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NCR Microelectronic Products Division — Sales Locations

For literature on any NCR product or
service, call the NCR hotline toll—free:

1 (800) 334—5454

NCR Microelectronic Products Division
Worldwide Sales Headquarters

1731 Technology Drive, Suite 600

San Jose, CA 95110

(408) 453-0303

Division Plants

NCR Microelectronic Products Division
2001 Danfield Court

Ft. Collins, CO 80525

(303) 226-9500

PC Chipsets

Commercial ASIC Products
Customer Owned Tooling
Communication Products
Memory Products

NCR Microelectronic Products Division
1635 Aeroplaza Drive

Colorado Springs, CO 80916

(719) 596-5611

High Reliability ASIC
Military Products
Automotive Products

Logic Products

SCSI Products

Internal ASIC

Multichip Modules

NCR is the name and mark of NCR Corporation
© 1991 NCR Corporation
Printed in the U.S.A.

NCR reserves the right to make any changes or discontinue
altogether without notice any hardware or software product

or the technical content herein.

North American Sales Offices

Northwest Sales

1731 Technology Drive, Suite 600
San Jose, CA 95110

(408) 441-1080

Southwest Sales

3300 Irvine Avenue, Suite 255
Newport Beach, CA 92660
(714) 474-7095

North Central Sales

8000 Townline Avenue, Suite 209
Bloomington, MN 55438

(612) 941-7075

South Central Sales

17304 Preston Road, Suite 635
Dallas, TX 75252

(214) 733-3594

Northeast Sales

500 West Cummings Park, Suite 4000
Woburn, MA 01801

(617) 933-0778

Southeast Sales

1051 Cambridge Square, Suite C
Alpharetta, GA 30201

(404) 740-9151

International Sales Offices

European Sales Headquarters
Westendstr. 193

8000 Munchen 21

Germany

49 89 57931 199

Asia/Pacific Sales Headquarters
35th Floor, Shun Tak Centre
200 Connaught Road

Central Hong Kong

852 859 6044 or 852 859 6046



U.S. Sales Regions and
Regional Technology Centers
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DesignSim, DesignTest, and NetChecker are trademarks of NCR Corporation.

UNIX is a trademark of AT&T Bell Laboratories.

IKOS Simulation System is a trademark of IKOS Systems, Inc.

MAST, Saber, and PLTool are trademarks of ANALOGY, Inc.

GED and Valid GED are trademarks of Valid Logic Systems, Inc.

Viewdesign, Viewdraw, Viewlogic, Viewsim, and Viewsim/SD are trademarks of Viewlogic, Inc.
ACE, DED2, DLS, and DAZIX are trademarks of DAZIX, Inc., an Intergraph Company
Trillium is a trademark of Trillium, a subsidiary of LTX Corporation.

ARCNet is a trademark of Datapoint, Inc.

CADAT and SilcSyn are trademarks of Racal-Redac, Inc.

Design Framework, EDGE, Amadeus, Opus, Verilog, and Veritime are trademarks of Cadence
Design Systems, Inc.

Synopsys, Design Compiler, and HDL Compiler are trademarks of Synopsys, Inc.

Design Architect, Design Consultant, EXPAND, Genesil, NETED, QuickFault, QuickGrade,
QuickPath, QuickSim and QuickSim II are trademarks of Mentor Graphics Corporation.
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VS700 Standard Cells — Chapter 3
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Electrical Specifications

Cell Name

ADD4
ADDA4CS
ADFUL
AND2
AND3
AND4
ANDS
AOI211
AOI22
AOI22C
AOI22CH
AOI31
AOI333C
AOI44C
BUF8
CCND
CCNDG
CCNR
DEC10F4
DEC10F8
DFFP
DFFPF
DFFPP
DFFPQ
DFFRMP
DFFRP
DFFRPF
DFFRPFX00

DFFRPFX04
DFFRPFX08
DFFRPFX12

DFFRPP
DFFRPQ
DFFRPQT

Cell Description

4-Bit Adder

4-Bit Carry Select Adder

Full Adder

2-Input AND Gate

3-Input AND Gate

4-Input AND Gate

8-Input AND Gate

2-1-1 AND-OR-Invert

2-2 AND-OR-Invert

2-2 AND-OR-Invert with Complementary Outputs

2-2 AND-OR-Invert with Complementary Outputs (High Drive)
3-1 AND-OR-Invert

3-3-3 AND-OR-Invert with Complementary Outputs

4-4 AND-OR-Invert with Complementary Outputs
Noninverting Buffer (8X Drive)

Cross—Coupled NAND Latch

Gated R/S Flip-Flop

Cross—Coupled NOR Latch

1-of-4 Decoder

1-0f-8 Decoder

D Flip-Flop, Positive Edge Triggered

Fast D Flip-Flop, Positive Edge Triggered

D Flip—Flop with Parallel Data Input, Positive Edge Triggered
D Flip-Flop, Positive Edge Triggered

D Flip—Flop with Reset and Multiplexed Inputs, Positive Edge Triggered
D Flip-Flop with Reset, Positive Edge Triggered

Fast D Flip-Flop with Reset, Positive Edge Triggered

Fast D Flip-Flop, Positive Edge Triggered, with Multiplexed Data and
Clock, with Reset Disable

Fast D Flip-Flop, Positive Edge Triggered, with Multiplexed Data and
Clock, with Reset Disable

Fast D Flip-Flop, Positive Edge Triggered, with Multiplexed Data and
Clock, with Reset Disable

Fast D Flip—Flop, Positive Edge Triggered, with Multiplexed Data and
Clock, with Reset Disable

D Flip-Flop with Reset and Parallel Data Input, Positive Edge Triggered
D Flip-Flop with Reset, Positive Edge Triggered
D Flip-Flop with Reset and Tristate, Positive Edge Triggered

NCR ASIC Digital Data Book



Page

3-71
3-73
3-76
3-79

3-82

3-87

3-91
3-92
3-93
3-94
3-95
3-96
3-97
3-98
3-99
3-100
3-101
3-102
3-103
3-104
3-105
3-106
3-108
3-110
3-112
3-114
3-116
3-118
3-120
3-122
3-124
3-126
3-128

NCR ASIC Digital Data Book

Cell Name

DFFRPZ
DFFRSP
DFFRSPF
DFFRSPH

DLYCEL
DS1216
DS1218
DS1238
DS1323
DS1527
DS1728
DS2028
DS2232
EXNOR
EXOR
EXOR3
EXORH
HBUF
INBUF
INPD
INV
INV2
INV3
INVS
INVH
INVT
INVT3
INVTH
IOBUF
IOBUF8
IOBUFM
IOBUFS
IONPD48
10PD2
I0PD4
IOPDS8
I0OPD16
IOPD24
I0PPD2
IOPPD4

Cell Description

D Flip—Flop with Reset, Positive Edge Triggered, Zero Setup Time
D Flip-Flop with Reset and Set, Positive Edge Triggered
Fast D Flip-Flop with Reset and Set, Positive Edge Triggered

Buffel)'ed D Flip—-Flop with Reset and Set, Positive Edge Triggered (High
Drive

Delay Cell

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

2-Input Exclusive NOR Gate
2-Input Exclusive OR Gate

3-Input Exclusive OR Gate

2-Input Exclusive OR Gate (High Drive)
High Drive Noninverting Buffer
Noninverting Input Buffer

Input Pad

Inverter

Inverter (2X Drive)

Inverter (3X Drive)

Inverter (8X Drive)

Inverter (High Drive)

Tristate Inverter

Tristate Inverter (3X Drive)

Tristate Inverter (High Drive)
Input/Output Buffer

Input/Output Buffer (8X Drive)
Input/Output Buffer (Medium Drive)
Input/Output Buffer (Small Drive)
48mA Open Drain Input/QOutput Pad
2mA Input/Output Pad

4mA Input/Output Pad

8mA Input/Output Pad

16mA Input/Output Pad

24mA Input/Output Pad

2mA Input/QOutput Pad with Pullup/Pulldown Port
4mA Input/Output Pad with Pullup/Pulldown Port
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3-130
3-132
3-134
3-136
3-137
3-140
3-143
3-146
3-149
3-152
3-154
3-156
3-158
3-161
3-164
3-166
3-168
3-170
3-173
3-175
3-176
3-178
3-180
3-182
3-184
3-185
3-186
3-187
3-188
3-189
3-190
3-191
3-192
3-193
3-19%4
3-195
3-196
3-197
3-198
3-199
3-200

Cell Name

IOPPD8
I0PPD16
IOPPD24
IPPD
JKFFRP
JKFFRSN
JKFFRSNF
JKFFRSP
JKFFRSPF
LATP
LATPF
LATPQ
LATPQT
LATRP
LATRPF
LATRPH
LATRPQ
LATRPQT
LATRTP
MBUF
MUX2
MUX2H
MUX2TO1
MUX4C
NAN2
NAN2C
NAN2CH
NAN2H
NAN3
NAN3C
NAN3H
NAN4
NAN4H
NANS
NANSC
NAN6
NOR?2
NOR2C
NOR2CH
NOR2H
NOR3

Cell Description

8mA Input/Output Pad with Pullup/Pulldown Port

16mA Input/Output Pad with Pullup/Pulldown Port

24mA Input/Output Pad with Pullup/Pulldown Port

Input Pad with Pullup/Pulldown Port

J-K Flip-Flop with Reset, Positive Edge Triggered

J-K Flip—Flop with Reset and Set, Negative Edge Triggered
Fast J-K Flip-Flop with Reset and Set, Negative Edge Triggered
J-K Flip-Flop with Reset and Set, Positive Edge Triggered
Fast J-K Flip-Flop with Reset and Set, Positive Edge Triggered
Transparent Latch, Positive Edge Triggered

Fast Transparent Latch, Positive Edge Triggered

Transparent Latch, Positive Edge Triggered

Transparent Latch with Tristate, Positive Edge Triggered
Transparent Latch with Reset, Positive Edge Triggered

Fast Transparent Latch with Reset, Positive Edge Triggered

D Latch with Reset and Enable (High Drive)

Transparent Latch with Reset, Positive Edge Triggered
Transparent Latch with Reset and Tristate, Positive Edge Triggered
Transparent Latch with Reset, Tristate, Positive Edge Triggered
Medium Drive Buffer

2-Input Multiplexer

2-Input Multiplexer (High Drive)

2-Input Multiplexer with Separate Selects

4-Input Multiplexer with Complementary Outputs

2-Input NAND Gate

2-Input NAND Gate with Complementary Qutputs

2-Input NAND Gate with Complementary Outputs (High Drive)
2-Input NAND Gate (High Drive)

3-Input NAND Gate

3-Input NAND Gate with Complementary Outputs

3-Input NAND Gate (High Drive)

4-Input NAND Gate

4-Input NAND Gate (High Drive)

5-Input NAND Gate

S-Input NAND Gate with Complementary Outputs

6-Input NAND Gate

2-Input NOR Gate

2-Input NOR Gate with Complementary Outputs

2-Input NOR Gate with Complementary Outputs (High Drive)
2-Input NOR Gate (High Drive)

3-Input NOR Gate
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3-201
3-202
3-203
3-204
3-205
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3-207
3-208
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Cell Name

NOR3C
NOR3H
NOR4
NORSC
OAI22
OAI22C
OAI3l
OAI333C
OAI4333
ODPD2
ODPD4
ODPDS8
ODPD16
ODPD24
ODPD48
ONPD2
ONPD4
ONPDS8
ONPD16
ONPD24
OPD2
OPD4
OPD8
OPD16
OPD24
OPPD2
OPPD4
OPPD8
OPPD16
OPPD24
OR2
OR3
OR4
OR8
OsCp
OTPD2
OTPD4
OTPD8
OTPD16
OTPD24
OUTINV

Cell Description

3-Input NOR Gate with Complementary Outputs
3-Input NOR Gate (High Drive)

4-Input NOR Gate

5-Input NOR Gate with Complementary Outputs
2-2 OR-AND-Invert

2-2 OR-AND-Invert with Complementary Outputs
3-1 OR-AND-Invert

3-3-3 OR-AND-Invert with Complementary Outputs
4-3-3-3 OR-AND-Invert

2mA 5V Open-Drain Output Pad

4mA 5V Open-Drain Output Pad

8mA 5V Open-Drain Output Pad

16mA 5V Open-Drain Output Pad

24mA 5V Open-Drain Output Pad

48mA 5V Open-Drain Output Pad

2mA 7V Open-Drain Pad Cell

4mA 7V Open-Drain Pad Cell

8mA 7V Open-Drain Pad Cell

16mA 7V Open-Drain Pad Cell

24mA 7V Open-Drain Pad Cell

2mA Output Pad

4mA Output Pad

8mA Output Pad

16mA Output Pad

24mA Output Pad

2mA Tristate Output Pad with Pullup/Pulldown Port
4mA Tristate Output Pad with Pullup/Pulldown Port
8mA Tristate Output Pad with Pullup/Pulldown Port
16mA Tristate Output Pad with Pullup/Pulldown Port
24mA Tristate Output Pad with Pullup/Pulldown Port
2-Input OR Gate

3-Input OR Gate

4-Input OR Gate

8-Input OR Gate

General Purpose Oscillator

2mA Tristate Output Pad

4mA Tristate Output Pad

8mA Tristate Output Pad

16mA Tristate Output Pad

24mA Tristate Output Pad

Output Inverter
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3-248
3-250
3-251
3-252
3-255
3-257
3-259
3-261
3-263
3-265
3-267
3-269
3-271
3-273
3-275
3-277
3-279
3-280
3-281
3-283
3-284
3-285
3-286
3-288
3-290

Cell Name

PAR4
PCL2
PD30
POR
PPD25
PPD100
PPD200
PPD400
PPD800
PPD1600
PPU25
PPU100
PPU200
PPU400
PPU800
PPU1600
PU30
SBUF
SRP
TBUF
TBUF3
TBUFP
TFFRP
TFFRPF
TFFRPP

Cell Description

4-Bit Parity Checker

Two-Phase Clock

30pA N-Channel Pulldown Device
Power on Reset

25pA N-Channel Pulldown Device
100pA N-Channel Pulldown Device
200pA N-Channel Pulldown Device
400pA N-Channel Pulldown Device
800pA N-Channel Pulldown Device
1600pA N-Channel Pulldown Device
25pA P-Channel Pullup Device
100pA P-Channel Pullup Device
200pA P-Channel Pullup Device
400pA P-Channel Pullup Device
800pA P-Channel Pullup Device
1600pA P-Channel Pullup Device
30pA P-Channel Pullup Device
Small Drive Buffer

Shift Register, Positive Edge Triggered
Noninverting Tristate Buffer
Noninverting Tristate Buffer
Noninverting Tristate Buffer

Toggle Enable Flip—Flop with Reset

Fast Toggle Enable Flip-Flop with Reset

Toggle Enable Flip—Flop with Reset and Synchronous Parallel Load
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VS1500F Standard Cells — Chapter 4
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Electrical Specifications

Cell Name

ADD4
ADD4CS
ADFUL
AND2
AND3
AND4
ANDS8
AOI211
AOI22
AOI22C
AOI22CH
AOI31
AOI333C
AOI44C
BUF8
CCND
CCNDG
CCNR
DEC10F4
DEC10r8
DFFP
DFFPF
DFFPQ
DFFRMP
DFFRP
DFFRPF
DFFRPP
DFFRPQ
DFFRPQT
DFFRSP
DFFRSPF
DFFRSPH

DLYCEL
DS1216
DS1218
DS1238

Cell Description

4-Bit Adder

4-Bit Adder with Carry Select

Full Adder

2-Input AND Gate

3-Input AND Gate

4-Input AND Gate

8-Input AND Gate

2-1-1 AND-OR-Invert

2-2 AND-OR-Invert

2-2 AND-OR-Invert with Complementary Outputs

2-2 AND-OR-Invert with Complementary Outputs (High Drive)
3-1 AND-OR-Invert

3-3-3 AND-OR-Invert with Complementary Outputs

4-4 AND-OR-Invert with Complementary Outputs
Noninverting Buffer (8X Drive)

Cross—-Coupled NAND Latch

Gated R/S Flip-Flop

Cross-Coupled NOR Latch

1-of-4 Decoder

1-of-8 Decoder

D Flip-Flop, Positive Edge Triggered

Fast D Flip-Flop, Positive Edge Triggered

D Flip-Flop, Positive Edge Triggered

D Flip-Flop with Reset and Multiplexed Inputs, Positive Edge Triggered
D Flip-Flop with Reset, Positive Edge Triggered

Fast D Flip-Flop with Reset, Positive Edge Triggered

D Flip-Flop with Reset and Parallel Data Input, Positive Edge Triggered
D Flip-Flop with Reset, Positive Edge Triggered

D Flip-Flop with Reset and Tristate, Positive Edge Triggered
D Flip-Flop with Reset and Set, Positive Edge Triggered
Fast D Flip—Flop with Reset and Set, Positive Edge Triggered

Buffered D Flip—Flop with Reset and Set (High Drive), Positive Edge
Triggered

Delay Cell

Schmitt Trigger
Schmitt Trigger
Schmitt Trigger



Cell Name

DS1323
DS1527
DS1728
DS2028
DS2232
EXNOR
EXNORS
EXOR
EXOR3
EXORH
EXORS
HBUF
INBUF
INPD
INV
INV3
INV8
INVH
INVT
INVT3
INVTH
INVTS
IOBUF
IOBUF8
IOBUFM
IOBUFS
IONPD48
IOPD2
IOPD4
IOPD8
IOPD16
IOPD24
IOPPD2
IOPPD4
IOPPD8
IOPPD16
IOPPD24
IPPD
JKFFRP
JKFFRSP
JKFFRSPF

Cell Description

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

Schmitt Trigger

2-Input Exclusive NOR Gate

2-Input Exclusive NOR Gate

2-Input Exclusive OR Gate

3-Input Exclusive OR Gate

2-Input Exclusive OR Gate (High Drive)

2-Input Exclusive OR Gate

High Drive Noninverting Buffer

Noninverting Input Buffer

Input Pad

Inverter

Inverter (3X Drive)

Inverter (8X Drive)

Inverter (High Drive)

Tristate Inverter

Tristate Inverter (3X Drive)

Tristate Inverter (High Drive)

Tristate Inverter

Input/Output Buffer

Input/Output Buffer (8X Drive)

Input/Output Buffer (Medium Drive)

Input/Output Buffer (Small Drive)

48mA Open Drain Input/Output Pad

2mA Input/Output Pad

4mA Input/Output Pad

8mA Input/Output Pad

16mA Input/Output Pad

24mA Input/Output Pad

2mA Input/Output Pad with Pullup/Pulldown Port
4mA Input/Output Pad with Pullup/Pulldown Port
8mA Input/Output Pad with Pullup/Pulldown Port
16mA Input/Output Pad with Pullup/Pulldown Port
24mA Input/Output Pad with Pullup/Pulldown Port
Input Pad with Pullup/Pulldown Port

J-K Flip-Flop with Reset, Positive Edge Triggered
J-K Flip-Flop with Reset and Set, Positive Edge Triggered
Fast J-K Flip-Flop with Reset and Set, Positive Edge Triggered
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Cell Name

LATP
LATPF
LATPQ
LATPQT
LATRP
LATRPF
LATRPH
LATRPQ
LATRPQT
LATRTP
MBUF
MUX2
MUX2H
MUX2TO1
MUX4C
NAN2
NAN2C
NAN2CH
NAN2H
NAN3
NAN3C
NAN3H
NAN4
NAN4H
NANS
NANSC
NAN6
NOR2
NOR2C
NOR2CH
NORZH
NOR3
NOR3C
NOR3H
NOR4
NORSC
OAI22
OAI22C
OAI31
OAI333C
OAI4333

Cell Description

Transparent Latch, Positive Edge Triggered

Fast Transparent Latch, Positive Edge Triggered
Transparent Latch, Positive Edge Triggered

Transparent Latch with Tristate, Positive Edge Triggered
Transparent Latch with Reset, Positive Edge Triggered

Fast Transparent Latch with Reset, Positive Edge Triggered
D Latch with Reset and Enable (High Drive)

Transparent Latch with Reset, Positive Edge Triggered
Transparent Latch with Reset and Tristate, Positive Edge Triggered
Transparent Latch with Reset and Tristate, Positive Edge Triggered
Medium Drive Buffer

2-Input Multiplexer

2-Input Multiplexer (High Drive)

2-Input Multiplexer with Separate Selects

4-Input Multiplexer with Complementary QOutputs

2-Input NAND Gate

2-Input NAND Gate with Complementary Outputs
2-Input NAND Gate with Complementary Outputs (High Drive)
2-Input NAND Gate (High Drive)

3-Input NAND Gate

3-Input NAND Gate with Complementary Outputs
3-Input NAND Gate (High Drive)

4-Input NAND Gate

4-Input NAND Gate (High Drive)

5-Input NAND Gate

5-Input NAND Gate with Complementary Outputs
6-Input NAND Gate

2-Input NOR Gate

2-Input NOR Gate with Complementary Outputs

2-Input NOR Gate with Complementary Outputs (High Drive)
2-Input NOR Gate (High Drive)

3-Input NOR Gate

3-Input NOR Gate with Complementary Outputs

3-Input NOR Gate (High Drive)

4-Input NOR Gate

5-Input NOR Gate with Complementary Outputs

2-2 OR-AND-Invert

2-2 OR-AND-Invert with Complementary Outputs

3-1 OR-AND-Invert

3-3-3 OR-AND-Invert with Complementary Outputs
4-3-3-3 OR-AND-Invert
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4-155
4-156
4-157
4-158
4-159
4-160
4-161
4-162
4-163
4-164
4-165
4-166
4-167
4-168
4-169
4-170
4-171
4-172
4-173
4-174
4-175
4-176
4-177
4-178
4-179
4-180
4-181
4-183
4-185
4-187
4-189
4-191
4-192
4-193
4-194
4-195
4-196
4-197
4-198
4-199
4-200

Cell Name

ODPD2
ODPD4
ODPD8
ODPD16
ODPD24
ODPD48
ONPD2
ONPD4
ONPDS8
ONPD16
ONPD24
OPD2
OPD4
OPD8
OPDSSYM
OPD16
OPD24
OPPD2
OPPD4
OPPDS8
OPPD16
OPPD24
OR2
OR3
OR4
OR8
0OSC5001
OSC5301
OSC5302
OSC5402
OSC5502
OTPD2
OTPD4
OTPD8
OTPD16
OTPD24
OUTINV
PAR4
PCL2
PD30
POR

Cell Description

2mA 5V Open—Drain Output Pad
4mA 5V Open-Drain Output Pad
8mA 5V Open-Drain Output Pad
16mA 5V Open-Drain Output Pad
24mA 5V Open-Drain Output Pad
48mA 5V Open-Drain Output Pad
2mA 7V Open-Drain Pad Cell
4mA 7V Open-Drain Pad Cell
8mA 7V Open-Drain Pad Cell
16mA 7V Open-Drain Pad Cell
24mA 7V Open-Drain Pad Cell
2mA Output Pad

4mA Output Pad

8mA Output Pad

Symmetrical 8mA Output Pad
16mA Output Pad

24mA Output Pad

2mA Tristate Output Pad with Pullup/Pulldown Port
4mA Tristate Output Pad with Pullup/Pulldown Port
8mA Tristate Output Pad with Pullup/Pulldown Port
16mA Tristate Qutput Pad with Pullup/Pulldown Port
24mA Tristate Output Pad with Pullup/Pulldown Port

2-Input OR Gate

3-Input OR Gate

4-Input OR Gate

8-Input OR Gate

Low Power Crystal Oscillator
1-10 MHz Crystal Oscillator
10-25 MHz Crystal Oscillator
25-50 MHz Crystal Oscillator
50-70 MHz Crystal Oscillator
2mA Tristate Output Pad
4mA Tristate Output Pad
8mA Tristate Output Pad
16mA Tristate Qutput Pad
24mA Tristate Output Pad
Output Inverter

4-Bit Parity Checker
Two—-Phase Clock

30pA N-Channel Pulldown Device
Power-On Reset
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4-203
4-204
4-205
4-206
4-207
4-208
4-209
4-210
4-211
4-212
4-213
4-214
4-215
4-216
4-217
4-219
4-221
4-223
4-224
4-225
4-226
4-227
4-229
4-231
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Cell Name

PPD25
PPD100
PPD200
PPD400
PPD800
PPD1600
PPU25
PPU100
PPU200
PPU400
PPU800
PPU1600
PU30
SBUF
SRP
SRSISPP
SRSPSPP
TBUF
TBUF3
TBUFP
TBUFS
TFFRP
TFFRPF
TFFRPP

Cell Description

25pA N-Channel Pulldown Device
100pA N-Channel Pulldown Device
200pA N-Channel Pulldown Device
400pA N-Channel Pulldown Device
800pA N-Channel Pulldown Device
1600pA N-Channel Pulldown Device
25pA P-Channel Pullup Device

100pA P-Channel Pullup Device

200pA P-Channel Pullup Device

400pA P-Channel Pullup Device

800pA P-Channel Pullup Device

1600pA P-Channel Pullup Device

30pA P-Channel Pullup Device

Small Drive Buffer

Shift Register, Positive Edge Triggered
1-Bit Serial-In/Parallel-Out Shift Register
1-Bit Serial/Parallel Shift Register
Noninverting Tristate Buffer
Noninverting Tristate Buffer
Noninverting Tristate Buffer
Noninverting Tristate Buffer

Toggle Enable Flip—Flop with Reset

Fast Toggle Enable Flip—Flop with Reset
Toggle Enable Flip—Flop with Reset and Synchronous Parallel Load
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Page
5-i
Page

5-1
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13
5-14
5-15
5-17
5-19
5-21
5-23
5-25
5-27
5-29
5-31

5-34
5-35
5-36
5-37
5-38
5-39
5-40
5-41
5-42
5-43
5-44
5-45
5-46
5-47

Electrical Specifications

Cell Name

ADFUL
AND2
AND3
AND4
ANDS8
AOQOI211
AOI22
AOI22C
AOIR2CH
AOI31
AOI333C
AOI44C
BUF8
CCND
CCNDG
CCNR
DEC10F4
DEC10F8
DFFP
DFFRP
DFFRSP
DFFRSPH

DLYCEL
DS1218
EXNOR
EXOR
EXOR3
EXORH
HBUF
INBUF
INPD
INV
INV3
INVS
INVH
INVT

Cell Description

Full Adder

2-Input AND Gate

3-Input AND Gate

4-Input AND Gate

8-Input AND Gate

2-1-1 AND-OR-Invert

2-2 AND-OR-Invert

2-2 AND-OR-Invert with Complementary Outputs

2-2 AND-OR-Invert with Complementary Outputs (High Drive)

3-1 AND-OR-~-Invert

3-3-3 AND-OR-Invert with Complementary Outputs

4-4 AND-OR-Invert with Complementary Outputs

Noninverting Buffer (8X Drive)

Cross—Coupled NAND Latch

Gated R/S Flip—Flop

Cross-Coupled NOR Latch

1-o0f-4 Decoder

1-of-8 Decoder

D Flip-Flop, Positive Edge Triggered

D Flip-Flop with Reset, Positive Edge Triggered

D Flip-Flop with Reset and Set, Positive Edge Triggered

l1:3)11'ffe§ed D Flip-Flop with Reset and Set, Positive Edge Triggered (High
rive

Delay Cell

Schmitt Trigger

2-Input Exclusive NOR Gate

2-Input Exclusive OR Gate

3-Input Exclusive OR Gate

2-Input Exclusive OR Gate (High Drive)

High Drive Noninverting Buffer

Noninverting Input Buffer

Input Pad

Inverter

Inverter (3X Drive)

Inverter (8X Drive)

Inverter (High Drive)

Tristate Inverter
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5-48 INVT3 Tristate Inverter (3X Drive)
5-49 INVTH Tristate Inverter (High Drive)
5-50 IOBUF Input/Output Buffer

5-52 IOBUF8 Input/Output Buffer (8X Drive)

5-54 IOBUFM Input/Output Buffer (Medium Drive)
5-56 IONPD48 48mA Open Drain Input/Output Pad

5-58 I0OPD2 2mA Input/Output Pad

5-60 1I0PD4 4mA Input/Output Pad

5-62 IOPDS8 8mA Input/Output Pad

5-64 I0PD16 16mA Input/Output Pad

5-66 I0PD24 24mA Input/Output Pad

5-68 I0PPD2 2mA Input/Output Pad with Pullup/Pulldown Port
5-70 I0PPD4 4mA Input/Output Pad with Pullup/Pulldown Port
5-72 10PPD8 8mA Input/Output Pad with Pullup/Pulldown Port
5-74 10PPD16 16mA Input/Output Pad with Pullup/Pulldown Port
5-76 IOPPD24 24mA Input/Output Pad with Pullup/Pulldown Port
5-78 IPPD Input Pad with Pullup/Pulldown Port

5-79 JKFFRSP J-K Flip—Flop with Reset and Set, Positive Edge Triggered
5-82 LATP Transparent Latch, Positive Edge Triggered

5-84 LATRP Transparent Latch with Reset, Positive Edge Triggered

5-87 LATRPF Fast Transparent Latch with Reset, Positive Edge Triggered
5-89 LATRPH D Latch with Reset and Enable (High Drive)

5-91 MBUF Medium Drive Buffer

5-92 MUX2 2-Input Multiplexer

5-94 MUX2H 2-Input Multiplexer (High Drive)

5-96 MUX2TO1 2-Input Multiplexer with Separate Selects

5-98 MUX4C 4-Input Multiplexer with Complementary Outputs
5-100 NAN2 2-Input NAND Gate
5-101 NAN2C 2-Input NAND Gate with Complementary Outputs
5-102 NAN2CH 2-Input NAND Gate with Complementary Outputs (High Drive)
5-103 NAN2H 2-Input NAND Gate (High Drive)
5-104 NAN3 3-Input NAND Gate
5-105 NAN3C 3-Input NAND Gate with Complementary Outputs
5-106 NAN3H 3-Input NAND Gate (High Drive)
5-107 NAN4 4-Input NAND Gate
5-108 NAN4H 4-Input NAND Gate (High Drive)
5-109 NANS 5-Input NAND Gate
5-110 NANSC 5-Input NAND Gate with Complementary Outputs
5-111 NANG6 6-Input NAND Gate
5-112 NANS 8-Input NAND Gate
5-113 NOR2 2-Input NOR Gate
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5-114 NOR2C 2-Input NOR Gate with Complementary Outputs
5-115 NOR2CH 2-Input NOR Gate with Complementary Outputs (High Drive)
5-116 NOR2H 2-Input NOR Gate (High Drive)

5-117 NOR3 3-Input NOR Gate

5-118 NOR3C 3-Input NOR Gate with Complementary Outputs
5-119 NOR3H 3-Input NOR Gate (High Drive)

5-120 NOR4 4-Input NOR Gate

5-121 NORSC 5-Input NOR Gate with Complementary Outputs
5-122 OAI22 2-2 OR-AND-Invert

5-123 OAI22C 2-2 OR-AND-Invert with Complementary Outputs
5-124 OAI31 3-1 OR-AND-Invert

5-125 OAI333C 3-3-3 OR-AND-Invert with Complementary Outputs
5-126 ODPD2 2mA 5V Open—-Drain Output Pad

5-127 ODPD4 4mA 5V Open-Drain Output Pad

5-128 ODPD8 8mA 5V Open-Drain Output Pad

5-129 ODPD16 16mA 5V Open-Drain Output Pad

5-130 ODPD24 24mA 5V Open-Drain Output Pad

5-131 ODPD48 48mA 5V Open-Drain Output Pad

5-132 ONPD2 2mA 7V Open-Drain Pad Cell

5-133 ONPD4 4mA 7V Open-Drain Pad Cell

5-134 ONPD8 8mA 7V Open-Drain Pad Cell

5-135 ONPD16 16mA 7V Open—Drain Pad Cell

5-136 ONPD24 24mA 7V Open-Drain Pad Cell

5-137 OPD2 2mA Output Pad

5-138 OPD4 4mA Output Pad

5-139 OPD8 8mA Output Pad

5-140 OPD16 16mA Output Pad

5-141 OPD24 24mA Output Pad

5-142 OPPD2 2mA Tristate Output Pad with Pullup/Pulldown Port
5-144 OPPD4 4mA Tristate Output Pad with Pullup/Pulldown Port
5-146 OPPDS8 8mA Tristate Output Pad with Pullup/Pulldown Port
5-148 OPPD16 16mA Tristate Output Pad with Pullup/Pulldown Port
5-150 OPPD24 24mA Tristate Output Pad with Pullup/Pulldown Port
5-152 OR2 2-Input OR Gate

5-153 OR3 3-Input OR Gate

5-154 OR4 4-Input OR Gate

5-155 OR8 8-Input OR Gate

5-156 OSCFP General Purpose Oscillator — Free Placement

5-160 OTPD2 2mA Tristate Qutput Pad

5-161 OTPD4 4mA Tristate Output Pad

5-162 OTPD8 8mA Tristate Output Pad

NCR ASIC Digital Data Book



Page Cell Name

5-163 OTPD16
5-164 OTPD24
5-165 OUTINV

5-166 PCL2
5-167 PD30
5-169 POR

5-1711 PPD25
5-173 PPD100
5-175 PPD200
5-177 PPD400
5-179 PPD800
5-180 PPD1600
5-181 PPU25
5-183 PPU100
5-185 PPU200
5-187 PPU400
5-188 PPU800
5-189 PPU1600
5-190 PU30
5-192 SBUF
5-193 TBUF
5-194 TBUF3
5-195 TBUFP

NCR ASIC Digital Data Book

Cell Description

16mA Tristate Output Pad

24mA Tristate Output Pad

Output Inverter

Two-Phase Clock

30uA N-Channel Pulldown Device
Power on Reset

25pA N-Channel Pulldown Device
100pA N-Channel Pulldown Device
200pA N-Channel Pulldown Device
400pA N-Channel Pulldown Device
800pA N-Channel Pulldown Device
1600pA N-Channel Pulldown Device
25pA P-Channel Pullup Device
100pA P-Channel Pullup Device
200pA P-Channel Pullup Device
400pA P-Channel Pullup Device
800pA P-Channel Pullup Device
1600pA P-Channel Pullup Device
30pA P-Channel Pullup Device
Small Drive Buffer

Noninverting Tristate Buffer
Noninverting Tristate Buffer
Noninverting Tristate Buffer
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Page
6-i
Page
6-1
6-3
6-4
6-5
6—6
6-7
6-8
6-9
6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-18
6-19
6-21
6-23
6-25
6-27
6-29

6-31
6-32
6-33
6-34
6-35
6-36
6-37
6-38
6-39
6-40
6-41
6-42
6-43

Electrical Specifications

Cell Name

ADFUL
AND2
AND3
AND4
ANDS8
AOI211
AOI22
AOI22C
AOI22CH
AOQI31
AOQI333C
AOQOI44C
BUF8
CCND
CCNDG
CCNR
DEC10F4
DEC10F8
DFFP
DFFRP
DFFRSP
DFFRSPH

DLYCEL
DS1216
DS1218
EXNOR
EXOR
EXOR3
EXORH
HBUF
INBUF
INPD
INV
INV3
INVS

Cell Description

Full Adder

2-Input AND Gate

3-Input AND Gate

4-Input AND Gate

8-Input AND Gate

2-1-1 AND-OR-Invert

2-2 AND-OR-Invert

2-2 AND-OR-Invert with Complementary Outputs
2-2 AND-OR-Invert with Complementary Outputs (High Drive)
3-1 AND-OR-Invert

3-3-3 AND-OR-Invert with Complementary Outputs
4-4 AND-OR-Invert with Complementary Outputs
Noninverting Buffer (8X Drive)

Cross—Coupled NAND Latch

Gated R/S Flip-Flop

Cross—Coupled NOR Latch

1-of-4 Decoder

1-o0f-8 Decoder

D Flip-Flop, Positive Edge Triggered

D Flip~Flop with Reset, Positive Edge Triggered

D Flip—Flop with Reset and Set, Positive Edge Triggered

Buffel)'ed D Flip-Flop with Reset and Set, Positive Edge Triggered (High
Drive

Delay Cell

Schmitt Trigger

Schmitt Trigger

2-Input Exclusive NOR Gate
2-Input Exclusive OR Gate
3-Input Exclusive OR Gate
2-Input Exclusive OR Gate (High Drive)
High Drive Noninverting Buffer
Noninverting Input Buffer
Input Pad

Inverter

Inverter (3X Drive)

Inverter (8X Drive)
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6-44
6-45
6-46
6-47
6-48
6-49
6-50
6-51
6-52
6-53
6-54
6-55
6-56
6-57
6-58
6-59
6-60
6-61
6-62
6-63
6-65
6-67
6-69
6-71
6-73
6-74
6-75
6-76
6-77
6-79
6-80
6-81
6-82
6-83
6-84
6-85
6-86
6-87
6-88
6-89
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Cell Name

INVH
INVT
INVT3
INVTH
IOBUF
IOBUF8
IOBUFM
IONPD438
IOPD2
1I0PD4
I0PD8
IOPD16
IOPD24
IOPPD2
IOPPD4
IOPPD8
IOPPD16
I0PPD24
IPPD
JKFFRSP
LATP
LATRP
LATRPF
LATRPH
MBUF
MUX2
MUX2H
MUX2TO1
MUX4C
NAN2
NAN2C
NAN2CH
NAN2H
NAN3
NAN3C
NAN3H
NAN4
NAN4H
NANS
NANSC
NAN6

Cell Description

Inverter (High Drive)

Tristate Inverter

Tristate Inverter (3X Drive)

Tristate Inverter (High Drive)

Input/Output Buffer

Input/Output Buffer (8X Drive)

Input/Cutput Buffer (Medium Drive)

48mA Open-Drain Input/Output Pad

2mA Input/Output Pad

4mA Input/Output Pad

8mA Input/Qutput Pad

16mA Input/Output Pad

24mA Input/Output Pad

2mA Input/Qutput Pad with Pullup/Pulldown Port
4mA Input/Output Pad with Pullup/Pulldown Port
8mA Input/Output Pad with Pullup/Pulldown Port
16mA Input/Output Pad with Pullup/Pulldown Port
24mA Input/Output Pad with Pullup/Pulldown Port
Input Pad with Pullup/Pulldown Port

J-K Flip—Flop with Reset and Set, Positive Edge Triggered
Transparent Latch, Positive Edge Triggered
Transparent Latch with Reset, Positive Edge Triggered
Fast Transparent Latch with Reset, Positive Edge Triggered
Transparent Latch with Reset, Positive Edge Triggered (High Drive)
Medium Drive Noninverting Buffer

2-Input Multiplexer

2-Input Multiplexer (High Drive)

2-Input Multiplexer with Separate Selects

4-Input Multiplexer with Complementary Outputs
2-Input NAND Gate

2-Input NAND Gate with Complementary Outputs
2-Input NAND Gate with Complementary Outputs (High Drive)
2-Input NAND Gate (High Drive)

3-Input NAND Gate

3-Input NAND Gate with Complementary Outputs
3-Input NAND Gate (High Drive)

4-Input NAND Gate

4-Input NAND Gate (High Drive)

5-Input NAND Gate

5-Input NAND Gate with Complementary Outputs
6-Input NAND Gate



Page

6-91

6-92

6-93

6-94

6-95

6-96

6-97

6-98

6-99
6-100
6-101
6-102
6-103
6-104
6-105
6-106
6-107
6-108
6-109
6-110
6-111
6-112
6-113
6-114
6-115
6-116
6-117
6-118
6-119
6-120
6-121
6-122
6-123
6-124
6-125
6-126
6-127
6-128
6-129
6-134
6-135

Cell Name

NOR2
NOR2C
NOR2CH
NOR2H
NOR3
NOR3C
NOR3H
NOR4
NORSC
OAI22
OAI22C
OAI31
OAI333C
ODPD2
ODPD4
ODPD8
ODPD16
ODPD24
ODPD48
ONPD2
ONPD4
ONPDS8
ONPD16
ONPD24
OPD2
OPD4
OPDS8
OPD16
OPD24
OPPD2
OPPD4
OPPDS8
OPPD16
OPPD24
OR2
OR3
OR4
ORS
OSCFP
OTPD2
OTPD4

Cell Description

2-Input NOR Gate

2~Input NOR Gate with Complementary Outputs
2-Input NOR Gate with Complementary Outputs (High Drive)
2-Input NOR Gate (High Drive)

3-Input NOR Gate

3-Input NOR Gate with Complementary Outputs
3-Input NOR Gate (High Drive)

4-Input NOR Gate

S5-Input NOR Gate with Complementary Outputs
2-2 OR-AND-Invert

2-2 OR-AND-Invert with Complementary Outputs
3-1 OR-AND-Invert

3-3-3 OR-AND-Invert with Complementary Qutputs
2mA 5V Open-Drain Output Pad

4mA 5V Open-Drain Output Pad

8mA 5V Open-Drain Output Pad

16mA 5V Open-Drain Output Pad

24mA 5V Open-Drain Output Pad

48mA 5V Open-Drain Output Pad

2mA 7V Open-Drain Output Pad

4mA 7V Open-Drain Output Pad

8mA 7V Open-Drain Output Pad

16mA 7V Open—Drain Qutput Pad

24mA 7V Open—Drain Output Pad

2mA Output Pad

4mA Output Pad

8mA Output Pad

16mA Output Pad

24mA Output Pad

2mA Tristate Output Pad with Pullup/Pulldown Port
4mA Tristate Output Pad with Pullup/Pulldown Port
8mA Tristate Output Pad with Pullup/Pulldown Port
16mA Tristate Output Pad with Pullup/Pulldown Port
24mA Tristate Output Pad with Pullup/Pulldown Port
2-Input OR Gate

3-Input OR Gate

4-Input OR Gate

8-Input OR Gate

General Purpose Oscillator — Free Placement

2mA Tristate Output Pad

4mA Tristate Output Pad
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6-136 OTPDS8 8mA Tristate Output Pad

6-137 OTPD16 16mA Tristate Output Pad

6-138 OTPD24 24mA Tristate Output Pad

6-139 OUTINV Output Inverter

6-140 PCL2 Two-Phase Clock Driver

6-141 PD30 30uA N-Channel Pulldown Device
6-142 POR Power on Reset

6-145 PPD25 25pA N-Channel Pulldown Device
6-146 PPD100 100pA N-Channel Pulldown Device
6-147 PPD200 200pA N-Channel Pulldown Device
6-148 PPD400 400pA N-Channel Pulldown Device
6-149 PPD800 800pA N-Channel Pulldown Device
6-150 PPD1600 1600pA N-Channel Pulldown Device
6-151 PPU25 25pA P-Channel Pullup Device
6-152 PPU100 100pA P-Channel Pullup Device
6-153 PPU200 200pA P-Channel Pullup Device
6-154 PPU400 400pA P-Channel Pullup Device
6-155 PPUS800 800puA P-Channel Pullup Device
6-156 PPU1600 1600pA P-Channel Pullup Device
6-157 PU30 30pA P-Channel Pullup Device
6-158 SBUF Small Buffer

6-159 TBUF Noninverting Tristate Buffer

6-160 TBUF3 Noninverting Tristate Buffer

6-161 TBUFP Noninverting Tristate Buffer
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VS§700 ViGen Compiled Cells

Page

7-1
7-12
7-22
7-30
7-39

VS1500F

Page
7-42
7-54
7-64
7-76
7-86
7-94
7-102

Cell Name

DPRGEN
FIFOGEN
RAMGEN
ROMGEN
SRAMGEN

Cell Description

Dual Port RAM Generator

FIFO Generator

RAM Generator

ROM Generator

Static RAM Generator — (Preliminary Information)

ViGen Compiled Cells

Cell Name

DPRGEN
FIFOGEN
MACCGEN
MULTGEN
RAMGEN
ROMGEN
SRAM m x n

Cell Description

Dual Port RAM Generator

FIFO Generator

MAC Generator

Multiplier Generator

RAM Generator

ROM Generator

High Speed Static RAM Generator
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Core Microprocessors

Page Cell Name Cell Description
8-1 NCR65CX02 Core Microprocessor

PC Core Logic Cells

Page Cell Name Cell Description

8-15 146818A Real-Time Clock plus RAM

8-26 16C450 Universal Asynchronous Receiver/Transmitter

8-40 16C550 Universal Asynchronous Receiver/Transmitter with FIFOs
8-57 82C37A DMA Controller

8-71 82C54 Programmable Interval Timer

8-79 82C59A Programmable Interrupt Controller

PC and Workstation Peripheral I/0 Cells

Page Cell Name Cell Description

8-88 NCRS53C90A SCSI Controller Core
8-100 82077AA Floppy Disk Controller Core
8-110 85C30 Serial Communications Core
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JTAG Boundary Scan Cells

Page Cell Name Cell Description
8-126 BSENBR Boundary Scan Cell for Tristate Enable
8-127 BSINMUX Boundary Scan 2-Input Multiplexer
8-129 BSINR Boundary Scan Cell for Input Pads
8-130 BSINV4 Boundary Scan Inverting 2-Input Multiplexer (4X Drive)
8-132 BSINVS Boundary Scan Inverting 2-Input Multiplexer (8X Drive)
8-134 BSIORI1 Boundary Scan Cell for Input/Output Pads 1X Drive
8-136 BSIOR4 Boundary Scan Cell for Input/Output Pads 4X Drive
8-138 BSIORS Boundary Scan Cell for Input/Output Pads 8X Drive
8-140 BSOTR1 Boundary Scan Cell for Tristate Output Pads 1X Drive
8-141 BSOTR4 Boundary Scan Cell for Tristate Output Pads 4X Drive
8-142 BSOTRS Boundary Scan Cell for Tristate Output Pads 8X Drive
8-143 BSOUTRI1 Boundary Scan Cell for Output Pads 1X Drive
8-144 BSOUTR4 Boundary Scan Cell for Output Pads 4X Drive
8-145 BSOUTRS Boundary Scan Cell for Output Pads 8X Drive
8-146 IRCELLO Instruction Register Cell
8-147 IRCELL1 Instruction Register Cell

8-148 TAP_CONTROLLER TAP Controller
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7400 Series Soft Macrocells

Page Cell Name Cell Description

8-153 7430 8-Input Positive NAND

8-154 7442 4-Line to 10-Line Decoder

8-156 7443 4-Line to 10-Line Decoder

8-158 7444 4~Line to 10-Line Decoder

8-160 7451 Dual 2-Wide 2-Input AND-OR-INVERT Gates
8-161 4782 2-Bit Binary Full Adder

8-162 7483 4-Bit Binary Full Adders with Fast Carry
8-164 7485 4-Bit Magnitude Comparator

8-166 7486 Quad 2-Input EXCLUSIVE-OR Gates
8-167 7487 4-Bit True/Complement

8-169 7490 Decade Counter

8-171 7492 Divide by Two, Six, or Twelve Counter
8-173 7493 4-Bit Binary Counter

8-175 7494 4-Bit Shift Register with Presets

8-177 7498 4-Bit Data Selector Registers

8-179 74126 Quad-Tristate Buffer

8-181 74138 3- to 8-Line Decoder/Demultiplexer
8-183 74139 Dual 2- to 4-Line Decoders/Demultiplexers
8-185 74147 Decimal to BCD Priority Encoder

8-187 74148 8-Line to 3-Line Priority Encoders
8-189 74150 1 of 16 Data Multiplexer

8-191 74151 1 of 8 Data Multiplexer

8-193 74151NS 1 of 8 Data Multiplexer

8-195 74152 1 of 8 Data Multiplexer

8-197 74153 Dual 4-Line to 1-Line Data Multiplexers
8-199 74156 Dual 2-Line to 4-Line Decoder

8-201 74157 Quad 2- to 1-Line Data Multiplexers
8-203 74157NS Quad 2- to 1-Line Data Multiplexers
8-205 74158 Quad 2- to 1-Line Multiplexers

8-207 74161 Synchronous 4-Bit Counter

8-209 7416INE 4-Bit Binary Counter No Enable

8-211 74163CP 4-Bit Binary Counter

8-213 74163L 4-Bit Binary Counter

8-215 74163LC 4-Bit Binary Counter

8-217 74163LCP 4-Bit Binary Counter

8-219 74164 8-Bit Serial Shift Register

8-221 74165 8-Bit Shift Register

8-223 74165C 8-Bit Shift Register

8-225 74166 8-Bit Shift Register

NCR ASIC Digital Data Book



Page

8-227
8-229
8-230
8-232
8-234
8-236
8-238
8-240
8-242
8-244
8-246
8-248
8-250
8-252
8-254
8-256
8-258
8-259
8-260
8-262
8-264
8-265
8-267
8-269
8-271

Cell Name

74173
74174
74193
74193L0
7419310001
74194
74195
741957
741958
74240
74244
74244NT
74245
74251
74257
74273
74273NC4
74273NC6
74373
74374
74374NT
74374NTC
74377
74393
74669

Cell Description

Quad D-Type Flip-Flops

Hex D-Type Flip-Flops

4-Bit Up/Down Binary Counter
4-Bit Up/Down Binary Counter
4-Bit Up/Down Binary Counter
4-Bit Bidirectional Shift Register
4-Bit Shift Register

4-Bit Shift Register

4-Bit Shift Register

Octal Tristate Buffers

Octal Tristate Buffers

Octal Buffers

Octal Bus Transceivers

1 of 8 Data Selector/Multiplexer
Quad Data Multiplexers

Octal D Flip-Flops

Quad D Flip-Flops

Hex D Flip—Flops

Octal D-Type Latches

Octal D-Type Flip—Flops

Octal D-Type Flip—Flops

Octal D-Type Flip-Flops

Octal D-Type Flip-Flops

Dual 4-Bit Binary Counter
4-Bit Up/Down Counter
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Cells

Page  Section

9-1  Cell Technology Matrix
9-12  Library Naming Conventions

Handling and Storage

Page  Section

9-18 CMOS Latch-up and ESD
9-21  Handling Precautions
9-24  Effects of Moisture on Surface Mount Components

Packaging
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NCR Microelectronic Products Division Overview

NCR Microelectronic Products is a division
of NCR Corporation (Dayton, Ohio), a
leader in the development, manufacturing,
marketing, and support of business
information processing systems for worldwide
markets. The NCR Microelectronic Products
Division is one of the largest developers and
manufacturers of cell-based, mixed—signal
Application—Specific Integrated Circuits
(ASICs), all of which are designed using
NCR's industry—leading, knowledge—based
design system. In addition to cell-based
libraries, NCR also markets sea—of-gates
gate arrays with up to 169,000 total gates.
NCR has also built on its expertise in ASIC
design and development to offer a wide range
of standard integrated circuit products for a
variety of applications.

ASIC products are used in commercial,
industrial, automotive and military
applications and are supported by a broad
offering of ASIC design tools that embody
and apply hundreds of man-years of
knowledge and successful design practices.
This on-line expertise can flag potential
design problems and alert the designer to
opportunities for higher reliability,
manufacturability, and testability in ASIC
design.

The division is one of the industry’s earliest
and largest suppliers of Small Computer
System Interface (SCSI) chips. NCR also
offers a wide range of grarhic,
communication (including ARCNet™ and
Ethernet LAN), memory, microprocessor
chips, and a recently announced family of
386SX/DX chipsets and chips for the PC and
workstation markets.

NCR ASIC Digital Data Book

Division Business Units

NCR Microelectronic Products Division is
organized into seven business units, each
with its own management, marketing, and
engineering team. The business units also
work together to accomplish strategic
programs based on division-wide goals and
objectives.

Each business unit is supported by an
on-site fabrication facility at its headquarters
in either Fort Collins or Colorado Springs,
and by "second-source” capabilities at the
neighboring plant.

Fort Collins Business Units

= Commercial ASICs -
Cell library development/support for all
NCR ASICs; both cell-based and gate
array products.
Design training for all NCR ASIC
activities.
Design/manufacturing support for
commercial ASIC applications.
Technical software support/training for
NCR ASIC business units.

= Communications —
Design/manufacturing/marketing of
integrated circuits for LAN and other
communications applications.

= Customer—Owned Tooling (COT) -
Services for those who need or must
supplement foundry capabilities.

General Information
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Colorado Springs Business Units Regional Technology Centers

= Logic Products - The NCR Microelectronic Products Division
Design/manufacturing/marketing of Small Worldwide Sales Headquarters in San Jose,
Computer System Interface (SCSI) and California, is the home of the first in a
other peripheral support products, as well networked series of eight company-owned
as a graphics product line. Regional Technology Centers (RTCs). Other

= NCR Internal Marketing — RTCs which opened in 1990 include Munich,
Marketing of microelectronic products to Orange County, California, and Boston,
other NCR Corporation divisions. Massachusetts. Taiwan and Dallas, Texas,

= Multichip Modules - opened in the first quarter of 1991. Other

' Development, assembly and marketing of planned openings for 1991 include Atlanta,
multichip modules to the merchant Georgia and Bloomington, Minnesota. These
market. RTCs provide extensive technical support and

design resources for NCR customers who are
developing ASICs and ASSPs and are
equipped with a wide range of hardware and
software tools.

NCR also services customers who need
turn—key design through an existing network
of ten worldwide third—party Value—added
Design Centers (VADCs). The division's
sales organization includes six Regional Sales
Managers in the United States (who manage
more than 50 independent sales
representatives), plus European and Asia
Pacific Sales Directors and sales
representatives.

General Information NCR ASIC Digital Data Book
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NCR Microelectronic Products Division
A History of Service, Quality, and Support

Division History

NCR'’s active participation in the
microelectronics industry began in 1971 with
the design and manufacture of advanced
integrated circuits for NCR’s internal use.
Its first microelectronics plant was opened in
Miamisburg, Ohio in the same year.
Through these activities, NCR was one of
the earliest pioneers in cell-based ASIC
research and marketing.

In 1981, NCR Microelectronic Products
Division began to sell products to the
merchant market. Today, the division is
among the most profitable and fastest
growing units in the corporation. More than
85 percent of the division’s revenue is
contributed by external non-captive
customers. The division's focus is on CMOS
technology, one of the fastest growing
semiconductor industry segments. CMOS
offers high component density with low
power dissipation —— advantages which NCR
believes will continue to challenge bipolar
technology as feature sizes continue to fall.

Three years after entering the merchant
market, NCR Microelectronic Products
Division was independently recognized as the
leading standard—cell ASIC supplier
worldwide. The division has since expanded
its ASIC offerings and has developed a broad
range of key Application Specific Standard
Products (ASSPs) that act as building blocks
for today’s high—performance personal
computers and workstations. NCR believes
it offers a competitive edge over other ASIC
suppliers because of its unique
knowledge—based ASIC design environment
and broad expertise in system architecture

NCR ASIC Digital Data Book

gained over many years of developing
proprietary semiconductor products for NCR
general—-purpose computer systems and other
data processing products and services.

Milestone Events

1963 —— NCR establishes its first
microelectronics laboratory.

1966 —— The NCR Microelectronic Products
laboratory is expanded to design and
manufacture prototype circuits for a number
of NCR business machines.

1968 —— NCR produces its first MOS
standard cell circuits. NCR is credited with
inventing standard cells.

1970 —— NCR incorporates a family of
MOS-based circuits into its computers and
business machines.

1971 -— NCR completes its first
microelectronics plant in Miamisburg, Ohio,
and forms a separate unit to design and
manufacture advanced ICs for NCR's
internal use. Active production ceases here
in 1988.

1975 —— NCR expands its microelectronics
operation with the addition of a second IC
fabrication facility in Colorado Springs,
Colorado.

1979 —— NCR adds a third IC fabrication
facility in Fort Collins, Colorado.

1981 —— NCR's Microelectronic Products
Division enters the merchant market.

General Information
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1981 —— NCR ships first ASIC products to
a major automotive manufacturer.

1982 —~ The Colorado Springs IC
fabrication facility is replaced with a new,
100,000-square—foot, flagship facility.

1983 —— NCR introduces the industry’s first
SCSI protocol controller, for which it
co—wrote the ANSI standard development
document in 1982.

1984 —— NCR receives independent
recognition as the leading supplier of
standard—cell ICs, the fastest—growing ASIC
market segment.

1987 —— NCR introduces the first
knowledge—based ASIC design system to aid
designers in flagging potential errors or design
optimization opportunities. Design
Advisor™ becomes part of NCR's design
offering, which was expanded through 1987
and 1988.

1988 —— NCR forms a Communications
Business Unit to provide ASIC—-based
standard ICs for LAN, and other
communications applications.

General Information
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1990 —— NCR introduces the VS700
submicron ASIC cell library and VGX700
series gate arrays (.7-micron L—effective,
.95-micron drawn).

1990 —— NCR adds industry’s first analog
submicron cells to the VS700 ASIC cell

library.

1990 —— NCR announces support for
Verilog™ Simulation tools, Synopsys™ Logic
Synthesis tools and IKOS™ ASIC Simulation
System.

1990 —— NCR announces a worldwide
network of Regional Technology Centers
(RTCs), providing extensive technical support
and design resources for ASICs and ASSPs.

1991 -- NCR announces the addition of
four large application—specific functional
cores for PC and workstation peripheral I/O
integration; the 85C30-, 82077AA-, ‘
53C90A~, and 53C94-compatible cores.
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NCR ASIC Strategy and Goals

NCR's foremost ASIC strategy is to put the
design process and control into the hands of
our customers and provide them with a wide
range of functions to serve their integration
needs. NCR has devoted extensive R&D
resources to CAD tool development as well
as considerable time and thought to
workstation vendor agreements, independent
design centers, customer training, field
support, and an ongoing commitment to
customer service and satisfaction.

Standard Cell Leadership

By following this strategy, NCR became the
industry standard cell leader in 1984, three
years after entering the merchant market.
NCR strives to provide the best product and
service, and the strongest commitment to
customer needs.

NCR's strategic efforts focus on enabling our
customers to expedite their product
development schedules, and offering products
with more features, smaller size, higher
reliability, and lower production costs. A
rich offering of standard cell and gate array
products to provide the optimum integration
solution is a key component in this strategy.
Comprehensive digital and analog libraries
including memory and core processors
coupled with high—level market-specific
functions such as SCSI cores save ASIC
design time, and help assure that the ASIC
works the first time in the system.

NCR ASIC Digital Data Book

Mixed-signal Cell—based
Design

NCR was one of the first ASIC vendors to
offer mixed—-signal design and is an industry
leader in the production of mixed
analog-digital ASIC devices. NCR has
tackled the two most pressing and
challenging needs of mixed-signal ASIC
customers with the introduction of true
mixed-signal simulation and thorough,
precise, at-speed, mixed—signal test. With
DesignSim™ A&D, concurrent analog and
digital design and mixed—mode simulation is
possible, with the resulting waveforms
displayed on the same computer screen in the
same time base. ASICs or entire systems,
with any combination of feedback, can be
simulated concurrently for the most thorough
design and functionality analysis possible.

Design System

NCR has made it possible to design with
either standard cells or gate arrays using the
same design system and tools. You can enter
the schematic and then explore which library
and geometry best meets system speed and
cost requirements. NCR'’s DesignTest™ tool
kit is designed to make it faster and easier to
generate a production test program.
DesignSim ATL automates the process by
providing a high level simulation language to
speed simulation vector generation.

Expected output information can be added
to the simulation vectors automatically by
"learning” output states from simulation runs.
These vectors can then be used for
subsequent pass/fail simulation tests (for
example, different voltages, temperatures,
process, etc.). The simulation vectors will
convert to test vectors automatically.
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With the promise of tools, functions, and
service for faster product development cycles
with complete design process control, NCR's
ASIC strategy maintains a constant focus on
what designers need to roll out the best
products for their market in the shortest
possible time.

NCR maintains strategic, long—term alliances
to provide our customers with true ASIC
alternate sourcing. Identical design
automation interfaces and process technology
allow second sourcing at every phase of
design, development and manufacturing.
These alliances cover CMOS gate arrays, cell
libraries, CAD tools, and future-generation
ASIC products.

NCR is a member of the SEMATECH
manufacturing research and development
consortium. This membership provides NCR
with access to the advanced semiconductor
manufacturing processes, materials,
equipment, and techniques being developed
by SEMATECH. NCR is a firm believer in
the benefits of consortium-based research
and development work and has been
extremely successful in transferring such
technology to the commercial market.
NCR's Design Advisor (an artificial
intelligence—based ASIC design tool), the
first commercial product to emerge from the
Microelectronics and Computer Technology
Corporation (MCC) consortium, is an
example of the success NCR has had in
productizing consortium-developed
technology.

General Information NCR ASIC Digital Data Book
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NCR ASIC Products Summary

Overview

NCR offers a full spectrum of ASIC
products including extensive cell and gate
array libraries in submicron and larger
geometries. These libraries offer designers
the convenience of a "one-stop ASIC shop.”
All products are available in commercial,
industrial, automotive, and military
temperature ranges.

NCR CMOS Standard Cell
Libraries

The VS700 (.7 micron L-effective, .95
micron drawn) is a CMOS
double-level-metalization (DLM) processed
library. This submicron offering provides a
40 percent performance improvement and 40
percent density increase over VS1500F while
preserving a design migration path that
eliminates the need for schematic entry to
achieve smaller geometries.

The VS1500F (1.1 micron L-effective, 1.5
micron drawn) is also a CMOS
double-level-metalization (DLM) processed
library. This offering is rich in functionality
and capabilities, and includes a wide range of
analog cells, supercells, user—configured
compiled cells, microprocessor cores,
memory functions, and other popular and
specialized functional blocks.
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All NCR libraries are rich in functionality
and capabilities. In fact, one of the key
areas which sets NCR apart from other
standard cell suppliers is the functional
richness of our libraries. It's this richness
that allows NCR customers to integrate more
of their system on ASIC devices. Cells range
in complexity from simple buffers to
microprocessor cores and EEPROMs.

TYPICAL CELL DELAYS (nsec)
Cell
Drawn .95p 1.5p
Effective Tu 1.1p
Small inverter .34 0.6
2—-input NAND .35 0.7
8-input AND .92 1.7
2—-input NOR .5 0.9
8—input OR .76 2.5
?kaigof)lop with reset 59 1.6

Delay values are in nanoseconds at 25° C and
Vpp 5.0 volts and for fan—-out of two typical
loads.

NCR CMOS Supercell Library

Supercells are function blocks which were
once available only as discrete ICs. But
NCR has taken these complex functions,
such as microprocessor cores, peripheral ICs,
modular RAM, SCSI, CRTC, ROM, and
EEPROM, and added them to our supercell
library. This capability provides a total
system-on-a—chip level of integration.
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NCR’s Supercell Library is
Growing

NCR features two different types of
supercells in its rapidly growing library:
"hard” and "soft”. Hard supercells are
designed from the ground up, and therefore
take up less space and improve device
performance.

Some areas of standard cell design require
greater flexibility than hard supercells can
provide. To address this need, NCR’s library
offers high—level function macros which are
soft supercells. These cells are built from
several lower complexity function blocks and
are stored within the CAD system. These
cells can be modified by adding or deleting
functions and changing layout configurations.

Supercell Computer Aided
Design: ViGen

NCR offers a complete solution for
integrating high level functions, such as
memory, on the chip. NCR's compilers are
designer—configurable via menu entries on
industry—standard workstations and popular
CAE platforms. You can meet the specific
needs of your application without NCR
design involvement. You can perform
what—if analysis and get immediate feedback.
The compilers automatically generate full
schematic symbols and models, and the
resulting functions can easily be combined
with any other NCR library components such
as other compiled functions, analog cells, or
digital cells.

General Information
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High—-level Function Macros

NCR supplies high—level function macros,
including SCSI, floppy disk controllers,
ethernet controllers, NCR 8200 series, and
other macros for PCs, workstations, and
peripheral application ASICs which are 100%
compatible with industry standards. Exact
reproduction of standard part functions,
including the idiosyncrasies which are not
documented in standard part data sheets, is a
fundamental requirement. These macros save
you the considerable time and cost of
reverse—engineering these functions.

All macros are checked with NCR's
NetChecker™ to assure good operating
margins and high manufacturing yields.
Operation is compared to the standard part
equivalent using hardware modeling
simulation techniques. Kit parts are
fabricated, plugged into actual systems, and
tested to assure they function identically to
the standard part.

NCR CMOS Gate Arrays

NCR offers gate array products in the same
leading edge technologies used for cell-based
ASICs. Arrays implement a design by
customizing only the interconnection layers.
They are the ideal choice for logic design
applications where fast turn time, high gate
density, and high performance are important.
Gate delays for both cell-based and gate
array ASICs are approximately equivalent in
the same process technology. The same
high—level function macros available for the
cell-based ASICs are also available in the
gate arrays.
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The gate arrays offer high gate and pin
densities, with a wide variety of gate/pin
counts available. They employ the
"sea—of-gates” architecture enhanced to
exploit the advantages of the latest router
technology. Schematic symbols are identical
to the cell-based offerings, so designs can be
rapidly converted to cell-based or migrated
to the latest technology without re—entering
the schematic. All tools that can be used
for cell library designs can be used for gate
array designs.

The VGX700 (.7 micron L-effective, .95
micron drawn) is a CMOS, double-level-
metalization (DLM) processed gate array.
Usable gate counts range from 5,000 to over
73,000 with pin counts from 84 to 304.

The VGX1500 (1.1 micron L-effective, 1.5
micron drawn) is also a CMOS, double-
level-metalization (DLM) processed gate
array. This offering provides usable gate
counts from 500 to over 24,000 gates, and pin
counts from 28 to 240.

Function Summary

SSI Functions

Buffers and inverters; output drive and

tristate options.

s NAND and NOR; available with 2, 3,

and 4 inputs.

AND and OR; up to 8 inputs.

» EXOR, AOI and OAI "combinational”
logic cells; for denser and faster devices.

= Delay cells.

Two-phase clock drivers.

NCR ASIC Digital Data Book

Flip—Flops/Latches

Cross—coupled latches; both NOR and
NAND type.

Level-sensitive transparent latches; with
or without reset and clock drivers.
Edge-triggered D flip—flops; with or
without reset, set and reset, or clock
drivers.

Edge-triggered JK flip—flops; with or
without set, reset and clock driver.
Non-volatile latch.

MSI Functions

Generated user—configurable counters,
timers, multiplexers, and shift registers.
74xx functions.

Single-bit cascadable shift register with
serial or parallel in and serial out; with or
without clock driver.

Single-bit cascadable, loadable, up/down
counter with Reset and Enable, carry in,
and carry out.

Full and Half Adders.

Input/Output Pads and Buffers

Options to give optimal size in
pad-limited designs.

Levels are directly TTL, LSTTL, and
CMOS compatible.

Input cells; choice of standard TTL or
variety of Schmitt trigger level.

Output cells; variety of drive options,
open drain, pullup options, up to 48 mA
drive.

= Tristate; combination of I/O options.

Pullups and pulldowns.
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Analog Cell Library High Level Function Macros

= Op Amps = NCR146818A - Real Time Clock
= Comparators = NCR16C450 - UART
= Analog Switches = NCR16C550 - UART
= BANDGAP Voltage Reference = NCR82C284 - Clock Generator and
= Current Reference Ready Interface
= Crystal Oscillators = NCR82C288 - Bus Controller
= "555" Timer = NCR82C37A — DMA Controller
= Resistors and Capacitors = NCR82C54 — Programmable Interval
= A/D Converters Timer
= D/A Converters = NCR82CS59A - Programmable Interrupt
= VCO Controller
= Frequency/Clock Synthesizer (3Q91) = NCR82C84A - Clock Generator/Driver
= NCR82C88 — Bus Controller
s NCR765 — Floppy Disk Controller
Supercell Library = 82077AA-compatible Floppy Disk
Controller
= Compiled ROM = Digital Data Separator
= Compiled Low—-power RAM = 85C30-compatible Serial Communications
= Compiled Fast Static RAM Controller
s Compiled Dual-Port RAM s Ethernet—compatible Controller
s Compiled FIFO » SCSI-compatible Cores (53C90A, 53C94)
= Compiled ALU = JTAG TAP Controller
» Compiled Multiplier— Accumulator
(MAC)
= NCR2901
= NCR2910
s Modular EEPROM
s Counter/Timer
= 65C02 Microprocessor
= 68C05 Microprocessor
= SCSI Controllers
= CRT Controller
General Information NCR ASIC Digital Data Book
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ASIC Development Cycle

The NCR Semicustom Design flow consists
of fourteen steps, as shown in Figure 1-1.
The customer or design center performs some
steps, and NCR performs others. Here is a
summary of the flow.

Design the circuit, using one of the NCR
logic libraries.

Capture the design schematic on an
engineering workstation.

Simulate the design’s functional logic and
analyze its timing.

= Lay out the design for manufacturing.

= Simulate the postlayout design.

= Prepare test data for use after
manufacturing.

The Semicustom Design flow steps are as
follows.

1. Begin by designing the circuit. You will
save time in the overall design process if
you consider basic testability issues when
you design the circuit.

2. Capture the design at the engineering

workstation, using the workstation

schematic editor. Choose one of the

NCR logic cell libraries.

Configure compiled cells on-line, while

in the workstation schematic editor.

4. Generate the input stimulus waveforms
for the logic simulations. It is best to
consider tester requirements in the initial
simulation input rather than later
modifying the simulation input to meet
test program requirements. Not all logic
simulations have to meet tester
requirements; only those to be used as
the basis for the test program. You may
need to perform additional simulations
to test specific portions of your circuit
design. The optional tool DesignSim
ATL can be used to expedite this step

()
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and also automate steps 7 and 8.
Perform prelayout timing analysis and
simulation.

a. Perform the functional simulation of
the circuit design, using the
workstation logic simulator and your
input stimulus waveforms. The
functional simulation uses unit delays
for estimated propagation delays.

b. Perform optional static timing
analysis. This first use of the static
timing analysis tool reveals set—up
and hold-time violations, race
conditions, critical paths, etc. before
you perform lengthy pattern driven
analysis.

Perform the prelayout estimated

real-time simulations. Two simulations

are required: one using best—case
estimated propagations delays and one
using worst—case delays.

Following successful simulations,

generate simulation output files, using

the workstation logic simulator. Create
two simulation output files: one for the
best—case simulation and one for the
worst—case simulation.

Validate the simulation output files using

DesignTest programs. These programs

help to validate the usability of the

simulation output files for test program
generation by the NCR test engineers.

Release design to NCR.

a. Determine the critical paths in the
circuit design, calculate design
statistics, and list pinout
information.

b. Release the design to NCR for
physical layout and interconnect
analysis. The design review is
conducted now.

General Information
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10. Place and route.

a. NCR performs several actions now.
We run the automatic cell placement
and routing software to generate the
physical layout. Then we analyze
interconnect resistances and
capacitances. Finally, we extract
interconnect lengths to calculate real
best—case and worst—case
propagation delays and send the new
delay files to you, so that you can
perform postlayout simulations.

b. NCR can run probabilistic,
deterministic, and statistical fault
grading on the test patterns. Refer
to the fault grading portion of the
CAD tool section of the data book
for a discussion of fault grading
technologies.

11. Postlayout timing analysis and

simulation.

a. Run static timing analysis after
layout to verify that all critical path
timings are met. This is in addition
to verification by pattern—driven
simulation.

b. Perform two postlayout real-time
simulations using the actual layout
interconnect parameters: one using
best—case real propagation delays and
one using worst—case delays.

General Information
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12.

14.

Following successful simulations,
generate postlayout simulation output
files using the workstation logic
simulator. Again you must create two
simulation output files: one for the
best—case simulation and one for the
worst—case simulation.

Rerun the DesignTest programs to
validate the postlayout simulation files.
The programs help to validate the
usability of the postlayout simulation
files for test program generation.

Send the postlayout simulation files and
the output from the DesignTest
programs to NCR. The NCR test
engineers now generate the test program
from your postlayout simulation files.
They extract the test patterns from the
simulation files, convert the test patterns
to the format required by the automated
tester, and then generate the actual test
program to be used to test the prototype
chips.

NCR ASIC Digital Data Book
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Figure 1-1 NCR semicustom design flow
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Requesting a Quote from NCR

For NCR to calculate the amount of silicon
that a design will require (die size), you must
provide several pieces of information about
your design. NCR will use this information
to run a die sizing program and prepare a
budgetary quote.

Types of Quotes

There are two types of quotes to consider,
budgetary and final. A budgetary quote is
simply an estimate of the die size and
associated costs of producing an Application
Specific Integrated Circuit (ASIC) including
piece—part cost of production units along
with Non—Recurring Engineering (NRE)
costs and turnaround times for prototypes
and production units. This quote can be
used to see if an ASIC design (standard cell
or gate array) is feasible. The pricing
included in a budgetary quote may change.

The pricing included in a final quote is based
upon the actual die size after the physical
design is complete (excluding design
changes).

Information Needed for a
Quote

The data NCR requires to prepare a quote is
described below:

= Estimated digital gate count — If the
quote is budgetary, a gate count will
suffice (a 2—-input NAND = 1 gate);
however, a complete schematic or cell
count provides a more accurate die size
estimate.

General Information
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Special functions — This includes analog
circuits, memories, and macrocells.
Include the specifications for each of
these features. Designs which require
such functions will be handled on a case
by case basis.

Package preference — For any given
design, there may be certain packages that
are prefer