 .. - B3 · . · . WE Setup Time (Inhibition Model tSEL 5 .. - B4 · . WE Hold Time (Inhibition Model tHEL 5 
::- · . 

WEI · . 
II 

· . 
::- WE2 · . 

· . 
:- · . 

CKI · . * Minimum values (or maximum value for tCWM) for · . · . · . typical operation condition. ::- CK2 · . 
· . · . · . .. - T1 TO - .. Input Loading 

.. - T2 · . · . Pin Name Factor (R.u) 

.. - TI RSIB · . 100 - 131 I R.u 

.. - TA · . AO - A4 1 tu · . .. - TW · . BO · . - B4 1 tu 

.. - TCI · . WEI, · . WE2 1 tu 

.. - TC2 · . · . CKI CK2 1 tu 
· . · . Output Driving ... . . ........... . " . ............ Pin Name Factor (R.u) .. , . ... . ... . .., . ... . ....... . . ... .. , . ........... . 
.. , . ........ . .. . 

000 - 031 36 tu 

Note: 
100 - 131 : Data Inputs DOO - D3l : Data Outputs 
AO - A4 Address Inputs TI, T2, TI, TA, Inputs for RAM Test BO - B4 : TW, TCl, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CKI CK2 : Clock ** AO, BO : LSB 

R5lB I Sheet 1111 A4, B4 : MSB I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R51C I 32w:x; 20b + 32w x 12b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
· . .... , .. ,. , . . . . . tup tdn 
· . ." ...... to KCL to KCL Path .. . .... . . ...... · . ...... . .. . . .. 
· . ......... , . .... 
· . .......... , .... 9 ........ . . . .... , 0.12 21 0.07 CK to D 
· . · . 
<- 100 DOO -:: 
.. - 101 DOl - .. 
.. - 102 D02 - .. 
: : - J.Q.3 D03 

_ .. 
-

::- 118 D18 -:: 
::- 119 D19 -:: 

f--- · . 
::- 120 D20 - · . 
:: -cl.21 D21 -:: 
· . · . -· . -:: ::- 130 D30 
.. - 131 D31 -:: Parameter Symbol Typ(ns)* 

· . Clock Pulse Width (High) tCWH 25 
.. - AO · . · . Clock Pulse Width (Low) tCWL 20 
.. - Al · . · . Clock Pulse Width (Low) tCWM 5000 
.- A2 · . Address Setup Time tSA 5 .: :- A3 Address Hold Time tHA 5 · . 
:- A4 · . Data Output · . Hold Time tHDO 5 

· . Input Data Setup Time tSDI 20 .. - BO · . Input Data Hold Time tHDI 10 . - B1 · . · . WE Setup Time tSEH 3 ::- B2 · . 
.. - B3 · . WE Hold Time tHEH. 3 
· . · . WE Setup ·Time (Inhibition Mode) tSEL 5 ::- B4 · . · . WE Hold Time (Inhibition Mode) tHEL 5 · . .. - WEI · . · . 
· . · . -· . WE2 · . 
· . · . 
.. - CK1 · . * Minimum values (or maximum value for tCWM) for 
::- CK2 · . typical operation condition. 

::- T1 TO -: Input Loading 
:- T2 · . Pin Name Factor (.h) 
- TI R51C 100 - 131 1 R.u 

.. - TA · . AO - A4 1 R.u 
. - TW · . 

· . BO - B4 1 R.u 
.. - TC1 · . WEI, · . WE2 1 R.u 

. - TC2 · . · . CK1 CK2 1 R.u 
· . Output Driving ... , . ....... , ... .,., . . .. , Pin Name Factor (R.u) . . . . . . . . . . ...... .. . " ... , .... · . .. . ........ , 

· . ...... . . .. 
DOO - D31 36 R.u 

Note: 
100 - 131 : Data Inputs DOO - D31 : Data Outputs 
AO - A4 Address Inputs TI, T2, TI, TA, Inputs for RAM Test BO - B4 : TW, TC1, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CK1, CK2 : Clock ** AO, BO : LSB 

R51C I Sheet 1/1 I A4 B4 : MSB 
3-276 C-2301AVM-R51C(32w x 20b + 32w x 12b)-E2 



FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R5lD !32W x l6b + 32w x l6b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
tup tdn 

to KCL to KCL Path 

9 0.12 21 0.07 CK to D 

.. - 100 DOO r- .. 
- 101 DOl r- .. 

· . - 102 D02 r-: . 
- ..l..93 D03 r-: . 

-
.. - 114 D14 r- . 
.. - 115 D15 r----
· : - 116 D16 r- .. 

::---IPD17 r- . 
-

::- 130 D30 r- . 
.. - 131 D3l r- Parameter Symbol Typ(ns)'~ 

Clock Pulse Width (High) tCWH 25 
· - AO Clock Pulse Width (Low) tCWL 20 
.- Al Clock Pulse Width (Low) tCWM 5000 

.. - A2 Address Setup Time tSA 5 
.- A3 Address Hold Time tHA 5 

.. - A4 Data Output Hold Time tHDO 5 

- BO Input Data Setup Time tSDI 20 
- Bl Input Data Hold Time tHDI 10 
- B2 WE Setup Time tSEH 3 

.. - B3 WE Hold Time tHEH 3 

· - B4 WE Setup Time (Inhibition Mode) tSEL 5 
WE Hold Time (Inhibition Mode) tHEL 5 

- WEI II 
- WE2 
- CKI * Minimum values (or maximum value for tCWM) for 

. - CK2 typical operation condition . 

· - Tl TO r-' . Input Loading 
- T2 Pin Name Factor (.llu) 
- TI R51D 100 - 131 1 .llu 

::- TA AO - A4 1 .llu 
- TW BO - B4 1 .llu 

· . - TCI WEI, WE2 1 .llu 
- TC2 CK1, CK2 1 .llu 

Output Driving 
Pin Name Factor (.llu) 

DOO - D3l 36 .llu 

Note: 
100 - 131 : Data Inputs DOD - D3l : Data Outputs 
AO - A4 Address Inputs Tl, T2, TI, TA, Inputs for RAM Test BO - B4 : TW, TCl, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CKl, CK2 : Clock ~'(.'( AO, BO : LSB 

R51D I Sheet 1/1 I A4, B4 : MSB I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R61 !64W x 16b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
... . .. . .. . .... tup tdn ... . .. . . . .... to KCL to KCL Path ... . .. . . .. ... . .. . .. . . ... 
... . .. . .. . . ... ... . .. . . . .... 9 0.12 21 0.07 CK to D · . · . · . 
::- 100 DOO -:: 
::- 101 DOl -. 
.. - 102 D02 -:: 
.. - 103 D03 - .. 
.. - 104 D04 

_ .. 
.. - 105 D05 - .. 
.. - 106 D06 -:: 
.. - 107 D07 -. 
.. - lOS DOS - .. 
.. - 109 D09 - .. 
.. - IlO DlO -:: 
.:- III Dll - .. 
.. - Il2 Dl-2 - .. Parameter Symbol Typ(ns)* 
.. - Il3 013 

_ .. Clock Pulse Width (High) tCWH 25 
::- Il4 Dl4 -. Clock Pulse Width (Low) tCWL 20 

- Il5 Dl5 - .. Clock 'Pulse Width (Low) tCWM 5000 
· . Address ,Setup Time tSA 5 
.. - AO Address · . Hold Time tHA 5 
.. - Al · . Data Output Hold Time tHDO 5 
::- A2 · . Input Data Setup Time tSDI 20 
::- A3 · . Input Data Hold Time tHDI 10 
.. - A4 · . WE Setup Time tSEH 3 
::- A5 · . WE Hold Time tHEH 3 

· . WE Setup Time (Inhibition Mode) tSEL 5 - WE · . 
· . WE Hold Time (Inhibition Mode) tHEL 5 
:- CK · . 
::- T1 TO f-: : 
.- T2 · . * Minimum values (or maximum value CWM) .. - TI R61 for for 

· . typical operation condition. .. - TA · . 
::- TW 
.. - TCI Input Loading 
.. - TC2 Pin Name Factor (R.u) 

... 100 -... . Il5 1 R.u 
· . ........ . .... . . . . . . . . . .. AO - A5 1 R.u 

. . . . . . . . . . WE 1 R.u · . ... ... . 
........... CK 1 R.u · . ....... . .. . . .. 

· . , .... ... . ... Output Driving · . .... . .. . . ... , .. ...... ... . Pin Name Factor (R.u) .. . .. . .. ,' . 

DOO - 015 36 R.u 

Note: 
100 - Il5 : Data Inputs DOO - 015 : Data Outputs 
AO - A5 : Address Inputs T1, T2, TI, TA, Inputs for RAM Test 
WE Write Enable TW, TCI, TC2 : 

: 
CK : Clock TO : Output for RAM Test 

** AO : LSB, A5 : MSB 
R61 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R61A 164W x 12b + 64w x 4b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
................. tup tdn · . . . . . . . . . . . . . . . . to KCL to KCL Path · . . . . . . . . ........ · . · . · . · . .. - 100 DOD t-: : 9 0.12 21 0.07 CK to D · . .. - 101 DOl t-: : · . .. - 102 D02 t-: : · . .. -· . 103 D03 t-: : .. - 104 D04 t-: : 
::- IDS DOS t-: : 
::- 106 D06 t-: : 
::- 107 D07 t-: : 
::- lOB DOB t-: : 
::- 109 D09 t-: : 
::- 110 DlO t-: : 
::- III Dll t-: : ---.. - 112 D12 1- .. 
.. - 113 D13 I-- .. Parameter Symbol Typ(ns}* 
.. - 114 Dl4 I-- .. Clock Pulse Width (High) tCWH 2S 
.. - IlS DIS I-- .. Clock Pulse Width (Low) tCWL 20 

Clock Pulse Width (Low) tCWM SOOO 
.. - AD · . · . Address Setup Time tSA S 
.. - Al · . · . Address Hold Time tHA S 
.. - A2 · . · . Data Output Hold Time tHDO S 
.. - A3 · . · . Input Data Setup Time tSDI 20 
.. - A4 · . · . Input Data Hold Time tHDI 10 
.. - AS · . · . WE Setup Time tSEH 3 
· . · . WE Hold Time tHEH 3 ::- BO · . · . WE Setup Time (Inhibition Mode) tSEL S .. - B1 · . · . WE Hold Time (Inhibition Mode) tHEL S .. - B2 · . · . II 
.. - B3 · . · . .. - B4 · . · . .. - BS · . · . * Minimum values (or maximum value for CWM) for · . 
::- WE1 · . typical operation condition. 
::- WE2 · . 
· . · . Input Loading 
.- CK1 · . · . Pin Name Factor (R.u) 

· . · . 100 - IlS 1 R.u .. - CK2 · . · . AD - AS 1 R.u · . .. - T1 TO 1- .. BO - BS 1 R.u 
.. - T2 · . · . WEI, WE2 1 R.u 
.. - TI R61A · . CK1 CK2 1 R.u 
.. - TA · . · . Output Driving 
.. - TW · . · . Pin Name Factor (R.u) 
.. - TC1 · . 

· . .. - TC2 · . 
· . DOD - DIS 36 R.u ..... . .. . . . . . . .. 
.. . ... . . . . . . . .. . . . . . . . . . . . 

Note: 
100 - 11S : Data Inputs DOD - DlS : Data Outputs 
AD - AS Address Inputs T1, T2, TI, TA, Inputs for RAM Test BO - BS : TW, TCI, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CK1 CK2 : Clock ** AD, BO : LSB 

R61A I Sheet 1/1 I AS BS : MSB I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R6lB 164W x 8b + 64w x 8b Single Port Static RAM 

RAM Sympol Propagation Delay Parameter 
· . ....... tup tdn 
· . " ...... ,.,. , to KCL to KCL Path ......... . , ... .. . 
· . · . .. - 100 DOD - .. 9 0.12 21 0.07 CK to D 
.. - 101 DOl - .. 
.- 102 D02 - .. 
.- 103 D03 -. 
.- 104 D04 :-- : : 

.. - 105 D05 '-: : · . 
::- 106 D06 - .. 

-· . 107 D07 ----:- 108 D08 -. 
.. - 109 D09 i-- . 

.. - IlO DID i-- .. 

.. - III Dll i-- .. 

.. - Il2 Dl2 :- .. 

- Il3 Dl3 i-- Parameter Symbol Typ(ns)* 
- Il4 D14 i-- Clock Pulse Width (High) tCWH 25 

· . Clock Pulse Width (Low) tCWL 20 . - Il5 D15 I-- .. 
Clock Pulse Width (Low) tCWM 5000 

.- AD Address Setup Time tSA 5 
.. - Al Address Hold Time tHA 5 .- A2 Data Output Hold Time tHDO 5 

-· . A3 Input Data Setup Time tSDI 20 
::- A4 Input Data Hold Time tHDI 10 
.. - A5 WE Setup Time tSEH 3 
::- BO WE Hold Time tHEH 3 
.. - Bl WE Setup Time (Inhibition Mode) tSEL 5 
.. - B2 WE Hold Time (Inhibition Mode) tHEL 5 
.. - B3 .. 
. :- B4 
.. - B5 * Minimum values (or maximum value for CWM) for 
::- WEI typical operation condition. 

::- WE2 Input Loading 
.. - CKI Pin Name Factor (R.u) 
.. - CK2 100 - Il5 1 R.u 

AD - A5 1 R.u 
::- Tl TO -:. BO - B5 1 R.u 
.'- T2 .. WEI, WE2 1 R.u 
.. - TI R61B CKl, CK2 1 R.u 
.. - TA Output Driving 
.. - TW Pin Name Factor (.Q.u) 
.. - TCI 
.. - TC2 

DOD - Dl5 36 R.u 
· . . . . . . 

Note: 
100 - Il5 : Data Inputs DOD - D15 : Data Outputs 
AD - A5 Address Inputs Tl, T2, TI, TA, Inputs for RAM Test 
BO - B5 : TW, TCl, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CKI CK2 : Clock *)'t AD, BO : LSB 

R6lB I Sheet 1/11 A5, B5 : MSB 

3-280 C-230lAVM-R6lB(64w x 8b + 64w x 8b)-E2 



FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R71 I 128w x 8b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
............ , .. · . tup tdn 

.... to KCL to KCL Path 
. . . . . . . .... . . . . . . . .. 

· . 9 0.12 22 0.07 CK to D 
::- - · . 

10 DO · . 
,,- 11 D1 -. ,,- 12 D2 - " 

,,- 13 D3 - " 

,,- 14 D4 - " 

,,- IS D5 -. · . · . ,,- 16 D6 -. · . · . ,,- 17 D7 - " 

::- · . 
AO · . 

,,- Al · . 
::- A2 · . 

- A3 
.- A4 · . Parameter Symbol Typ(ns)* 
.:- AS Clock Pulse Width (High) tCWH 25 
.- A6 Clock Pulse Width (Low) tCWL 20 

· . Clock Pulse Width (Low) tCWM 5000 · . · . . - WE · . Address Setup Time tSA 5 
:- CK · . Address Hold Time tHA 5 

Data Output Hold Time tHDO 5 
::- T1 TO -:. Input Data Setup Time tSDI 20 
.- T2 Input Data Hold Time tHDI 10 
::- TI R71 WE Setup Time tSEH 3 
::- TA WE Hold Time tHEH 3 
:- TW · . WE Setup Time (Inhibition Mode) tSEL 5 
::- TC1 WE Hold Time (Inhibition Mode) tHEL 5 
.. - TC2 
.. , . , ..... 

* Minimum values (or maximum value for tCWM) for 
· . typical operation condition. 

Input Loading 
Pin Name Factor (R.u) 

10 -17 1 R.u 
AO - A6 1 R.u 
WE 1 R.u 
CK 1 R.u 

Output Driving 
Pin Name Factor (R.u) 

DO - D7 36 R.u 

Note: 
10 -17 : Data Inputs DO - D7 : Data Outputs 
AO - A6 : Address Inputs T1, T2, TI, TA, Inputs for RAM Test 
WE Write Enable TW, TC1, TC2 : 

: 
CK : Clock TO : Output for RAM Test 

** AO : LSB, A6 : MSB 
R71 I Sheet 1/1 I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R71A I 128w x 4b + 128w x 4b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
, ......... ....... tup tdn ...... . .......... to KCL to KCL Path ................ . ................ . ................ . ................. 9 0.12 22 0.07 CK to D · . · . 
::- 10 DO f-: : 
::~ Il Dl f- .. 
::- 12 D2 f- .. 
.. - 13 D3 f- .. 
· . r---
::- 14 D4 I:- : : 
.. - 15 D5 - .. 
::- 16 D6 - .. 
::- 17 D7 - .. 
· . · . 
::- AO · . 

· . 
::- Al · . · . .. - A2 · . · . Parameter SYmbol Typ(ns)* .. - A3 · . 

· . Clock Pulse Width (High) tCWH 25 .. - A4 · . · . Clock Pulse Width (Low) tCWL 20 .. - A5 · . · . Clock Pulse Width (Low) tCWM 5000 .. - A6 · . 
· . Address Setup Time tSA 5 · . 

::- BO · . · . Address Hold Time tHA 5 
.. - Bl · . Data Output Hold Time tHDO 5 
::- · . 

B2 · . Input Data Setup Time tSDI 20 · . .. - B3 · . · . Input Data Hold Time tHDI 10 
.. - B4 · . WE Setup Time tSEH 3 
.. - B5 · . WE Hold Time tHEH 3 
.. - B6 · . WE Setup Time (Inhibition Mode) tSEL 5 
::- · . WE Hold Time (Inhibition Mode) tHEL 5 WEI 

· . 
::- WE2 · . · . · . · . .. - CKI · . 
· . * Minimum values (or maximum value for tCWM) for 
::- CK2 · . typical operation condition. 
· . · . 
.:- T1 TO f-: : Input Loading ::- T2 · . · . Pin Name Factor (R.u) ::- TI R1IA · . · . 10 -17 1 R.u ::- TA · . AO - A6 1 R.u ::- TW · . · . BO - B6 1 R.u - TC1 · . · . WEI, WE2 1 R.u . - TC2 · . · . CKI CK2 1 R.u · . · . · . , ... ,., .. ... Output Driving ... . .... , ...... , 

'" . .. . .. . . ... Pin Name Factor (R.u) , ... . . .. . . ... ... . ,., .. ." ... ... . ........ . 

DO - D7 36 R.u 

Note: 
10 - 17 : Data Inputs DO - D7 : Data Outputs 
AO - A6 Address Inputs Tl, T2, TI, TA, Inputs for RAM Test 
BO - B6 : TW, TC1, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CK1 CK2 : Clock ** AO, BO : LSB 

R71A I Sheet 1/1 I A6 B6 : MSB I --
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R83 I 256w x 4b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
................. tup tdn 
· . . . . . . . . . . . . to , ..... ...... . .... KCL to KCL Path 
· . . . . . . . . . . 
, ..... , , ... , . . ... 
" .... . . ...... . · . ..... . . . ...... . · . 9 0.12 22 0.07 CK to D ...... . . . .. . .,' . 
.... . .... . 

· . 
· . .. - 10 DO - .. 

.. -· . 11 Dl -:: 
::- 12 D2 -:. 
.. -· . 13 D3 -:: 
::- · . 

AO · . · . - Al · . · . .. - A2 · . 
.. - A3 · . 

· . 
::- A4 · . · . 
::- A5 · . Parameter Symbol Typ(ns)* ::- A6 · . · . Clock Pulse Width (High) tCWH 25 ::- A7 · . Clock Pulse Width (Low) tCWL 20 
::- · . 

WE Clock Pulse Width (Low) tCWM 5000 
· . Address Setup Time tSA 5 ::- CK Address Hold Time tHA 5 
::- T1 TO -:: Data Output Hold Time tHDO 5 
::- T2 Input Data Setup Time tSDI 20 
::- TI R83 Input Data Hold Time tHDI 10 
::- TA WE Setup Time tSEH 3 
.. - TW WE Hold Time tHEH 3 
.. - TC1 WE Setup Time (Inhibition Mode) tSEL 5 
::- TC2 · . WE Hold Time (Inhibition Mode) tHEL 5 .. 
· . '" . . . 
..... . 

. , .. .. . .. . 
* Minimum values (or maximum value for tCWM) for 

typical operation condition. 

Input Loading 
Pin Name Factor (R.u) 

10 -13 1 R.u 
AO - A7 1 R.u 
WE 1 R.u 
CK 1 R.u 

Output Driving 
Pin Name Factor (R.u) 

DO - D3 36 R.u 

Note: 
10 - 13 : Data Inputs DO - D3 : Data Outputs 
AO - A7 : Address Inputs T1, T2, TI, TA, Inputs for RAM Test : WE : Write Enable TW, TC1, TC2 
CK : Clock TO : Output for RAM Test 

** AO : LSB, A7 : MSB 
R83 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name I Function 

R83A !256W x 2b + 256w x 2b Single Port Static RAM 

RAM Symbol Propagation Dplay Parameter 
. . . . . . . . . ....... . tup tdn 
., .. . . . . . ...... to KCL to KCL Path , , .... , , , " , . . . . . 
" , '" , " , ..... ................. 
" ' .............. 9 0.12 22 0.07 CK to D ... . ... , .. .., .... 
... . ... . . ..... 
, , ' , 
, , , , 

"-, , 10 DO f- " 

"-~l_~ f- .. 
, , 

,.- 12 D2 f-' , 
"- 13 D3 f-' ' 
, . , , 

::- AO ' , 

,,- Al 
::- A2 
::- A3 , , 

::- A4 ' , 
, , 

::- A5 ' , 
, , Parameter Svmbol TvP(ns)* ::- A6 , , Clock Pulse Width (Hi2h) tCWH 25 ::- A7 ' , 
, , Clock Pulse Width (Low) tCWL 20 , , , , 

,,- BO , , Clock Pulse Width (Low) tCWM 5000 
,,- Bl Address Setup Time tSA 5 
,,- B2 Address Hold Time tHA 5 , ' ,,- B3 .. Data Output Hold Time tHDO 5 ,,- B4 Input Data Setup Time tSDI 20 
,- B5 , , Input Data Hold Time tHDI 10 
,,- B6 ' , WE Setup Time tSEH 3 
,,- B7 WE Hold Time tHEH 3 
, , WE Setup Time (Inhibition Mode) ,tSEL 5 ,,- WEI 
, , , ' WE Hold Time (Inhibition Mode) tHEL 5 
::- WE2 
::- ' , 

CKI 
, , 

::- CK2 * Minimum values (or maximum value for tCWM) for 
,- TI TO - " 

typical operation condition. 

:- T2 , , Input Loading ::- TI R83A ' , 
, , Pin Name Factor (R.u) ':- TA 

.'. - TW 10 - 13 1 R.u 
, , AO - A7 1 R.u ::- TCI ' ' 

::- TC2 ' ' 
BO - B7 1 R.u 
WEI, WE2 1 R.u 

. . . . . . . . ....... CKl, CK2 1 R.u . . . . . . 
, , , , , ' .. , .. Output Driving , , , ...... ..... , 

Pin Name Factor (R.u) 

DO - D3 36 R.u 

Note: 
10 - 13 : Data Inputs DO - D3 : Data Outputs 
AO - A7 Address Inputs Tl, T2, TI, TA, Inputs for RAM Test 
BO - B7 : TW, TCl, TC2 : 

WEI, WE2 : Write Enable TO : Output for RAM Test 
CKl, CK2 : Clock *,~ AO, BO : LSB 

R83A I Sheet 1/1 I A7 B7 : MSB Pa2e 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R6l0 164W x 36b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
... , ... . . ., .. tup tdn 
.... , . . ... .... . to KCL to KCL Path . . . . . . . . , ... 

........ . 
· . .. . ...... . 
· . 12 0.12 26 0.07 CK to D 
::- · . 

100 DOO r-' . 
.. - 101 DOl r-' . 
.. -· . 102 D02 r-' . 
.. -· . 103 D03 r- .. 

. - 104 D04 I- . · . 
::- 105 D05 1- .. 
::- 106 D06 I- . 
::- 107 D07 1- .. 
.- 108 D08 I- . 

.. - 109 D09 1- .. 
.--llP DlOI- : : 

::- - :: 
130 D301- .. Parameter Sytnbol Typ(ns)* 

::- 131 D3ll- : . Clock Pulse Width (High) tCWH 25 
:.:- 132 D32 1-: . Clock Pulse Width (Low) tCWL 20 
.. - 133 D33 r- .. Clock Pulse Width (Low) tCWM 5000 
::- 134 D34 1-: . Address Setup Time tSA 5 
::- 135 D35 1-: Address Hold Time tHA 5 
.. - AO · . Data Output Hold Time tHDO 5 
.. - Al Input Data Setup Time tSDI 20 

"- A2 Input Data Hold Time tHDI 10 
.. - A3 WE Setup Time tSEH 3 

.:- A4 WE Hold Time tHEH 3 

::- A5 WE Setup Time (Inhibition Mode) tSEL 5 
WE Hold Time (Inhibition Mode) tHEL 5 

.- WE II 
· . - CK 
.. - Tl TO r- . * Minimum values (or maximum value for tCWM) for 
::- T2 typical operation condition. 
::- TI R610 
::- TA Input Loading 
::- TW Pin Name Factor (iu) 

- TCI 
.. - TC2 100 - 135 1 iu 
.. . .. AO - A5 1 iu 

WE 1 iu 
.. ,' . 

· . CK 1 iu 
Output Driving 

Pin Name Factor (iu) 

DOO - D35 36 iu 

Note: 
100 - 135 : Data.Inputs DOO - D35 : Data Outputs 
AO - A5 : Address Inputs TI. T2. TI. TA. Inputs for RAM Test 
WE Write Enable TW. TCI. TC2 : 

: 
CK : Clock TO : Output for RAM Test 

,~* AO : LSB. A5 : MSB 
R6l0 I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM" Version 
RAM Name I Function 

R611 164W x 20b + 64w x 

RAM Symbol 
...... . ... . ...... 
· . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . 
, ................ ................ . 
· . · . 
::- 100 DOO :-- .. 
.. - 101 DOl r-: : 
.. - 102 D02 r-: : 
: : -..1.Q3 D03 r-: : 

-· . · . .. - 117 D17 r-: : 
.. - 118 D18 r-: : .. - 119 D19 I-- .. 

---
.. - 120 D20 r-: : 
:: - 121 D21 r-: : 
:: -.112 D22 r-: : 
· . - · . .. - 133 D33 r-: : 
::- 134 D34 r-: : 
::- 135 D35 1-: : 
::- · . 

AO · . 
::- · . 

Al · . · . .. - A2 · . 
· . .. - A3 · . · . .. - A4 · . · . .. - A5 · . · . · . · . 

::- BO · . · . 
::- B1 · . · . 
::- B2 · . 

· . .. - B3 · . 
::- · . 

B4 · . · . .. - B5 · . 
· . 
::- WEI · . 

· . 
.. - CK1 · . 

· . 
::- WE2 · . · . · . - CK2 · . · . · . · . .. - T1 TO r-: : 
::- T2 · . · . 
::- TI R611 · . · . 
::- TA · . · . 
::- TW · . · . 
:- TC1 · . · . 
::- TC2 · . · . · . ... . .. . . ,., . . .... 
· . .. . ..... , . . .... 

Note: 
100 - 135 : Data Inputs 
AO - A5 Address Inputs BO - B5 : 

WEI, WE2 : Write Enable. 
CKI, CK2 : Clock 

R611 I Sheet III I 
Preliml.DAry 

16b Single Port Static RAM 

Propagation Delay Parameter 
tup tdn 

to KCL to KCL Path 

12 0.12 26 0.07 CK to D 

Parameter Symbol Typ(ns)* 
Clock Pulse Width (High) tCWH 25 
Clock Pulse Width (Low) tCWL 20 
Clock Pulse Width (Low) tCWM 5000 
Address Setup Time tSA 5 
Address Hold Time tHA 5 
Data Output Hold Time tHDO 5 
Input Data Setup Time tSDI 20 
Input Data Hold Time tHDI 10 
WE Setup Time tSEH 3 
WE Hold Time tHEH 3 
WE SetuJl Time -<Inhibition Mode) tSEL 5 
WE Hold Time (Inhibition Mode) tHEL 5 

* Minimum values (or maximum value for tCWM) for 
typical operation condition. 

Input Loading 
Pin Name Factor (R.ul 
100 - 135 1 R.u 
AO - A5 1 R.u 
BO - B5 I R.u 
WEI, WE2 1 R.u 
CK1, CK2 1 R.u 

Output Driving 
Pin Name Factor (R.u) 

DOO - D35 36 R.u 

DOO - D35 : Data Outputs 
T1, T2, TI, TA, Inputs for RAM Test TW, TC1, TC2 : 

TO : Output for RAM Test 
** AO, BO : LSB 

A5 B5 : MSB I 
.~ 

C-150~AVM/C-4002AVM-R61I(64w x 20b + 64w x I6b)-E2 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I "AVM Version 
RAM Name I Function 

R7ll 112BW x lBb Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
..... tup tdn 

"" , to KCL to KCL Path ........ · . 
'" . ... . . . .... . ..... , .. . ,' . .. 12 0.12 26 0.07 CK to D 
::- 100 DOO '-: : 
::- 101 DOl - .. 
::- 102 D02 r-' . 
::- 103 D03 r-' . 
::- 104 D04 '- .. 
::- 105 DOS - .. 
::- 106 D06 ~ .. 
.. - 107 D07 -. · . . - lOB DOB -. 
.. - 109 D09 -. 
.. - 110 DlO -. 
.. - III Dll 

_ .. 
.. - 112 D12 - .. Parameter Symbol Typ(ns)* 
.. - 113 D13 - .. Clock Pulse Width (Hi&.h] tCWH 25 
.. - 114 D14 -. Clock Pulse Width (Low) tCWL 20 
.. - 115 DIS -. Clock Pulse Width (Low) tCWM 5000 
.. - 116 D16 - .. Address Setup Time tSA 5 
.. - 117 D17 -. Address Hold Time tHA 5 
::- · . Data Output Hold Time tHDO 5 AO 
.. - Al Input Data Setup Time tSDI 20 
.. - A2 Input Data Hold Time tHDI 10 
.. - A3 WE Setup Time tSEH 3 
.. - A4 WE Hold Time tHEH 3 

::- AS · . WE Setup Time (Inhibition Mode) tSEL 5 
- A6 WE Hold Time (Inhibition Madej tHEL 5 II 

· . .. - WE . . · . 
::- CK * Minimum values (or maximum value for tCWM) for 
.. - Tl TO - .. typical operation condition. 
.. - T2 · . .. - TI R711 · . Input Loading 
.. - TA Pin Name Factor (R.u) 
.. - TW 
.. - TCI 100 N 117 1 R.u 
.. - TC2 AO N A6 1 R.u 
.... WE 1 R.u 

... . .... CK 1 R.u .. . ... . . . . . . . .. .. , . . . . . . . ...... Output Driving .. , , .. . . .. ... . ..... . ..... Pin Name Factor (R.u) .... . .... . 
. . . . . . . 

DOO N D17 36 R.u 

Note: 
100 - 117 : Data Inputs DOO - D17 : Data Outputs 
AO - A6 : Address Inputs Tl, T2, TI, TA, Inputs for RAM Test 
WE Write Enable TW, TCl, TC2 : 

: 
CK : Clock TO : Output for RAM Test 

** AO : LSB, A6 : MSB 

~. I Sheet l/lJ I 
Preliminary C-1502AVM/C-4002AVM-R7ll(12Bw x lBb)-E2 3-287 



FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM" Version 
RAM Name I Function 

R712 1128W x 9b + l28w x 9b Single Port Static RAM 

RAM Symbol 
· . .. . . ... , ... . ... ................. ................ . 
· . ...... . . ...... ........ , , ...... , 
· . · . · . · . 
.. - 100 DOO -:: 
::- 101 DOl -:: 
.. - 102 D02 -:: 
.. - 103 D03 ~:: 
::- 104 D04 '-: : 
::- 105 DOS :- .. 
::- 106 D06 i-: : 
::- 107 D07 i- .. 

::- 108 D08 i-: : --- · . .. - 109 D09 r- .. 
.. - ...!!..O DlO i-: : 
· . - · . .. - 116 D16 i-: : 
::- 117 D17 i- .. 
· . · . .. - AO · . 
::- Al · . 
::- A2 · . · . 
::- A3 · . · . 
::- A4 · . · . 
::- AS · . · . 
::- A6 · . · . · . · . 
.. - BO · . · . .. - Bl · . · . 
::- B2 · . 
::- B3 · . · . 
::- B4 · . 
::- B5 · . 

- B6 · . · . · . · . · . - WEI · . · . 
::- · . 

CKI · . · . · . · . . - WE2 · . · . · . · . 
::- CK2 · . · . 
::- T1 TO i-: : 
.. - T2 · . · . - TI R712 · . · . · . .. - TA · . 

· . .. - TW · . · . . - TCI · . 
· . 

.. - TC2 · . 
· . .... . ... . .. , ... 

........ . .. , .. . .. 
Note: 

100 - 117 : Data Inputs 
AO - A6 Address Inputs BO - B6 : 

WEI, WE2 : Write Enable 
CKI, CK2 : Clock 

R712 I Sheet 1/1 I 
Preliminary 

Propa~ation De1av Parameter 
tup tdn 

to KCL to KCL Path 

12 0.12 26 0.07 CK to D 

Parameter Symbol Typ(nsl* 
Clock Pulse Width (High) tCWH 25 
Clock Pulse Width (Low) tCWL 20 
Clock Pulse Width (Low) tCWM 5000 
Address Setup Time tSA 5 
Address Hold Time tHA 5 
Data Output Hold Time tHDO 5 
Input Data Setup Time tSDI 20 
Input Data Hold Time tHDI 10 
WE Setup Time tSEH 3 
WE Hold Time tHEH 3 
WE Setup Time (Inhibition Mode) tSEL 5 
WE Hold Time (Inhibition Mode) tHEL 5 

* Minimum values (or maxim~ value for tCWM) for 
typical operation condition. 

Input Loading 
Pin Name Factor (iu) 
100 - 117 1 iu 
AO - A6 1 iu 
BO - B6 1 iu 
WEI, WE2 1 iu 
CKl, CK2 1 iu 

Output Driving 
Pin Name Factor (iu) 

DOO - Dl7 36 iu 

DOO - D17 : Data Outputs 
Tl, T2, TI, TA, Inputs for RAM Test TW, TCl, TC2 : 

TO : Output for RAM Test 
** AO, BO : LSB 

A6, B6 : MSB I 
C-1502AVM/C-4002AVM-R712(128w x 9b + 128w x 9b)-E2 
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FUJITSU CMOS GATE ARRAY CELL SPECIFICATION I AVM Version 
RAM Name ~Function 

R87 I 256w x 9b Single Port Static RAM 

RAM Symbol Propagation Delay Parameter 
......... .... . . .. tup tdn 
· . ....... , .... to KCL to KCL Path . , .... . .. 
....... . ... . . . ... . . ..... 

· . 12 0.12 26 0.07 CK to D 
.. - 10 DO _ .. 
.. - 11 D1 _ .. 
· . - 12 D2 -. · . 
::- 13 D3 -:: 
::- 14 D4 -:: 
::- IS D5 -:: 
::- 16 D6 -:: 
:- 17 D7 -:. 
:- 18 D8 -:: 

· . .. - AO 
.. - Al · . 
:- A2 Parameter Symbol Typ(ns)* ::- A3 Clock Pulse Width (High) tCWH 25 :- A4 
::- AS Clock Pulse Width (Low) tCWL 20 

::- A6 · . Clock Pulse Width (Low) tCWM 5000 
.- A7 Address Setup Time tSA 5 

Address Hold Time tHA 5 
.. - WE Data Output Hold Time tHDO 5 

:- CK Input Data Setup Time tSDI 20 
Input Data Hold Time tHDI 10 

:- Tl TO -:: WE Setup Time tSEH 3 
.. - T2 WE Hold Time tHEH 3 

- TI RB7 WE Setup Time (Inhibition Mode) tHEL 5 
.. - TA WE Hold Time (Inhibition Mode) tHEL 5 · . 
::- TW II 
.:- TC1 
.. - TC2 * Minimum values (or maximum value for tCWM) for 

typical operation condition. 
. . . . . 

Input Loading 
Pin Name Factor (iu) 

10 - 18 1 iu 
AO - A7 1 iu 
WE 1 iu 
CK 1 iu 

Output Driving 
Pin Name Factor (iu) 

DO - D8 36 iu 

Note: 
10 - 18 : Data Inputs DO - D8 : Data Outputs 
AO - A7 : Address Inputs Tl, T2, TI, TA, Inputs for RAM Test WE Write Enable TW, TCI, TC2 : 

: 
CK : Clock TO : Output for RAM Test 

*,~ AO : LSB, A7 : MSB 
R87 I Sheet 1/1 I 

Prelilll1Jl8ry C-1502AVM/C-4002AVM-R87(256w x 9b)-E2 
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III 

Block Diagram of RAM (Case 1): R51, R61, R71, R83, R610, R710, R87. 

ADDRESS --;) ROW :) REGISTER DECODER 
MEMORY MATRIX 

D 
~ COLUMN :::) COLUMN SELECTOR 

DECODER 

:J~ 
ACK 

SENSE/WRITE AMP. 

WCK ! 1-----.. --------- -11 :5 
DOO 100 Dxx Ixx 

Block Diagram of RAM (Case 2): R51A, R51B, R51C, R51D, R61A, R61B, R7.1A 
R83A, R611, R7.12 

I 

ADDRESS --;) ROW :) 
I I"- ROW I"- ADDRESS 

REGISTER DECODER I \r- DECODER \r REGISTER I 

MEMORY MATRIX 
1 1 1 I 2 2 2 I 

'""'-Bn 

tt 
~ ~ 

I l"- t COLUMN COLUMN SELECTOR \r- COLUMN 
DECODER I DECODER 

I 
1 1 I 2 2 

j"t 
ACK I 

BCK ( 

1 SENSE/WRITE AMP. 
1 I 2 

I 

- CK2 

AWCK ! 1---------------- -11 
BWCK~ 

WE1 WE2 
DOO 100 Dxx Ixx 

3-290 



Definition of Parameters for RAM 

i) Read mode 

Clock 
(CK1, CK2) 

Address 
(AO - An, 

BO - Bn) 

Data Output 
(DO a -Dxx) 

tpd = Access Time 

ii) Write mode 

Clock 
(CK1, CK2) 

Address 
(AO - An, 

BO - Bn) 

Data Input 
(100 - Ixx) 

Data Output 
(DOO - Dxx) 

tSA 

Ir---
IYAL 

tSA 

VAL 

Write Enabl 
(WE) 

e///////////, 

tpd = Access Time 

t CWM 
tcWH tcWL 

HA 

f----, 

r1L 

tpd 

VALID 

tCWM 
tCWH tCWL 

HA 

D 

tSDI 

VALID 

tSEH 

J::: 
V////////v '//////1 
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tHDO 

II 

HDI 

K 

tpd 

VALID 

tHEH 

b 
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Definition of Parameters for RAM (cont'd) 

iii) Write Inhibit mode 

Clock 
(CK1, CK2) 

Write Enabl 
(WE) 

e 

tCWH 
t CWM 
tCWL 

tSEL 

--t 
I 

3-292 
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ROM Family for C-2301AVM 

Page 

3-295 

Unit Cell 
Name 

VRn 

Function 

256w x 8b ROM 

ROM Family for C-1502AVM/C-4002AVM 

Unit Cell 
Page Na64 Function 

3-296 VRn 256w x 18b ROM 

3-297 VRn 128w x 36b ROM 

3·293 

II 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AVM Version 
ROM Name I Function 

YRn I 256w x 8b Read Only Me'" ory 

ROM Symbol Propagation Delay Parameter 
tup tdn 

· . ............ to KCL to KCL Path .. , , . .. .... · . ............. . 
...... . ..... . .. , . 15 0.16 · . . , . . . . . . . . . . . · . 30 0.12 CK to D · . . . . . . . . . . . . . , . . .............. , .. 
· . . . . . . . . . . . . . . . . 
· . , ... ., ...... .... , .. . . . . . . 
· . · . · . · . .. - AO DO -:: 
. - Al Dl - .. 

.. - A2 D2 - .. 

.. - A3 D3 - . 

.. - A4 D4 - . 

.. - AS D5 - .. 

.. - A6 D6 - .. 

.. - A7 D7 - .. 

.. - CK Parameter Symbol Typ(ns)* 
Clock Pulse Width (High) tCWH 35 

:.- T1 TO -:. Clock Pulse Width (Low) tCWL 25 
.. - T2 · . 

· . Clock Pulse Width (Low) tCWM 5000 
::- TA YRn · . · . Address Setup Time tSA 5 
::- TCI · . · . Address Hold Time tHA 5 
::- TC2 · . Data Output Hold Time tHDO 5 

· . ...... , . . , .... .. . .. . 
.. . ..... . .... . · . 
..... . . ... 

... . ... . 
........... ,." .. 
.. . . . . , ... 
.... , . . II ... . . . . . . . . . .. 

* Minimum values (or maximum value for tCWM) for 
, ........... typical operation condition. , .... 

Input Loading 
Pin Name Factor (.h) 

AO - A7 1 iu 
CK 1 iu 

Output Driving 
Pin Name Factor (iu) 

DO - D7 36 iu 

Note: 
AO - A7 : Address Inputs T1, T2, TA, TCl, TC2: Inputs for ROM Test 
** AO: LSB, A7: MSB TO : Output for ROM Test 
CK : Clock 
DO - D7 : Data Outputs 

YRn(256x8) I Sheet 1/1 I I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AVM Version 
ROM Name I Function 

YRn I 256w x lSb Read Only Metnory 

ROM Symbol Propagation Delay Parameter 
· . ..... ......... . tup tdn ............... , . to KCL to KCL Path , ..... "., ..... · . .. . , .... .. . 
................ , 

· . 15 0.12 29 0.07 CK to D · . .:- AO DOO -:: 
:- Al DOl -:: 
- A2 D02 - .. · . -:: ::- A3 D03 

::- A4 D04 -:: 
::- AS D05 r-: : 
:- A6 D06 r-: : 
:- A7 D07 r- · . · . DOS r-: . 

· . D09 r-: : 
DlO r-' . 

· . Dll r-' . 
· . 
· . D12 r-' . Parameter Symbol Typ(ns)* 
· . D13 r- . Clock Pulse Width (Hig;h) tCWH 30 
· . D14 r-: : Clock Pulse Width (Low) tCWL 25 
· . D15 r- Clock Pulse Width (Low) tCWM 5000 
· . D16 r- . Address Setup Time tSA 5 
· . D17 r-: Address Hold Time tHA 5 

· . Data Output Hold Time tHDO 5 ::- CK 
.- T1 TO I-- .. 

.. - T2 · . 

.. - TA YRn · . .. - TCI · . 
. - TC2 

· . . . . . . . .... . 
....... . ..... . ...... .. ,. , 

· . . . . . . . . 
..... ,' . * Minimum values (or maximum value for tCWM) for 

typical operation condition. 

Input Loading 
Pin Name Factor (iu) 

AO - A7 1 iu 
CK 1 iu 

Output Driving 
Pin Name Factor (iu) 

DOO - D17 36 iu 

Note: 
AO - A7 : Address Inputs T1, T2, TA, TCl, TC2: Inputs for ROM Test 
** AO: LSB, A7: MSB TO : Output for ROM Test 
CK : Clock 
DOO - D17: Data Outputs 

YRn(256x1S)1 Sheet III I 
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FUJITSU CMOS GATE ARRAY UNIT CELL SPECIFICATION I AVM Version 
ROM Name I Function 

YRn 1128W x 36b Read Only Memory 

ROM Symbol Propagation Delay Parameter 
.... . . . . . tup tdn ... . . . .... to KCL to KCL Path .... . ... , ... 

· . 15 0.12 29 0.07 CK to D 
:- AO DOO t- . 
::- Al DOl t- . · . 
::- A2 D02 - .. 
.. - A3 D03 -:: 

. - A4 D04 -: . 
.. - A5 D05 -:: 
.- A6 D06 _. 

· . D07 - .. 
· . D08 -:: 
· . D09 

_:. 
· . _:. · . DIO 

Dll - .. 
DI2 

_:. 
· . Parameter Symbol Typ(ns)* 

DI3 -. Clock Pulse Width (High) tCWH 30 
DI4 

_:. 
Clock Pulse Width (Low) tCWL 25 

D15 -: Clock Pulse Width (Low) tCWM 5000 
DI6 - Address Setup Time tSA 5 
DI7 - .. Address Hold Time tHA 5 
DI8 -. Data Output Hold Time tHDO 5 
D19 -· . · . 

· . D20 -:. 
· . D2l -. 

D22 -: 
D23 -:. 
D24 - .. 

· . D25 - .. · . II 
D26 -:. 
D27 -:. 
D28 -: * Minimum values (or maximum value for tCWM) for 
D29 _ .. 

typical operation condition. 
D30 - .. 

· . D3l - .. Input Loading 
D32 -. Pin Name Factor (R.u) 
D33 

_:. 

D34 -. AO - A6 1 R.u 
D35 -:. CK 1 R.u 

::- CK 
.. - T1 TO - .. Output Driving 
:.- T2 Pin Name Factor (R.u) 
.. - TA YRn 

- TCI · . - TC2 DOO - D35 36 R.u 

.... , 

Note: 
AO - A6 : Address Inputs Tl. T2. TA. TCI. TC2: Inputs for ROM Test 
** AO: LSB. A6: MSB TO : Output for ROM Test 
CK : Clock 
DOO - D35: Data Outputs 

YRn(128x36)1 Sheet 1/1 I 
Prelim1Dary 
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Block Diagram of ROM 

ADDRESS --;; ROW => REGISTER DECODER 
MEMORY MATRIX 

~J 
~ COLUMN ::) COLUMN SELECTOR 

DECODER 

~t 

SENSE AMP. 
CK -{>-----+ 

1-----------------1 
DO Dn 

III 
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Definition of Parameters for ROM 

Clock 

Address 
(AO - An) 

Data Output 
(DO - Dn) 

tSA 

VAL 

tCWH 

,HA 

m 

tpd 

CWL 
, 

tHDO 

i<"i 
VALID 

II 
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APPENDIX A: General AC Specifications 

Pre-layout Simulation Delay Specifications 

(Recommended Operating Conditions unless otherwise noted) 

Rating Symbol Min. Max. Unit 

Propagation Delay Time tPLH 
tPHL 

Enable Time tPZL (Typ)xO.45 (Typ)xl.6 ns 
tPZH 

Disable time tPLZ 
tPHZ 

Post-layout Simulation Delay Specifications 

(Recommended Operating Conditions unless otherwise noted) .. 
Rating Symbol Min. Max. Unit 

Propagation Delay Time tPLH 
tPHL 

Enable Time tPZL (Typ)xO.5 (Typ)x1.55 ns 
tPZH 

Disable time tPLZ 
tPHZ 
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APPENDIX B: Estimation Tables for Metal Loading 

Master Table 

Table for CL Estimation 
Device 

1 2 3 4 S 6 7 

C-8000AV .1 e2 

C-6600AV .1 e2 

C-SOOOAV • 
C-3900AV • 
C-2600AV • 
C-4002AVM 

C-2301AVM e3 e4 

C-1S02AVM .3 ·4 

C-2000AVB • 
C-1600AVB • 
C-1200AVB • .. 
C-8S0AVB • 
C-S40AVB • 
C-3S0AVB • 

Notes: 

1. Internal block routing only. 

2. Between-block routing only. (One I/O is regarded as one block.) 

3. I/O cell not in the net. 

4. I/O cell in the net. 
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APPENDIX B: Estimation Tables for Metal Loading (Continued) 

Table 1 

No, CL (lu) No, CL (lu) 

1 1.2 11 7.9 

2 3.5 12 8.0 

3 4.7 13 8.1 

4 5.5 14 8.3 

5 6.1 15 8.3 

6 6.6 16-30 9.0 

7 7.2 31-50 10.3 

8 7.5 51-75 12.3 

9 7.7 76-100 14.4 

10 7.9 100 and up Prohibited 

Table 2 

III No, CL (lu) No, CL (lu) 

1 1.1 11 5.2 

2 2.3 12 5.3 

3 3.1 13 5.3 

4 3.6 14 5.5 

5 4.0 15 5.5 

6 4.4 16-30 5.9 

7 4.8 31-50 6.8 

8 5.0 51-75 8.1 

9 5.1 76-100 9.5 

10 5.2 100 and up Prohibited 
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APPENDIX B: Estimation Tables for Metal Loading (Continued) 

Table 3 

NOI CL (tu) NOI CL (tu) 

1 1.0 11 3.5 

2 1.5 12 3.5 

3 2.1 13 3.6 

4 2.4 14 3.7 

5 2.7 15 3.7 

6 2.9 16-30 4.0 

7 3.2 31-50 4.5 

8 3.3 51-75 5.4 

9 3.4 76-100 6.3 

10 3.5 100 and up Prohibited 

Table 4 

NOI CL (tu) II 
1 22 

2 27.5 

3 33 

4 and up 38.5 

100 and up Prohibited 

3-305 



APPENDIX B: Estimation Tables for Metal Loading (Continued) 

Table 5 

NOI CL (lu) NOI CL (/u) 

1 1.9 11 11.9 

2 5.3 12 12.1 

3 7.2 13 12.2 

4 8.3 14 12.4 

5 9.1 15 12.4 

6 9.9 16-30 13.5 

7 10.8 31-50 15.5 

8 11.2 51-75 18.5 

9 11.6 76-100 21.7 

10 11.9 100 and up Prohibited 

Table 6 

II NOI CL (tu) NOI CL (/u) 

1 18.7 11 26.6 

2 19.9 12 26.6 

3 22.2 13 26.7 

4 23.4 14 26.8 

5 24.2 15 27.0 

6 24.8 16-30 27.0 

7 25.3 31-50 28.1 

8 25.9 51-75 29.0 

9 26.2 76-100 31.0 

10 26.4 100 and up Prohibited 
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APPENDIX B: Estimation Tables for Metal Loading (Continued) 

Table 7 

NOI CL (tu) NOI CL (tu) 

1 1.5 11 10.1 

2 4.5 12 10.2 

3 6.0 13 10.4 

4 7.0 14 10.6 

5 7.8 15 10.6 

6 8.4 16-30 11.5 

7 9.2 31-50 13.2 

8 9.6 51-75 15.7 

9 9.9 76-100 18.4 

10 10.1 100 and up Prohibited 

D 
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APPENDIX C: AV CMOS Gate Array Available Package Types 

C-2600AV C-3900AV C-5000AV C-6600AV C-8000AV 
(MB654K) (MB653K) (MB652K) (MB651K) (MB650K) 

Dual In-line Packages (Standard type) 

DIP-24 Plastic • • - - -
DIP-28 Ceramic • - - - -

Plastic • - - - -
DIP-40 Ceramic • • - - -

Plastic • • • - -
DIP-42 Ceramic • • - - -

Plastic • • - - -
Dlp-48 Ceramic • • - - -

Plastic • • - - -
DIP-64 Ceramic - - - • -
Dual In-line Packages (Shrink type: 70 mil pin pitch) 

DIP-42SH Ceramic • - - - -
Plastic • - - - -

DIP-48SH Plastic • • - - -
DIP-64SH Plastic • • • • -
Flat Packages (with leads on all four sides of the package) 

FPT-48 Plastic • • - - -
FPT-64 Plastic • • • • -
FPT-80 Plastic • • • • -
FPT-100 Plastic • • • • -
FPT-120 Ceramic - - • • • 

Plastic * • • • • 
FPT-160 Plastic - - · • • 
Pin Grid Array Packages 

PGA-64 Ceramic • • • • • 
Plastic • • • • • 

PGA-88 Ceramic • • • • • 
Plastic • • • • • 

PGA-135 Ceramic • • • • • 
Plastic • • • • • 

PGA-179 Ceramic - - - • • 
• Available 

* For these devices, standard pin assignment is not available; only the U version is avail­
able. 

Not available 
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APPENDIX C: AV CMOS Gate Array 
Available Package Types 316(Continued) 

C-2600AV C-3900AV 
(MB654K) (MB653K) 

Leadless Chip Carriers 

LCC-48 Ceramic • • 
LCC-64 Ceramic • • 
LCC-68 Ceramic • • 
LCC-84 Ceramic - -
Plastic Leaded Chip Carrier 
PLCC-28 Plastic • -
PLCC-44 Plastic • • 
PLCC-68 Plastic • • 
PLCC-64 Plastic • • 

• Available 

Not available 
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C-5000AV C-6600AV C-8000AV 
(MB652K) (MB651K) (MB650K) 

• - -
• • • 
• .. • 
- • • 

- - -
- - -
• - -
• - -



APPENDIX C: AV CMOS Gate Array Available Package Types 
with U Type VSS and VDD Pin Assignment 

C-2600AV C-3900AV C-5000AV C-6600AV C-8000AV 
(MB654K) (MB653K) (MB652K) (MB651K) (MB650K) 

Dual In-line Packages (Standard type) 

DIP-24 Plastic • • - - -
DIP-28 Ceramic • - - - -

Plastic • - - - -
DIP-40 Ceramic • • - - -

Plastic • • • - -
DIP-42 Ceramic • • - - -

Plastic • • - - -
Dlp-48 Ceramic • • - - -

Plastic • • - - -
Dual In-line Packages (Shrink type: 70 mil pin pitch) 

DIP-42S Ceramic • - - - -
Plastic • - - - -

DIP-48S Plastic • • - - -
DIP-64S Plastic • • • • -
Flat Packages (with leads on all four sides of the package) 

FPT-48 Plastic • • - - -
FPT-64 Plastic • • • • -
FPT-80 Plastic • • • • -
FPT-100 Plastic • • • • -
FPT-120 Ceramic - - • • • 

Plastic • • • • • 
FPT-160 Plastic - - • • • 
Pin Grid Array Packages 

PGA-64 Ceramic • • • • • 
Plastic • • • • • 

PGA-88 Ceramic • • • • • 
Plastic • • • • • 

PGA-135 Ceramic • • • • • 
Plastic • • • • • 

• Available 

= Not available 

The U type pinout has the same number of VSS pins as the AVB version; that is, it has 
more VSS pins than the standard AV type. The part number of the device using this type 
of pinout is suffixed with U; e.g., MB652xxxU. 
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APPENDIX C: AV CMOS Gate Array Available Package Types 
with U Type VSS and VDD Pin Assignment (Continued) 

C-2600AV C-3900AV C-5000AV C-6600AV C-8000AV 
(MB654K) (MB653K) (MB652K) (MB651K) (MB650K) 

Leadless Chip Carriers 

LCC-48 Ceramic • • • - -
LCC-54 Ceramic • • • • • 
LCC-68 Ceramic • • • • • 
Plastic Leaded Chip Carrier 
PLCC-28 Plastic • - - - -
PLCC-44 Plastic • • - - -
PLCC-68 Plastic • • • - -
PLCC-84 Plastic • • • - -

• Available 

Not available 
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APPENDIX C: AV CMOS Gate Array AVa Version Available Packages 

C-350AVB C-540AVB C-850AVB C-1200AVB C-1600AVB C-2000AVB 
(MB675K) (MB674K) (MB673K) (MB672K) (MB671K) (MB670K) 

Dual In-line Packages (Standard type 

DIP-16 Ceramic • • - - - -
Plastic • • - - - -

DIP-18 Ceramic • • - - - -
I-'Iasllc • • 

DIP-20 Ceramic • • - - - -
Plastic • • • - - -

DIP-22 Ceramic • • • • • -
Plastic • • • • • -

DIP-24 Ceramic • • • • • -
Plastic • • • • • • 

DIP-28 Ceramic • • • • • • 
Plastic • • • • • • 

DIP-40 Ceramic • • • • • • 
Plastic • • • • • • 

DIP-42 Ceramic - - - • • • 
Plastic • • • • • • 

DIP-48 Ceramic - - - • • • 
Plastic - • • • • • 

Dual In-line Packages (Shrink type: 70 mil pin pitch) 
DIP-28SH Ceramic - • • • - -

Plastic • • • • • -
DIP-42SH Ceramic - - - • • • 

Plastic • • • • • • 
DIP-48SH Plastic • • • • • • II 
DIP-64SH Plastic - • • • • • 
Dual In-line Packages (Skinny type: 300 mil row space) 
DIP-22SK I Plastic • • • - - -
DIP-24SK I Plastic I • I • I • I - I - I -
DIP-28SK I Plastic • I • • - I - I -
Flat Packages (with leads on two sides of the packages) 
FPT-16 Plastic • • - - - -
FPT-20 Plastic • • - - - -
FPT-24 Plastic • • • • - -
FPT-28 Plastic • • • • - -
Flat Packages (with leads on all four sides of the packages) 
FPT-44 Plastic • • • • • • 
FPT-48 Plastic • • • • • • 
FPT-64 Plastic - • • • • • 
FPT-80 Plastic - - - • • • 
FPT-100 Plastic - - - - - • 

• Available 
Not available 
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AV CMOS Gate ArrayAVB Version Available Packages (Continued) 

C-350AVB C-540AVB C-850AVB C-1200AVB C-1600AVB C-2000AVB 
(MB675K) (MB674K) (MB673K) (MB672K) (MB671K) (MB670K) 

Repeated In-line Packages (Pin Grid Array Packages) 

PGA-84 Ceramic - • • • • • 
Plastic - • • • • • 

PGA-88 Ceramic - - - - • • 
Plastic - - - - • .-

Leadless Chip Carriers 
LCC-28 Ceramic • • • • • -
LCC-48 Ceramic • • • • • -
LCC-84 Ceramic - • • • • • 
LCC-68 Ceramic - - - - • • 
Plastic Leaded Chip Carriers 
PLCC-28 Plastic • • • • • -
PLCC-44 Plastic • • • • • • 
PLCC-68 Plastic - - - • • • 
PLCC-84 Plastic - - - - - • 

• = Available 

Not available 
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APPENDIX C: AV CMOS Gate Array AVe Version Available Packages 
(U-type Pinout Configuration) * 

C-350AVB C-540AVB C-850AVB C-1200AVB C-1600AVB C-2000AVB 
(MB675K) (MB674K) (MB673K) (MB672K) (MB671K) (MB670K) 

Dual In-line Packages (Standard type 

DIP-16 Ceramic • • - - - -
Plastic • • - - - -

DIP-18 Ceramic • • - - - -
I"lastlc • • 

DIP-20 Ceramic • • - - - -
Plastic • • • - - -

DIP-22 Ceramic • • • • • -
Plastic • • • • • -

DIP-24 Ceramic • • • • • -
Plastic • • • • • • 

DIP-28 Ceramic • • • • • • 
Plastic • • • • • • 

DIP-40 Ceramic • • • • • • 
Plastic • • • • • • 

DIP-42 Ceramic - - - • • • 
Plastic • • • • • • 

Dlp-48 Ceramic - - - • • • 
Plastic - • • • • • 

Dual In-line Packages (Shrink type: 70 mil pin pitch) 
DIP-28SH Ceramic - • • • - -

Plastic • • • • • -
DIP-42SH Ceramic - - - • • • 

Plastic • • • • • • 
DIP-48SH Plastic • • • • • • 
DIP-64SH Plastic - • • • • • 
Dual In-line Packages (Skinny type: 300 mil row space) 
DIP-22SK Plastic • • • - - -
DIP-24SK Plastic • • • - - -
DIP-28SK Plastic • • • - - -
Flat Packages (with leads on two sides of the packages) 
FPT-16 Plastic • • - - - -

_EPI·-2<1 Pl .... ti" • • -
FPT-24 Plastic • • • • - -
FPT-28 Plastic • • • • - -
*The U-type pinout configurations have fewer VSS pins and are for designs that use no high-drive 
output buffers and need more signal pins than those specified for standard pinout. If a design 
does not require more signal pins than defined for standard pinout, the standard pinout is pre­
ferred. 
• Available 

Not available 

3-315 



EI 

APPENDIX C: AV CMOS Gate Array AVe Version Available Packages 
(U-type Pinout Configuration) * (Continued) 

C-350AVB C-540AVB C-850AVB C-1200AVB C-1600AVB C-2000AVB 
(MB675K) (MB674K) (MB673K) (MB672K) (MB671K) (MB670K) 

Flat Packa, es (with leads on all four sides of the packages) 
FPT-44 Plastic • • • • • • 
FPT-48 Plastic • • • • • • 
FPT-64 Plastic - • • • • • 
FPT-80 Plastic - - - .** • • 
FPT-100 Plastic - - - - - • 
Repeated In-line Packages (Pin Grid Array Packages) 
PGA-64 Ceramic - • • • • • 

Plastic - • • • • • 
PGA-B8 Ceramic - - - - .** • 

Plastic - - - - .** • 
Leadless Chip Carriers 
LCC-28 Ceramic • • • • • -
LCC-48 Ceramic • • • • • -
LCC-54 Ceramic - • • • • • 
LCC-68 Ceramic - - - - • • 
Plastic Leaded Chip Carriers 
PLCC-28 Plastic • • • • • -
PLCC-44 Plastic • • • • • • 
PLCC-68 Plastic - - - • • • 
PLCC-84 Plastic - - - - - • 
·The U-type pinout configurations have fewer VSS pins and are for designs that use no high-drive 
output buffers and need more signal pins than those specified for standard pinout. If a design 
does not require more Signal pins than defined for standard pinout. the standard pinout is pre-
ferred. 

• = Available 

- = Not available .. = U-type version is not available 
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AV CMOS Gate Array AVM Version Available Package Types (RAM) 

C-1502AVM C-2301AVM C-4002AVM 
(MB662K) (MB661K) (MB660K) 

Dual In-line Packages (Standard type) 

DIP-24 Plastic • • -
DIP-28 Plastic • - -
DIP-40 Ceramic • • -

Plastic • • -
DIP-42 Ceramic • • -

Plastic • • -
DIP-48 Ceramic • • -
Dual In-line Packaoes (Shrink tvoe: 70 mil Din Ditch) 

DIP-42S Plastic • - -
DIP-48S Plastic • • -
DIP-64S Plastic • • • 
Flat Packages 

FPT-48 Plastic • • -
FPT-64 Plastic • • • 
FPT-8D Plastic • • • 
FPT-100 Plastic • • • 
FPT-120 Plastic .- .- .-

£EId60. . Plastic. - - .--
Pin Grid Arrav Packaoes 

PGA-64 Ceramic • • • 
Plastic • • • 

PGA-88 Ceramic • • • 
Plastic • • • 

PGA-135 Ceramic .' • • • 
Plastic • • • 

Leadless Chip Carriers 

LCC-48 Ceramic • • I -
LCC-64 I Ceramic I • I • I • 
LCC-68 I Ceramic I • I - I • 
Plastic Leaded Chip Carriers 

PLCC-44 Plastic • • -
PLCC-68 Plastic • • -
PLCC-84 Plastic • • -

• Available 

* 

•• 

Not available 

8 ground pin option. The part number of the device using this type of pinout is suffixed 
with "U"; e.g., 662xxxU. Fujitsu recommends the 8 ground pin option for the package. 

12 ground pin option. The part number of the device using this type of pinout is suffixed 
with "U"; e.g., 660xxxU. Fujitsu recommends the 12 ground pin option for the package. 
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AV CMOS Gate Array AVM Version Available Package Types (ROM) 

C-1502AVM C-2301AVM C-4002AVM 
(MB662K) (MB661K) (MB660K) 

Dual In-line Packages (Standard type) 

DIP-24 Plastic • • -
DIP-28 Plastic • - -
DIP-40 Ceramic • • -

Plastic • • -
DIP-42 Ceramic • • -

Plastic • • -
010-48 Ceramic • • -
Dual In-line Packaaes (Shrink type: 70 mil Din Ditch} 

DIP-42S Plastic • - -
DIP-48S Plastic • • 
DIP-64S Plastic • • • 
Flat Packages 

FPT-48 Plastic • • -
FPT-64 Plastic • • • 
FPT-80 Plastic • • • 
FPT-100 Plastic • • • 
FPT-120 Plastic .- .- .-
FPT··160 PIII .. til'l .--
Pin Grid Array Packages 

PGA-64 Ceramic • • • 
Plastic • • • 

PGA-88 eramic • • • 
Plastic • • • 

PGA-135 Ceramic • • • 
Plastic • • • 

Leadless Chip Carriers 

LCC-48 Ceramic • I • -
LCC-64 Ceramic • I • I • 
LCC-68 Ceramic • I I • 
Plastic Leaded Chip Carriers 

PLCC-44 Plastic • • -
PLCC-68 Plastic • • -
PLCC-84 Plastic • • -

• Available 

•• 

Nat available 

8 ground pin option. The part number of the device using this type of pinout is suffixed 
with ·U"; e.g., 662xxxU. Fujitsu recommends the 8 ground pin option for the package. 

12 ground pin option. The part number of the device using this type of pinout is suffixed 
with "U"; e.g., 660xxxU. Fujitsu recommends the 12 ground pin option for the package. 
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APPENDIX D: AV Unit Cell Library Alphanumeric Index 
(Memory Cells are listed separately at the end of this index) 

Name Function Page No. 

A1N 1-bit Full Adder ............................................. , ........•... 3-195 
A2N 2-bit Full Adder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .•. . . . . . . .. . . . .. 3-197 
A4H '4-bit Binary Full Adder with Fast Carry ...................................... 3-199 
BD3 Buffer (Delay Cell) ...........................................•........... 3-213 
BD5 Buffer (Delay Cell) ....................................................•.. 3-214 
BD6 Buffer (Delay Cell) .•............................•........................ 3-215 
C11 Flip-Flop for Counter ..................................................... 3-175 
C41 4-bit Binary Asynchronous Counter ......................................... 3-177 
C42 4-bit Binary Synchronous Counter •..•...••.....•........................... 3-180 
C43 4-bit Binary Synchronous Up Counter ....................................... 3-183 
C45 4-blt Binary Synchronous Up Counter ................•..............•...•..• 3-186 
C47 4-bit Binary Synchronous Up/Down Counter ...........................•...... 3-189 
DE2 2:4 Decoder ....•.....•.........•..•......•..•....•...... '" ............ 3-207 
DE3 3:8 Decoder .•..•............•..................•.....................•. 3-208 
D14 
D23 
D24 
D34 
D36 
044 
FDO 
FDE 

2-wide 3-ANO 4-lnput ADI .................................................• 3-62 
2-wide 2-ANO 3-lnput ADI .................................................. 3-61 
2-wide 2-ANO 4-lnput ADI ...........................................•....•. 3-63 
3-wide 2-ANO 4-lnput AD ......•.........•......•......•.•...•............. 3-64 
3-wide 2-ANO 6-lnput ADI .......•..••..•......•.....................•...•.. 3-66 
2-wide 2-DR 2-ANO 4-lnput ADI ......•.................•...•..•••..•••.•.... 3-65 
Positive Edge Clocked Power 0 FF with Clear and Preset •..•..•...•......•..... 3-121 
Positive Edge Clocked Power 0 FF with Clear ................•...•......••... 3-123 

FDG Positive Edge Clocked OFF with Clea ....................................... 3-125 
FDM 0 FF ..........•.....•..•...•... , ....••.............................•... 3-127 
FON 0 FF with Set .......•...•..•..•......•...................••...•......... 3-129 
FDD 0 FF with Reset .................................•...•.................•. 3-131 
FDP 0 FF with Set and Reset. . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. 3-133 
FDQ 4-bit 0 FF ..........................................•................... 3-135 
FDR 4-bit 0 FF with Clear •..••.......•..................•..................... 3-137 
FDS 4-bit D FF ....•.......•...•..•.....................................•.... 3-139 
FD2 Power 0 FF . . . . . . • . . . . . . . . . . . . . . . . . • • . . • . . . . . • . . . . . . . . • . . . • • . . . . . . . . . . .. 3-107 
FD3 Power D FF with Preset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . • . • .. 3-109 
FD4 Power 0 FF with Clear and Preset ....•.........................•........... 3-111 
FD5 Power D FF with Clear • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . • . . . . . . . . . • . . . . .. 3-113 
FD6 D FF ..•....................•.........................••.........•...... 3-115 
FD7 0 FF with Clear. . . . . . . . . . . . • • • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . .. 3-117 
F08 0 FF and Latch. . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. 3-119 
FJO Positive Edge Clocked Power J-K FF with Clear •..........•........•........•. 3-145 
FJ4 Power J-K FF with Clear •.....................................•..........• 3-141 
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Name 

FJ5 
FS1 
FS2 
FS3 
G14 
G23 
G24 
G34 
G44 
HSC" 
HSCD" 
HSCU" 
HSC2 

HSC3 

HSD 
HSDD 

HSDU 
HSE" 
HSED" 
HSEU" 
HSEO 

HSE1 

HSE2 

HST 
HSTD" 
HSTU" 
HST2 
HST3 

HSW" 
HSWD" 
HSWU" 
HSWO 

Function Page No. 

Power J-K FF with Clear and Preset. . . . . . . • . • . . . • . . . • . . . . . • . . • • • . . . • . • . • • • •• 3-143 
4-bit Serial-in Parallel-out Shift Register . . . . • . . . . . . . • . . . • . . . • • . . • . . . . . . • . . . • .• 3-1S5 
4-bit Shift Register with Synchronous Load ..........•.•...••...••.•.• , '" .•.• 3-1S8 
4-bit Shift Register with Asynchronous Load. • •• . . • . . . . . . . . . . . . . • • . . . • . • . . • • •. 3-171 
2-wide 3-0R 4-lnput OAI ..•......•.•..••..••.•...•......•..•••.•.•••.•••.•. 3-S9 
2-wide 2-0R 3-lnput OAI •....••..•.•..•.••........•.•••.•...•.•.•...•..•.•. 3-70 
2-wide 2-0R 4-lnput OA • • . • . . . . • . . . . . • • . • . . . . • . • . . . • . . . . . . • . • . . • • . . . . • . . . .. 3-71 
3-wide 2-0R 4-lnput OAI •.....•..•.•..••..••.......•..............•..•..... 3-72 
3-wide 2-AND 2-0R 4-lnput OAI .•...•.......•..•..•••••..•...•••....•...•.• '. 3-73 
3-state Output (IOL=3.2mA) & CMOS Interface Input Buffer (True) ..•••....•..... 3-244 
HSC with Pull-down Resistance .. . . • • . . . . . . . . . • • . . . . . . . . • . • . . . . . • • • . • • . . • . •. 3-24S 
HSC with Pull-up Resistance ....•.........•.•...............•....•.•..•..•. 3-245 
Power 3-State Output and CMOS interface Input Buffer (True) 
(HSC with 10mA drive) ..•..•.•.•..•.•••..•...•....................••..... 3-2S7 
High Power 3-State Output and CMOS Interface Buffer (True) 
3-250 (HSC with 15mA drive) •..•..••..••.•.••.....•.••.......•.....•..... 3-2S8 
3-state Output and Input Buffer for SM1. SM2 ...•••...•.••....•.....•..•••.•• 3-250 
3-state Output and Input Buffer for SM1. SM2 with Pull-down 
Resistance • . . . . • . . . • . . . • . . . . . . • • . • • . • • . . . . . . . . . . . . • • . . . • . • . • • . . . . . . • . . •• 3-252 
3-state Output and Input Buffer for SM1. SM2. with Pull-up Resistance •••..••..•• 3-251 
Power 3-state Output (IOL = 12mA) & CMOS Interface Input Buffe (True) ••••••.•. 3-247 
HSE with Pull-down Resistance .....••..•...•••..•..•••.•..•.•.•..••...••... 3-249 
HSE with Pull-up Resistance .•...••..•..••.•.••..............•.......•..... 3-248 
High Power 3-state Output and CMOS Interface Input Buffer with 
Pull-Down Resistance (True) (HSED with 20mA Drive ..•....••••..•..•••••••••• 3-260 
High Power 3-state Output and CMOS Interface Input Buffer with 
Pull-up Resistance (True) (H6EU with 20mA Drive) •..•.•.•.••••..•....••..•.•• 3-259 
Power 3-state Output and CMOS Interface Input Buffer (True) 
(HSE with 20 mA Drive) ................................................... 3-258 
3-state Output (IOL=3.2mA) & Input Buffer (True) . . . . . . . . . . . • • . . . . • • • . . • . . .. 3-238 
HST with Pull-down Resistance •..•••..•...•....................•.....•..•.. 3-240 
HST with Pull-up Resistance •.•.•.........•••••.•.•.••.•...•.....•••..•.... 3-239 
Power 3-state Output and Input Buffer (True) (HST with 10mA Drive) .•.....•..... 3-2S5 
High Power 3-state Output and Input Buffer (True) 
(HST with 15mA Drive) •...•...••••.••.................•...•.......•..••.. 3-2SS 
Power 3-state Output and Input Buffer (True) •••. . • • • . . • . . . . . • . . . • • • • . . . . • . . .. 3-241 
HSW with Pull-down Resistance • • • . . • • . • . • . . . . • . . • • • . • . • • • • • • • • • • . • . . • . . . • .. 3-243 
H6W with Pull-up Resistance •.•....•.••..••....•...•.....•.•••.•..•..•••• " 3-242 

High Power 3"state Output and Input Buffer with Pull-Down 
Resistance (True) (HSWD with 20 mA Drive) •....••••.•.•......•••.•.•....... 3-257 

" Can be used only with AVB technology 
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H6Wl High Power 3-state Output and Input Buffer with Pull-up 
Resistance (True) (H6WO with 20 mA drive) .••..••......•..•.....•.......... 3-256 

H6W2 High Power 3-state Output and Input Buffer (True) 
(H6W with 20mA drive) ............•..•••••..••..•........•.....•.•....... 3-255 

IKB Clock Input Buffer (Inverter) .•....•..•.••.........•......•....•............ 3-225 
IKBO" IKB with Pull-down Resistance .....•.•...••....•......••..••.•.............• 3-227 
IKBU" IKB with Pull-up Resistance •..........•..•..•.............•..•......•....•. 3-226 
ILB Clock Input Buffer (True) . . . . . • . . . . • . . • . . • . . • . . . . . . . . . . . . . • . . . . . . . . . • . . . . •• 3-222 
ILBO" ILB with Pull-down Resistance . . . . . . • • . • . . • • . . . • . . . . . . . . . • . • . . . . . . . . . . • . . . .. 3-224 
ILBU' ILB with Pull-up Resistance ••....•.....•.••.........•.....•.....•...•...... 3-223 
1T1 Input Buffer for Schmitt Trigger Input. . . . • . • . . . . • . . • • • . • • . . . . . . • . . . . . . . . . . • •. 3-231 
1T10" 1T1 with Pull-down Resistance .........•.••..•.....•...•.......•...••....•.. 3-233 
IT1U" 1T1 with Pull-up Resistance •....•..•.••.••..•....••.........••••..•••...... 3-232 
12B Input Buffer (True) •....•..•.•.••.•...•.•........•.••....•.........•...... 3-219 
12BO" 12B with Pull-down Resistance. . . • • . . • . . • . • . • • . . . . • • . • . . . . . . . . . . . . . . . • . . . . .. 3-221 
12BU' 12B with Pull-up Resistance .•.........••..••..••.••...........•..•...•..•.. 3-220 
12C CMOS Interface Input Buffer (True) and Inverter .................•..•......•.. 3-228 
12CO" 
12CU' 
15C 
KCB 
K1B 
K2B 
K3B 
K4B 
LTK 
LTL 

12C with Pull-down Resistance • • • . . • . . . . • . . . . . . • . . • . . . . . . . . . • • . . . . • . . • . . . . •. 3-230 
12C with Pull-up Resistance ..•..•........•........•...••....•..•.•.....•.•. 3-229 
Crystal Oscillator. CMOS Interface Input Buffer with Schmitt Trigger . . . . . . . • . . . . •• 3-269 
Block Clock Buffer (Non-inverting) ........••.••...•...•.........••.........•. 3-13 
True Clock Buffer ..•.•......••.•..•..••..•..•..•...•....••.••.•.•.•.••.••. , 3-9 
Power Clock Buffer •....•.•.•.....•..••..••.•..•...•..•...•............•.. 3-10 
Gated Clock (AND) Buffer . . . . . . . . . • . . • . . . • . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . .. 3-11 
Gated Clock (OR) Buffer •.. . . • . . . . • . . • . . . . . • . . . . . • . . . . • . • . . • . . . . . . . • • • • • • •. 3-12 
Data Lf!tch .....••.........•..•.•..••.••..•....•.....•...........•...... 3-157 
l-bit Data Latch with Clear .......................... " ..........•.•....... 3-159 

L TM 4-bit Data Latch with Clear .......•.....•.........•...•..•..•..•.......•... 3-161 
LTl S-R Latch with Clear ......••..•.........•..•...•........•.....•.....•.... 3-149 
L T2 l-bit Data Latch •• . . . . . . . . . . • . • . . . . . • . . . . . . . . . . • • . . • . . . . . . . • . . . . . . . . . . . •. 3-151 
LT3 4-bit Data Latch ••.. , .•.•• , .........•....•..••.•.••..•.•.••......•.•..... 3-153 
LT4 4-bit Data Latch •................•..............•.•..............•••.... 3-155 
MC4 4-bit Magnitude Comparator .......•.•...••..•...•...........•..•..•....... 3-205 
NCB Power 12-input NAND . . . . . . . . • • • • . • • . . . • . . . . . . . . . . . . . . . • . . • • . . . . . . . • . . . . . .• 3-26 
NGB Power 16-input NAND • . . . . . . • . . . . . . . . . . . . . . . . • . . . . • . . . . . • . . . . . • . . . . . . . • . . .. 3-27 
N2B Power 2-lnput NAND . . . . . . . • . . • . . . . . . . . • • . . . . . . • . • . • • . . . • . . . . • . . . . . . . • . . . .• 3-20 
N2N 2-lnput NAND ......•..•.••.......•..••........•...•.....•..•.....•.•....• 3-17 
N2P Power 2-lnput AND. . • . . . . . . . . . . . . . • . • • • • . . . . . • . • . . . . . . . • . . . . • • •• • . . . • . . • .. 3-31 
N3B Power 3-lnput NAND. . . . . . . . . . . • . . . . . . • . • • . . • • . • • . . . • . • • . . • . . . . • . . • . . • • . • .. 3-21 
N3N 3-lnput NAND .•..•....•.•......•..•••...•..•.••...•..•..•.••.....•••..... 3-18 

" Can be used only with AVB technology 
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N3P Power 3-lnput AND . . . . . . . . . . . . . . . . . . • . • . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . .. 3-32 
N4B Power 4-lnput NAND .......................•........•....•............... " 3-22 
N4N 4-lnput NAND ....................•.....•.....•........................... 3-19 
N4P Power 4-lnput AND . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-33 
N6B Power 6-lnput NAND . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . • .. 3-23 
N8B Power 8-lnput NAND .........•........•..............•...........•..••... " 3-24 
N9B Power 9-lnput NAND ..........•.....•.................•.................. " 3-25 
OTl Output Buffer with Protection Circuit Only •...•.........................•..... 3-270 
02B Output Buffer (IOl=3.2mA True) .....................................•.•... 3-234 
02B2 Power Output Buffer (True) (02B with 10 mA drive) ........................... 3-261 
02B3 High Power Output Buffer (True) (02B with l5mA drive) .•........•..•......... 3-262 
02l* Power Output Buffer (IOl=12mA True) ................................•..... 3-235 
0212 High Power Output Buffer (True) (02l with 20mA drive) ................•.....• 3-253 
04T 3-state Output Buffer (IOl=3.2mA, True) ............................••..•..• 3-236 
04T2 Power 3-state Output Buffer (True) (04T with 10mA drive) ...•.....•..•.....•.. 3-263 
04T3 High Power 3-state Output Buffer (True) (04T with l5mA drive) ................. 3-264 
04W Power 3-state Output Buffer (IOl=12mA, True) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-237 
04W2 High Power 3-state Output Buffer (True) (04W with 20mA drive) .•.............. 3-254 
RCB Power 12-lnput NOR . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-46 
RGB Power 16-lnput NOR •..............•..................•.................... 3-47 
R2B Power 2-lnput NOR ...•...................................•...•.........• " 3-40 
R2N 2-lnput NOR . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .. 3-37 
R2P Power 2-lnput OR .•...•.....•..•..•...........•....••.••.....••....•...•.. 3-51 
R3B Power 3-lnput NOR . • . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . • • . . . . . . . . • • . . . . . . . . . .. 3-41 
R3N 3-lnput NOR . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . .. 3-38 
R3P Power 3-lnput OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . • . • . . . . . . . . . . . . . . . . .. 3-52 
R4B Power 4-lnput NOR . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • .. 3-42 
R4N 4-lnput NOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 3-39 
R4P Power 4-lnput OR . . . • . . • . . . . . . . . . . . . . . . . . . . • . . • . • • . . . . . . . . . . . . . . • . . . . . . . .. 3-53 
R6B Power 6-lnput NOR . . . . . . . . . . . . . . . • • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-43 
R8B Power 8-lnput NOR • . . . . . . . • . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . • . . . . . . . • . . .. 3-44 
R9B Power 9-lnput NOR . . . . . . . . . . . . . . . . • . . • . • . • . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . .. 3.,.45 
SMl Schmitt Trigger Input ....................•.•.............................. 3-209 
SM2 Schmitt Trigger Input ...•...................•...•.........•....•.......... 3-211 
T2B 2:1 Selector ....................•.•.••..........•........................ 3-97 
T2C Dual 2: 1 Selector . . . . . . . . . . • • . . . . . . . . . . . • . • . . . . . . . . . . . . • . . . • . . . . . . . • . . • . .. 3-98 
T2D 2:1 Selector ..•.....................•....................•....•.•..•..... 3-99 
T24 Power 2-AND 4-wlde Multiplexer ... . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . .. 3-77 
T26 Power 2-AND 6-wide Multiplexer ....•....•.......•.............•...•..•.•.... 3-78 
T28 Power 2-AND 8-wide Multiplexer .........................................•..• 3-79 
T32 Power 3-AND 2-wide Multiplexer .................•...•................... ; . .. 3-80 
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T33 Power 3-AND 3-wide Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-81 
T34 Power 3-AND 4-wide Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-82 
T42 Power 4-AND 2-wide Multiplexer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-83 
T43 Power 4-AND 3-wide Multiplexer ..................................... , ....... 3-84 
T44 Power 4-AND 4-wide Multiplexe ............................................. 3-85 
T5A 4:1 Selector ..........................•................••..........•.... 3-102 
U24 Power 2-0R 4-wide Multiplexer ............................•................. 3-86 
U26 Power 2-0R 6-wide Multiplexer .............................................. 3-87 
U28 Power 2-0R 8-wide Multiplexer ....................•....•.................... 3-88 
U32 Power 3-0R 2-wide Multiplexer .............................................. 3-89 
U33 Power 3-0R 3-wide Multiplexer .............................................. 3-90 
U34 Power 3-0R 4-wide Multiplexer .............................................. 3-91 
U42 Power 4-0R 2-wide Multiplexer ...•..•.•..•.•...•...•..•..••........•....•... 3-92 
U43 Power 4-0R 3-wide Multiplexer ....................•......................... 3-93 
U44 Power 4-0R 4-wide Multiplexer .............................................. 3-94 
V1N Inverter .................................................................. 3-7 
V2B Power Inverter ............................................................. 3-8 
V3A 1 : 2 Selector .....................••..................................... 3-100 
V3B 
X1B 
X2B 

Dual 1:2 Selector ... " ......................... " ........................ 3-101 
Power Exclusive NOR .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-57 
Power Exclusive OR ..........................................•............ 3-58 
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R51 32w x 32b Single Port Static RAM 3-273 
R51A 32w x 28b plus 32w x 4b Single Port Static RAM ..............•.......•....... 3-274 
R51 B 32w x 24b plus 32w x 8b Single Port Static RAM . . . . . . . . . • . . . . . • . . . • . . • . • . . • .. 3-275 
R51C 32w x 20b plus 32w x 12b Single Port Static RAM ...........•..•. , . '" .•... '" 3-276 
R51D 32w x 16b plus 32w x 16b Single Port Static RAM .........•................... 3-277 
R61 64w x 16b Single Port Static RAM .•..•..•...•...................•.........• 3-278 
R61A 64w x 12b plus 64w x 4b Single Port Static RAM ...............•......•....•.. 3-279 
R61 B 64w x 8b plus 64w x 8b Single Port Static RAM. . . • . • . . • . • . . • . . . . . . • . • . . • . . . •. 3-280 
R610 64w x 36b Single Port Static RAM ......•.••....•....•.•..•..••..••...••..•. 3-285 
R611 64w x 20b plus 64w x 16b Single Port Static RAM . . . . • . . • . . . • . . . . . . . • . . . . . . . •. 3-286 
R71 128w x 8b Single Port Static RAM .....•....•.........•....................• 3-281 
R71 A 128w x 4b plus 128w x 4b Single Port Static RAM .. .. . .. .. .. . .. .. . . . . .. .. . .. .. 3-282 
R711 128w x 18b Single Port Static RAM ........•.........•..............•.....•. 3-287 
R712 128w x 9b plus 128w x 9b Single Port Static RAM . . . . . . . . . • . . . . . . • . • • . . • . . . . .. 3-288 
R83 256w x 4b Single Port Static RAM ..••....••.................•...........•.. 3-283 
R83A 256w x 2b plus 256w x 2b Single Port Static RAM . . . . . . • . . . . . . . • . . . . . . . . . . . . •. 3-284 
R87 256w x 9b Single Port Static RAM •.....•.•.......................•......•.. 3-289 

AV Unit Cell Library Alphnumeric Index - ROM Family 

Name Function Page No. 

VRn 128w x 36b ROM (C-1502AVM/C-4002AVM) .•....•.••..•.......••••••..•.•..• 3-297 
VRn 256w x 18b ROM (C-1502AVM/C-4002AVM) .•.......•..........•.•••.•...•••. 3-296 
VRn 256w x 8b ROM (C-2301AVM) ............................................. 3-295 
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• Headquarters Locations - WQrldwide 

WORLD HEADQUARTERS 

Fujitsu Limited 

Furukawa Sogo Bldg. 
6-1 Marunouchl 1-chome 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: 81-3-216-3211 
TWX: 781-228833 
Fax: 81-3-216-9771 

U.S.A. HEADQUARTERS 

Fujitsu Microelectronics, Inc. 

3545 North First Street 
San Jose, CA 95134-1804 
USA 
Tel: (408) 922-9000 
Fax: (408) 432-9044 
TWX: 910-338-0190 

EUROPEAN HEADQUARTERS 

Fujitsu Mikroelektronlk GmbH 

Arabella Centre 9. OG.lA 
Lyoner Strasse 44-48 
0-6000 Frankfurt 71 
F.R. Germany 
Tel: 49-69-66320 
Telex: 411963 
Fax: 49-69-663-2122 
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ASIA/PACIFIC HEADQUARTERS 

Fujitsu Microelectronics 
Pacific Asia Limited 

805 TSimshatsui Centre 
West Wing 
66 Mody Road 
Tsimshatsui East 
Kowloon, Hong Kong 
Tel: 852-3-732-0100 
Telex: 31959 FUJIS HX 
Fax: 852-3-722-7984 



• Technical Resource Centers - USA 

CALIFORNIA ILLINOIS OREGON (Late 1989) 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 
3545 North First Street One Pierce Place 

21015 S.E. Stark Street 
San Jose, CA 95034 Suite 930 

Gresham, OR 97030 Itasca, IL 60143 Tel: (408) 922-9444 
Tel: (312) 250-7160 Tel: (503) 669-6000 

Fax: (408) 725-8746 
Fax: (312) 250-7176 Fax: (503) 669-8471 

GEORGIA 
TEXAS 

MASSACHUSETTS 
Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 

Fujitsu Microelectronics, Inc. 

3500 Parkway Lane 75 Wells Avenue 
14785 Preston Road 

Suite 200 Suite 3 Suite 665 

Norcross, GA 30092 Newton Centre, MA 02159 Dallas, TX 75240 

Tel: (404) 242-5865 Tel: (617) 964-7088 Tel: (214) 960-7392 

Fax: (404) 242-5869 Fax: (617) 964-1939 Fax: (214) 386-7921 
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• Technical Resource Centers - Europe 

BRITAIN 

Fujitsu Microelectronics Ltd. 
Vaughan Street 
West Gorton 
Manchester M12 SOU 
Tel: 44-061-230-6262 
Fax: 44-061-230-6276 
Telex: 667-403-FMLG 

GERMANY 

Fujitsu Mikroelektronik GmbH 
Arabella Center 9. OG 
Lyoner Strasse 44-48 
0-6000 Frankfurt 71 
Tel: 49-69-66320 
Fax: 49-69-663-2122 
Telex: 411963 
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• Sales Office Locations - USA 

NORTHERN CALIFORNIA ILLINOIS (Chicago) NEW YORK (Long Island) 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 
10600 N. DeAnza Blvd. One Pierce Place 601 Veterans Memorial Highway 
Suite 225 Suite 910 Suite P 

Cupertino, CA 95014 Itasca, IL 60143-2681 Hauppauge, NY 11788-1054 

Tel: (408) 996-600 Tel: (312) 250-8580 Tel: (516) 361-6565 

Fax: (408) 725-8746 Fax: (312) 250-8591 Fax: (516) 361-6480 

SOUTHERN CALIFORNIA MASSACHUSETTS (Boston) OREGON (Portland) 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 

Century Centre 75 Wells Avenue 5285 SW Meadows Road 
Suite 5 Suite 222 

2603 Main Street 
Newton Centre, MA 02159-3251 Lake Oswego, OR 97035-9998 

Suite 510 Tel: (617) 964-7080 Tel: (503) 684-4545 
Irvine, CA 92714 Fax: (617) 964-3301 Fax: (503) 684-4547 
Tel: (714) 724-8777 
Fax: (714) 724-8778 MINNESOTA (Minneapolis) TEXAS 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 

5330 Carroll Canyon Road 
3460 Washington Drive 14785 Preston Road 
Suite 209 Suite 670 

Suite 206 
Eagan, MN 55122-1303 Dallas, TX 75240 

San Diego, CA 92121 Tel: (612) 454-0323 Tel: (214) 233-9394 
Tel: (619) 452-3717 F~x: (612) 454-0601 Fax: (214) 386-7917 

GEORGIA (Atlanta) NEW JERSEY (Cherry Hill) 
Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 

D 
3500 Parkway Lane Horizon Corporate Center 
Suite 210 3000 Atrium Way 
Norcross, GA 30092 Suite 100 
Tel: (404) 449-8539 Mt. Laurel, NJ 08054 
Fax: (404) 441-2016 Tel: (609) 727-9700 

Fax: (609) 727-9797 
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• Sales Office Locations - Europe 

France 
Fujitsu 
Immeuble Ie Trident 
3-5, Voie Felix Eboue 
F-94024 Creteil Cedex 
Tel: 33-14-207-8200 
Telex: 62861 
Fax: 33-14-207-7933 

North Germany 
Fujitsu Mikroelektroniks GmbH 
Lyoner Strasse 44-48 
Arabella Center 9. OG 
0-6000 Frankfurt 71 
Tel: 49-69-66320 
Telex: 441963 
Fax: 49-69-663-2122 

South Germany 
Fujitsu Mikroelektronik GmbH 
Arbeostrasse 5 
0-8057 Eching 
Tel: 49-89-3190990 
Telex: 5213905 
Fax: 49-89-319-0922 

Italy 
Fujitsu Microelectronics Italia S.R.L. 
Centro Oirezionale Milanofiori 
Strada 4 - Palazzo A/2 
Tel: 34-2-824-6170 
Telex: 318546 
Fax: 34-2-824-6189 

Netherlands 
Fujitsu Mikroelektronik GmbH 
Europalaan 6/B 
5623 W Eindhoven 
Tel: 31-40-447-440 
Telex: 59265 
Fax: 31-40-444-158 
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Sweden 
Fujitsu Nordic AB 
Torggatan 8 
17154 Solna 
Tel: 46-87646365 
Telex: 13411 
Fax: 46-8280345 

United Kingdom 
Fujitsu Microelectronics Ltd. 
Hargrave House 
Belmont Road 
Maidenhead 
Berkshire SL6 6NE 
Tel: 44-6-287-6100 
Telex: 848955 
Fax: 44-6-28781484 
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