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Functional Index

This section provides a quick overview of the functions available in AT&T’s 1.25u CMOS library.

I/O Buffers

BHidCod[D,H,T]
BHidTod[D,H,T]
BHidXod[D,H,T]
BIHId[D,P,T]
BIMid[D,P,T]
BINid[D,P,T]
BIPO2[D,P,T]
BNidTod/D,H, T}
BNidXod[D,H,T]
BOCOd[D,H,P,T]
BONod[D,H,P,T]
BOTod[D,H,P,T]
BOXod[D,H,P,T]

Logic Cells

ANDn
AOlabcd
BIST1
FA
INRBn
NDn
NRn
OAlabcd
ORn
SDabc
TBDI
TBUS
TBUSI
TGn
XNOR
XOR

Functional Index

TTL Bi-directional Buffer, Input with Hysteresis, Open Collector Output
TTL Bi-directional Buffer, Input with Hysteresis, Tri-statable Output
TTL Bi-directional Buffers, Input with Hysteresis, Driver Transistors Output
Input Buffer, Non-Inverting TTL Level

Input Buffer, Inverting MOS Level

Input Buffer, Non-Inverting TTL Level

Input Buffer, ESD Protection Only

Bi-directional Buffer, TTL Level Input, Tri-statable Output
Bi-directional Buffer, TTL Level Input, Driver Transistors Output
Output Buffer, Non-Inverting TTL Level Open Collector

Output Buffer, Non-Inverting TTL Level

Output Buffer, Non-Inverting TTL Level Tri-State

Output Buffer, Driver Transistors Only

AND Gates
AND-OR-INVERTERS

Built in Self Test Logic Cell
Full Adder

Inverters

NAND Gates

NOR Gates
OR-AND-INVERTERS

OR Gates

Select Data Cells

Tri-state Inverting Bus Drivers
Tri-state Bus Drivers
Tri-state Inverting Bus Drivers
Transmission Gates
Exclusive NOR Gate
Exclusive OR Gate

ATel
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Functional Index 1.25u CMOS Library

Dynamic Registers

Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page
DL2D1A 20 30 MS - -- PL (DR2A1A) 7-12
DR2A1A 7 8 MS - -- -- - 7-13

- DR2A1AH 8 10 MS - - - - 7-14
DR2A1B 13 18 MS PL - - - 7-15
DR2A1D 13 18 MS - PL -- - 7-16
DR2A1E 13 18 MS - NL - - 7-17
DR2A1F 18 26 MS PL NL - - 7-18
DR2AIG 13 18 MS NL - -- - 7-19
DR2A1I 10 14 MS - SPL - - 7-20
DR2A1J 12 12 MS SPL - -- - 7-21
DR2A1M 12 12 MS - SNL - - 7-22
DR2A1N 18 26 MS NL PL - - 7-23
DR2B1A 12 18 MS - - PL - 7-24
DR2B11 13 20 MS - SPL PL - 7-25
DR2B1J 13 20 MS SPL -- PL - 7-26
DR2C1A 12 18 MS - - NL - 7-27
DR2C11 13 20 MS - SPL NL - 7-28
DR2D1A 12 18 MS - - PL DL2D1A 7-29
DR2D11 13 20 MS - SPL PL - 7-30
DR2E1A 12 18 MS - - NL - 7-31
DR2E1I 13 20 MS - SPL NL - 7-32

MS = Master-Slave, NL = Negative Level, PL = Positive Level, SNL = Synchronous Negative Level,
SPL = Synchronous Positive Level

Static Flip-Flops and Latches

Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page
FB1S2AX 23 36 NE - -- -- - 7-33
FB1S3AX 23 36 PE - -- -- -- 7-34
FD1N2AX 19 26 NE - -- NL FL1IN2AX 7-35
FD1N2JX 21 32 NE SPL - NL FL1N2JX 7-36
FD1N2MX 21 32 NE - SNL NL FL1N2MX 7-37
FD1N3AX 19 26 PE - - NL FL1N3AX 7-38
FD1N3JX 21 32 PE SPL -- NL FLIN3JX 7-39
FD1N3MX 21 32 PE - SNL NL FL1N3MX 7-40
FD1P2AX 19 26 NE - - PL FL1P2AX 7-41
FD1P2JX 21 32 NE SPL - PL FL1P2JX 7-42
FD1P2MX 21 32 NE - SNL PL FL1P2MX 7-43
FD1P3AX 19 26 PE - - PL FL1P3AX 7-44
FD1P3JX 21 32 PE SPL - PL FL1P3JX 7-45
FD1P3MX 21 32 PE - SNL PL FL1P3MX 7-46
FD1S1A 9 10 PL - - - - 7-47
FD1S1B 9 12 PL PL - - - 7-48
FD1S1D 10 14 PL -- PL -- -- 7-49
FD1S1E 9 12 PL - NL - - 7-50
FD1S1F 11 14 PL PL NL - - 7-51
FD1S1G 10 14 PL NL -- - - 7-52

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level, PE = Positive Edge
Triggered, PL = Positive Level, SNL = Synchronous Negative Level, SPL = Synchronous Positive
Level

1-2 == ATsT Functional Index



Functional Index 1.25u CMOS Library

Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent  Page
FD1S2AX 13 18 NE - - - FL1S2AX 7-53
FD1S2BX 16 22 NE PL - - FL1S2BX 7-54
FD1S2CX 21 28 NE PL PL - FL1S2CX 7-55
FD1S2DX 17 24 NE - PL -- FL1S2DX 7-56
FD1S2EX 16 22 NE - NL -- FL1S2EX 7-57
FD1S2FX 19 26 NE PL NL - FL1S2FX 7-58
FD1S2GX 17 24 NE NL - - FL1S2GX 7-59
FD1S21X 18 24 NE - SPL - FL1S2IX 7-60
FD1S2JX 16 22 NE SPL -- - FL1S2JX 7-61
FD1S2KX 22 30 NE NL NL - FL1S2KX 7-62
FD1S2LX 18 24 NE SNL - - FL1S2LX 7-63
FD1S2MX 15 22 NE - SNL - FL1S2MX 7-64
FD1S2NX 20 28 NE NL PL - FL1S2NX 7-65
FD1S20X 19 26 NE SPL  SPL - FL1S20X 7-66
FD1S3AX 13 18 PE -- - - FL1S3AX 7-67
FD1S3BX 16 22 PE PL - - FL1S3AX 7-68
FD1S3CX 21 28 PE PL PL - FL1S3AX 7-69
FD1S3DX 17 24 PE - PL - FL1S3AX 7-70
FD1S3EX 16 22 PE -- NL - FL1S3AX 7-71
FD1S3FX 19 26 PE PL NL - FL1S3AX 7-72
FD1S3GX 17 24 PE NL - - FL1S3AX 7-73
FD1S3IX 18 24 PE - SPL - FL1S3AX 7-74
FD1S3JX 16 22 PE SPL -- - FL1S3AX 7-75
FD1S3KX 22 30 PE NL NL - FL1S3AX 7-76
FD1S3LX 18 24 PE SNL -- - FL1S3AX 7-77
FD1S3MX 15 22 PE - SNL - FL1S3AX 7-78
FD1S3NX 20 28 PE NL PL - FL1S3AX 7-79
FD1S30X 19 26 PE SPL SPL - FL1S3AX 7-80
FD1S5A 9 10 NL - - - - 7-81
FD1S5B 9 12 NL PL - - - 7-82
FD1S5D 10 14 NL - PL - -- 7-83
FD1S5E 9 12 NL - NL - - 7-84
FD1S5F 11 14 NL PL NL - - 7-85
FD1S5G 10 14 NL NL - - - 7-86
FD2N1A 20 28 MS - - NL - 7-87
FD2N1J 23 34 MS SPL -- NL -- 7-88
FD2N1M 23 34 MS - SNL NL - 7-89
FD2P1A 20 28 MS - - PL - 7-90
FD2P1J 23 34 MS SPL - PL - 7-91
FD2P1M 23 34 MS - SNL PL - 7-92
FD2S1A 14 20 MS - - - FL2S1A 7-93
FD2S1B 17 24 MS PL - - FL2S1B 7-94
FD2S1CX 20 30 MS PL PL - FL2S1CX 7-95
FD2S1D 18 26 MS - PL - FL2S1D 7-96
FD2S1E 17 24 MS - NL - FL2S1E 7-97
FD2S1FX 19 28 MS PL NL - FL2S1FX 7-98
FD2S1G 18 26 MS NL -- - FL2S1G 7-99
FD2S1l 17 26 MS - SPL - FL2S11 7-100

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level, PE = Positive Edge
Triggered, PL = Positive Level, SNL = Synchronous Negative Level, SPL = Synchronous Positive
Level
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Functional Index 1.251 CMOS Library

Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page
FD2S1J 16 24 MS SPL - - FL2S1J 7-101
FD2S1KX 21 32 MS NL NL - FL2S1KX 7-102
FD2S1L 17 26 MS SNL - - FL2S1L 7-103
FD2S1M 16 24 MS - SNL - FL2S1M 7-104
FD2S1NX 20 30 MS NL PL - FL2S1NX 7-105
FL1N2AX 26 36 NE - - NL (FD1N2AX) 7-106
FL1N2JX 27 38 NE SPL - NL (FD1N2JX) 7-107
FLIN2MX 27 38 NE - SNL NL (FD1N2MX) 7-108
FL1N3AX 26 36 PE - - NL (FD1N3AX) 7-109
FL1N3JX 27 38 PE SPL - NL (FD1N3JX) 7-110
FLIN3MX 27 38 PE - SNL NL (FD1N3MX) 7-111
FL1P2AX 26 36 NE -- - PL (FD1P2AX) 7-112
FL1P2JX 27 38 NE SPL - PL (FD1P2JX) 7-113
FL1P2MX 27 38 NE - SNL PL (FD1P2MX) 7-114
FL1P3AX 26 36 PE - - PL (FD1P3AX) 7-115
FL1P3JX 27 38 PE SPL - PL (FD1P3JX) 7-116
FL1P3MX 27 38 PE - SNL PL (FD1P3MX) 7-117
FL1S2AX 19 30 NE -- - - (FD1S2AX) 7-118
FL1S2BX 22 34 NE PL - - (FD1S2BX) 7-119
FL1S2CX 28 40 NE PL PL - (FD1S2CX) 7-120
FL1S2DX 22 32 NE - PL - (FD1S2DX) 7-121
FL1S2EX 22 34 NE - NL - (FD1S2EX) 7-122
FL1S2FX 25 38 NE PL NL - (FD1S2FX) 7-123
FL1S2GX 22 32 NE NL - - (FD1S2GX) 7-124
FL1S2IX 23 32 NE -- SPL - (FD1S2IX) 7-125
FL1S2JX 21 30 NE SPL - - (FD1S2JX) 7-126
FL1S2KX 27 38 NE NL NL - (FD1S2KX) 7-127
FL1S2LX 23 32 NE SNL - - (FD1S2LX) 7-128
FL1S2MX 20 30 NE - SNL - (FD1S2MX) 7-129
FL1S2NX 25 36 NE NL PL - (FD1S2NX) 7-130
FL1S20X 24 34 NE SPL SPL - (FD1S20X) 7-131
FL1S3AX 19 30 PE - - - (FD1S3AX) 7-132
FL1S3BX 22 34 PE PL - - (FD1S3BX) 7-133
FL1S3CX 28 40 PE PL PL - (FD1S3CX) 7-134
FL1S3DX 22 32 PE - PL -- (FD1S3DX) 7-135
FL1S3EX 22 34 PE -- NL -- (FD1S3EX) 7-136
FL1S3FX 25 38 PE PL NL - (FD1S3FX) 7-137
FL1S3GX 22 32 PE NL - - (FD1S3GX) 7-138
FL1S3IX 23 32 PE -- SPL - (FD1S3IX) 7-139
FL1S3JX 21 30 PE SPL - - (FD1S3JX) 7-140
FL1S3KX 27 38 PE NL NL - (FD1S3KX) 7-141
FL1S3LX 23 32 PE SNL - - (FD1S3LX) 7-142
FL1S3MX 20 30 PE - SNL - (FD1S3MX) 7-143
FL1S3NX 25 36 PE NL PL - (FD1S3NX) 7-144
FL1S30X 24 34 PE SPL SPL -- (FD1S30X) 7-145
FL2S1A 20 32 MS - -- - (FD2S1A) 7-146
FL2S1B 23 36 MS PL - -- (FD2S1A) 7-147
FL2S1CX 26 42 MS PL PL - (FD2S1AX) 7-148
FL2S1D 23 34 MS - PL - (FD2S1A) 7-149
FL2S1E 23 36 MS - NL -- (FD2S1A) 7-150

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level, PE = Positive Edge
Triggered, PL = Positive Level, SNL = Synchronous Negative Level, SPL = Synchronous Positive
Level
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Functional Index 1.251 CMOS Library

Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page
FL2S1FX 25 40 MS PL NL - (FD2S1AX) 7-151
FL2S1G 23 34 MS NL - - (FD2S1A) 7-152
FL2S11 23 34 MS -- SPL - (FD2S1A) 7-153
FL2S1J 21 32 MS SPL - - (FD2S1A) 7-154
FL2S1KX 26 40 MS NL NL - (FD2S1AX) 7-155
FL2S1L 23 34 MS SNL -- - (FD2S1A) 7-156
FL2S1M 21 32 MS - SNL - (FD2S1A) 7-157
FL2S1NX 25 38 MS NL PL - (FD2S1AX) 7-158
FSOS1A 5 8 - - - - - 7-159
FS0S1D 6 10 -- - PL - - 7-160
FS0S7A 5 8 - - - - -- 7-161
FS1S1A 7 12 PL - - - - 7-162
FS1S3A 15 24 PE - - - - 7-163

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level, PE = Positive Edge
Triggered, PL = Positive Level, SNL = Synchronous Negative Level, SPL = Synchronous Positive
Level

Parameterized Macrocells

FIFO First-In First-Out Memory 8-6
MULTP Multiplier 8-11
PLAC2B Programmable Logic Array 8-14
RAMS1A Static Random Access Memory 8-18
RAMS1AT Static Random Access Memory 8-22
RAMS1B Static Random Access Memory 8-28
RAMS1C Static Random Access Memory 8-32.
RAMS1CT Static Random Access Memory 8-36
RAMS1D Static Random Access Memory 8-42
RAMS1E Static Random Access Memory 8-46
RAMS1F Static Random Access Memory 8-52
RAMS2A Static Random Access Memory 8-58
RAMS2B Static Random Access Memory 8-62
RAMS2C Static Random Access Memory 8-66
RAMS2D Static Random Access Memory 8-70
RAMS2E Static Random Access Memory 8-74
RAMS2F Static Random Access Memory 8-80
REGFILE Register File Memory 8-86
ROMS1A Read Only Memory 8-90
ROMS2A Read Only Memory 8-94
SRGEN Dynamic Shift Register 8-98

Functional Index
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Functional Index

Linear cells designed to fit into the I/O buffer ring.

BICSI09[D, 7]
BICSNO9[D, ]

BITSI08{D, 7]
BITSI12[D,T]

BITSNOS[D, 7]
BITSN12[D,T]

LOT15U

LVD60
LVD600
PURA3M
PURA300U
PURA30U

TBAD

XC10MS[D, 1D,20)
XC20MS[D, 1D,20]

XT20MS[D,30]

Inverting Schmitt Trigger Input Buffer for CMOS level inputs
Non-inverting Schmitt Trigger Input Buffer for CMOS level inputs
Inverting Schmitt Trigger Input Buffer for TTL level inputs

Low power Inverting Schmitt Trigger Input Buffer for TTL level inputs
Non-inverting Schmitt Trigger Input Buffer for TTL level inputs

Low power Non-inverting Schmitt Trigger Input Buffer for TTL

level inputs

Loss of Signal Detector with a 15us nominal delay time

Low Voltage Detector with 60mV hysteresis

Low Voltage Detector with 600mV hysteresis

Power-up Reset with 3ms nominal pulse duration and test mode
Power-up Reset with 300us nominal pulse duration and test mode
Power-up Reset with 30us nominal pulse duration and test mode
Test Function Enhancement Circuit

1 - 15 MHz Crystal Oscillator/CMOS level input buffer

5 - 32 MHz Crystal Oscillator/CMOS level input buffer
4 - 32 MHz Crystal Oscillator/TTL level input buffer

Linear cells designed to fit into Standard Cell rows.
(Suffix A for Area-optimized cells, suffix P for Performance-optimized cells)

CAP3[A,A
CAPS5[A,A|
CAP10[A,F]
RC[1-10][A,F]
RES1[A,F]
RES2[A,A]
RES5[A,F]
RES10[A,P]
RES20[A,P|

3 picofarad capacitor

5 picofarad capacitor

10 picofarad capacitor

RC delay lines, with nominal time constants of 1ns to 10ns
1 kQ resistor

2 kQ resistor

5 kQ resistor

10 kQ resistor

20 kQ resistor

Linear cells that require separate power and ground pads.

DRECV1A
DXMIT2C

Differential Line Receiver with fixed input threshold
Differential Line Transmitter for ISDN S or T interfaces

ATeT
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Page

9-2
93
9-4
9-4
95

9-5
9-6
9-7
9-7
9-8
9-8
9-8
9-9
9-13
9-15
9-17

9-19
9-19
9-19
9-20
9-22
9-22
9-22
9-22

9-23
9-24
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Functional Index

BE16F05V

ADDER
CMB
COMP
COUNTER
DECODER
FSM

MUX

PAR
UNREG

MSI/LSI Functions

ALU2
ALU4
ARTI
BL29CO1
BL29C09
CKGEN
CcM42
Cms82
CMs85
CM138
CM150
CM151
CM152
CM153X
CM157X
CM158X

Functional Index

BiCMOS input buffers
BIEBF0O9T Balanced, 5 volt
BIEBTO7T Balanced, 10 volt
BIEF[09T,14T,16T}  Non-inverting, 5 volt
BIETO7T Non-inverting, 10 volt
BiCMOS output buffers
BOEBFO5T Balanced, 5 volt
BOEBTO5T Balanced, 10 volt
BOEF05T Non-inverting, 5 volt
BOETOST Non-inverting, 10 volt

BiCMOS bidirectional buffer

Non-inverting input stage, non-inverting output stage, 5 volt

FDS Synthesized Macrocells

FDS Adder

FDS Combinational Block
FDS Comparator

FDS Counter

FDS Decoder

FDS Finite State Machine
FDS Multiplexer

FDS Parity Generator
FDS Universal Register

2-Bit Arithmetic Logic Unit

4-Bit Arithmetic Logic Unit

Universal Asynchronous Receiver Transmitter
Bit-Slice Microprocessor

Microprogram Sequencer

4 Phase Clock Generator
BCD-to-Decimal Decoder

2-Bit Binary Full Adder

4-Bit Magnitude Comparator

3-to-8 Line Decoder/Demultiplexer
1-of-16 Gated Data Selector/Multiplexer
1-of-8 Gated Data Selector/Multiplexer
1-of-8 Data Selector/Multiplexer
4-Line-to-1 Data Selector/Multiplexer
2-Line-1-Line Data Selector/Multiplexer
2-Line-1-Line Data Selector/Multiplexer

ATsT

iy

1.251 CMOS Library

Page

10-7
10-8
10-9
10-10

10-11
10-12
10-13
10-14

10-15

11-2
11-3
11-4
11-5
11-7
11-9
11-10
11-12
11-13

12-2

12-6

12-11
12-15
12-18
12-22
12-24
12-26
12-28
12-31
12-33
12-36
12-38
12-40
12-42
12-44
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Functional Index

CM160
CM161
CM162
CM163
CM169
CRC
Div4
DIVe
DIvs

FA4
HDLC
LACG4
MUL16X16
MvV3

MV5
PCLE3
PCLE4
PCLE5S
PCLE6
PCLES
PCLER3
PCLER4
PCLERS
PCLER6
PCLERS
PLLPAIR
Z80_CTC

Synchronous 4-Bit Decade Counter
Synchronous 4-Bit Binary Counter
Synchronous 4-Bit Decade Counter
Synchronous 4-Bit Binary Counter
Synchronous 4-Bit Up/Down Counter
Cyclic Redundancy Checker
Divide-by-4 Counter

Divide-by-6 Counter

Divide-by-8 Counter

4-Bit Fast Adder

High-Level Data Link Controller
4-Bit Look Ahead Carry Generator
16 X 16 Multiplier

3-Bit Majority Vote

5-Bit Majority Vote

3-Bit Programmable Counter/Timer
4-Bit Programmable Counter/Timer
5-Bit Programmable Counter/Timer
6-Bit Programmable Counter/Timer
8-Bit Programmable Counter/Timer
3-Bit Programmable Counter/Timer
4-Bit Programmable Counter/Timer
5-Bit Programmable Counter/Timer
6-Bit Programmable Counter/Timer
8-Bit Programmable Counter/Timer
Phase Locked Loop

Z80 Counter Timer Circuit

Boundary Scan Cells

BSATT
BSBD
BSBP
BSBRIC
BSCKMUX
BSIN1
BSIN2
BSIN3
BSIN4
BSIN4N
BSINS
BSIR1
BSIR2
BSOE
BSOUT1

Manufacturer ID Register
Bidirectional Cell

By-Pass Cell

BIST RAM Interface Controller
System-Test Clock Multiplexer
Standard Input Cell

1.251 CMOS Library

Page
12-46
12-49
12-52
12-55
12-58
12-61
12-64
12-66
12-68
12-70
12-72
12-76
12-78
12-80
12-82
12-84
12-86
12-88
12-90
12-92
12-94
12-96
12-98

12-100
12-102
12-104
12-109

13-4
13-6
13-8
13-10
13-13
13-16

Input Cell (Without Update Output Buffer) 13-18
Input Cell (Capture & Scan Only) 13-20
Active High Input (Input Inactive during External Test) 13-22
Active Low Input (Input Inactive during External Test) 13-24
Input Cell (Input Stable during External Test) 13-26
Instruction Register 13-28
Instruction Register (Without Status Capture) 13-30
Output Enable Control 13-32
Standard Output Cell 13-34

ATeT
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Functional Index 1.25u CMOS Library

Page n

BSOUT2 Active High Output (Output Inactive in Internal Test) 13-36
BSOUT2N Active Low Output (Output Inactive in Internal Test) 13-38
BSOUT3 Output Cell (Output Stable during Internal Test) 13-40
BSTAP Test Access Port Controller 13-42
BSTDO Serial Output Cell

(With Data Register/Instruction Register and Input Multiplexer) 13-47

ATsT 1-9
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Libraries Design Considerations

This book contains the ASIC (Application Specific Integrated Circuit) design information using
AT&T’s advanced 1.25pu twin-tub CMOS technology. It can be fabricated in single-level or double-
level metal technology. The standard cells in this catalog are available in two layout styles. In one
style, the cells were made as small as possible. The other style, cells were optimized for performance,
and as a result occupy more area than the small cells. The contrast is illustrated below:
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Table 1 - Cell Library Comparison

Item Area Performance
Optimized Optimized

Cell Height 42.625p 74.00n
P-Transistor
Mask Length 1.75n 1.75p
Mask Width 5.00p 28.00pn
N-Transistor
Mask Length 1.25n 1.25p
Mask Width 5.00p 20.00pn

The two libraries allow you to make trade-offs between performance and chip size in your design.
These trade-offs are discussed in the sections that follow.
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Derating Factors

Nominal propagation delays are quoted in the 1.25u Standard Cell Library. To determine exact delays
under other conditions, the ADVICE (AT&T’s version of SPICE) simulation program should be used

with the following conditions:

Design Considerations

Table 2
CONDITIONS FOR SIMULATIONS
CASE TEMPERATURE | PROCESS FILE | POWER SUPPLY
Worst Case Fast 0°C APROHC.DAT 5.5 Volts
Nominal 25°C APRONC.DAT 5.0 Volts
Worst Case Slow 100°C APROLC.DAT 4.5 Volts

Throughout this catalog, "temperature” always refers to junction temperature, and not the ambient.
Junction temperature is generally higher than the ambient, due to the fact that the package acts as
an insulator, and impedes the dissipation of heat from the silicon to the ambient environment. The
difference between the junction and ambient temperatures is dependent on the amount of power the
device dissipates, the package type, and the amount of air circulation in the surrounding
environment.

The temperature used in worst case simulations is application dependent. The range 0 ° C to 100 ° C
is common, however, the minimum and maximum limits are -40° C to 125° C.

An altemate method to determine worst case propagation delays (although not as accurate as
running ADVICE) is to use de-rating factors. A de-rating factor is simply a multiplier of the nominal
delay:

T="TnoMINAL X P1v X Dp
where
Dy is the de-rating factor for temperature and voltage.

Dp is the de-rating factor for process variation.

These de-rating factors for 1.254 CMOS can be found in Tables 3 and 4:

Table 3 - Derating for Processing

PROCESS DE-RATING
CONDITIONS FACTOR
Slow 1.31
Nominal 1.0
Fast 0.75
2-2 = ATeT Design Considerations



Derating Factors Design Considerations

Table 4 - Power Supply and Temperature Derating

POWER SUPPLY VOLTAGE (VDD)
450V 475V 5.00v_ 5.26V _ 5.5QV

-40° | 0.77 0.73 0.68 0.64 0.61
0°| 1.00 0.93 0.87 0.82 0.78
25° | 1.14 1.07 1.00 0.94 0.90
85°| 1.50 1.40 1.33 1.26 1.20

100° | 1.60 1.49 1.41 1.34 1.28

mIIC—HA>»IMOUIMA

125° | 1.76 1.65 1.56 1.47 1.41

The recommended maximum operating conditions and absolute maximum ratings for the 1.25p
CMOS library and technology are as follows:

RECOMMENDED MAXIMUM OPERATING
CONDITIONS FOR 1.251 CMOS

Power Supply Voltage VDD - VSS =5V
Input Voltages (VSS -0.3V) to (VDD + 0.3V)

Junction Temperature  -40°Cto 125°C

ABSOLUTE MAXIMUM RATINGS FOR 1.25u CMOS

Power Supply VDD - VSS <7.0V
Input Voltage VSS to VDD (for 6.1V < VDD - VSS < 7.0V)

Storage Temperature  -40°C to 125°C

Design Considerations
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Estimating Power Design Considerations

The most accurate way to estimate the power a custom CMOS IC will dissipate is to develop an LSL
(i.e., netlist) and a complete test vector set, and then let the MOTIS3 circuit simulator do the
calculation for you. However, it is often the case that you would like to know well beforehand
approximately how much of your board power budget to allocate to your proposed custom device. It
is for this reason the following worksheet was developed; it should only be used as a guideline.

AC Power
CMOS typically dissipates very litle DC power. Most of the power dissipation arises from current
required to repeatedly charge up and discharge transistor gates and parasitic capacitances.
Accordingly, the expression for the AC power dissipation is:
P=Cx V2 x F

Where:

C = The total capacitance being charged and discharged.

V = The power supply, typically the upper limit for this calculation.

F = The frequency at which the capacitance is being charged and discharged.
Calculating the AC Power for Internal Gates

Estimating the AC power for the chip’s internal logic gates is straightforward. The equation for the
calculation is:

PImemaI=PGxNxeA

Where:
PG

Power per gate. This is the approximate power the average primitive logic gate
will dissipate at a specified frequency. This factor for the two libraries is:

6uW /gate/MHz for the area-optimized cells, and

10uW /gate/MHz for the performance-optimized cells.

N = The total number of gates. The factors listed above assume that you are going to
use equivalent, primitive logic gate count to do this estimate. N represents the
total number of those gates.

F = The operating frequency. Here, the frequency refers to the rate at which most
of the nodes in the circuit can change, typically the clock frequency.

A = The activity of the circuit. This term is an attempt to acknowledge that not all of
the data will in the circuit will be changing at all times. This, of course, is heavily
dependent on the application.

As an example, 5,000 gates in a synchronous design being clocked at 8MHz while using the area-
optimized cells will dissipate:

P = 6uW x 5,000 x 8MHz x 0.2 = 48mW

Internal
assuming a 20% activity factor.

ATsT Design Considerations
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Estimating Power Design Considerations

Estimating the AC Power for the Output Buffers

Another important component of the total power dissipation can be attributed to the chip’s output
capacitances. Here, the power would be calculated as: E

2
PExternaI =VDD" x CL xFxA

Where:
VDD = The upper limit on the allowed value for the power supply, typically 5.5 Volts.
CL = The sum of all capacitances on all chip outputs.
F = The maximum frequency at which the outputs will change. Normally, one half of
the clock frequency.
A = The % activity of the output nodes. This may or may not be the same as the
internal activity factor, depending on the application and the circuit.
DC Power

Certain CMOS circuits, by necessity, dissipate DC power. The most common of these are CMOS
input buffers that convert TTL levels at the input of the chip to CMOS levels internally. The catalog
pages describing these buffers includes power information. It is suggested that you refer to those
pages when considering power, as the DC power dissipated by the input buffers may turn out to be
significant, depending on your buffer selection and your requirements.

If you are having some special circuitry built for you, it may also need to dissipate some DC power.
Again, it may be important to include in the chip power calculation, especially if you have a tight
power budget.

Total Chip Power - A Summary

In summary, there are three important contributors to the power dissipation of a CMOS IC that
should be included when making an early estimate:
1. The AC power dissipated by the internal gates.
2. The AC power dissipated by the output capacitance.
3. The DC power dissipated by various ‘unusual’ circuits, most notably the TTL-compatible
input buffers.

It is worth repeating that the MOTIS3 circuit simulator will make an accurate calculation of the chip
AC power. The techniques presented in this section should only be used for estimation.

Design Considerations
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Techniques for Improving Speed Design Considerations

The following design practices are suggested for when it is important to obtain the highest possible

performance:
1. Use the performance-optimized library.
n 2. Keep the logic gate depth shallow between latch points.
3. Use low fan-in logic gates. (Fan-in is defined as the number of inputs. For example, an

ND2 has a fan-in of 2; an NR4 has a fan-in of 4.) If you are using AT&T’s FDS to

synthesize combinatorial logic, limit the MAX_FANIN variable to 2 or 3.

Plan your chip architecture to do as much parallel processing as possible.

Minimize the occurrence of strings of alternating NAND’s and NOR's.

Avoid the use of high-drive buffers when driving a low fanout.

Avoid circuit designs that have highly loaded gates in the critical path. A gate delay will

increase as the capacitive load is increased on the output of the gate. The primary sources

of load capacitance are routing capacitance and the capacitance of the transistors on the
gates being driven.

8. Duplicate logic to reduce fanouts.

9. Use fast adder design techniques - for example, carry look-ahead.

10. Avoid placing heavy loads on flip-flops and latches. On most flip-flops and latches, the Q
and QN outputs are unbuffered. Since QN is derived from Q, a high fan-out on QN will
slow down Q even if Q is lightly loaded.

11. Some of the cells in the library are available with higher drive capabilities - for example, an
ND2H has twice the drive capability of the ND2. An ND2S has 4 times the drive of the
ND2. These higher power cells should only be used to drive high fanouts.

12. In general, small macrocells will run faster than large ones. For example, two 1,024 x 8
SRAM's will run faster than one 1,024 x 16 SRAM. In a similar manner, a block of logic
implemented with many PLA’s will run faster than if it were implemented with one large
PLA.

N o o s

2-6 ATsr Design Considerations

b



Techniques for Reducing Area Design Considerations

The following design practices are suggested for when it is important to minimize chip area:

1. Use the area-optimized library.

2. Design with repeated, regular subcircuits whenever possible. In layout, each of these
subcircuits could be placed and routed very efficiently, and then repeated to form a larger
circuit.

3. Ifyou are using AT&T's FDS to synthesize combinatorial logic, experiment with the
MAX_FANIN option. By varying MAX_FANIN from its default value of 9, you may be
able to synthesize smaller versions of the intended logic.

4. Whenever possible, use both Q and QN signals (which have been made available on each
flip-flop and latch) to form inversions.

5. Apply DeMorgan’s theorem to minimize the use of inverters.

6. Direct translations from TTL diagrams may be inefficient. Instead, the logic should be
designed directly from the cell library.

7. Ingeneral, there should be no need to connect any cell input directly to VDD or VSS.
Instead, find the cell with the proper number of inputs and function, or have a new cell
designed.

8. If you need a flip-flop with a multiplexer on the input, consider using the scan-test
version (i.e., the 'FLxSxxX’ variety of cells.)

9. Experiment with PLA’s and ROM'’s. In some cases, logic implemented with a PLA or a
ROM may offer a significant size advantage over a standard cell implementation.

10. Be aware of the overhead present in macrocells. For example, a single 10K SRAM
occupies significantly less area than ten 1K SRAM'’s, due to the latches, clock drivers and
decoders in each SRAM block.

11. A single large block is better than many small blocks doing the equivalent function for
another reason - in layout, there is often a 'moat’ of inefficient routing around each
block. This is due to the fact that the terminal positions on the block cannot be
rearranged to make the routing more dense. Therefore, when planning a chip architecture
for minimal area usage, try to use a few very large blocks rather than many small blocks.

Dasign Considerations
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Estimating Chip Size Design Considerations

Presented in this section is a simple technique with which to do an early estimate of the size of a
prospective standard cell chip. It is intended for use early in the design to make system architecture-
related or partitioning decisions. It is important to understand that the only way to really determine a
chip size is to lay it out. Using the technique below will only get you to within £10% per side.

Using Grid Count to Estimate Chip Size

The basic unit used for estimating chip size is the standard cell grid. The width of a standard cell is
measured in grids; for example, a 4-input NAND gate is 5 grids wide. An approximate chip size can
be easily calculated from the total number of grids in the circuit.

+ H

S=Vk xN+kxN+12xAgp *'B

Where:
S = Length of one side of the chip (step and repeat), in thousandths of an inch
(mils).
N = The total number of grids in the LSL.
k, = Constants that account for routing and overhead in this chip area

calculation. These constants are different for the types of cells and layout
styles used.

For the area-optimized cells laid out in single level metal (SLM):
-5
ky=12x107,k,=1.0
For the performance-optimized cells laid out in single level metal (SLM):
-5
ki =1.0x10", ky, =1.27
For the area-optimized cells laid out in double level metal (DLM):
-5
k.' =1.1x10 ,k2=0.7
For the performance-optimized cells laid out in double level metal (DLM):
-5
ki =1.0x10",k,=1.0
ASp = The area of any special blocks, for example RAM or PLA. The area

information for these can be obtained from the appropriate datasheets in
this catalog.
Hg = The height of the butfer ring that surrounds the chip, including power bus,

saw-grid, and alignment features. The value of HB depends on whether or
not you are pad limited:
For a pad limited chip:
HB =55 mils.
For a chip that is not pad limited:
HB = 35 mils.

ATarl Design Considerations
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Estimating Chip Size

Design

Considerations

By way of an example, an area estimate for a chip requiring 20,000 grids using the area-optimized
standard cells in single level metal technology is determined as follows:

$=V1.2 x 10° x 20,0002 + 1.0 x 20,000 +35=192 mils+10 % ﬂ

A more complete relationship between grids and chip size(non-pad limited) is illustrated in Figure 1.
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Figure 1. Chip Size as a Function of Grid
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Estimating Chip Size Design Considerations

Estimating the Grid Count before LSL is Available

A grid count is not always available when a chip size estimate is desired. Early in the design, the only
indication of the complexity of the chip is often a count of the number of equivalent logic gates. To
help you convert from gates to grids, or MOS transistors, the appropriate conversion factors are
shown in the following table.

Table 5 - Standard Cell Conversion Factors

Logic Gates | Grids | Transistors

1 Logic Gate = 1.0 26 4.0
1 Grid = 0.38 1.0 15
1 Transistor = 0.25 0.67 1.0

Chip Size Limits
There are limits on the range of practical chip sizes. At the lower end of the range, the chip size is
limited by the placement of the bond pads on the chip and the allowed length of the wire bonds. The

more pins, the larger the minimum chip. At the upper end of the range, limits are imposed by the
physical dimensions of the package itself.

The range of minimum and maximum chip sizes for standard packages is summarized on the following
page.
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Estimating Chip Size Design Considerations

Table 6 - Minimum and Maximum Chip Sizes

Package # Minimum | Maximum Package # Minimum
Type Pins (mils) (mils) Type(1) | Pins (mils)
x [ vy [ x ]y x [ v
40 | 125 125 | 380 380 48 | 140 140
32| 110 110 | 380 380 40 | 125 125
Plastic 28 | 105 105 | 330 460 32| 110 110
DIP 24 95 95| 360 440 Ceramic 28 | 105 105
20 90 90 | 140 300 DIP 24 95 95
18 80 130 | 130 280 16 80 80

16 80 80 | 150 340

180 | 370 370

Plastic 100 | 230 230 | 450 450 149 | 315 315

Leaded 84 | 200 200 | 405 405 133 | 285 285

Chip 68 | 180 180 | 410 410 Ceramic | 125 | 270 270

Carrier 44 | 130 130 | 350 350 Pin Grid | 120 | 265 265

Array 100 | 230 230

68 | 175 175

Plastic 28 | 105 105 | 190 350 64 | 165 165
SoJ 20| 90 90| 190 350

16 80 80 | 190 220

Plastic 132 | 285 285 | 380 380

Quad 100 | 230 230 | 405 405
Flat 84 | 200 200 | 340 340
Package

Note:

1. Due to wide variations in package cavity sizes, chip sizes for ceramic packages other than
minimum are available upon request.

2. See Section 3 for more detailed packaging information.

CAD Support Files

A complete set of CAD support files for the 1.251 CMOS Standard Cell Library is available through
the distribution of SysCAD and ADS (AT&T Design System). These files are generated to support
the use of several CAD programs for schematic capture, logic and timing simulation, and chip layout.
Please contact your AT&T representatives for more information.

Design Considerations
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Summary of Package Types: Plastic Packaging

Through Hole Mounted Plastic Packages with 100 Mil Pin Spacing

Plastic DIP
No. (S] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
16 73 80x80 150x340 4 9 320x810
18 68 80x130 | 130%x280 4 10 320x920
20 64 90x90 140%x300 4 12 320x1040
24 57 95x95 360x440 9 15 615x1270
28 52 105x105 | 330x460 9 16 615x1470
32 49 110x110 | 380x380 9 18 615x1580
40 42 125x125 | 380x380 9 20 615%2070

Surface Mounted Plastic Packages with 50 Mil Pin Spacing

SOJ
No. (€] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
16 90 80x80 190x220 4 6 355x408
20 85 90x30 190x350 4 7 355x508
28 75 105x105 | 190x350 4 9 355x708
Plastic Leaded Chip Carrier
No. €] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
44 55 140x140 | 350x350 7 10 695x695
68 45 180x180 | 410x410 11 15 995x995
84 43 200x200 | 405x405 13 19 1190x1190
100 40 230x230 | 450x450 16 22 1395x1395
Surface Mounted Plastic Packages with 25 Mil Pin Spacing
Plastic Quad Flat Packages
No. (S] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
84 68 200x200 | 340x340 8 12 810x810
100 56 230x230 | 405x405 10 14 910x910
132 42 285x285 | 380x380 13 18 1100x1100
Notes:
1) © (°C/W)is in still air ambient.
2) Capacitance: Maximum 5pF/pin (not including buffer and pad.)
3) Resistance: Pin to Pad Maximum 0.15 ohm/pin (nominal about 0.09 ohm.)
4) Inductances are estimated worst-case values.
5) The information listed above is meant to be used as a guideline only. For more detailed
information regarding your requirements, please consult your AT&T representative.
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Summary of Package Types: Ceramic

Packaging

Through Hole Mounted Ceramic Packages with 100 Mil Pin Spacing

Ceramic DIP
No. (2] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
16 64 80x80 4 9 325x815
24 56 95x95 9 15 620x1212
28 51 105x105 | See 9 16 620x1412
32 46 110x110 | Note 9 18 620x1625
40 35 125x125 (6) 9 20 6202020
48 31 140x140 11 22 620>x2420
Ceramic Pin Grid Array
No. (<] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
64 41 165x165 6 16 1000x 1000
68 34 175x175 6 17 1100x1100
100 24 230x230 7 20 1320x1320
120 24 265x265 | See 7 20 1320x1320
125 24 270x270 | Note 7 20 1320%x1320
133 24 285x285 (6) 7 20 1320x1320
149 17 315x315 8 23 1560%x 1560
180 17 370x370 8 23 1560x1560
e E——
32 ——= ATeTl
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Summary of Package Types: Ceramic Packaging

Surface Mounted Ceramic Packages with 50 Mil Pin Spacing

Ceramic Chip Carrier - Leaded
No. (] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
68 30 180x180 See 11 16 1080x1080
100 20 230x230 | Note (6) 13 20 1365x1365

Socket Mounted Ceramic Packages with 50 Mil Pin Spacing

Ceramic Chip Carrier - Leadless
No. (] Chip Size (mils) Pin Inductance (nH) Dimension
Pins | (°C/W) Min Max Min Max (mils)
68 30 180x180 See 11 16 996x996
100 20 230x230 | Note (6) 13 20 1281x1281
Notes:

1) ©(°C/W)is in still air ambient.

2) Capacitance: Maximum 5pF/pin (not including buffer and pad.)

3) Resistance: Pin to Pad Maximum 0.15 ohm/pin (nominal about 0.09 ohm.)

4) Inductances are estimated worst-case values.

5) For ceramic packages, minimum chip dimensions are set by bond pad spacing rules and

wire bond rules. Maximum chip dimensions are set by ceramic package layout rules, or in
the case of very large chips, by reticle technology.

6) Due to wide variation in package cavity sizes, chip size other than minimum are available
upon request.

7) The information listed above is meant to be used as a guideline only. For more detailed
information regarding your requirements, please consult your AT&T representative.
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Introduction Reliability & Quality

In all AT&T products and services, quality is a major thrust. AT&T'’s policy is to provide products and
services that meet the quality expectations of our customers. In addition, AT&T actively pursues ever-
improving quality through programs that enable each employee to do the job right the first time.
Each employee is a part of the system that allows AT&T to provide high quality products with long
term reliability.

AT&T ASIC devices are no exceptions to the rule when quality and reliability are considered. The
increasing demands on chip complexity and the constantly shrinking design rules dictate the need for
defect-free product. This section describes the procedures adhered to during the design,
manufacture, and shipment of AT&T ASIC devices which guarantee the highest quality and assure
long term reliability.

It is often the case that quality and reliability are used inter-changeably. At this point, it would be
beneficial to define each term and see how each fits into the overall picture. A quality product is one
which is designed to be manufactured to perform to a predetermined degree of excellence. In
addition to being a quality product, however, a reliable product is one which performs correctly and
does not produce failures in time which exceed some predetermined limits. It will become apparent to
the reader that there is a quality-by-design concept evident in not only the AT&T ASIC designs but
also in the manufacture of their prototypes. This concept further translates into the reliability
program AT&T uses to assure customer product at a reliability level which meets or exceeds customer
needs.

Reliability & Quality ATaTl 441
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Circuit Design, Prototype Reliability & Quality
Fabrication & Product Manufacture

From the start of the chip design, quality is built into the process. The use of CAD tools along with a
thoroughly precharacterized cell library help to assure a high design success rate. Moreover, each
AT&T design engineer presents their final design in a peer design review format. During these design
reviews, a large team composed of experienced designers review all aspects of the chip design. It is
not until each design passes such a review that approval is given to generate masks for manufacture
of device models.

Special engineering teams handle all aspects of the models manufacture from the generation of mask
sets through the wafer fabrication to the ultimate assembly of packaged devices. Masks are
manufactured in the AT&T mask shop which boasts a reputation for delivering the highest quality
masks. To maintain the high quality of the masks, special protective layers called pellicles are used.
Pellicles are mounted on the front and back surfaces of the masks to prevent any debris from being
replicated on the wafers during the photolithography processes. MASKVIEW, a CAD tool developed
by AT&T, can be used at any time to verify the correctness of the masks against the databases used
to generate them. This further enables the job to be done right the first time, thus saving time and
money.

The prototype (or "prove-in) lots are fabricated in AT&T cleanrooms; these are the same cleanrooms
in which the final proven-in devices will be manufactured. This concept of using manufacturing
facilities for prototype fabrication helps to provide for an easier transition into product manufacture.
There are no "surprises” that might be encountered moving from one fab line to another. One twenty-
five wafer lot is fabricated for each device prove-in. This lot provides wafers for prototype models
on a quick turnaround basis. Twenty-four hour engineering coverage helps to assure that these
prove-in lots are processed as rapidly as possible and without problems. Parameters identified as
important to the manufacture of the product lots are closely monitored for prove-in lots. Special test
patterns which assess the electrical and cosmetic quality of the processing for each lot are tested
once processing is completed. This information is used to generate databases describing the process
quality over an extended period of time. In addition, this information is also used to quickly report
process parameters to the fab lines since prove-in lots serve as health of the line lots because they
are processed more rapidly than production lots.

4-2 ATaT Reliability & Quality
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Circuit Design, Prototype Reliability & Quality
Fabrication & Product Manufacture

Any failure mode analysis of the prove-in lots that may be required is done by resident engineers who
work closely with both the device prove-in engineers and AT&T product engineers. Models are
assembled from prove-in wafers. They are tested and then shipped to the customer for evaluation.
The protection of masks, fabrication of prove-in lots in the manufacturing environment, close
attention to process parameters, and expert failure mode analysis are some of the aspects that are
built into device prove-in to help assure the ultimate high quality of the code in manufacture.

Defect density and electrical resistivity measurements are made on each wafer before it is used for
the manufacture of an integrated circuit. Mask alignment, critical dimensions and pattern quality are
measured and/or inspected on wafers at the photolithography operations. Final sizes are measured
and the quality of patterns transferred after etching are inspected. Polysilicon, dielectric materials,
and metallization levels are monitored for defect densities, particle checks, and thickness uniformity.
These in-process monitors are reviewed on a lot-by lot basis. In addition, these process monitors are
also used to maintain the fabrication lines at peak operating levels by identifying and correcting any
problems as they occur. Electrical parameters are measured on sample wafers from each completed
lot. Certain specifications, especially relating to electrical channel lengths, must be met before a lot
can be shipped for package assembly.

In package form, a process referred to as burn-in is performed to weed out potentially weak devices.
During burn-in, high temperature and high voltage are used to stress the devices and accelerate the
failure rate. The circuit may be clocked at either 100kHz or 1MHz to additionally stress the device
during bum-in. Burn-in accelerates the initial dropout, or ‘infant mortality’ rate and helps to ensure
that potentially unreliable devices do not find their way into customer product.

Reliability & Quality ATsT 4-3

il




Qualification of a New Technology Reliability & Quality

AT&T ships devices under a reliability program to meet customer requirements, typically 100 FITS at
40 years. This assurance of reliability, however, can not occur until the integrated circuit family
(package type, process technology, etc) has undergone a technology qualification which
demonstrates the capability of achieving these high levels of reliability. Such technology qualifications
are the responsibility of the appropriate AT&T design organizations. Once a process technology is
qualified, changes made to the process require that some re-qualification testing be done.

To begin the qualification procedures, samples are processed, tested, screened, and inspected in the
usual manner. This means that no special attention is given to the samples that would distinguish
them from ordinary product. Samples used for qualification are composed of approximately equal
numbers from three wafer processing lots. When the devices have been stressed and then tested, an
electrical failure is defined as a device which does not meet data sheet or end-of-life test
specifications. It is imperative that all electrical failures are confirmed for a second time and then
analyzed for their causes of failure.

Intermediate Qualification

An intermediate qualification of a new process, demonstrating 300 FITS in 10 years, can be done to
allow the shipment of product prior to devices passing a full qualification. Devices are shipped under
this intermediate qualification on a limited basis with the requirements that customers are notified of
this special status and that intermediate devices are codemarked appropriately. Intermediate devices
are shipped for an amount of time limited to six months from the initial shipment of coded devices.

Full Qualification

A new process technology for MOS devices in plastic packages is considered to be fully qualified
when all AT&T IC Reliability Standards have been met. The successful completion of all appropriate
qualification procedures demonstrates a 100 FIT, 40 year life for product fabricated on a particular
wafer process line. Each fab line is separately qualified for each process technology. This assures that
the customer receives the identical quality product regardless of its location of manufacture.

Changes made to a qualified process technology must be followed by re-qualification testing.
Although it is not necessary that all qualification tests be repeated, a subset of the original tests are
done for passivation, metallization, and diffusion changes.

New package qualification, using chips from qualified process technologies, requires additional tests.
Since AT&T has package assembly locations throughout the world, each location is fully qualified to
assure identical quality of all products to our customers.

Reliability qualification tests and test methods used by AT&T are tabulated on the following page.
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Qualification of a New Technology Reliability & Quality

Qualification Tests

Method

Test Test Description Note(1)
1. LT-1 | High Temp. Op. Bias, 125°C

or M-1005

LT-2 High Temp. Op. Bias, 150°C
2.CL CLASS Note (2) L-757214
3. BH Temp.-Humidity-Bias A-497337
4. SB Steam Bomb PI-12.163
5.TC Temp. Cycling M-1010
6. TS Thermal Shock M-1011
7. MR Moisture Resistance M-1004
8. LK Gross/Fine Leak M-1014
9. SA Salt Atmosphere M-1009
10. WV | Internal Water Vapor M-1018
11. RT Low Temp. Aging L-757203
13. SE Soft Error Rate M-1032
14. PS Photo Sensitivity Note (3)
15. FL Flammability & UL 94 &

0O, index ASTM 2863-77
16. SR Solvent Resistance M-2015
17. IV Internal Visual M-2014
18. PD Physical Dimensions M-1016
19. SD Solderability M-2003
20. MS | Mechanical Shock M-2002
21. VF Variable Freq. Vib. M-2007
22. CA Const. Acceleration M-2001
23. SQ Mechanical Sequence Note (4)
24. LI Lead Integrity M-2004
25.BS Bond Strength M-2011
26. DS Die Shear Strength M-2019
27. XR X-ray M-2012
28.TQ Lid Torque M-2024
29.ES ESD X-19435
30. LU Latch-up L-757185
NOTES:

1) M-XXXX.X denotes test method as specified in MIL-STD-883.
2) CLASS (AT&T-BL L-757214) Component and Lead Assembly Simulation Sequence
3) Applies only to product packaged in white ceramic or white plastic.

4) Mechanical shock, variable frequency vibration, constant acceleration and gross/fine leak
tests performed in sequence with the same samples.
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Reliability Monitoring Program Reliability & Quality

After the devices meet the AT&T’s qualification requirements, they are committed to production. Their
continued long-term reliability is assured to be at the maximum failure rate of 100 FITS after 40 years
of life. A comprehensive reliability monitoring program administered by AT&T guarantees that
customer product is maintained at this reliability level.

The AT&T reliability testing program provides for two-level testing. Level 1, performed on a six
weeks basis, is equivalent to 40 year life. Level 2, performed on a weekly basis, provides on-going
reliability data ensuring 300 FIT, 10 year life. This difference does not imply a variation in the reliability
levels of shipped customer product. Since all product is manufactured in the same rigid manner, level
1 provides data to evaluate devices against long term goals while level 2 provides early warning
should a reliability problem occur. .

To ensure that all products are completely covered under this reliability program, products are
grouped together by basic design style and function. These groupings, or families, include memories,
microprocessors, digital signal processors, codec/analog devices, and ASIC devices. Further division
in each family occurs as individual test groups are designated based on those factors likely to be
affected by each test performed. Examples of individual test groups are wafer fab lines, package
materials, package types, and package assembly lines.

Some testing times are very long as previously noted. In some cases, an entire week’s shipment
might ordinarily be delayed pending the completion of testing of some reliability samples. To avoid
this situation, and to assure the best delivery to customers, early shipment privileges are given to
those testing groups which consistently demonstrate good reliability levels. Early shipment
qualification is based on a weighted average of the four most recent lots. This level is continually
monitored with each new test; early shipment privileges can be lost if the weighted average exceeds
a predetermined limit. There will be no compromise in reliability assurance for the sake of early
shipment.

Most product is sampled under the 'normal sampling’ procedure. This means that a representative
device is chosen from the test group to represent all other codes in the same test group. In some
cases, however, codes in a test group may be tested on a ’lot by lot’ basis because previous samples
exceeded the predetermined failure limit. Each device in the test group must individually pass the
reliability test. :

Devices which do not pass reliability testing undergo failure analysis to determine if they are truly
reliability failures. Full characterization of all defectives is done to evaluate failure modes and causes.
These characterizations impact on product reliability and future product shipping status.

Data, segregated by families and testing groups, is generated and reviewed on a weekly and quarterly
basis for both level 1 and level 2 testing. This data allows all samples to be traced back to wafer fab
line and package assembly location.

Summatry

AT&T is committed to providing our customers with the highest quality product. ASIC devices are
designed and manufactured to the highest quality; their long term reliability is assured to be less than
or equal to 100 FITS in 40 years of life. This is accomplished by design, process, and product
engineers working together. In addition to these human resources, the finest software, highly
innovative procedures, state-of-the-art manufacturing facilities, and good discipline contribute to the
high quality product available to our customers.
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I/O Buffer Selection Guide I/0 Buffers

The AT&T 1.25u CMOS Standard Cell Library offers a rich selection of circuits to interface your chip
with the outside world. This selection guide should help you quickly see what is in the library, and
allow you to select the circuit that best fits your needs.

There are three types of 1/O buffers in the library, namely:
1) Input Buffers

2) Output Buffers
3) Bidirectional Buffers
Input Buffers

Each input buffer cell is complete in that it contains a bonding pad, an ESD protection network,
power bus and the appropriate circuitry. Table 1 is a summary of the input buffers available in the
1.25p CMOS library.

Table 1 - 1.25u CMOS Input Buffers

INPUT BUFFER TYPE NAME | PROPAGATION
DELAY *
BIMO3 3ns
Inverting CMOS Level BIM0O5 5ns
BIM10 10ns
BINO6 éns
BIN10 10ns
Non-Inverting TTL-Level BIN15 15ns
BIN20 20ns
BIN25 25ns
Non-Inverting BIH10 10ns
TTL-Level BIH20 20ns
with Hysteresis BIH40 40ns
(for Slow-Ramping Inputs) | BIH80 80ns
ESD Protection Network BIP02 2ns
Only

* Input buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a
load capacitance of 5pF.

/O Buffers ATeT 5-1
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/O Buffer Selection Guide

Input Buffers With Pull-Ups

Each input buffer can have a P-transistor pull-up attached to the input pad. Four possible minimum
value equivalent resistances are available: 20K, 50K, 100K and 200K ohms. Table 2 lists current
drawn from an external source by the pull-up under various conditions. The six entries for each pull-
up value correspond respectively to: maximum current with AT&T guardband, maximum current under
normal operation, maximum current during test, minimum current during test, minimum current under
normal operation, and minimum current with AT&T guardband.

Table 2 - Pull-up Resistor Current Limits

I/O Buffers

Conditions
Pulkup Value | vop | process | Temp. | Vinput | TpuLL
5.72 V | HighCurrent | -40°C 280 pA
5.50 V | HighCurrent | -40°C 259 pA
20K 5.00 V | High Current 25°C oV 154 pnA
5.00V | Low Current 85°C 82.6 nA
450V | LowCurrent | 125°C 57.4 A
428 V | Low Current | 125°C 50.8 nA
5.72 V | High Current | -40°C 114 pA
5.50 V | High Current | -40°C 105 pA
50K 5.00 V | High Current 25°C oV 61.3 nA
5.00 V | Low Current 85°C 342 pA
450V | LowCurrent | 125°C 23.6 pA
428V | LowCurrent | 125°C 20.8 pA
5.72V | HighCurrent | -40°C 57.0 pA
5.50 V | High Current | -40°C 52.4 pA
5.00 V | HighCurrent | 25°C 30.5 pA
100K 500V | LowCurrent | 85cc | OV |[172pA
450V | LowCurrent | 125°C 11.8 A
428V | LowCurrent | 125°C 10.4 pA
56.72V | HighCurrent | -40°C 28.5 pA
5.50 V | High Current | -40°C 26.2 pA
5.00V | HighCurrent | 25°C 152 pA
200K 500V | LowCurent | 85°C | °V |863pA
450V | Low Current | 125°C 5.93 nA
428 V | Low Current | 125°C 5.23 pA
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/O Buffer Selection Guide /O Buffers

Output Buffers

Each output buffer cell contains a bonding pad, power bus, ESD protection and the appropriate
circuitry. The selection of output buffers available in the 1.25u CMOS Library is illustrated in Table 3
below:

Table 3 - 1.25p CMOS Output Buffers

OUTPUT BUFFER | NAME | PROPAGATION
TYPE DELAY *
BONO8 8ns
BON10 10ns
BON15 15ns
Non-Inverting BON20 20ns
BON30 30ns
BON40 40ns
BON8O 80ns
BOCO08 8ns
BOC10 10ns
BOC15 15ns
Non-Inverting BOC20 20ns
Open-Collector BOC30 30ns
BOC40 40ns
BOC80 80ns
BOTO08 8ns
BOT10 10ns
Non-Inverting BOT15 15ns
Tri-State BOT20 20ns
BOT30 30ns
BOT40 40ns
BOT80 80ns
BOX08 > 8ns
BOX10 > 10ns
Output Driver Only | BOX15 > 15ns
No Inherent Logic | BOX20 > 20ns
BOX30 > 30ns
BOX40 > 40ns
BOX80 > 80ns

* Output buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a
load capacitance of 50pF.
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/O Buffer Selection Guide

Bi-Directional Buffers

I/0 Buffers

A bi-directional buffer (I/O Port) consists of the combination of an input buffer and an output buffer.
There are five families of bi-directional /O buffers, distinguished from each other by having different
pairings of input buffers with output buffers, described in Table 4. The five bi-directional I/O families
are summarized in Tables 5 and 6. The italicized terms id and od represent the propagation delays of
the input and output stages, respectively.

Table 4 - 1.25u CMOS Bi-Directional I/0O Buffers

/0 Family | Input Buffer Output Buffer Reference
BNidTod Non-Inverting Non-Inverting, Tri-State See Table 5.
("BIN"-type) ("BOT"-type)
BNidXod Non-Inverting Output Driver Only See Table 5.
("BIN"-type) ("BOX"-type)
BHidCod Non-Inverting | Non-Inverting, Open Collector| See Table 6.
("BIH"-type) ("BOC"-type)
BHidTod Non-Inverting Non-Inverting, Tri-State See Table 6.
("BIH"-type) ("BOT"-type)
BHidXod Non-Inverting Output Driver Only See Table 6.
("BIH"-type) ("BOX"-type)
Table 5 - BNidTod and BNidXod Bi-Directional Buffer Families
Input Buffer Output Buffer Delay (od)t
Delay (id)tt 8ns 10ns 15ns 20ns 30ns 40ns 80ns
6ns | BN06*08
10ns BN10*10
15ns | BN15*08 BN15*15
20ns BN20*10 BN20"20 | BN20*30
25ns BN25*15 | BN25*20 BN25*40 | BN25*80

1 Output buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a

load capacitance of 50pF.

11 Input buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a

load capacitance of 5pF.
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/O Buffer Selection Guide I/0 Buffers

Table 6 - BHidCod, BHidTod and BHidXod Bi-Directional Buffer Families

Input Buffer Output Buffer Delay (od)t
Delay (id)tt 8ns 10ns 15ns 20ns 30ns 40ns 80ns

10ns | BH10"08

20ns BH20*10 | BH20*15 | BH20"20 | BH20*30
40ns | BH40*08 | BH40*10 | BH40*15 | BH40"20 BH40"40
80ns BH80"80

1 Output buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a
load capacitance of 50pF.

11 Input buffer delay under the following conditions; slow processing, T=100° C, VDD=4.5V and a
load capacitance of 5pF.

Bidirectional I/O Buffers with Pull-Ups

As with input buffers, each bidirectional /O buffer can have a P-transistor pull-up attached to the
pad. Refer to Table 2 for the resistor values available and their current limits.
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Selecting the I/O Layout Format /0O Buffers

Once you have made a selection of buffer circuits on the basis of logic function, power and speed,
you are still faced with a choice of layout format. Each buffer circuit is available in two layout
formats: -D or -T format layout. A third layout format, -P, is available for all input and output buffer
circuits used in weakly pad limited chips. A fourth layout format available only with in double level
metal technology, -H, is available for buffers with high sinking/sourcing current output drivers. The
format is indicated by the cell name suffix (e.g. BON0O8S8D, BONO8H, BONO8P or BONOST). Table 7
summarizes the characteristics of each layout style.

Table 7 - 1.25u CMOS Buffer Layout Information

LAYOUT » CELL CELL WIDTH

FORMAT KEYWORD HEIGHT | (Cell Dependant)
291.750
D Default 11.49 mils 200.8750 — 354.500n
H High Current 540.125p 1750000 — 234.500p

(Strongly Pad Limited) | 21.26 mils

- 291.750p
P Weakly Pad-Limited 11.49 mils 193.000p — 293.000pn
T Tal 5401250 1475 000 — 216.500p

(Strongly Pad Limited) | 21.26 mils

Before Layout. Will your chip be pad limited? If the answer is a definite "No", then pre-layout
simulations may use the -D style buffers. If the answer is "Yes" or "Maybe", then it is suggested that
the buffers with the most pessimistic parasitics be used in simulation. If the code is to be designed in
the single level metal process, then the -T style should be used in preliminary simulations. If the code
is to be designed in double level metal, then use of -H style buffers is indicated.

During Layout. Once chip layout begins, the choice of the right style buffer (-D, -H, -P or -T)
becomes very important. The following guidelines will help you choose the correct buffer layout style,
so that you may obtain the smallest possible chip with the best protection against latch-up.

5-6 ATeT I/O Buffers
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Selecting the I/O Layout Format /0O Buffers

Chips that are Not Pad-Limited - This includes chips with a small number of pins, or a very large
gate count. The -D layout style is suggested, as it is in the short layout format and the pad is fully
guard-banded against latch-up. It affords the most latch-up protection with the smallest chip size as
illustrated in Figure 1:
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Figure 1 - Buffer Ring for a Chip that is Not Pad-Limited

The only layout precaution required is when a buffer’'s edge closest to the pad faces another buffer's
pad edge; they must separated enough to satisfy wire bond rules, namely pad center to pad center
separation greater than or equal to 7 mils (175p).
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Selecting the I/O Layout Format /O Buffers

Chips that are Weakly Pad-Limited - This includes chips that would otherwise be pad-limited using
only the -D style buffers. -P layout buffers may be used on any pin, as long as the cell boundary on
the pad side is butted up to it's nearest neighbor buffer. Note that at NO time can the pad boundary
of a -P buffer be placed next to the pad boundary of its neighbor; this not only can cause wire
bonding violations, but also can potentially degrade a chip’s latch-up protection.

A -D style buffer MUST be placed at the end of a buffer row where the pad would have no
neighboring buffer. Also -D styles should be used wherever a -P buffer's pad cannot be abutted next
to another buffer; in shor, if there is room for a -D, use a -D. Figure 2 illustrates.
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Figure 2 - Buffer Ring for a Chip that is Weakly Pad-Limited
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Selecting the Layout Format /0 Buffers

Chips that are Pad-Limited - This includes chips with a large number of pins and/or a small gate
count. If the chip layout uses buffers with -D and -P style layouts, these cells may NOT be used in
the same buffer row as a -H or -T style buffer. The -D and -P cells must also be used in the manner
previously described for weakly pad-limited chips. Buffers in -H layout style may be used in buffer
rows with -T layout cells only if the chip is made in the double level metal technology (see Figure 3).

OZTCRNR BOT100 | BOT10P [BNLOT10P|BIH40D|{DFV3SI |BI1HLOD|BIH100 DZTURNR
BIN25T gaT1aT
TFVDDIP2 BOT10T
BON1ST BN10T100
BON1ET LQYGUT QREQ B1H40T
BOTOBH TFVSSI
BDTO8H 81H10T
TFVE5IPAL 81H10T

O2TCRANR BIH1D00 (BIH10D| DFVSSI| 81H400|BN10T10P| BAT10P | BAT100 DZTCRNR

Figure 3 - Buffer Ring Using a Combination of -D, -H, -P and -T Style Buffers
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Selecting the Layout Format

I/O Buffers

Chips that are Strongly Pad-Limited - If the chip uses -H or -T style buffers exclusively (see Figure
4), no special precautions have to be taken to guard against latch-up. Buffers in -H layout style may
be used in buffer rows with -T layout cells only if the chip is made in the double level metal technology.
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Figure 4 - Buffer Ring for a Chip that is Strongly Pad-Limited
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ESD and Latch-Up Protection /0O Buffers

Each buffer circuit includes a circuit network connected to the bonding pad. This network performs
two functions: it protects the buffer logic from Electro-Static Discharge (ESD) originating at the
chip pins, and prevents latch-up spur currents from entering the internal chip logic. The protection
network layout is tailored to each of the -D, -H, -P and -T buffer formats.

Electro-Static Discharge

Buffers have been characterized for two types of ESD events: the Human-Body Model (HBM), and
the Charged Device Model (CDM). The Human Body Model simulates the effect of a charged person
contacting the device. The Charged Device Model simulates the electrical discharge caused by the
tribo-electrical charging of a packaged device.

Devices are characterized for HBM and CDM using the methodology prescribed by the AT&T spec X-
19435, Issue 2. Devices are also characterized for HBM according to the methodology prescribed by
MIL-STD 883C Method 3015.6.

The ESD sensitivities of the I/0 buffers are summarized in Table 8.

Table 8 - 1.25u CMOS Buffer ESD Reliability

Test Failure Voltage | ESD Class
HBM (AT&T) >1200 V 1
HBM (MIL-STD) >1200 V -
CDM (AT&T) >500 V Il

Latch-Up

Latch-up occurs when parasitic vertical and lateral bi-polar transistors, which form a P-N-P-N
structure from VDD to VSS, turn on. One way latch-up can be triggered is by applying external
voltages greater than VDD or less than VSS to I/O buffer pads. The current supplied by the external
source forward biases one of the ESD protection diodes connected to the pad, and triggers the P-
N-P-N SCR. The high current SCR will remain turned on until the device self-destructs, or power is
removed.

Table 9 gives DC I-V conditions above which latch-up may occur.

Table 9 - 1.254 CMOS Latch-Up Immunity*

10 Pad Current | 10 Pad Voltage
1.0A VSS - 2.3V
1.0A VDD + 5.0V

* Note - The latch-up immunity offered by the -P layout style is as good as the -D, -H and -T layout if
and only if the -P style buffers are used according to the placement rules described in 'Selecting
the Layout Format'.
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Ground Bounce I/O Buffers

Chips with high speed output buffers driving large capacitive loads generate voltage spikes on the
power busses. These voltage spikes are produced when high speed output buffers generate rapidly
changing currents through the parasitic inductance in the package and bonding wire. Although
inductive noise occurs on both the VDD and VSS busses, ground bounce is more noticeable a
problem since most buffers are TTL compatible and therefore have a VSS noise margin much less
than their VDD noise margin.

There are several steps the designer can take to reduce the overall chip ground bounce.

Before Layout:
1) Dedicate as many pins as possible to VSS and VDD; with emphasis on VSS.
2) If possible, make separate power pins available to isolate fast buffers from other sensitive
circuits.
3) Place the VSS pins where the internal package lead and the wire bond will be shortest.
4) Do not place consecutive VSS pins in groups. Lower overall noise is achieved by
interdigitating VSS with either VDD or signal pins.
During Layout:
1) Select output buffers with care. Use the slowest possible output buffer necessary to
satisfy through-put delays and sink/source current requirements.
2) If possible, speed up paths with high power standard cells, while using the next slowest
output buffer.
3) If an output pin requires high sink/source current, but does not require high speed, then
use the "X" driver cells (e.g. BOX08D). The overall circuit speed and noise can then be
controlled with a standard cell subcircuit network.
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Measurement Conditions /0 Buffers

This section describes the various parameters given in the Circuit Information and Layout
Information tables in the Cell Pages following. Unless otherwise stated, the parameters were
measured in the ADVICE simulator, and assumed the double level metal technology.

There is a small set of process and environmental conditions that simulate the worst case
performance of all the tests and measurements listed in the circuit page information tables. These
conditions are noted as:

WCF - Worst Case Fast

This set of process and environment parameters causes CMOS devices to exhibit the lowest
parasitic capacitance and impedance, and the greatest speed and current driving capability. It
is characterized in the simulator with the following conditions:

1) Fast Process

2) VDD =5.5V

3) T=0°C
NOM - Nominal

This set of process and environment parameters causes CMOS devices to exhibit the typical
capacitance and impedance, and the nominal speed and current driving capability. It is
characterized in the simulator with the following conditions;

1) Nominal Process
2) VDD =5.0v
3) T=25°C
WCS - Worst Case Slow
This set of process and environment parameters causes CMOS devices to exhibit the highest

parasitic capacitance and impedance, and the slowest speed and current driving capability. It
is characterized in the simulator with the following conditions;

1) Slow Process
2) VDD =45V
3) T=100°C

General

Capacitance - (WCS) The capacitance associated with the circuit input(s) and output(s) is extracted
from data calculated by a layout analysis computer program, GOALIE2.

In the case of bonding pad capacitances, it should be noted that this capacitance estimate DOES
NOT include any wire bond and package capacitance.

_Leakage Current - (Fast Process, VDD=5.5V, T=125° C) After manufacture, input pins are tested
to pass 0.9uA current leakage and output pins are tested to pass 9uA current leakage with the begin-
ning-of-life (BOL) test. With end-of-life (EOL) test, inputs are tested to pass 1pA current leakage,
and outputs are tested to pass 10pA.

I/O Buffers ATerl 5-13
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Measurement Conditions I/0 Buffers

Input Buffers
(Including input buffers used in the bidirectional buffers.)

DC Power - (WCF) For TTL compatible Input Buffers, the input gate bias is first held at Vv, =08V (a
TTL ’0’), and at Vi, = 20V (a TTL '1’). For MOS level Input Buffers, the input gate bias is held at
1.0V and VDD-1.0V.

Under both tests, the current from VDD to VSS is measured. The largest of these two values is
multiplied by VDD and recorded as the maximum DC power.

Propagation Delay - (NOM) The propagation delay for input buffers is defined as the time
separating two events:
1) The buffer input switching to a valid input logic level.

2) And the buffer output crossing VDD/2.

This measurement is made for both rising and falling input edges over a range of output load
capacitances from 1pF to 5pF. The input voltage has rise and fall times of 2ns.

The measurement conditions of propagation delay for TTL-compatible input buffers are illustrated in
Figure 5, below. The valid input logic levels are defined to be VIL =0.8V and VIH =2.0V.

TTL Input
3-0 V /
23 0 1 Y AR— / \
0-8 V 14 \
ooV — -

CMOS Output
VDD

VDD/2

VSS

TPHH ! TPLL

Figure 5 - Measurement Conditions - TTL Level Input Buffer Propagation Delay
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Measurement Conditions /0 Buffers

For MOS-level input buffers, the delay function is determined by simulations using an input waveform
with a rail-to-rail pulse with rise and fall times of 2ns. This is illustrated in Figure 6, below:

CMOS Input
VDD
vDD/2
VSS
CMOS Output
vDD
VvDD/2
VSS
~— Top — ToLn

Figure 6 - Measurement Conditions - CMOS Level Input Buffer Propagation Delay

Input Slew - (WCF) The Input Slew Rate of an input buffer is defined as the slowest voltage ramp
applied to the input that will not cause the input buffer to oscillate. An input ramp slower than this
value may cause the output to bounce rapidly between logic ‘0’ and "1’ during switching.

An AC stability analysis is performed over several input biases, thus determining the range of input
voltages over which the input buffer is unstable. A set of transient analyses are then performed in
which the input ramps through the region of instability. The slowest ramp rate that stimulates a
buffer output that can read unambiguously by standard cells is recorded as the Input Slew Rate.

In BIH input buffers and BH bidirectional buffers, the circuit is AC stable, but may still lose data due
to sub-threshold leakage effects. For these cells, the minimum input slew rate is calculated using
process sub-threshold leakage current limits and the circuit hysteresis (See also Hysteresis below).

Hysteresis - (Slow Process,VDD=4.5, T=0° C) The hysteresis of BIH buffers is not a true
hysteresis, although it models one due to the output stage entering a tri-state mode. The range of
hysteresis for BIH buffers is therefore defined by the region of input voltage over which the output
is in tri-state. See Figure 7 below.

A DC analysis is performed though the switching region, and current drawn by the output stage
from an external resistor network is monitored. The region over which no current is drawn or
supplied by the output stage is recorded as the minimum hysteresis.
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Measurement Conditions /O Buffers

V- - (Fast N Process, Slow P Process, VDD=4.5V, T=100° C) V- denotes the low-going
threshold voltage of a circuit with hysteresis. Under these process and environmental variables, V-
achieves its lowest value in BIH- type input and bi-directional buffers. See Figure 7 below.

A DC analysis is performed though the switching region, and current drawn by the output stage
from an external resistor network is monitored. The lowest voltage at which no current is drawn by
the output stage is recorded as V- (see also Hysteresis).

V+ - (Slow N Process, Fast P Process, VDD=5.5V, T=0° C) V+ denotes the high-going threshold
voltage of a circuit with hysteresis. Under these process and environmental variables, V+ achieves its
greatest value in BIH- type input and bi-directional buffers. See Figure 7 below.

A DC analysis is performed though the switching region, and current supplied by the output stage
from an external resistor network is monitored. The highest voltage at which no current is supplied
by the output stage is recorded as V+ (see also Hysteresis).

ouTt

< Hysteresis =

Vin

V- V+

Figure 7 - Measurement Conditions - BIH- type I/0 Buffer V-, Hysteresis and V+

V,o - (Fast N Process, Slow P Process, VDD=4.5V, T=100° C) V|, denotes the lowest DC
switching voltage (V) exhibited by a circuit. A DC analysis is made under these conditions, and the
input voltage at which the circuit output crosses VDD/2 is recorded as V| .

Vi - (Slow N Process, Fast P Process, VDD=5.5V, T=0° C) Vi, denotes the highest DC
switching voltage (V,;) exhibited by a circuit. A DC analysis is made under these conditions, and the
input voltage at which the circuit output crosses VDD/2 is recorded as V.
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Measurement Conditions /0 Buffers

Output Buffers
(Includes output buffers used in bidirectional buffers)

DC Sink/Source Current - (WCS) An output logic '0’ is enabled, and a voltage source equal to the
a TTL '0’ (0.4V) is applied to the output. The current drawn by the output buffer from the external
voltage source is recorded as the DC Sink Current. Similarly, an output logic '1’ is enabled, and a
voltage source equal to TTL "1’ (2.4V) is applied to the output, the current supplied by the output
buffer to the external voltage source is the DC Source Current. Worst case package and wirebond
parasitic resistance values of 0.10Q and 0.05Q respectively are included in this evaluation. An
estimate of power bus resistance of 0.35Q (corresponding to 10 sq. of metal) is also included.

Propagation Delay - (NOM) The propagation delay for output buffers is defined as the time
separating two events:

1) The buffer input switching to a valid logic level, by crossing VDD/2,
2) And the buffer output achieving a valid TTL level. Logic '1" V5= 2.4V, and Logic ‘0’ V;, =
0.4V.
The buffer input is loaded with an average routing capacitance and routing resistance, and is driven
by an INRB standard cell. The rising and falling edge propagation delays are measured over a range

of output load capacitances from 0 pF to 200 pF. The waveforms and levels involved are illustrated in
Figure 8, below:

CMOS Input
VDD /
VDD/2 : \
VSS
TTL Output
24V
04V /
ooV
TPHH TPLL

Figure 8 - Measurement Conditions - TTL Level Output Buffer Propagation Delay
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Measurement Conditions I/0 Buffers

Tri-State Delay - (NOM) For tri-state output buffers the Tri-State Delay is defined as the time
required for the circuit to go into the tri-state mode, and is defined as the time separating two
events:
1) The tri-state control inputs ( ST and STN ) both switching to the complimentary logic
levels that select the tri-state function, by crossing VDD/2.
2) And both transistors of the output driver going into their respective cutoff regions.
The ftri-state control inputs are loaded with average routing capacitances and resistances and are
driven by INRB standard cells. The driver achieves tri-state when both P and N driver transistors are
in cutoff. That is, when:
1) The N-channel driver gate (node I1) voltage is less than Vy,, the N-transistor threshold
voltage;
2) And the P-channel driver gate (node 12) voltage is greater than (VDD - V;p), a P-
transistor threshold voltage below VDD.
The delay coming out of tri-state (if the new logic state does not equal the old logic state) is equal to
the propagation delay of the circuit.

ST

VDD/2

VvDD/2

STN .___/

TN

VDD-Vyp

~<— Tri-State Delay—>

Figure 9 - Measurement Conditions - Output Buffer Tristate Delay
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Ancillary Features

I/0 Buffers

Ancillary features are XY-mask geometries that perform no real logic function on the chip, but are
nonetheless necessary to aid in layout completion, chip identification and chip manufacture. The
clumps in Table 10 may be used to route power connections from bonding pads to the buffer and
standard cell areas. Unless noted, all power pads have ESD protection included in the layout.

Table 10 - Power Routing Ancillary Clumps

Clump Name Function

D2TCRNR Chip corner power bus clump, connects D,P to H,T type 1/O
Buffers

DCORNER Chip corner power bus clump

DCVDDI Chip corner power pad, supplies VDD to I/O Buffers only

DCVsSSI Chip corner power pad, supplies VSS to I/O Buffers only

DFVDDI Chip edge power pad, supplies VDD to 1/O Buffers only

DFVDDIP Chip edge power pad, supplies VDD to I/O Buffers and
standard cells

DFVDDM2F Chip edge power jump ‘module, supplies VDD on Metal-2 to
standard cells

DFVDDPO Chip edge power pad, supplies VDD to standard cells only with
no VSS tabs

DFVDDP1 Chip edge power pad, supplies VDD to standard cells only with
VSS tab on right side

DFVDDP2 Chip edge power pad, supplies VDD to standard cells only with
VSS tabs on both sides

DFVSSI Chip edge power pad, supplies VSS to 1/0 Buffers only

DFVSSIP1 Chip edge power pad, supplies VSS to I/O Buffers and
standard cells with VDD tab on right side

DFVSSIP2 Chip edge power pad, supplies VSS to /O Buffers and
standard cells with VDD tabs on both sides

DFVSSM2F Chip edge power jump module, supplies VSS on Metal-2 to
standard cells, passes VDD on Metal-1 in I/O Buffer ring

DFVSSP1 Chip edge power pad, supplies VSS to standard cells only with
VDD tab on right side

DFVSSP2 Chip edge power pad, supplies VSS to standard cells only with
VDD tabs on both sides

TCORNER Chip corner power bus clump

TCVDDI Chip corner power pad, supplies VDD to I/O Buffers only with
VSS tabs on right side

TCVDDI2 Chip corner power pad, supplies VDD to I/O Buffers only with
VSS tabs on both sides

TCVSSI Chip corner power pad, supplies VSS to I/O Buffers only

I/O Buffers

ATsT
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Ancillary Features /O Buffers

Table 10 (Cont’d.) - Power Routing Ancillary Clumps

Clump Name Function

TFVDDI Chip edge power pad, supplies VDD to /O Buffers only with
VSS tabs on right side

TFVDDI2 Chip edge power pad, supplies VDD to I/O Buffers only with
VSS tabs on both sides

TFVDDIP1 Chip edge power pad, supplies VDD to /O Buffers and

standard cells with VSS tabs on right side

TFVDDIP2 Chip edge power pad, supplies VDD to I/O Buffers and
standard cells with VSS tabs on both sides

TFVDDM2F Chip edge jump module, supplies VDD on Metal-2 to standard

cells

TFVDDP1 Chip edge power pad, supplies VDD to standard cells only with
VSS tabs on right side

TFVDDP2 Chip edge power pad, supplies VDD to standard cells only with
VSS tabs on both sides

TFVSSI Chip edge power pad, supplies VSS to I/O Buffers only

TFVSSIPO Chip edge power pad, supplies VSS to /O Buffers and
standard cells with no VDD tabs

TFVSSIP1 Chip edge power pad, supplies VSS to /O Buffers and
standard cells with VDD tabs on right side

TFVSSIP2 Chip edge power pad, supplies VSS to I/O Buffers and

standard cells with VDD tabs on both sides
TFVSSM2F Chip edge jump module, supplies VSS on Metal-2 to standard
cells, passes VDD on Metal-1 in 1/O Buffer ring

TFVSSPO Chip edge power pad, supplies VSS to standard cells only with
no VDD tabs

TFVSSP1 Chip edge power pad, supplies VSS to standard cells only with
VDD tabs on right side

TFVSSP2 Chip edge power pad, supplies VSS to standard cells only with

VDD tabs on both sides
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Bi-Directional Buffer BHidCod[D,H,T]

BIH- Input Stage, BOC- Output Stage

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Stage with Hysteresis,
Non-inverting TTL-Level Open Collector Output Stage

CELL NAME DEFINITIONS:
id = WCS Input Stage Delay in ns @ 5pF load
od = WCS Output Stage Delay in ns @ 50pF load
[D,H,T] = Available Layout Formats

EXAMPLE: BH10C08D

INPUTS: A, PADI
OUTPUTS: Z, PADO

MOTIS Gate Count: 5

Truth Table MOTIS Model
2
Amp;:\sol zou’s:tcs:o PADO PADI [> |> z
0 0 0 0 A ‘{>‘>"1 {
1| o [o]| HZ n
1 1 1| HIZ vss
Circuit Capacitances
Node
Cell Name A PAD[D]* PAD[H]*  PAD[TJ*
BH10C08 | 0.272 pF | 4.386 pF | 5.072 pF | 5.108 pF
BH20C10 | 0.188 pF | 3.853 pF | 4.536 pF | 4.589 pF
BH20C15 | 0.100 pF | 3.317 pF | 4.000 pF | 4.068 pF
BH20C20 | 0.074 pF | 3.367 pF | 4.053 pF | 4.135pF
BH20C30 | 0.064 pF | 2.765 pF | 3.459 pF | 3.564 pF
BH40C08 | 0.272 pF | 4.240 pF | 4.918 pF | 4.952 pF
BH40C10 | 0.188 pF | 3.872 pF | 4.550 pF | 4.601 pF
BH40C15 | 0.100 pF | 3.334 pF | 4.013 pF | 4.078 pF
BH40C20 | 0.074 pF | 3.386 pF | 4.066 pF | 4.144 pF
BH40C40 | 0.062 pF | 2.860 pF NC 3.659 pF
BH80C80 | 0.062 pF | 2.842 pF NC 3.606 pF
* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Bi-Directional Buffer BHidCod[D,H,T]

Input Stage Circuit Performance

Delay 2

Cell Name | DC Power TpHH Tpy
Extrinsic Intrinsic Extrinsic Intrinsic
BH10C08 5.87 mW 0.740 ns/pF | 0.688 ns | 0.623 ns/pF | 1.323 ns | >2.4 V/ms
BH20C10 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2263 ns | >1.4 V/ims
BH20C15 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2263 ns | >1.4 V/ims
BH20C20 1.93 mW 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20C30 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2263 ns | >1.4 V/ms
BH40C08 0.83 mwW 2248 ns/pF | 1.541 ns | 2.785ns/pF | 4615ns | >140 V/s
BH40C10 0.83 mW 2.248 ns/pF | 1.541 ns | 2785 ns/pF | 4615ns | >140 V/s
BH40C15 0.83 mW 2248 ns/pF | 1.541 ns | 2785 ns/pF | 4615ns | >140 V/s
BH40C20 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4615 ns >140 V/s
BH40C40 0.83 mw 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH80C80 0.32 mwW 5.928 ns/pF | 3.399 ns | 5.327 ns/pF | 8.519 ns >72 V/s

Input Slew 1

1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C

Cell Name | V-3 Hysteresis 4 | V+ 5

BH10C08 | 1.022 V 323 mv 1.789 V
BH20C10 | 1.012V 334 mV 1.773 V
BH20C15 | 1.012V 334 mV 1.773 V
BH20C20 | 1.012V 334 mv 1.773 V
BH20C30 | 1.012V 334 mV 1773 V
BH40C08 | 0992V 331 mv 1.727 Vv

BH40C10 | 0.992V 331 mV 1.727 V
BH40C15 | 0.992V 331 mV 1.727 V
BH40C20 | 0.8992 V 331t mv 1.727 V
BH40C40 | 0.992V 331 mv 1.727 v
BH80C80 | 0.985V 286 mV 1.684 V

3) Fast N Process, Slow P Process, VDD=4.5V, T=100° C
4) Slow Process, VDD=4.5V, T=0° C
5) Slow N Process, Fast P Process, VDD=5.5V, T=0°C
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Bi-Directional Buffer BHidCod[D,H,T]

Output Stage Circuit Performance

Delay !
D rrent 2
Cell Name TpL C Current
Extrinsic Intrinsic Sink

BH10C08D | 0.252 ns/10pF | 1.226 ns 242 mA
BH10C08H | 0.252 ns/10pF | 1.338 ns 242 mA
BH10CO08T | 0.368 ns/10pF | 1.307 ns 13.4 mA
BH20C10D | 0.434 ns/10pF | 1.209 ns 12.1 mA
BH20C10H | 0.437 ns/10pF | 1.272 ns 12.1 mA
BH20C10T | 0.461 ns/10pF | 1.266 ns 11.2 mA
BH20C15D | 0.548 ns/10pF | 1.774 ns 10.1 mA
BH20C15H | 0.552 ns/10pF | 1.838 ns 10.1 mA

BH20C15T | 0.573 ns/10pF | 1.814 ns 9.5 mA
BH20C20D | 0.719 ns/10pF | 2.229 ns 8.1 mA
BH20C20H | 0.724 ns/10pF | 2.295 ns 8.1 mA
BH20C20T | 0.741 ns/10pF | 2.276 ns 7.7 mA
BH20C30D | 1.608 ns/10pF | 1.839 ns 4.1 mA
BH20C30H | 1.609 ns/10pF | 2.094 ns 4.1 mA
BH20C30T | 1.618 ns/10pF | 1.974 ns 4.0 mA

BH40C08D | 0.252 ns/10pF | 1.303 ns 242 mA
BH40CO8H | 0.252 ns/10pF | 1.338 ns 242 mA
BH40C08T | 0.368 ns/10pF | 1.301 ns 13.4 mA
BH40C10D | 0.434 ns/10pF | 1.232ns | 121 mA
BH40C10H | 0.437 ns/10pF | 1.272 ns 12.1 mA
BH40C10T | 0.461 ns/10pF | 1.266 ns 11.2 mA
BH40C15D | 0.548 ns/10pF | 1.774 ns 10.1 mA
BH40C15H | 0.552 ns/10pF | 1.839 ns 10.1 mA

BH40C15T | 0.573 ns/10pF | 1.814 ns 9.5 mA
BH40C20D | 0.719 ns/10pF | 2.231 ns 8.1 mA
BH40C20H | 0.724 ns/10pF | 2.293 ns 8.1 mA
BH40C20T | 0.741 ns/10pF | 2.276 ns 7.7 mA
BH40C40D | 3.082 ns/10pF | 1.969 ns 2.2 mA
BH40C40T | 3.105 ns/10pF | 2.233 ns 21 mA
| BH80C80D | 6.974 ns/10pF | 2.832 ns 1.0 mA
BH80C80T | 6.996 ns/10pF | 3.416 ns 1.0 mA

1) Nominal Process, VDD=5.0V, T=25° C
2) Slow Process, VDD=4.5V, T=100° C
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Bi-Directional Buffer BHidCod[D,H,T]

Layout Information

Cell Name | Transistors ():(ell Dlmensmni

BH10C08D 331.250 pm | 291.750 um
BH10CO08H 24 211.250 uym | 540.125 um
BH10C08T 193.250 um | 540.125 pm
BH20C10D 304.750 um | 291.750 um
BH20C10H 18 184.750 pm | 540.125 pm
BH20C10T 175.000 um | 540.125 ym
BH20C15D 295.750 pm | 291.750 um
BH20C15H 16 175.750 um | 540.125 pm
BH20C15T 175.000 um | 540.125 um
BH20C20D 286.750 um | 291.750 um
BH20C20H 14 175.000 um | 540.125 pm
BH20C20T 175.000 um | 540.125 um
BH20C30D 277.750 pm | 291.750 um
BH20C30H 12 175.000 um | 540.125 um
BH20C30T 175.000 um | 540.125 ym
BH40C08D 333.750 um | 291.750 um
BH40C08H 24 213.750 pm | 540.125 pm
BH40C08T 195.750 um | 540.125 um
BH40C10D 306.750 um | 291.750 um
BH40C10H 18 186.750 um | 540.125 um
BH40C10T 175.000 pm | 540.125 um
BH40C15D 297.750 pm | 291.750 pm
BH40C15H 16 177.750 um | 540.125 um
BH40C15T 175.000 pm | 540.125 um
BH40C20D 288.750 um | 291.750 um
BH40C20H 14 175.000 pm | 540.125 um
BH40C20T 175.000 um | 540.125 pm
BH40C40D 10 270.750 pm | 291.750 um
BH40C40T 175.000 um | 540.125 um
BH80C80D 10 276.750 um | 291.750 um
BH80C80T 175.000 um | 540.125 um
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Bi-Directional Buffer BHidTod[D,H,T]

BIH- Input Stage, BOT- Output Stage

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Stage with Hysteresis,
Non-Inverting TTL-Level Tri-State Output Stage

CELL NAME DEFINITIONS:
id = WCS Input Stage Delay in ns @ 5pF load
od = WCS Output Stage Delay in ns @ 50pF load
[D,H,T] = Available Layout Formats

EXAMPLE: BH10T08D

INPUTS: A, ST, STN, PADI
OUTPUTS: Z, PADO

MOTIS Gate Count: 6

Truth Table MOTIS Model
Inputs Outputs VDD VDD
A | ST | STN | PADI || Z | PADO ST e} 14
ol x 0 0 0 0
o x| 1 0 ol Hez A PADO PADI z
ol x 1 1 1| HILZ S
110 X 0 0] H-z 1 B
1 0 X 1 1 HI-Z vsS Vss
1] 1 X 1 1 1

Circuit Capacitances

Node
A ST STN PAD[D]* PAD[H]* PADI[T]*
BH10T08 | 0.742 pF | 0.408 pF | 0.342 pF | 4.391 pF | 5.077 pF | 5.113 pF
BH20T10 | 0.400 pF | 0.226 pF | 0.194 pF | 3.858 pF | 4.541 pF | 4.594 pF
BH20T15 | 0.183 pF | 0.110 pF | 0.099 pF | 3.316 pF | 4.002 pF | 4.069 pF
BH20T20 | 0.120 pF | 0.077 pF | 0.072 pF | 3.371 pF | 4.057 pF | 4.133 pF
BH20T30 | 0.098 pF | 0.064 pF | 0.063 pF | 2.766 pF | 3.460 pF | 3.564 pF
BH40T08 | 0.742 pF | 0.408 pF | 0.342 pF | 4.245 pF | 4.923pF | 4.957 pF
BH40T10 | 0.400 pF | 0.226 pF | 0.194 pF | 3.877 pF | 4.555pF | 4.606 pF
BH40T15 | 0.183 pF | 0.110 pF | 0.099 pF | 3.335 pF | 4.015pF | 4.079 pF
BH40T20 | 0.120 pF | 0.077 pF | 0.072 pF | 3.390 pF | 4.070 pF | 4.148 pF
BH40T40 | 0.112pF | 0.071 pF | 0.070 pF | 2.859 pF NC 3.661 pF
BH80T80 | 0.097 pF | 0.064 pF | 0.063 pF | 2.841 pF NC 3.608 pF

Cell Name

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Bi-Directional Buffer BHidTod[D,H,T]

Input Stage Circuit Performance

Delay 2

Cell Name | DC Power TpHH TpL
Extrinsic Intrinsic Extrinsic Intrinsic
BH10T08 5.87 mwW 0.740 ns/pF | 0.688 ns | 0.623 ns/pF | 1.323 ns >2.4 V/ms
BH20T10 1.93 mW 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20T15 1.93mW | 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20T20 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20T30 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ims
BH40T08 0.83 mW 2248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH40T10 0.83 mwW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH40T15 0.83 mwW 2248 ns/pF | 1.541 ns | 2.785 ns/pF | 4615 ns >140 V/s
BH40T20 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH40T40 0.83 mw 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH80T80 0.32 mW 5.928 ns/pF | 3.399 ns | 5.327 ns/pF | 8.519 ns >72 V/s

Input Slew 1

1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C

Cell Name V- 3 Hysteresis 4 | V+ 5
BH10T08 1.022V 323 mV 1.789 V
BH20T10 1.012V 334 mV 1773 V
BH20T15 1.012V 334 mV 1773 V
BH20T20 1.012V 334 mV 1773 V
BH20T30 1.012V 334 mV 1.773 V
BH40T08 0.992 v 331 mvV 1.727 vV
BH40T10 0.992 Vv 331 mV 1.727 vV
BH40T15 0.992V 331 mV 1.727 V
BH40T20 0.992 V 331 mV 1727 V
BH40T40 0.992V 331 mV 1.727 V
BH80T80 0.985V 286 mV 1.684 V

3) Fast N Prboess, Slow P Process, VDD=4.5V, T=100° C
4) Slow Process, VDD=4.5V, T=0° C
5) Slow N Process, Fast P Process, VDD=5.5V, T=0°C
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Bi-Directional Buffer BHidTod[D,H,T]

Output Stage Circuit Performance

Delay 1

Cell Name TPHH TpLL

Extrinsic Intrinsic Extrinsic Intrinsic
BH10TO08D | 0.283 ns/10pF | 2.635ns | 0.271 ns/10pF | 2.625 ns
BH10TO8H | 0.283 ns/10pF | 2.658 ns | 0.271 ns/10pF | 2.666 ns | 0.630 ns
BH10TO8T | 0.297 ns/10pF | 2.686 ns | 0.384 ns/10pF | 2.612 ns
BH20T10D | 0.461 ns/10pF | 2.626 ns | 0.455 ns/10pF | 2.693 ns
BH20T10H | 0.461 ns/10pF | 2.667 ns | 0.455 ns/10pF | 2.738ns | 1.016 ns
BH20T10T | 0.464 ns/10pF | 2.672ns | 0.480 ns/10pF | 2.721 ns
BH20T15D | 0.594 ns/10pF | 4.438 ns | 0.588 ns/10pF | 4.424 ns
BH20T15H | 0.594 ns/10pF | 4.485ns | 0.587 ns/10pF | 4.514ns | 2.042ns
BH20T15T | 0.597 ns/10pF | 4.493 ns | 0.609 ns/10pF | 4.458 ns
BH20T20D | 0.779 ns/10pF | 5.996 ns | 0.771 ns/10pF | 6.125 ns
BH20T20H | 0.779 ns/10pF | 6.057 ns | 0.771 ns/10pF | 6.242ns | 2.995 ns
BH20T20T | 0.781 ns/10pF | 6.069 ns | 0.789 ns/10pF | 6.192 ns
BH20T30D | 1.847 ns/10pF | 4.483 ns | 1.617 ns/10pF | 5.516 ns
BH20T30H | 1.847 ns/10pF | 4.621 ns | 1.617 ns/10pF | 6.006 ns | 2.157 ns
BH20T30T | 1.848 ns/10pF | 4.643 ns | 1.624 ns/10pF | 5.703 ns
BH40TO08D | 0.283 ns/10pF | 2.631 ns | 0.271 ns/10pF | 2.621 ns
BH40TO8H | 0.283 ns/10pF | 2.656 ns | 0.271 ns/10pF | 2.662ns | 0.630 ns
BH40TO8T | 0.297 ns/10pF | 2.681 ns | 0.384 ns/10pF | 2.606 ns
BH40T10D | 0.461 ns/10pF | 2.627 ns | 0.455 ns/10pF | 2.694 ns
BH40T10H | 0.461 ns/10pF | 2.666 ns | 0.455 ns/10pF | 2.739ns | 1.016 ns
BH40T10T | 0.464 ns/10pF | 2.672 ns | 0.480 ns/10pF | 2.722 ns
BH40T15D | 0.594 ns/10pF | 4.439 ns | 0.588 ns/10pF | 4.425ns
BH40T15H | 0.594 ns/10pF | 4.486 ns | 0.587 ns/10pF | 4.514ns | 2.042 ns
BH40T15T | 0.597 ns/10pF | 4.494 ns | 0.609 ns/10pF | 4.458 ns
BH40T20D | 0.779 ns/10pF | 5.997 ns | 0.771 ns/10pF | 6.127 ns
BH40T20H | 0.779 ns/10pF | 6.058 ns | 0.771 ns/10pF | 6.243 ns | 2.995 ns
BH40T20T | 0.781 ns/10pF | 6.070 ns | 0.789 ns/10pF | 6.193 ns
BH40T40D | 3.113 ns/10pF | 2.696 ns | 3.083 ns/10pF | 3.190 ns
BH40T40T | 3.111 ns/10pF | 2.985ns | 3.108 ns/10pF | 3.430 ns
BH80T80D | 7.051 ns/10pF | 3.450ns | 6.976 ns/10pF | 3.884 ns
BH80T80T | 7.052 ns/10pF | 4.029 ns | 6.996 ns/10pF | 4.477 ns

Tri-State

1.211 ns

0.858 ns

1) Nominal Process, VDD=5.0V, T=25° C
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Bi-Directional Buffer BHidTod[D,H,T]

Circuit Performance Layout Information

Ceii Name !)C Current ! Celi Name | Transistors Cell Dimensions

Sink Source X Y

BH10T08D | 24.2 mA | 38.0 mA BH10T08D 352.000 um | 291.750 pym
BH10TO8H | 24.2 mA | 38.0 mA BH10T08H 30 232.000 um | 540.125 pym
BH10TO8T | 13.4 mA | 33.0 mA BH10TO8T 214.000 um | 540.125 pym
BH20T10D | 121 mA | 21.7 mA BH20T10D 325500 um | 291.750 pm
BH20T10H | 121 mA | 21.7 mA BH20T10H 24 205.500 um | 540.125 ym
BH20T10T | 11.2mA [ 21.3mA BH20T10T 187.500 um | 540.125 ym
BH20T15D | 10.1 mA | 17.2 mA BH20T15D 316.500 um | 291.750 ym
BH20T15H | 10.1 mA | 17.2 mA BH20T15H 22 196.500 pm | 540.125 pm
BH20T15T | 9.5mA | 17.0 mA BH20T15T 178.500 um | 540.125 pm
BH20T20D | 8.1mA [ 13.3mA BH20T20D 307.500 um | 291.750 pym
BH20T20H | 8.1mA | 13.3 mA BH20T20H 20 187.500 pm | 540.125 um
BH20T20T | 7.7mA | 13.2mA BH20T20T 175.000 um | 540.125 ym
BH20T30D | 4.1mA [ 5.6mA BH20T30D 298.500 um | 291.750 pym
BH20T30H | 41mA | 56mA BH20T30H 18 178.500 um | 540.125 pm
BH20T30T | 4.0mA | 56mA BH20T30T 175.000 pm | 540.125 pym
BH40T08D | 24.2 mA | 38.0 mA BH40T08D 354.500 um | 291.750 pm
BH40TO8H | 24.2 mA | 38.0 mA BH40T08H 30 234.500 um | 540.125 pm
BH40TO8T | 13.4 mA | 33.0 mA BH40TO8T 216.500 um | 540.125 ym
BH40T10D | 121 mA | 21.7 mA BH40T10D 327.500 pm | 291.750 um
BH40T10H | 121 mA | 21.7 mA BH40T10H 24 207.500 um | 540.125 pm
BH40T10T | 11.2mA | 21.3 mA BH40T10T 189.500 pm | 540.125 ym
BH40T15D | 10.1 mA | 17.2 mA BH40T15D 318.500 um | 291.750 pym
BH40T15H | 10.1 mA | 17.2 mA BH40T15H 22 198.500 um | 540.125 pm
BH40T15T | 9.5mA [ 17.0 mA BH40T15T 180.500 pm | 540.125 um
BH40T20D | 8.1mA | 13.3 mA BH40T20D 309.500 um | 291.750 ym
BH40T20H | 8.1mA | 13.3 mA BH40T20H 20 189.500 um | 540.125 um
BH40T20T | 7.7mA | 132 mA BH40T20T 175.000 um | 540.125 pym
BH40T40D | 22mA | 3.3mA BH40T40D 16 291.500 um | 291.750 pm
BH40T40T | 21mA | 3.3mA BH40T40T 175.000 pm | 540.125 pm
BH80T80D | 1.0mA | 1.5mA BH80T80D 16 297.500 um | 291.750 ym
BH80T80T | 1.0mA | 1.5mA BH80T80T 175.000 um | 540.125 ym

1) Slow Process, VDD=4.5V, T=100°C
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Bi-Directional Buffer BHidXod[D,H,T]

BIH- Input Stage, BOX- Output Stage

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Stage with Hysteresis,
Driver Transistors Only (No Inherent Logic) Output Stage

CELL NAME DEFINITIONS:
id = WCS Input Stage Delay in ns @ 5pF load
od = WCS Output Stage Delay in ns @ 50pF load
[D,H,T] = Available Layout Formats

EXAMPLE: BH10X08D

INPUTS: N, P, PADI
OUTPUTS: Z, PADO

MOTIS Gate Count: 4

Truth Table MOTIS Model

Inputs Outputs VDD VDD
N | P | PADI || Z | PADO R
ool 1 1] 1 P—
0|1 0 0 HI-Z PADO PADI Z
01 1 1] HKZ N
1 1 0 0 0 _| 1

vss vss

Circuit Capacitances

Node
N P PAD[D]* PADI[H]* PAD[T]*
BH10X08 1.718 pF | 2.820 pF | 4.390 pF | 5.076 pF | 5.112 pF
BH20X10 1.154 pF | 1.680 pF | 3.857 pF | 4.540 pF | 4.593 pF
BH20X15 0.861 pF | 1.312 pF | 3.317 pF | 4.002 pF | 4.070 pF
BH20X20 0.631 pF | 0.992 pF | 3.370 pF | 4.056 pF | 4.137 pF
BH20X30 0.288 pF | 0.420 pF | 2.766 pF | 3.459 pF | 3.565 pF
BH40X08 1.718 pF | 2.820 pF | 4.244 pF | 4.923 pF | 4.956 pF
BH40X10 1.154 pF | 1.680 pF | 3.876 pF | 4.554 pF | 4.604 pF
BH40X15 0.861 pF | 1.312 pF | 3.336 pF | 4.015 pF | 4.080 pF
BH40X20 0.631 pF | 0.992 pF | 3.383 pF | 4.069 pF | 4.147 pF
BH40X40 0.165 pF | 0.246 pF | 2.862 pF NC 3.661 pF
BH80X80 0.095 pF | 0.125 pF | 2.844 pF NC 3.608 pF

Cell Name

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Bi-Directional Buffer BHidXod[D,H,T]
Input Stage Circuit Performance
Delay 2
Cell Name | DC Power! TPHH TpL Input Slew !
Extrinsic | Intrinsic Extrinsic | Intrinsic |
BH10X08 5.87 mW 0.740 ns/pF | 0.688 ns | 0.623 ns/pF | 1.323 ns >2.4 V/ims
BH20X10 1.93 mW 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ims
BH20X15 1.93 mW 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20X20 1.93 mw 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ms
BH20X30 1.93 mW 1.612 ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ims
BH40X08 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH40X10 0.83 mW 2.248 ns/pF | 1.541 ns. | 2.785 ns/pF | 4615 ns >140 V/s
BH40X15 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4615 ns >140 V/s
BH40X20 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4615 ns >140 V/s
BH40X40 0.83 mwW 2248 ns/pF | 1.541 ns | 2.785 ns/pF | 4.615 ns >140 V/s
BH80X80 0.32 mW 5.928 ns/pF | 3.399 ns | 5.327 ns/pF | 8519 ns >72 V/s
1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C
Cell Name | V- 3 Hysteresis4 | V+ 5
BH10X08 1.022 Vv 323 mvV 1.789 V
BH20X10 1.012V 334 mv 1.773 V
BH20X15 1.012V 334 mV 1.773 V
BH20X20 1.012V 334 mV 1.773 V
BH20X30 1.012V 334 mV 1.773 V
BH40X08 | 0.992V 331 mv 1.727 vV
BH40X10 | 0.992V 331 mv 1.727 V
BH40X15 | 0.992V 331 mV 1.727 vV
BH40X20 | 0.992V 331 mV 1.727 vV
BH40X40 | 0992V 331 mV 1.727 V
BH80X80 | 0.985V 286 mV 1.684 V
3) Fast N Process, Slow P Process, VDD=4.5V, T=100°C
4) Slow Process, VDD=4.5V, T=0° C
5) Slow N Process, Fast P Process, VDD=5.5V, T=0°C
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Bi-Directional Buffer BHidXod[D,H, T]
Output Stage Circuit Performance
Delay ! 2
Cell Name TpHL TpLH DC Current
Extrinsic Intrinsic Extrinsic Intrinsic Sink Source

BH10X08D | 0.289 ns/10pF | 1.765 ns | 0.279 ns/10pF | 1.968 ns | 24.2 mA | 38.0 mA
BH10X08H | 0.288 ns/10pF | 1.798 ns | 0.279 ns/10pF | 1.992 ns | 24.2 mA | 38.0 mA
BH10X08T | 0.385 ns/10pF | 1.789 ns | 0.295 ns/10pF | 2.041 ns | 13.4 mA | 33.0 mA
BH20X10D | 0.442 ns/10pF | 1.453 ns | 0.458 ns/10pF | 1.256 ns | 12.1 mA | 21.7 mA
BH20X10H | 0.441 ns/10pF | 1.498 ns | 0.457 ns/10pF | 1.292 ns | 12.1 mA | 21.7 mA
BH20X10T | 0.463 ns/10pF | 1.496 ns | 0.461 ns/10pF | 1.298 ns | 11.2 mA | 21.3 mA
BH20X15D | 0.559 ns/10pF | 1.302 ns | 0.583 ns/10pF | 0.991 ns | 10.1 MA | 17.2 mA
BH20X15H | 0.559 ns/10pF | 1.351 ns | 0.583 ns/10pF | 1.085 ns | 10.1 mA | 17.2 mA
BH20X15T | 0.580 ns/10pF | 1.350 ns | 0.585 ns/10pF [ 1.045 ns 9.5mA | 17.0 mA
BH20X20D | 0.723 ns/10pF | 1.227 ns | 0.763 ns/10pF | 0.848 ns 8.1mA [ 13.3mA
BH20X20H | 0.722 ns/10pF | 1.290 ns | 0.766 ns/10pF | 0.892 ns 8.1mA | 133 mA
BH20X20T | 0.740 ns/10pF | 1.304 ns | 0.765 ns/10pF | 0.920 ns 7.7mA | 132 mA
BH20X30D | 1.415 ns/10pF | 1.950 ns | 1.848 ns/10pF | 0.862 ns 4.1 mA 5.6 mA
BH20X30H | 1.412 ns/10pF | 2.106 ns | 1.849 ns/10pF | 0.996 ns 4.1 mA 5.6 mA
BH20X30T | 1.420 ns/10pF | 2.121 ns | 1.850 ns/10pF | 1.015 ns 4.0mA 5.6 mA
BH40X08D | 0.289 ns/10pF | 1.761 ns | 0.279 ns/10pF | 1.965 ns | 24.2 mA | 38.0 mA
BH40X08H | 0.288 ns/10pF | 1.794 ns | 0.279 ns/10pF | 1.989 ns | 242 mA | 38.0 mA
BH40X08T | 0.385 ns/10pF | 1.783 ns | 0.295 ns/10pF | 2.036 ns | 13.4 mA | 33.0 mA
BH40X10D | 0.442 ns/10pF | 1.454 ns | 0.458 ns/10pF | 1.257 ns | 1221 mA | 21.7 mA
BH40X10H | 0.441 ns/10pF | 1.499 ns | 0.457 ns/10pF | 1.292 ns | 12.1 mA | 21.7 mA
BH40X10T [ 0.463 ns/10pF | 1.496 ns | 0.461 ns/10pF [ 1.298 ns | 11.2mA | 21.3 mA
BH40X15D | 0.559 ns/10pF | 1.303 ns | 0.583 ns/10pF | 0.991 ns | 10.1 MA | 17.2 mA
BH40X15H | 0.559 ns/10pF | 1.352 ns | 0.583 ns/10pF | 1.036 ns | 10.1 MA | 17.2 mA
BH40X15T | 0.580 ns/10pF | 1.350 ns | 0.585 ns/10pF | 1.045 ns 9.5mA | 17.0 mA
BH40X20D | 0.723 ns/10pF | 1.228 ns | 0.763 ns/10pF | 0.849 ns 8.1mA [ 13.3 mA
BH40X20H | 0.722 ns/10pF | 1.291 ns | 0.766 ns/10pF | 0.893 ns 8.1mA | 13.3mA
BH40X20T | 0.740 ns/10pF | 1.305 ns | 0.765 ns/10pF | 0.920 ns 7.7mA | 13.2 mA
BH40X40D | 2.520 ns/10pF | 4.122 ns | 3.140 ns/10pF | 1.196 ns 2.2mA 3.3mA
BH40X40T | 2.528 ns/10pF | 4.478 ns | 3.140 ns/10pF | 1.479 ns 2.1 mA 3.3mA
BH80X80D | 6.844 ns/10pF | 3.075 ns | 7.050 ns/10pF | 2.360 ns 1.0 mA 1.5mA
BH80X80T | 6.861 ns/10pF | 3.674 ns | 7.051 ns/10pF | 2.941 ns 1.0 mA 1.5 mA

1) Nominal Process, VDD=5.0V, T=25° C

2) Slow Process, VDD=4.5V, T=100° C
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Bi-Directional Buffer BHidXod[D,H,T]

Layout Information

Ceil Name | Transistors §:(ell Dlmensuor:’s

BH10X08D 326.250 um | 291.750 um
BH10X08H 22 206.250 um | 540.125 um
BH10X08T 188.250 um | 540.125 um
BH20X10D 299.750 pm | 291.750 um
BH20X10H 16 179.750 um | 540.125 pm
BH20X10T 175.000 pm | 540.125 pm
BH20X15D 290.750 um | 291.750 um
BH20X15H 14 175.000 um | 540.125 um
BH20X15T 175.000 um | 540.125 um
BH20X20D 281.750 um | 291.750 um
BH20X20H 12 175.000 um | 540.125 um
BH20X20T 175.000 um | 540.125 pm
BH20X30D 272.750 um | 291.750 um
BH20X30H 10 175.000 um | 540.125 um
BH20X30T 175.000 um | 540.125 um
BH40X08D 328.750 um | 291.750 um
BH40X08H 22 208.750 um | 540.125 um
BH40X08T 190.750 um | 540.125 pm
BH40X10D 301.750 um | 291.750 um
BH40X10H 16 181.750 um | 540.125 um
BH40X10T 175.000 um | 540.125 um
BH40X15D 292.750 um | 291.750 um
BH40X15H 14 175.000 pm | 540.125 pm
BH40X15T 175.000 um | 540.125 um
BH40X20D 283.750 um | 291.750 um
BH40X20H 12 175.000 um | 540.125 um
BH40X20T 175.000 pm | 540.125 um
BH40X40D 8 265.750 um | 291.750 um
BH40X40T 175.000 um | 540.125 um
BH80X80D 8 271.750 um | 291.750 um
BH80X80T 175.000 pum | 540.125 pm
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Input Buffer BIHid[D,P,T]

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Buffer with Hysteresis

CELL NAME DEFINITIONS:
id = WCS Delay in ns @ 5pF load
[D,P,T] = Available Layout Formats

EXAMPLE: BIH10D

INPUTS: A
OUTPUTS: Z

Transistors: 6
MOTIS Gate Count: 3

Truth Table MOTIS Model
Input || Output VDD
A z
0 0 12
1 1
A Z
: 11
VSS
Circuit Capacitances
Node
Cell Name ADJ" ALPT" AT

BIH10 2.678 pF | 2.324 pF | 3.270 pF
BIH20 2.514 pF | 2.160 pF | 3.106 pF
BIH40 2.533 pF | 2179 pF | 3.124 pF
BIH80 2.678 pF | 2.324 pF | 3.267 pF

* Pad capacitance varies with layout format.
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Input Buffer BIHid[D,P,T]
Circuit Performance
Delay ?
Cell Name | DC Power! TpHH Tpy Input Slew !
Extrinsic Intrinsic Extrinsic Intrinsic
BIH10 5.87 mW 0.740 ns/pF | 0.688 ns | 0.623 ns/pF | 1.323 ns >2.4 V/ms
BIH20 1.93 mW 1.612ns/pF | 1.016 ns | 1.384 ns/pF | 2.263 ns >1.4 V/ims
BIH40 0.83 mW 2.248 ns/pF | 1.541 ns | 2.785 ns/pF | 4615 ns >140 V/s
BIH80 0.32 mW 5.928 ns/pF | 3.399 ns | 5.327 ns/pF | 8.519 ns >72 V/s
1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C
Cell Name V- 3 Hysteresis 4 | V+ 5
BIH10 1.022 vV 323 mv 1.789 V
BIH20 1.012V 334 mv 1.773 V
BIH40 0.992 V 331 mv 1.727 V
BIH80 0.985 V 286 mV 1.684 V

5-34

3) Fast N Process, Slow P Process, VDD=4.5V, T=100° C
4) Slow Process, VDD=4.5V, T=0° C
5) Slow N Process, Fast P Process, VDD=5.5V, T=0°C

- Layout Dimensions

Cell Dimensions
Cell Name X Y
BIH10D '227.375 um | 291.750 um
BIH10P 219.500 um | 291.750 um
BIH10T 175.000 um | 540.125 pm
BIH20D 227.875 um | 291.750 um
BIH20P 220.000 um | 291.750 um
BIH20T 175.000 um | 540.125 pm
BIH40D 229.875 um | 291.750 um
BIH40P 222.000 um | 291.750 um
BIH40T 175.000 pm | 540.125 um
BIH80D 235.875 um | 291.750 um |.
BIH80P 228.000 um | 291.750 um
BIH80T 175.000 um | 540.125 um

ATsT
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Input Buffer BIMid[D,P,T]

FUNCTIONAL DESCRIPTION:
Inverting CMOS-Level Input Buffer

CELL NAME DEFINITIONS:
id = WCS Delay in ns @ 5pF load
[D,P,T] = Available Layout Formats

EXAMPLE: BIM0O3D

INPUTS: A
OUTPUTS: Z

Transistors: 2
MOTIS Gate Count: 1

Truth Table MOTIS Model
Input || Output
A z
o ; A 4
1 0

Circuit Capacitances

Node
CellN
clTame amr _APr_Amr

BIMO3 | 2.782pF | 2.428 pF | 3.382 pF
BIMO5 | 2.622pF | 2.268 pF | 3.222 pF
BIMI0 | 2517 pF | 2.163 pF | 3.116 pF

* Pad capacitance varies with layout format.
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Input Buffer BIMid[D,P,T]
Circuit Performance
Delay 2
Cell Name | DC Power! TpHL TpLn Input Slew 1
Extrinsic Intrinsic Extrinsic Intrinsic
BIMO3 0.51 pwW 0.231 ns/pF | 0.393 ns | 0.235 ns/pF | 0.407 ns NA
BIMO5 0.28 uW 0.416 ns/pF | 0.398 ns | 0.417 ns/pF | 0.417 ns NA
BIM10 0.14 W 0.866 ns/pF | 0.472 ns | 0.867 ns/pF | 0.499 ns NA
1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C
NA) Not Applicable.
Cell Name | V03 Vi
BIMO3 1983V | 2796 V
BIMO05 1984V | 2792 V
BIM10 1972V | 2785 V

5-36

3) Fast N Process, Slow P Process, VDD=4.5V, T=100°C
4) Slow N Process, Fast P Process, VDD=5.5V, T=0° C

Layout Dimensions

Cell Dimensions

Cell Name X Y
BIM0O3D 205.875 um | 291.750 um
BIMO3P 198.000 um | 291.750 um
BIMO3T 175.000 pm | 540.125 pm
BIMO5D 205.875 um | 291.750 um
BIMO5P 198.000 um | 291.750 um
BIMO5T 175.000 um | 540.125 pm
BIM10D 205.875 um | 291.750 um
BIM10OP 198.000 um | 291.750 pm
BIM10T 175.000 um | 540.125 um

(i
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Input Buffer BINid[D,P,T]

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Buffer

CELL NAME DEFINITIONS:
id = WCS Delay in ns @ 5pF load
[D,P,T] = Available Layout Formats

EXAMPLE: BINO6D

INPUTS: A
OUTPUTS: Z

Transistors: 4
MOTIS Gate Count: 2

Truth Table MOTIS Model

Input || Output 11
A Zz A Z
0 0

1 1

Circuit Capacitances

Node

A[DI* A[PT* A[T]*
BINO6 | 2.574 pF | 2.220 pF | 3.169 pF
BIN1O | 2.481pF | 2.127 pF | 3.077 pF
BINi5 | 2.448 pF | 2.094 pF | 3.044 pF
BIN20 | 2.437 pF | 2.083 pF | 3.033 pF
BIN25 | 2.434 pF | 2.080 pF | 3.029 pF

Cell Name

* Pad capacitance varies with layout format.
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Input Buffer BINid[D,P,T]
Circuit Performance
Delay ?
Cell Name | DC Power! TpHH TpLL Input Siew !
Extrinsic Intrinsic Extrinsic Intrinsic
BINO6 7.29 mW 0.451 ns/pF | 0.383 ns | 0.349 ns/pF | 0.893 ns | >2.38 V/us
BIN10 2.90 mW 0.756 ns/pF | 0.540 ns | 0.655 ns/pF | 1.253 ns | >1.33 V/us
BIN15 1.35 mW 1.101 ns/pF | 0.713 ns | 1.004 ns/pF | 1.886 ns | >0.63 V/us
BIN20 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2.548 ns >0.36 Vius
BIN25 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 Vius
1) Fast Process, VDD=5.5V, T=0° C
2) Nominal Process, VDD=5.0V, T=25° C
Cell Name Vio3 Va4
BINO6 1156V | 1.655 V
BIN10 1.152V | 1.642 V
BIN15 1147V | 1.618 V
BIN20 1142V | 1.5%0 V
BIN25 1.136 V | 1.566 V

5-38

3) Fast N Process, Slow P Process, VDD=4.5V, T=100°C
4) Slow N Process, Fast P Process, VDD=5.5V, T=0°C

Layout Dimensions

Cell Dimensions

Cell Name X Y
BINO6D 216.625 um | 291.750 um
BINO6P 208.750 um | 291.750 um
BINO6T 175.000 um | 540.125 pm
BIN10D 216.625 um | 291.750 um
BIN10P 208.750 um | 291.750 um
BIN10T 175.000 pm | 540.125 pm
BIN15D 216.625 um | 291.750 um
BIN15P 208.750 um | 291.750 um
BIN15T 175.000 um | 540.125 pm
BIN20D 217.125 um | 291.750 um
BIN20P 209.250 um | 291.750 um
BIN20T 175.000 um | 540.125 um
BIN25D 217.125 um | 291.750 um
BIN25P 209.250 um | 291.750 um
BIN25T 175.000 um | 540.125 um

(i
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Input Buffer BIP02/D,P,T]

FUNCTIONAL DESCRIPTION:
ESD Protection Only, No Active Logic

CELL NAME DEFINITIONS:
[D,P,T] = Available Layout Formats

INPUTS: A
OUTPUTS: Z

Transistors: 0
MOTIS Gate Count: 0

Truth Table MOTIS Model

Input || Output
A b4 A W zZ
0 0
1 1

Circuit Capacitances

Node
Cell Name
A[DI* A[PT AT
BIPO2 | 2.448 pF | 2.094 pF [ 3.049 pF

* Pad capacitance varies with layout format.
Circuit Performance

Delay 2
Cell Name | DC Power1 TPHH TpLL Input Slew !
Extrinsic Intrinsic Extrinsic Intrinsic
BIP02 Nil 0.125 ns/pF | 0.076 ns | 0.125 ns/pF | 0.077 ns NA
1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C
NA) Not Applicable.
Layout Dimensions
Cell Dimensions
Cell Name X Y
BIP02D 200.875 um | 291.750 um
BIPO2P 193.000 pm | 291.750 pm
BIPO2T 175.000 pm | 540.125 pm
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Bi-Directional Buffer BNidTod[D,H,T]

BIN- Input Stage, BOT- Output Stage

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Stage,
Non-Inverting TTL-Level Tri-State Output Stage

CELL NAME DEFINITIONS:
id = WCS Input Stage Delay in ns @ 5pF load
od = WCS Output Stage Delay in ns @ 50pF load
[D,H,T] = Available Layout Formats

EXAMPLE: BNO6T08D

INPUTS: A, ST, STN, PADI
OUTPUTS: Z, PADO

MOTIS Gate Count: 5

Truth Table MOTIS Model
Inputs Outputs VDD

Al st | sTIN]| Pabi | z | PADO ST 2

0 X 0 0 0 0 B

of x| 1 o [o]| HZ A papo PaDL—] So—{ >o—2
0| X 1 1 1| Hez

110 x o o] HIz STN T

1] o0 X 1 I 1A vss

1|1 X 1 1 1

Circuit Capacitances

Node
A ST STN _ PAD[D] PAD[H]* PAD[T)*
BNOBTO8 | 0.742 pF | 0.408 pF | 0.342 pF | 4.286 pF | 5.002 pF | 5.051 pF
BN10T10 | 0.400 pF | 0.226 pF | 0.194 pF | 3.825 pF | 4.539 pF | 4.602 pF
BN15T08 | 0.742 pF { 0.408 pF | 0.342 pF | 4.161 pF | 4.877 pF | 4.925 pF
BN15T15 | 0.183 pF | 0.110 pF | 0.099 pF | 3.251 pF | 3.969 pF | 4.049 pF
BN20T10 | 0.400 pF | 0.226 pF | 0.194 pF | 3.782 pF | 4.493 pF | 4.557 pF
BN20T20 | 0.120 pF | 0.077 pF | 0.072 pF | 3.295 pF | 4.013 pF | 4.108 pF
BN20T30 | 0.098 pF | 0.064 pF | 0.063 pF | 2.690 pF | 3.425pF | 3.552 pF
BN25T15 | 0.183 pF | 0.110 pF | 0.099 pF | 3.236 pF | 3.953 pF | 4.033 pF
BN25T20 | 0.120 pF | 0.077 pF | 0.072 pF | 3.291 pF | 4.010 pF | 4.104 pF
BN25T40 | 0.112pF | 0.071 pF | 0.070 pF | 2.760 pF NC | 3.638 pF
BN25T80 | 0.097 pF | 0.064 pF | 0.063 pF | 2.597 pF NC | 3.475pF

Cell Name

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Bi-Directional Buffer BNidTod[D,H,T]

Input Stage Circuit Performance

Delay 2

Cell Name | DC Power! TPHH TpL
Extrinsic Intrinsic Extrinsic Intrinsic
BNO6T08 7.29 mW 0.451 ns/pF | 0.383 ns | 0.349 ns/pF | 0.893 ns | >2.38 Vius
BN10T10 2.90 mW 0.756 ns/pF | 0.540 ns | 0.655 ns/pF | 1.253 ns | >1.33 V/us
BN15T08 1.35 mW 1.101 ns/pF | 0.713 ns | 1.004 ns/pF | 1.886 ns | >0.63 V/us
BN15T15 1.35 mW 1.101 ns/pF | 0.713 ns | 1.004 ns/pF | 1.886 ns | >0.63 V/us
BN20T10 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2548 ns | >0.36 V/us
BN20T20 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2.548 ns | >0.36 V/us
BN20T30 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2548 ns | >0.36 V/us
BN25T15 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 Vius
BN25T20 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 V/us
BN25T40 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 Vius
BN25T80 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014ns | >0.29 V/us

Input Slew 1

1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C

Cell Name Vio3 Vi 4

BN06T08 1.156V | 1.655 V
BN10T10 1152V | 1.642 V
BN15T08 1147V | 1.618 V
BN15T15 1147V | 1618 V
BN20T10 1.142V | 1.590 V
BN20T20 1142V | 1.590 V
BN20T30 1.142V | 1.590 V
BN25T15 1.136V | 1.566 V

BN25T20 | 1.136V | 1.566 V
BN25T40 | 1.136V | 1.566 V
BN25T80 | 1.136 V | 1.566 V

3) Fast N Process, Slow P Process, VDD=4.5V, T=100° C
4) Slow N Process, Fast P Process, VDD=5.5V, T=0°C
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Bi-Directional Buffer BNidT od[D,H,T]

Output Stage Circuit Performance

Delay 1

Cell Name TPHH TpLL

Extrinsic Intrinsic Extrinsic Intrinsic
BNQO6T08D | 0.283 ns/10pF | 2.632ns | 0.271 ns/10pF | 2.622ns
BNO6TO8H | 0.283 ns/10pF | 2.656 ns | 0.271 ns/10pF | 2.664 ns | 0.630 ns
BNO6TO8T | 0.297 ns/10pF | 2.684 ns | 0.384 ns/10pF | 2.610ns
BN10T10D | 0.461 ns/10pF |.2.625ns | 0.455 ns/10pF | 2.692 ns
BN10T10H | 0.461 ns/10pF | 2.820 ns | 0.455ns/10pF | 2.738ns | 1.016 ns
BN10T10T | 0.464 ns/10pF | 2.672ns | 0.480 ns/10pF | 2.722 ns

BN15T08D | 0.283 ns/10pF | 2.629 ns | 0.271 ns/10pF | 2.619ns
BN15T08H | 0.283 ns/10pF | 2.653 ns | 0.271 ns/10pF | 2.661 ns | 0.630 ns
BN15T08T | 0.297 ns/10pF | 2.680 ns | 0.384 ns/10pF | 2.605 ns
BN15T15D | 0.594 ns/10pF | 4.434 ns | 0.588 ns/10pF | 4.420 ns
BN15T15H | 0.594 ns/10pF | 4.483 ns | 0.587 ns/10pF | 4.512ns | 2.042 ns
BN15T15T | 0.597 ns/10pF | 4.492ns | 0.609 ns/10pF | 4.456 ns
BN20T10D | 0.461 ns/10pF | 2.622 ns | 0.455 ns/10pF | 2.690 ns
BN20T10H | 0.461 ns/10pF | 2.663 ns | 0.455 ns/10pF | 2.735ns | 1.016 ns
BN20T10T | 0.464 ns/10pF | 2.670 ns | 0.480 ns/10pF | 2.720 ns
BN20T20D | 0.779 ns/10pF | 5.990 ns | 0.771 ns/10pF | 6.119ns
BN20T20H | 0.779 ns/10pF | 6.053 ns | 0.771 ns/10pF | 6.239ns | 2.995ns
BN20T20T | 0.781 ns/10pF | 6.066 ns | 0.789 ns/10pF | 6.189 ns
BN20T30D | 1.847 ns/10pF | 4.468 ns | 1.617 ns/10pF | 5.503 ns
BN20T30H | 1.847 ns/10pF | 4.614ns | 1.617 ns/10pF | 6.001 ns | 2.157 ns
BN20T30T | 1.848 ns/10pF | 4.641 ns | 1.624 ns/10pF | 5.702 ns
BN25T15D | 0.594 ns/10pF | 4.433 ns | 0.588 ns/10pF | 4.419ns
BN25T15H | 0.594 ns/10pF | 4.482ns | 0.587 ns/10pF | 4.511 ns | 2.042 ns
BN25T15T | 0.597 ns/10pF | 4.489 ns | 0.609 ns/10pF | 4.453 ns
BN25T20D | 0.779 ns/10pF | 5990 ns | 0.771 ns/10pF | 6.119ns
BN25T20H | 0.779 ns/10pF | 6.053 ns | 0.771 ns/10pF | 6.239ns | 2.995ns
BN25T20T | 0.781 ns/10pF | 6.066 ns | 0.789 ns/10pF | 6.190 ns
BN25T40D | 3.113 ns/10pF | 2.665 ns | 3.083 ns/10pF | 3.160 ns
BN25T40T | 3.111 ns/10pF | 2.978 ns | 3.108 ns/10pF | 3.423 ns
BN25T80D | 7.051 ns/10pF | 3.278 ns | 6.976 ns/10pF | 3.714ns
BN25T80T | 7.052ns/10pF | 3.936 ns | 6.996 ns/10pF | 4.386 ns

Tri-State

1.211 ns

0.858 ns

1) Nominal Process, VDD=5.0V, T=25° C

5-42 ATeT I/O Buffers

iy



Bi-Directional Buffer BNidTod[D,H,T]

Circuit Performance Layout Information
Cell Name I_)c Current * Cell Name | Transistors Cell Dimensions
Sink Source X Y

BNO6TOSD | 242 mA | 38.0 mA BNO6T0O8D 341.250 um | 291.750 pm
BNO6TO8H | 24.2 mA | 38.0 mA BNO6TO8H 28 221.250 pm | 540.125 pm
BNO6TO8T | 13.4 mA | 33.0 mA BNO6TO8T 203.250 um | 540.125 pym
BN10T10D | 12.1 mA | 21.7 mA BN10T10D 314.250 um | 291.750 ym
BN10T10H | 121 mA | 21.7 mA BN10T10H 22 194.250 um | 540.125 pym
BN10T10T | 11.2 mA | 21.3 mA BN10T10T 176.250 pm | 540.125 ym
BN15T08D | 24.2 mA | 38.0 mA BN15T08D 341.250 pm | 291.750 ym
BN15T08H | 24.2 mA | 38.0 mA BN15TO8H 28 221.250 um | 540.125 pm
BN15TO8T | 134 mA | 33.0 mA BN15T08T 203.250 pm | 540.125 ym
BN15T15D | 10.1 mA | 17.2 mA BN15T15D 305.250 um | 291.750 pm
BN15T15H | 10.1 mA | 17.2 mA BN15T15H 20 185.250 um | 540.125 ym
BN15T15T 95mA | 17.0 mA BN15T15T 175.000 um | 540.125 ym
BN20T10D | 12.1 mA | 21.7 mA BN20T10D 314.750 um | 291.750 pm
BN20T10H | 12.1 mA | 21.7 mA BN20T10H 22 194.750 um | 540.125 ym
BN20T10T | 11.2mA | 21.3 mA BN20T10T 176.750 um | 540.125 um
BN20T20D 8.1mA | 13.3 mA BN20T20D | 296.750 um | 291.750 pm
BN20T20H | 8.1 mA | 13.3 mA BN20T20H 18 176.750 um | 540.125 pm
BN20T20T 7.7mA | 13.2 mA BN20T20T 175.000 um | 540.125 ym
BN20T30D | 41mA | 56mA BN20T30D 287.750 pm | 291.750 pm
BN20T30H 4.1 mA 5.6 mA BN20T30H 16 175.000 um | 540.125 pm
BN20T30T 4.0 mA 5.6 mA BN20T30T 175.000 um | 540.125 um
BN25T15D | 10.1 mA | 17.2 mA BN25T15D 305.750 pm | 291.750 um
BN25T15H | 10.1 mA | 17.2 mA BN25T15H 20 185.750 um | 540.125 pm
BN25T15T 9.5mA | 17.0 mA BN25T15T 175.000 pm | 540.125 pm
BN25T20D 8.1mA | 13.3 mA BN25T20D 296.750 um | 291.750 ym
BN25T20H 8.1mA | 13.3 mA BN25T20H 18 176.750 um | 540.125 pm
BN25T20T 7.7mA | 13.2 mA BN25T20T 175.000 um | 540.125 ym
BN25T40D 2.2 mA 3.3 mA BN25T40D 14 278.750 um | 291.750 pym
BN25T40T 2.1 mA 3.3 mA BN25T40T 175.000 pm | 540.125 pm
BN25T80D 1.0 mA 1.5mA BN25T80D 14 278.750 pm | 291.750 ym
BN25T80T 1.0 mA 1.5mA BN25T80T 175.000 pm | 540.125 pm

1) Slow Process, VDD=4.5V, T=100° C
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Bi-Directional Buffer BNidXod[D,H,T]

BIN- Input Stage, BOX- Output Stage

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Input Stage with Hysteresis,
Driver Transistors Only (No Inherent Logic) Output Stage

CELL NAME DEFINITIONS:
id =WCS Input Stage Delay in ns @ 5pF load
od = WCS Output Stage Delay in ns @ 50pF load
[D,H,T] = Available Layout Formats

EXAMPLE: BNO6X08D

INPUTS: N, P, PADI
OUTPUTS: Z, PADO

MOTIS Gate Count: 3

Truth Table MOTIS Model
Inputs Outputs VDD
N | P | PADI || Z | PADO
olol 1 1] 1 P I
0 1 0 0 HI-Z PADO PADI —D&—D‘)— VA
011 1 1 HI-Z N _|
1{1] o flof o ,

Vss

Circuit Capacitances

Node
N P PAD[D]* PAD[H]* PAD[TI*
BNO6X08 | 1.718 pF | 2.820 pF | 4.285 pF | 5.001 pF | 5.050 pF
BN10X10 | 1.154 pF | 1.680 pF | 3.824 pF | 4.537 pF | 4.600 pF
BN15X08 | 1.718 pF | 2.820 pF | 4.160 pF | 4.876 pF | 4.924 pF
BN15X15 | 0.861 pF | 1.312pF | 3.252 pF | 3.970 pF | 4.050 pF
BN20X10 | 1.154 pF | 1.680 pF | 3.781 pF | 4.491 pF | 4.555 pF
BN20X20 | 0.631 pF | 0.992 pF | 3.294 pF | 4.012 pF | 4.107 pF
BN20X30 | 0.288 pF | 0.420 pF | 2.690 pF | 3.425 pF | 3.553 pF
BN25X15 | 0.861 pF | 1.312 pF | 3.237 pF | 3.954 pF | 4.033 pF
BN25X20 | 0.631 pF | 0.992 pF | 3.290 pF | 4.009 pF | 4.103 pF
BN25X40 | 0.165 pF | 0.246 pF | 2.763 pF NC 3.638 pF
BN25X80 | 0.095 pF | 0.125 pF | 2.600 pF NC 3.475 pF

Cell Name

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Bi-Directional Buffer BNidXod[D,H,T]

Input Stage Circuit Performance

Delay 2

Cell Name | DC Power TpHH TpL
Extrinsic Intrinsic Extrinsic Intrinsic
BNO06X08 7.29 mW 0.451 ns/pF | 0.383 ns | 0.349 ns/pF | 0.893 ns | >2.38 V/us
BN10X10 2.90 mwW 0.756 ns/pF | 0.540 ns | 0.655ns/pF | 1.253 ns | >1.33 V/us
BN15X08 1.35 mwW 1.101 ns/pF | 0.713 ns | 1.004 ns/pF | 1.886 ns | >0.63 Vius
BN15X15 1.35 mW 1.101 ns/pF | 0.713 ns | 1.004 ns/pF | 1.886 ns | >0.63 Vius
BN20X10 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2548 ns | >0.36 V/ius
BN20X20 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2.548 ns | >0.36 V/us
BN20X30 0.82 mW 1.596 ns/pF | 0.909 ns | 1.354 ns/pF | 2548 ns | >0.36 V/us
BN25X15 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF [ 3.014 ns | >0.28 Vius
BN25X20 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 Vius
BN25X40 0.64 mwW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 V/us
BN25X80 0.64 mW 2.059 ns/pF | 1.045 ns | 1.729 ns/pF | 3.014 ns | >0.29 Vius

Input Slew 1

1) Fast Process, VDD=5.5V, T=0°C
2) Nominal Process, VDD=5.0V, T=25° C

Cell Name Vio?3 Vi 4

BN06X08 1156V | 1.655 V
BN10X10 1152V | 1.642 V
BN15X08 1.147V | 1618 V
BN15X15 1.147V | 1618 V
BN20X10 1.142V | 1.590 V
BN20X20 1142V | 1.590 V
BN20X30 1142V | 1.590 V
BN25X15 1.136V | 1.566 V
BN25X20 1136V | 1.566 V
BN25X40 1.136V | 1.566 V
BN25X80 1.136 V | 1.566 V

3) Fast N Process, Slow P Process, VDD=4.5V, T=100° C
4) Slow N Process, Fast P Process, VDD=5.5V, T=0°C
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Bi-Directional Buffer BNidXod[D,H,T]
Output Stage Circuit Performance
Delay ! 2
Cell Name TorL ToLn DC Current
Extrinsic Intrinsic Extrinsic Intrinsic Sink Source

BN06X08D | 0.289 ns/10pF | 1.762 ns | 0.279 ns/10pF | 1.966 ns | 24.2 mA | 38.0 mA
BNO6X08H | 0.288 ns/10pF | 1.796 ns | 0.279 ns/10pF | 1.990 ns | 24.2 mA | 38.0 mA
BNO6X08T | 0.385 ns/10pF | 1.786 ns | 0.295 ns/10pF | 2.039 ns | 13.4 mA | 33.0 mA
BN10X10D | 0.442 ns/10pF | 1.452 ns | 0.458 ns/10pF | 1.255 ns | 12.1 mA | 21.7 mA
BN10X10H | 0.441 ns/10pF | 1.498 ns | 0.457 ns/10pF | 1.292 ns | 12.1 mA | 21.7 mA
BN10X10T | 0.463 ns/10pF | 1.496 ns | 0.461 ns/10pF | 1.298 ns | 11.2 mA | 21.3 mA
BN15X08D | 0.289 ns/10pF | 1.759 ns | 0.279 ns/10pF | 1.962 ns | 24.2 mA | 38.0 mA
BN15X08H | 0.288 ns/10pF | 1.793 ns | 0.279 ns/10pF | 1.987 ns | 24.2 mA | 38.0 mA
BN15X08T | 0.385 ns/10pF | 1.781 ns | 0.295 ns/10pF | 2.035ns | 13.4 mA | 33.0 mA
BN15X15D | 0.559 ns/10pF | 1.299 ns | 0.583 ns/10pF | 0.987 ns | 10.1 mA | 17.2 mA
BN15X15H | 0.559 ns/10pF | 1.349 ns | 0.583 ns/10pF | 1.033 ns | 10.1 mA | 17.2 mA
BN15X15T | 0.580 ns/10pF | 1.348 ns | 0.585 ns/10pF | 1.044 ns 9.5mA | 17.0 mA
BN20X10D | 0.442 ns/10pF | 1.450 ns | 0.458 ns/10pF | 1.253 ns | 12.1 mA | 21.7 mA
BN20X10H | 0.441 ns/10pF | 1.496 ns | 0.457 ns/10pF | 1.290 ns | 12.1 mA | 21.7 mA
BN20X10T | 0.463 ns/10pF | 1.494 ns | 0.461 ns/10pF | 1.296 ns | 11.2 mA | 21.3 mA
BN20X20D | 0.723 ns/10pF | 1.221 ns | 0.763 ns/10pF | 0.842 ns 8.1mA | 13.3 mA
BN20X20H | 0.722 ns/10pF | 1.293 ns | 0.766 ns/10pF | 0.896 ns 8.1mA | 13.3 mA
BN20X20T | 0.740 ns/10pF | 1.302 ns | 0.765 ns/10pF | 0.917 ns 7.7mA | 13.2mA
BN20X30D | 1.415 ns/10pF | 1.939 ns | 1.848 ns/10pF | 0.848 ns 4.1 mA 5.6 mA
BN20X30H | 1.412 ns/10pF | 2.101 ns | 1.849 ns/10pF | 0.990 ns 4.1 mA 5.6 mA
BN20X30T | 1.420 ns/10pF | 2.119 ns | 1.850 ns/10pF | 1.013 ns 4.0 mA 5.6 mA
BN25X15D | 0.559 ns/10pF | 1.298 ns | 0.583 ns/10pF | 0.986 ns | 10.1 mA | 17.2 mA
BN25X15H | 0.559 ns/10pF | 1.348 ns | 0.583 ns/10pF | 1.032 ns | 10.1 mA | 17.2 mA
BN25X15T | 0.580 ns/10pF | 1.347 ns | 0.585 ns/10pF | 1.042 ns 9.5mA | 17.0 mA
BN25X20D | 0.723 ns/10pF | 1.265 ns | 0.763 ns/10pF | 0.888 ns 81 mA | 13.3 mA
BN25X20H | 0.722 ns/10pF | 1.287 ns | 0.766 ns/10pF | 0.888 ns 8.1 mA | 13.3 mA
BN25X20T | 0.740 ns/10pF | 1.302 ns | 0.765 ns/10pF | 0.917 ns 7.7mA | 132 mA
BN25X40D | 2.520 ns/10pF | 4.097 ns | 3.140 ns/10pF | 1.165 ns 22mA 3.3mA
BN25X40T | 2.528 ns/10pF | 4.473 ns | 3.140 ns/10pF | 1.472 ns 2.1 mA 3.3mA
BN25X80D | 6.844 ns/10pF | 2.908 ns | 7.050 ns/10pF | 2.188 ns 1.0 mA 1.5mA
BN25X80T | 6.861 ns/10pF | 3.582 ns | 7.051 ns/10pF | 2.848 ns 1.0 mA 1.5 mA

1) Nominal Process, VDD=5.0V, T=25° C

2) Slow Process, VDD=4.5V, T=100° C
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Bi-Directional Buffer BNidXod[D,H,T]

Layout Information

Cell Name | Transistors )C(ell Dlmensman

BN06X08D 315.500 um | 291.750 um
BNO6X08H 20 195.500 um | 540.125 um
BN06X08T 177.500 pm | 540.125 um
BN10X10D 288.500 um | 291.750 um
BN10X10H 14 175.000 pm | 540.125 pm
BN10X10T 175.000 pm | 540.125 pm
BN15X08D 315.500 um | 291.750 um
BN15X08H 20 195.500 um | 540.125 pm
BN15X08T 177.500 um | 540.125 pm
BN15X15D 279.500 pm | 291.750 pm
BN15X15H 12 175.000 um | 540.125 pm
BN15X15T 175.000 um | 540.125 pm
BN20X10D 289.000 pm | 291.750 um
BN20X10H 14 175.000 um | 540.125 um
BN20X10T 175.000 um | 540.125 um
BN20X20D 271.000 pm | 291.750 um
BN20X20H 10 175.000 um | 540.125 pm
BN20X20T 175.000 pm | 540.125 pm
BN20X30D 262.000 um | 291.750 pm
BN20X30H 8 175.000 um | 540.125 um
BN20X30T 175.000 pm | 540.125 pm
BN25X15D 280.000 pm | 291.750 um
BN25X15H 12 175.000 pm | 540.125 pm
BN25X15T 175.000 pm | 540.125 pm
BN25X20D 271.000 um | 291.750 um
BN25X20H 10 175.000 um | 540.125 um
BN25X20T 175.000 pm | 540.125 pm
BN25X40D 6 253.000 pm | 291.750 um
BN25X40T . 175.000 pm | 540.125 um
BN25X80D 6 253.000 um | 291.750 um
BN25X80T 175.000 um | 540.125 pm
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Output Buffer

BOCod[D,H,P,T]

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Open Collector Output Buffer

CELL NAME DEFINITIONS:
od = WCS Delay in ns @ 50pF load
[D,H,P,T] = Available Layout Formats

EXAMPLE: BOC08D

INPUTS: A
OUTPUTS: Z

MOTIS Gate Count: 2

Truth Table MOTIS Model
Input || Output

A z

0 0 _| >o—|

1 HI-Z A

Il
VSS
Circuit Capacitances
Node
Cell Name A Z[or Z[H]* ZIPT 207

BOCO8 | 0.272 pF | 3.713pF | 4.553 pF | 3.359 pF | 4.565 pF
BOC10 | 0.188 pF | 3.346 pF | 4.107 pF | 2.992 pF | 4.110 pF
BOC15 | 0.100 pF | 2.807 pF | 3.548 pF | 2.453 pF | 3.551 pF
BOC20 | 0.074 pF | 2.860 pF | 3.578 pF | 2.506 pF | 3.625 pF
BOC30 | 0.064 pF | 2.258 pF | 2.987 pF | 1.904 pF | 3.038 pF
BOC40 | 0.062 pF | 2.333 pF NC 1.979 pF | 3.137 pF
BOC80 | 0.062 pF | 2.170 pF NC 1.816 pF | 2.974 pF

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Output Buffer BOCod[D,H,P,T]

Circuit Performance

Delay !
DC Current 2
Cell Name ToL C !
Extrinsic Intrinsic Sink

BOC08D 0.252 ns/10pF | 1.290 ns 24.2 mA
BOCO8H 0.252 ns/10pF | 1.325ns 24.2 mA
BOCO8P | 0.252 ns/10pF | 1.280 ns 24.2 mA
BOCO8T 0.368 ns/10pF | 1.287 ns 13.4 mA
BOC10D | 0.434 ns/10pF | 1.209 ns 12.1 mA
BOC10H 0.437 ns/10pF | 1.253 ns 12.1 mA
BOC10P | 0.434 ns/10pF | 1.186ns 12.1 mA
BOC10T 0.461 ns/10pF | 1.244 ns 11.2 mA
BOC15D | 0.548 ns/10pF | 1.746 ns 10.1 mA
BOC15H 0.552 ns/10pF | 1.813 ns 10.1 mA
BOC15P 0.549 ns/10pF | 1.722 ns 10.1 mA

BOC15T | 0.573 ns/10pF | 1.784 ns 9.5 mA
BOC20D 0.719 ns/10pF | 2.193 ns 8.1 mA
BOC20H 0.724 ns/10pF | 2.258 ns 8.1 mA
BOC20P 0.720 ns/10pF | 2.160 ns 8.1 mA
BOC20T | 0.741 ns/10pF | 2.238 ns 7.7 mA
BOC30D | 1.608 ns/10pF | 1.757 ns 4.1 mA
BOC30H 1.609 ns/10pF | 1.972ns 4.1 mA
BOC30P 1.608 ns/10pF | 1.691 ns 4.1 mA
BOC30T 1.618 ns/10pF | 1.889 ns 4.0 mA
BOC40D | 3.082 ns/10pF | 1.807 ns 22 mA
BOC40P | 3.085 ns/10pF | 1.654 ns 22mA
BOC40T | 3.105 ns/10pF | 2.071 ns 21 mA
BOC80OD | 6.974 ns/10pF | 2.363 ns 1.0 mA
BOC80P | 6.974 ns/10pF | 2.071 ns 1.0 mA
BOC80T 6.996 ns/10pF | 2.974 ns 1.0 mA

1) Nominal Process, VDD=5.0V, T=25° C
2) Slow Process, VDD=4.5V, T=100° C
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Output Buffer BOCod[D,H,P,T]

Layout Information

Celi Name | Transistors ie" D'me"s'°"$
BOCO08D 280.125 pm | 291.750 pm
BOCO8H 8 175.000 pm | 540.125 pm
BOCO8P 272.250 ym | 291.750 pm
BOCO8T 175.000 um | 540.125 pm
BOC10D 253.125 ym | 291.750 um
BOC10H i 175.000 um | 540.125 pm
BOC10P 245.250 ym | 291.750 um
BOC10T 175.000 pm | 540.125 um
BOC15D 244.125 ym | 291.750 um
BOC15H ‘0 175.000 um | 540.125 pm
BOC15P 236.250 ym | 291.750 pm
BOC15T 175.000 um | 540.125 um
BOC20D 235.125 um | 291.750 um
BOC20H o 175.000 ym | 540.125 pm
BOC20P 227.250 um | 291.750 pm
BOC20T 175.000 um | 540.125 um
BOC30D 226.125 ym | 291.750 pm
BOC30H 6 175.000 um | 540.125 pm
BOC30P 218.250 um | 291.750 um
BOC30T 175.000 pm | 540.125 pm
BOC40D 217.125 um | 291.750 um
BOC40P 4 209.250 ym | 291.750 um
BOCA40T 175.000 um | 540.125 pm
BOC80D 217.125 um | 291.750 pm
BOCS0P 4 209.250 um | 291.750 um
BOCSOT 175.000 pm | 540.125 pm
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Output Buffer BONod[D,H,P,T]

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Output Buffer

CELL NAME DEFINITIONS:
od = WCS Delay in ns @ 50pF load
[D,H,P,T] = Available Layout Formats

EXAMPLE: BONO8D

INPUTS: A
OUTPUTS: Z

MOTIS Gate Count: 2

Truth Table MOTIS Model

Input || Output ‘ I1
A z A z
0 0

1 1

Circuit Capacitances

Node

A Z[D]* Z[H]* Z[P]* Z[T]*

BONO08 0272 pF | 3.718 pF | 4.557 pF | 3.364 pF | 4.569 pF
BON10 | 0.188 pF | 3.349 pF | 4.111 pF | 2.995 pF | 4.114 pF
BON15 0.100 pF | 2.809 pF | 3.550 pF | 2.455 pF | 3.553 pF
BON20 0.074 pF | 2.862 pF | 3.580 pF | 2.508 pF | 3.627 pF
BON30 | 0.064 pF | 2.259 pF | 2.988 pF | 1.905 pF | 3.039 pF
BON40 | 0.062 pF | 2.335pF NC 1.981 pF | 3.138 pF
BONS8O 0.062 pF | 2.172 pF NC 1.818 pF | 2.975 pF

Cell Name

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Output Buffer

Circuit Performance

BONod[D,H,P,T]

Delay ! 2

Cell Name TPHH TpLL DC Current
Extrinsic Intrinsic Extrinsic Intrinsic Sink Source
BONO08D 0.278 ns/10pF | 2.858 ns | 0.266 ns/10pF | 2.616 ns | 24.2 mA | 38.0 mA
BONO8H 0.277 ns/10pF | 2.888ns | 0.266 ns/10pF | 2.645 ns | 24.2 mA | 38.0 mA
BONO8P 0.278 ns/10pF | 2.844 ns | 0.266 ns/10pF | 2.600 ns | 242 mA | 38.0 mA
BONOST 0.293 ns/10pF | 2.936ns | 0.379 ns/10pF | 2.616 ns | 13.4 mA | 33.0 mA
BON10D 0.458 ns/10pF | 2.716ns | 0.449ns/10pF | 2.630 ns | 12.1 mA | 21.7 mA
BON10H 0.458 ns/10pF | 2.748ns | 0.449 ns/10pF | 2.669 ns | 12.1 mA | 21.7 mA
BON10P 0.458 ns/10pF | 2.697 ns | 0.449ns/10pF | 2611 ns | 121 mA | 21.7 mA
BON10T 0.461 ns/10pF | 2.758 ns | 0.474 ns/10pF | 2.661 ns | 11.2 mA | 21.3 mA
BON15D 0.585 ns/10pF | 4.420ns | 0.587 ns/10pF | 4.358 ns | 10.1 mA | 17.2 mA
BON15H 0.585 ns/10pF | 4.480ns | 0.573 ns/10pF | 4.480 ns | 10.1 mA | 17.2 mA
BON15P 0.585 ns/10pF | 4.396ns | 0.574 ns/10pF | 4.393 ns | 10.1 mA | 17.2 mA
BON15T 0.587 ns/10pF | 4.477 ns | 0.595 ns/10pF | 4.462 ns 9.5mA | 17.0 mA
BON20D 0.764 ns/10pF | 5.697 ns | 0.748 ns/10pF | 5.911 ns 8.1mA | 13.3 mA
BON20H 0.764 ns/10pF | 5.779ns | 0.748 ns/10pF | 5.976 ns 8.1mA | 13.3mA
BON20P 0.764 ns/10pF | 5.663ns | 0.748 ns/10pF | 5.876 ns 8.1 mA | 13.3 mA
BON20T 0.767 ns/10pF | 5771 ns | 0.767 ns/10pF | 5.953 ns 7.7 mA | 13.2 mA
BON30D 1.845 ns/10pF | 3.960 ns | 1.608 ns/10pF | 4.205 ns 4.1 mA 5.6 mA
BON30H 1.845 ns/10pF | 4.189ns | 1.609 ns/10pF | 4.412 ns 4.1 mA 5.6 mA
BON30P 1.845 ns/10pF | 3.884ns | 1.609 ns/10pF | 4.132 ns 4.1 mA 5.6 mA
BON30T 1.846 ns/10pF | 4.119ns | 1.619ns/10pF | 4.330 ns 4.0 mA 5.6 mA
BON40D 3.114 ns/10pF | 3.044 ns | 3.084 ns/10pF | 3.486 ns 22 mA 3.3 mA
BON40P 3.113 ns/10pF | 2.920 ns | 3.084 ns/10pF | 3.349 ns 22mA 3.3mA
BON40T 3.114 ns/10pF | 3.330ns | 3.106 ns/10pF | 3.775 ns 2.1 mA 3.3 mA
BONS8OD 7.066 ns/10pF | 2.570ns | 6.974 ns/10pF | 3.181 ns 1.0 mA 1.5 mA
BONS8OP 7.051 ns/10pF | 2589 ns | 6.974 ns/10pF | 2.882 ns 1.0 mA 1.5 mA
BONSOT | 7.051 ns/10pF | 3.496ns | 6.996 ns/10pF | 3.779 ns 1.0 mA 1.5 mA

1) Nominal Process, VDD=5.0V, T=25° C
2) Slow Process, VDD=4.5V, T=100° C
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Output Buffer BONod[D,H,P,T]

Layout Information

Cell Name | Transistors ?(ell Dlmensman
BONO08D 280.125 ym | 291.750 um
BONO8SH 18 175.000 pm | 540.125 um
BONOSP 272.250 pm | 291.750 um
BONOST 175.000 um | 540.125 um
BON10D 253.125 uym | 291.750 um
BON10H 12 175.000 um | 540.125 um
BON10P 245.250 pum | 291.750 um
BON10T 175.000 pm | 540.125 um
BON15D 244125 ym | 291.750 pm
BON15H 10 175.000 um | 540.125 um
BON15P 236.250 um | 291.750 um
BON15T 175.000 pm | 540.125 um
BON20D 235.125 um | 291.750 um
BON20H 8 175.000 pm | 540.125 pm
BON20P 227.250 um | 291.750 pm
BON20T 175.000 um | 540.125 um
BON30D 226.125 pm | 291.750 um
BON30H 6 175.000 um | 540.125 um
BON30P 218.250 um | 291.750 pum
BON30T 175.000 pm | 540.125 pm
BON40D 217.125 um | 291.750 um
BON40P 4 209.250 um | 291.750 pum
BON40T 175.000 pm | 540.125 um
BONS80D 217.125 pm | 291.750 um
BONS8OP 4 209.250 pm | 291.750 um
BONSOT 175.000 pm | 540.125 pm
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Output Buffer BOTod[D,H,P,T]

FUNCTIONAL DESCRIPTION:
Non-Inverting TTL-Level Tri-State Output Buffer

CELL NAME DEFINITIONS:
od = WCS delay in ns @ 50pF load
[D,H,P,T] = Available Layout Formats

EXAMPLE: BOT08D

INPUTS: A, ST, STN
OUTPUTS: Z

MOTIS Gate Count: 3

Truth Table MOTIS Model
Inputs Output VDD
A[ST|SIN|] z
0] X 0 0 12
o x| 1 || mz ST :};._
10| x || Hz
11 1] x 1 I_
A Z
STN I
VSS
Circuit Capacitances
) : ) Node
Cell Name A ST STN Z[D)* Z[H) ZIPT* 2T

BOT08 | 0.728 pF | 0.408 pF | 0.342 pF | 3.719 pF | 4.615 pF | 3.365 pF | 4.651 pF
"BOT10 | 0.394 pF | 0.226 pF | 0.194 pF | 3.351 pF | 4.165 pF | 2.997 pF | 4.188 pF
BOT15 | 0.180 pF | 0.110 pF | 0.099 pF | 2.809 pF | 3.608 pF | 2.455 pF | 3.633 pF
BOT20 | 0.119 pF | 0.077 pF | 0.072pF | 2.864 pF | 3.640 pF | 2.510 pF | 3.665 pF
BOT30 | 0.097 pF | 0.064 pF | 0.063 pF | 2.258 pF | 3.018 pF | 1.904 pF | 3.029 pF
BOT40 | 0.112 pF | 0.071 pF | 0.070 pF | 2.333 pF NC 1.979 pF | 3.114 pF
BOT80 | 0.097 pF | 0.064 pF | 0.063 pF | 2.170 pF NC 1.816 pF | 2.951 pF

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Output Buffer BOTod[D,H,P,T]

Circuit Performance

Delay !
Cell Name : .TPHH __ : ‘TpLL __ Tri-State
Extrinsic Intrinsic Extrinsic Intrinsic
BOT08D | 0.283 ns/10pF | 2.616 ns | 0.271 ns/10pF | 2.607 ns
BOTO8H 0.283 ns/10pF | 2.645 ns | 0.271 ns/10pF | 2.654 ns 0.630 ns
BOTO8P 0.283 ns/10pF | 2.600 ns | 0.271 ns/10pF | 2.597 ns ’
BOTO8T 0.297 ns/10pF | 2.672 ns | 0.384 ns/10pF | 2.595 ns
BOT10D 0.461 ns/10pF | 2.603 ns | 0.455 ns/10pF | 2.670 ns
BOT10H 0.461 ns/10pF | 2.648 ns | 0.455 ns/10pF | 2.721 ns 1.016 ns
BOT10P 0.461 ns/10pF | 2.584 ns | 0.456 ns/10pF | 2.645 ns )
BOT10T 0.464 ns/10pF | 2.653 ns | 0.480 ns/10pF | 2.702 ns
BOT15D 0.594 ns/10pF | 4.408 ns | 0.588 ns/10pF | 4.394 ns
BOT15H 0.594 ns/10pF | 4.462 ns | 0.587 ns/10pF | 4.491 ns 2042 ns
BOT15P 0.595 ns/10pF | 4.378 ns | 0.588 ns/10pF | 4.364 ns ’
BOT15T 0.597 ns/10pF | 4.467 ns | 0.609 ns/10pF | 4.431 ns
BOT20D 0.779 ns/10pF | 5.956 ns | 0.771 ns/10pF | 6.086 ns
BOT20H 0.779 ns/10pF | 6.024 ns | 0.771 ns/10pF | 6.210 ns 2.995 ns
BOT20P 0.780 ns/10pF | 5.916 ns | 0.772 ns/10pF | 6.040 ns ’
BOT20T 0.781 ns/10pF | 6.032 ns | 0.789 ns/10pF | 6.155 ns
BOT30D 1.847 ns/10pF | 4.389 ns | 1.617 ns/10pF | 5.433 ns
BOT30H 1.847 ns/10pF | 4.539 ns | 1.617 ns/10pF | 5.935 ns 2157 ns
BOT30P 1.848 ns/10pF | 4.307 ns | 1.617 ns/10pF | 5.361 ns ’
BOT30T 1.848 ns/10pF | 4.544 ns | 1.624 ns/10pF | 5.617 ns
BOT40D 3.113 ns/10pF | 2.532 ns | 3.083 ns/10pF | 3.028 ns
BOT40P 3.112ns/10pF | 2.401 ns | 3.082 ns/10pF | 2.904 ns | 1.211 ns
BOT40T 3.111 ns/10pF | 2.815 ns | 3.108 ns/10pF | 3.260 ns
BOT80D 7.051 ns/10pF | 2.977 ns | 6.976 ns/10pF | 3.416 ns
BOT80P 7.048 ns/10pF | 2.694 ns | 6.976 ns/10pF | 3.123 ns | 0.858 ns
BOT80T 7.052 ns/10pF | 3.566 ns | 6.996 ns/10pF | 4.017 ns

1) Nominal Process, VDD=5.0V, T=25°C
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Output Buffer BOTod[D,H,P,T]

Circuit Performance Layout Information
Cell Name [—DC Current’ Cell Name | Transistors Cell Dimensions
Sink Source X Y
BOTO8D | 24.2mA | 38.0 mA BOT08D 300.875 um | 291.750 um
BOTO8H | 242 mA | 38.0 mA BOTO8H o4 182.250 um | 540.125 pm
BOTOSP | 242 mA | 38.0 mA BOTO8P 293.000 um | 291.750 pm
BOTOST | 13.4mA | 33.0 mA BOTO8T 175.000 um | 540.125 pm
BOTI0OD | 121 mA | 21.7 mA BOT10D 273.875 um | 291.750 um
BOTIOH | 12.1 mA | 21.7 mA BOT10H 18 175.000 pm | 540.125 pm
BOTIOP | 12.1 mA | 21.7 mA BOT10P 266.000 pm | 291.750 um
BOTI0T | 11.2mA | 21.3 mA BOT10T 175.000 pm | 540.125 pm
BOT15D | 10.1 mA | 17.2 mA BOT15D 264.875 um | 291.750 pm
BOT15H | 10.1 mA | 17.2 mA BOT15H 16 175.000 um | 540.125 pm
BOT15P | 10.1 mA | 17.2 mA BOT15P 257.000 um | 291.750 pm
BOT15T 95mA | 17.0 mA BOT15T 175.000 pm | 540.125 pm
BOT20D 8.1mA | 13.3mA BOT20D 255.875 um | 291.750 pm
BOT20H 8.1mA | 13.3mA BOT20H 14 175.000 um | 540.125 pm
BOT20P 8.1mA | 13.3mA BOT20P 248.000 um | 291.750 pm
BOT20T 7.7mA | 13.2mA BOT20T 175.000 pm | 540.125 pm
BOT30D 41mA | 56 mA BOT30D 246.875 um | 291.750 um
BOT30H 41mA | 56mA BOT30H 12 175.000 um | 540.125 pm
BOT30P 41mA | 56 mA BOT30P 239.000 pm | 291.750 um
BOT30T 40mA | 56 mA BOT30T 175.000 um | 540.125 pm
BOT40D 22mA | 33 mA BOT40D 237.875 um | 291.750 um
BOT40P 22mA | 3.3 mA BOT40P 10 230.000 pm | 291.750 um
BOT40T 21mA | 3.3 mA BOT40T 175.000 um | 540.125 pm
BOT80D 1.0mA | 1.5mA BOT80D 237.875 um | 291.750 um
BOT80P 1.0mA | 1.5mA BOT80P 10 230.000 um | 291.750 um
BOT80T 1.0mA | 1.5mA BOT80T 175.000 um | 540.125 um

1) Slow Process, VDD=4.5V, T=100° C
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Output Buffer BOXod[D,H,P,T]

FUNCTIONAL DESCRIPTION:
Driver Transistors Only (No Inherent Logic) Output Buffer

CELL NAME DEFINITIONS:
od = WCS Delay in ns @ 50pF load
[D,H,P,T] = Available Layout Formats

EXAMPLE: BOX08D

INPUTS: N, P
OUTPUTS: Z

MOTIS Gate Count: 1

Truth Table MOTIS Model
Inputs || Outputs VDD
N|P Z
o|o 1
0|1 HI-Z p —
1]1 0
Z
N —_—
Circuit Capacitances VSS
Node
Cell Name N P Z[DT* Z[H]* Z[Pl* 271

BOX08 | 1.718 pF | 2.820 pF | 3.718 pF | 4.543 pF | 3.364 pF | 4.549 pF
BOX10 | 1.154 pF | 1.683 pF | 3.349 pF | 4.098 pF | 2.995 pF | 4.096 pF
BOX15 | 0.861pF | 1.312 pF | 2.809 pF | 3.536 pF | 2.455pF | 3.559 pF
BOX20 | 0.631 pF | 0.996 pF | 2.862 pF | 3.586 pF | 2.508 pF | 3.633 pF
BOX30 | 0.288 pF | 0.420 pF | 2.259 pF | 2.994 pF | 1.905pF | 3.045 pF
BOX40 | 0.165pF | 0.246 pF | 2.335 pF NC 1.981 pF | 3.145 pF
BOX80 | 0.095pF | 0.125 pF | 2.172 pF NC 1.818 pF | 2.982 pF

* Pad capacitance varies with layout format.
NC - Cell not available in this layout format.
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Output Buffer

Circuit Performance

BOXod[D,H,P,T]

Delay 1 2
Cell Name TpHL TpLH DC Current
Extrinsic Intrinsic Extrinsic Intrinsic Sink Source
BOX08D | 0.289 ns/10pF | 1.746ns | 0.279ns/10pF | 1.950ns | 242 mA | 38.0 mA |
BOX08H . | 0.288 ns/10pF | 1.783ns | 0.279ns/10pF | 1.978 ns | 24.2 mA | 38.0 mA
BOX08P | 0.289 ns/10pF | 1.730ns | 0.311 ns/10pF | 1.298 ns | 24.2 mA | 38.0 mA
BOX08T 0.385 ns/10pF | 1.767 ns | 0.295ns/10pF | 2.024ns | 13.4 mA | 33.0 mA
BOX10D | 0.442 ns/10pF | 1.431ns | 0.458ns/10pF | 1.233ns | 121 mA | 21.7 mA
BOX10H 0.441 ns/10pF | 1.479ns | 0.457 ns/10pF | 1.272ns | 121 mA | 21.7 mA
BOX10P | 0.442 ns/10pF | 1.404ns | 0.458ns/10pF | 1.213ns | 121 mA | 21.7 mA
BOX10T | 0.463 ns/10pF | 1.473ns | 0.461 ns/10pF | 1.275ns | 11.2 mA | 21.3 mA
BOX15D 0.559 ns/10pF | 1.274ns | 0.583 ns/10pF | 0.961 ns | 10.1 mA | 17.2 mA
BOX15H | 0.559 ns/10pF | 1.325ns | 0.583 ns/10pF | 1.008 ns | 10.1 mA | 17.2 mA
BOX15P 0.559 ns/10pF | 1.250ns | 0.583 ns/10pF | 0.937 ns | 10.1 mA | 17.2 mA
BOX15T 0.580 ns/10pF | 1.320ns | 0.585ns/10pF | 1.015ns 9.5 mA | 17.0 mA
BOX20D | 0.723 ns/10pF | 1.190ns | 0.763 ns/10pF | 0.809 ns 81 mA | 13.3mA
BOX20H | 0.722 ns/10pF | 1.256ns | 0.766 ns/10pF | 0.856 ns 8.1 mA | 13.3mA
BOX20P | 0.723 ns/10pF | 1.155ns | 0.763 ns/10pF | 0.776 ns 8.1 mA | 13.3mA
BOX20T 0.740 ns/10pF | 1.267ns | 0.765ns/10pF | 0.881 ns 7.7 mA | 132 mA
BOX30D 1.415 ns/10pF | 1.878 ns | 1.848 ns/10pF | 0.768 ns 4.1 mA 5.6 mA
BOX30H 1.412 ns/10pF | 2.040ns | 1.849 ns/10pF | 0.910ns 41 mA| 56 mA
BOX30P 1.417 ns/10pF | 1.797 ns | 1.848 ns/10pF | 0.692 ns 4.1 mA 5.6 mA
BOX30T 1.420 ns/10pF | 2.047 ns | 1.850ns/10pF | 0.919ns 4.0 mA 5.6 mA
BOX40D | 2.520 ns/10pF | 3.989ns | 3.140 ns/10pF | 1.031 ns 2.2 mA 3.3 mA
BOX40P | 2.525 ns/10pF | 3.839ns | 3.139 ns/10pF | 0.906 ns 22mA | 33 mA
BOX40T 2.528 ns/10pF | 4.348ns | 3.140ns/10pF | 1.317 ns 2.1 mA 3.3 mA
BOX80D | 6.844 ns/10pF | 2.615ns | 7.050 ns/10pF | 1.886 ns 1.0 mA 1.5 mA
BOX80P | 6.849 ns/10pF | 2293 ns | 7.051 ns/10pF | 1.587 ns 1.0 mA 1.5 mA
BOX80T 6.861 ns/10pF | 3.244ns | 7.051 ns/10pF | 2.500 ns 1.0 mA 1.5 mA
1) Nominal Process, VDD=5.0V, T=25° C
2) Slow Process, VDD=4.5V, T=100° C
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Output Buffer BOXod[D,H,P,T]

Layout Information

Cell Name | Transistors ():(ell Dlmensman
BOX08D 275.125 pm | 291.750 pm
BOX08H 16 175.000 um | 540.125 um
BOXO08P 267.250 um | 291.750 pm
BOX08T 175.000 um | 540.125 pm
BOX10D 248.125 pm | 291.750 pm
BOX10H 10 175.000 um | 540.125 pm
BOX10P 240.250 pm | 291.750 um
BOX10T 175.000 pm | 540.125 um
BOX15D 239.125 um | 291.750 um
BOX15H 8 175.000 um | 540.125 um
BOX15P 231.250 pm | 291.750 pum
BOX15T 175.000 pm | 540.125 pm
BOX20D 230.125 um | 291.750 um
BOX20H 6 175.000 um | 540.125 um
BOX20P 222.250 um | 291.750 um
BOX20T 175.000 pm | 540.125 pm
BOX30D 221.125 um | 291.750 um
BOX30H 4 175.000 um | 540.125 um
BOX30P 213.250 pm | 291.750 um
BOX30T 175.000 pm | 540.125 pm
BOX40D 212125 pm | 291.750 pm
BOX40P 2 204.250 um | 291.750 um
BOX40T 175.000 pm | 540.125 pm
BOX80D 212.125 pm | 291.750 pm
BOX80P 2 204.250 pm | 291.750 um
BOX80T 175.000 um | 540.125 um
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Introduction Logic Cell Information

This section contains data sheets that provide details about the logic cells in the 1.25p CMOS
Catalog. What follows here is some background information about the logic cell family that should
help in guiding you through the wide selection of cells available. . ’
Some of the salient features of the logic cell family are noted as follows:

« There are 197 cells described in this section, broken down by function as follows:

Cell Type # of Cells Page Number
ANDnR gates 9 6-10
And-Or-Invert gates (AOlabcd) 70 6-11 to 6-14
Built in Self Test Logic (BIST1) 1 . 6-15
Full Adder (FA) 1 6-16
Inverters (INRBn) 5 617
Nand gates (NDn) 9 6-18
Nor gates (NRn) 9 6-19
Or-And-Invert gates (OAlabcd) 67 6-20 to 6-23
ORnN gates 9 6-24
Select Data (SDabc) 4 6-25 to 6-28
Tristate bus drivers (TBDI ) 2 6-29
Tristate bus drivers (TBUS/ ) 4 6-30 to 6-31
Transmission gates (TGn) 3 6-32
XNOR and XOR gates 4 6-33 to 6-34

A complete description of the cell naming convention is provided on the following pages.

« A complete set of And-Or-Invert and Or-And-Invert gates are available. The library has
been designed with a complete set of cells to get the maximum efficiency out of logic
synthesis tools (see, for example, the description of the FDS functions available in Section
11.) If you are capturing your schematic manually, having a complete set of cells available
also means that you will not need to have any cells with unused inputs (that would
otherwise require connection to one of the power supplies.) This saves silicon area and
improves circuit performance.

Both area-optimized and performance optimized versions of each cell are available. Thus, if
your performance requirements do not tax the limits of the technology, you will be able to
save area by using the area-optimized library. (See, for example, guidelines to the
calculation of chip area in Section 2.)

Many of the simpler cells are provided with a number of drive capabilities. For example, in
this section you will find a ND2, ND2H, and ND2S. These names refer to 2-input Nand
gates with 1X, 2X and 4X drive capability, respectively.

Logic Cells ATl 6-1
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Naming Conventions Logic Cell Information

ANDN

AOlabcd

BIST1

FA

INRBnN

NDn

NRn

OAlabcd

ONE

ORn

The AND cell provides the logical AND of two or more inputs as specified by the
parameter n.

Example: AND3 would be a cell whose output is the logical AND of all three of its
inputs.

These cells provide the inverted OR of two to four AND groups. The parameters a, b,
¢, and d specify how many inputs make up each AND group. These parameters are
always specified in descending order and parameters ¢ and d are omitted when their
values are zero.

Example: AOI422 would be a cell whose output is the inversion of (A1 and A2 and
A3 and A4) or (B1 and B2) or (C1 and C2).

This cell provides the logic function required for Built in Self Test applications. This
function is already present in the BIST Flip-Flops FB1S2AX AND FB1S3AX. The
BIST1 cell can be used in conjunction with any other Flip-Flop to create additional
BIST compatible Flip-Flops.

This cell is a two bit adder with carry in and carry out in addition to the sum output.
FA cells can be combined to make arbitrary length adders.

The INRB celis provide the logical inversion of the input signal. This cell can also be
used as an inverting buffer and for this purpose many high power varieties exist. The
parameter n will define the power of the cell in multiples of a standard INRB. ltis
worthwhile to note that the suffix H implies twice the standard INRB while the S
suffix implies a fourfold ratio.

Example: INRB12 would be an inverter that is twelve times the power of a standard
INRB.

The ND cell provides the inversion of the logical AND of two or more inputs as
specified by the parameter n.

Example: ND3 would be a cell whose output is the logical NAND of all three of its
inputs.

The NR cell provides the inversion of the logical OR of two or more inputs as
specified by the parameter n.

Example: NR3 would be a cell whose output is the logical NOR of all three of its
inputs.

These cells provide the inverted AND of two to four OR groups. The parameters a, b,
¢, and d specify how many inputs make up each OR group. These parameters are
always specified in descending order and parameters ¢ and d are omitted when their
values are zero.

Example: OAI422 would be a cell whose output is the inversion of (A1 or A2 or A3 or
A4) and (B1 or B2) and (C1 or C2).

The ONE cell is a direct connection to the VDD power supply. The output signal can
be used as a logical ONE in other areas of the circuit.

The OR cell provides the logical OR of two or more inputs as specified by the
parameter n.

Example: OR3 would be a cell whose output is the logical OR of all three of its inputs.

ATarl Logic Cells
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Conventions Logic Cell Information

SDabc

Example:

TBDI
TBUSI/

TGn

XNOR

XOR

ZERO

The SD (Select Data) cells have been generated to standardize cells which simply
select one of a number of inputs to the output. The inputs themselves may be groups
of bits rather than single bits, and in this case, the output would be the selected
group of bits. It is also advantageous to allow some of these groups to be inverted
when they are selected. The type of cell supplied in the library assigns each group of
bits an address, and these inputs are then chosen by applying the address value to
the select lines. The naming convention for Select Data cells is as follows:
SDabc a= Number of addresses.
b= Number of bits per address.
c=  Value indicating which addresses are inverted.

Values greater than 9 are not permitted for a and b.

The value of cis calculated by forming a binary number with each bit representing the
polarity of an address. The lowest order bit represents the zero address, and a bit
value of 1 indicates an inverted address. The choice of 1 to indicate an inversion has
the benefit of a zero value for ¢ for all non-inverting selectors.

SD212 is the name of a cell which selects one of two data addresses which are one
bit wide with address one inverted.
a=2  There are two addresses -0 and 1
Sb212 b=1  There is one bit per address.
=2  The decimal value of 10 ( address 1 inverted).

The TBDI cells are tri-statable inverters. These cells are meant for use in internal bus
structures.

The TBUS cells are tri-statable buffers. The presence of the parameter i indicates that
the cell is an inverting buffer. These cells are meant for use in internal bus structures.

The TG cells contain one or more transmission gates whose outputs are connected to
form a common bus output. The parameter n defines the exact number of
transmission gates present in the cell. Transmission gates that are used consist of
both an N and a P type transistor.

Example: TG2 contains two transmission gates whose outputs form a common bus.
The XNOR cell performs the logical EXCLUSIVE NOR function. Additionally, since
this function requires two gates to generate an XNOR function the NAND of the two
inputs is also provided as an output.

The XOR cell performs the logical EXCLUSIVE OR function. Additionally, since this
function requires two gates to generate an XOR function the NOR of the two inputs

is also provided as an output.

The ZERO cell is a direct connection to the VSS power supply. The output signal can
be used as a logical ZERO in other areas of the circuit.

Cell Drive Capability

The 1.251 CMOS Library contains variations of the same function that differ only in drive capability.
These higher power versions are commonly denoted by a suffix of H or S. The high power or H
version has double the drive of the normal version where S indicates a factor of four. All of the
conventions described allow for the possibility of a higher power version.

Logic Cells
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Gate Delays Logic Cell Information

If you were to turn to page 6-17, which is the data sheet for the INRB family, you would find this
table of capacitances:

Capacitances - INRBn

INRB INRBH INRBS INRB8 INRB12

Area | 0.034pF 0.067pF 0.133pF 0.265pF  0.397pF
Perf. 0.145pF 0.292pF 0.584pF 1.169pF  1.753pF

These are the input capacitances for the INRB family from both the area optimized and performance
optimized libraries. The capacitances have been tabulated in terms of picofarads and since there are
two libraries of cells (area-optimized and performance-optimized), a different input capacitance is
supplied for each.

The capacitive load, 0.034pF, is the input capacitance of an area-optimized version of the INRB (a 1X
inverter gate.) This capacitance is comprised of a 1X P-transistor, a 1X N-transistor and some
internal cell routing. Similarly, the capacitive load, which equals 0.145pF, is the input capacitance of a
performance-optimized version of the INRB.

Knowing these two values, it becomes. easy to compare the input capacitances of different gates to
one another. For example, if we look at the capacitance table for the AOlabcd family, we see:

Capacitances - AOlabcd

Normal Power High Power Super Power

Area 0.034pF 0.069pF 0.138pF
Perd. 0.145pF 0.294pF 0.588pF

It is now easy to see the input capacitance for all high power AOlabcd gates is approximately twice
that of an INRB. The numbers do not, in this case, work out to exact integer ratios because of
internal cell routing. Similarly, the input capacitances for super power gates is approximately four
times that of a standard INRB

When calculating delays, remember to include estimated routing capacitance. A value of 0.12pF per
fanout is the autoroute factor suggested for simulation.

An example of a delay calculation using these input capacitances is provided in the section that
follows.

If we turn to the SD210 as an example, it can be seen that the following delay information has been
tabulated on page 6-25:

Delay Information

Propagation Delay

From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
Do { zl 2.10ns/pF 1.42ns 0.50ns/pF 0.80ns

2.10ns/pF
pF

0.50ns/pF
s/pF

VDD=5V, T=25°C, Nominal Process.
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A similar set of delay information is provided for all 197 logic cells in this section. These tables
contain linear equations used to approximate the cell delay characteristics.

A voltage level of 40% of VDD was used to define where the delays were measured as illustrated in
the diagram below.. This value was chosen as it is very close to the INRB unity-gain point (in the
nominal process) for both the area-optimized and performance optimized libraries.

Input
40% —=f e 40%
— | Measured Measured |
Delay Delay
Output
40% -——a\ - 40%

The terms and symbols used in the Delay Information tables are defined as follows:

The first two columns indicate the input and output signal names and also indicate rising or falling
transitions. The first entry in the SD210 Delay Information table, DO | to Z T, indicates that the
propagation delay values approximate the path delay from the DO input falling to the Z output rising.

An intrinsic and extrinsic delay value is provided in the Delay Information Table. These two values are
terms for a linear equation used to approximate the cell delay characteristics. In graphical terms, they
have the following meaning:

A

Slope = Extrinsic Delay
DELAY

Intercept = Intrinsic Delay

=

OAD
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Gate Delays Logic Cell Information

Thus, the delay characteristics for the path DO | to Z T of an area-optimized SD210 can be written
as the sum of the intrinsic delay and the extrinsic delay, as follows:

Delay = 1.42ns + (2.10ns/pF) times Total Load in picofarads

In physical terms, the intrinsic delay represents the zero-load delay of the cell. The extrinsic delay is
related to the cell’s output impedance, and is a measure of how the delay will vary with increasing
load. As all of the cells in the library have purely capacitive inputs, DC loading on the outputs is not a
concern (some notable exceptions, of course, are output buffers which may interface with TTL.)
Thus, given enough time, a CMOS logic gate will always reach a valid logic level regardiess of the
number of gates being driven. However, that time will increase as the load on the output increases.

It is worthwhile to point out how the delay information was derived. The delay information was
obtained by simulating each cell with AT&T's MOTIS3 Multiple-Delay simulator under Worst-Case-
Slow conditions (4.5V, 100°C, and Slow Process Conditions). Subsequently, each delay value was
derated by a factor of 0.477, which was obtained from the derating tables presented in Section 2, to
convert the numbers to Nominal conditions (5.0V, 25°C, and Nominal Process Conditions). This
allows Nominal delays to be used in the catalog while providing the most accurate predictions for
worst case behavior.

The required derating factor was calculated as follows:

Nominal Delay*1.31 (Slow Process Conditions)*1.60 (4.5V and 100°C) = Worst Case Slow Delay
Therefore,

Nominal delay = 0.477 Worst Case Slow Delay

Power Supply and Temperature Derating

Process Derating POWER SUPPLY VOLTAGE (VDD)
Conditions Factor 450V 4.75V__ 5.00v__ 5.25V  5.50V
Slow 1.31 T -40°| 0.77 0.73 0.68 0.64 0.61
Nominal 1.0 I\EII 0° | 1.00 0.93 0.87 0.82 0.78
Fast 0.75 E 25° | 1.14 1.07 1.00 0.94 0.90

2 85° | 1.50 1.40 1.33 1.26 1.20
J 100° | 1.60 1.49 1.41 1.34 1.28
: 125° | 1.76 1.65 1.56 1.47 1.41
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The following circuit was used for all delay simulations.

INRB A B
DATA {>¢ ..............................
T L
CLoap
- Cell being
Inactive B characterized —
State {>NORB (e.9. ND2) -
T

Notice that in addition to a load being applied to the output of the cell being characterized, a
capacitive load equal to a 3 fan-outs was connected to the cell's input. A value of 3 fanouts was
chosen as this has been found to be quite typical in many designs. Estimated routing capacitance
equal to 0.12pF per fanout has been included, both on the outputs and the inputs.

(Of course, one can only use estimated capacitances before layout: early in the circuit design phase,
exact layout capacitances are not available. The factor of 0.12pF/autorout is a conservative one - on
a typical 1.25u CMOS design, 90% of all signals will have less than 0.12pF/fanout.)

The inputs of the cells were loaded for delay characterization because it has been found that the
slope of the waveform on the input of a gate has a very noticeable effect on its propagation delay.

Had this effect been neglected, the delay information provided would have been optimistic by about
10%.

To obtain the cell delay equations, two MOTIS3 simulations were performed for each cell. One
simulation was performed with a CLOAD equivalent to a fan-out of 3, and another simulation was
performed with CLOAD equivalent to a fan-out of 10. In both cases, the input of the cell was loaded
with a capacitance equivalent to a fan-out of three, including estimated routing capacitance. These
capacitances work out as follows:

CLo AD = 3 x (0.0335 pF/gate + 0.12 pF/autorout) = 0.46pF (Fan-out = 3)
CLoap = 10 % (0.0335 pF/gate + 0.12 pF/autorout) = 1.53pF (Fan-out = 10)

for the area-optimized library, and:
3 x (0.142 pF/gate + 0.12pF/autorout) = 0.79pF (Fan-out = 3)
10 x (0.142 pF/gate + 0.12pF/autorout) = 2.62pF (Fan-out = 10)
for the performance-optimized library.

The delay values obtained from these simulations were derated by 0.477 (see above) and then used
to obtain a line intercept (intrinsic delay) and slope (extrinsic delay.)

By now, it has probably become apparent how the delay information provided in this catalog was
obtained, and how it can be used to an advantage. The delay information was calculated with the
intent of allowing one to use it to do a circuit design on paper, and then go on with confidence to
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MOTIS3 multiple delay simulation knowing that there will be few surprises. Most designers like to
avoid surprises as they can often result in design delays.

On the other hand, if you need to squeeze every nanosecond out of the technology, the delay
information provided here will only get you started. For the highest degree of simulation accuracy,
real layout- capacitances should included, and either MOTIS3 gate-level timing. simulation or ADVICE
device-level simulation should be used (with ADVICE being the most accurate, and CPU hungry.)

Calculating Gate Delays - An Example

A ND2 drives three loads. Consider the following problems:
1) What are the gate delays under nominal conditions for the performance-optimized version
of the cell?

2) For the area-optimized version?

3) What happens if T=100° C, VDD=4.5V and worst-case slow wafer processing are
assumed?

To solve this problem, we need to look at the Delay Information Table for the ND2:
Delay Information - ND2

Cell Grids | Transistors Propagation - 'Area — P.erf.ormanct'e -
Delay Extrinsic | Intrinsic | Extrinsic | Intrinsic

ND2 3 4 z! | 4.19ns/pF | 1.32ns | 0.89ns/pF | 0.44ns
, z7 3.79ns/pF | 0.45ns | 0.70ns/pF | 0.21ns

VDD =5V, T =25° C, Nominal Process.

NOTE: When calculating delays, remember to include estimated routing capacitance. A value of 0. 12pF
per fanout is the autorout factor suggested for simulation. .

Solutions:

As we noted before, it's easiest to take the intrinsic and extrinsic delays, and write the delay
characteristics out as an equation. For the performance-optimized ND2, we have

Z | delay = 0.44ns + (0.89ns/pF) * Total Load in picofarads
And: ' :
Z T delay = 0.21ns + (0.70ns/pF) * Total Load in picofarads
For a fanout of three, the total capacitive load works out to:
3+ ( 0.145pF/INRB gate capacitance ) + 3 * ( 0.12pF/fanout capacitance) = 0.795pF
Putting this back into our equations for Z | delay and Z T delay:
Z | delay = 0.44ns + (0.89ns/pF) * 0.795pF = 1.15ns
And:
Z T delay = 0.21ns + (0.70ns/pF) * 0.795pF = 0.77ns
To solve the problem for the area-optimized library, we must re-calculate the capacitive load:
3 = ( 0.034pF/INRB gate capacitance ) + 3 * ( 0.12pF/fanout capacitance ) = 0.462pF
Putting this value into the characteristic delay equations for the area-optimized ND2, we get:
Z | delay = 1.32ns + (4.19ns/pF) * 0.462pF = 3.26ns
And:
Z T delay = 0.45ns + (3.79ns/pF) * 0.462pF = 2.20ns

ATarl Logic Cells

(I



‘Gate Delays Logic Cell Information

3. The next part of the problem is to derate these numbers from nominal conditions to the more
severe conditions stated in Part 3 of the problem, namely T=100 ° C, VDD=5V and worst-case slow
processing. To do this, we need the derating factors that were presented in Section 2:

Power Supply and Temperature Derating

Process Derating POWER SUPPLY VOLTAGE (VDD)
Conditions Factor 450V 475V 5.00Vv_ 525V 5.50V
Slow 1.31 T -40°| 0.77 0.73 0.68 0.64 0.61
Nominal 1.0 fn 0° | 1.00 0.93 0.87 0.82 0.78
Fast 0.75 Z 25° | 1.14 1.07 1.00 0.94 0.90

2 85° | 1.50 1.40 1.33 1.26 1.20
l1.; 100° 1.60 1.49 1.41 1.34 1.28
g 125° | 1.76 1.65 1.56 1.47 1.41

The derating factor we need can be seen to be:

D = 1.31 (Slow Process) * 1.60 (VDD=4.5V, T=100° C) =2.10
Accordingly, the gate delays for the performance-optimized ND2 become:

Z | delay = 1.15ns = 2.10 = 2.42ns (T=100 ° C, VDD=4.5V, Slow Process)
And:

Z T delay = 0.77ns * 2.10 = 1.62ns (T=100 ° C, VDD=4.5V, Slow Process)
Similarly, for the area-optimized version of the ND2:

Z | delay = 3.26ns * 2.10 = 7.60ns (T=100 ° C, VDD=4.5V, Slow Process)
And:

Z T delay = 2.20ns * 2.10 = 4.62ns (T=100° C, VDD=4.5V, Slow Process)

Logic Cells ATarl 6-9
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And ANDnN

The AND cells provide a logical AND of two to four inputs as specified by the parameter n.

High power and super power AND cells are available. A suffix of H indicates high power (2x)
where an S suffix denotes super power (4x).

Example: AND3

Inputs
AB,C
Motis Model
Outputs
z
A et
Logic Equation B — Z
c —
Z = (A«B+C)
Capacitances

The input terminal capacitance for all AND cells is provided in the following table and is identical
for all AND cells and all higher power versions.

Terminal Capacitance

Area 0.034pF
Pert. 0.145pF

Cell Size and Delay Information

i A P
Cell Grids | Transistors Propagation — 1e2 — .e rf<.>rmancg "
Delay Extrinsic | Intrinsic | Extrinsic | Intrinsic
AND2 4 6 zl 1.96ns/pF | 0.77ns | 0.47ns/pF | 0.44ns
T z7T 3.66ns/pF | 1.09ns | 0.68ns/pF | 0.56ns

0.71ns/pF 0.18ns/pF

' o zl | 067ns/pF | 1.41ns | 0.18ns/pF | 0.86ns
AND4S 10 16 z7 1.03ns/pF | 2.68ns | 0.26ns/pF | 1.70ns
VDD=5V, T=25°C, Nominal Process.
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And-Or-Invert AOlabcd

These cells provide the inverted OR of two to four AND groups. The parameters a, b, ¢, and d
specify how many inputs make up each AND group. These parameters are always specified in de-
scending order and parameters ¢ and d are omitted when their values are zero.

A small amount of higher power AOI cells are available. A suffix of H indicates high power (2x)
where an S suffix denotes super power (4x).

Example: AOI221

Inputs Motis Model
A1,A2,B1,B2,C
Outputs Al —
Z A2 —
Logic Equation By | ,
Z = (A1+A2)+(B1-B2)+C B2 —
c

Capacitances

The input terminal capacitance for all AOI cells is provided in the following table and is a
function of the power of the cell.

Normal Power High Power Super Power

Area 0.034pF 0.069pF 0.138pF
Pert. 0.145pF 0.294pF 0.588pF

Cell Size and Delay Information

P ion rman
Cell Grids | Transistors ||  ropadatio _Area_____| Performance _
Extrinsic |Intrinsic| Extrinsic [Intrinsic
4.19ns/pF | 1.36ns | 0.91ns/pF

AOI21 4 6

6.73ns/p

0.53ns

AOI211 4.32ns/pF

19ns/pF
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And-Or-Invert AOlabcd
Cell Size and Delay Information
Cell Grids | Transistors | | ropagation Area | Performance

: Delay Extrinsic |Intrinsic| Extrinsic |Intrinsic
AOI22S 17 30 zl 1.29ns/pF | 0.98ns | 0.26ns/pF

AOI2211 7 12
AOI222
oi2222
AOI31 5 8

AOI3111 7

12

AOI321 7 12

AOI322 9 14

AOI3221 10 16

AOI331

AOI332 9 16

z7 1

12.13ns/pF

12.13ns/pF

1.69ns/pF

e
4.41ns/pF
1.95ns/pF

4.28ns/pF

5.84ns/pF
6.91ns/pF

6.26ns/pF

6.02ns/pF
9.67ns/pF

6.24ns/pF

5.88ns/pF

6.02ns/pF
9.67ns/pF

1.72ns | 1.

0.99ns/pF
2.19ns/pF

0.96ns/pF

1.42ns
0.54ns

1.30ns/pF
1.28ns/pF

Ons/,
1.38ns/pF
2.24ns/pF

1.59ns
0.86ns

2

1.36ns/pF

1.77ns/pF
N

1.38ns/pF

2.24ns/pF

1.30ns/pF

1.76ns
1.04ns

36ns/pF |

0.82ns

0.80ns

0.69ns

1.36ns/pF

1.77ns/pF | 0.60ns

VDD=5V, T=25°C, Nominal Process.
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And-Or-Invert AOlabcd

Cell Size and Delay Information

Cell Grids | Transistors Propagation : .Area __ Pf;rf«_)rmanc.e :
Delay Extrinsic |Intrinsic| Extrinsic |intrinsic
zl 6.24ns/pF | 1.76ns | 1.38ns/pF | 0.77ns

Aoiss2l | 10 18 Z1 | 12.13ns/pF | 1.20ns | 2.27ns/pF | 0.69ns

2.27ns/pE
1.36ns/pF
1.77ns/pF |

NSipk
6.02ns/pF

» AOIQ?S 10 18 z T ‘

| 1.41ns/pF

AOI3331

i 13 . 24ns/pF
Z 6. 20ns/pF 2.06ns | 1.41ns/pF
AOI3333 | 13 24 z1 12.13ns/pF 2.24ns/pF

oF

/pF 2n /pE 104008
AOI411 7 12 g* 780ns/pF 1.71ns |1 77ns/pF 0.70ns

9.85ns/pF | 0.95ns | 1.85ns/pF | 0.49ns

1.82ns/pF
2.29ns/pF

8.07ns/pF
AOI4211 10 16 z1 35

zl 807ns/pF 1.96ns | 1.82ns/pF | 0.90ns
Aol221 | 11 18 z1 12.35ns/pF | 1.47ns | 2.29ns/pF | 0.86ns

1.67ns/pF

AOI4311

zl 8.07ns/pF | 2.01ns | 1.82ns/pF | 0.94ns
AoMz21 | 12 20 z7 12.35ns/pF | 1.52ns | 2.29ns/pF | 0.91ns

zl 7.80ns/pF | 1.99ns | 1.75ns/pF | 0.96ns

AOI433 11 20 z1
VDD=5V, T=25°C, Nominal Process.

9.85ns/pF | 1.34ns | 1.82ns/pF | 0.75ns
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And-Or-Invert AOlabcd

Cell Size and Delay Information

Cell Grids | Transistors Propagation {\rea __ P.erfPrmanc_e :
Delay Extrinsic |Intrinsic| Extrinsic |Intrinsic
zl 8.07ns/pF | 2.11ns | 1.82ns/pF | 0.99ns

AOI4331 12 22

g 1.82ﬁs/p!5' - O0NS:
2.29ns/pF

zl 8.07ns/pF |

AO14333 12.35ns/pF

18/ )

zl 7.80ns/pF 1.77ns/pF | 0.84ns

AOla41 | 11 18 z1 9.85ns/pF | 1.19ns | 1.82ns/pF | 0.71ns
5/

AOI442 7.80ns/pF 1.77ns/pF

AOIl4422

zl 8.07ns/pF | 2.30ns | 1.82ns/pF 1j13ns
AOI4431 14 24 z7 12.35ns/pF | 1.90ns | 2.29ns/pF

9n
8.07ns/pF 1.82ns/pF
AOl4433 | 16 8 12.35ns/pF | 2.24ns | 2.29ns/pF

AOl4441

zl 8.02ns/pF
12.39ns/pF

1.82ns/pF
2.32ns/pF

AOIl4443

VDD=5V, T=25°C, Nominal Process.
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BIST1

Built in Self Test
This cell provides the required data select logic to Truth Table
convert any Flip-Flop to a BIST style circuit. The BIST1
cell is used to generate the Flip-Flop data input. INPUTS OUTPUT
. . DO D1 B0 B1 Y4
Grids 11, Transistors 18 X X o0 o 0
1 X 0 1 1
Inputs o X 0 1 0
Do,D1,B0,B1 X 1 1 0 1
X 0 1 0 0
Outputs o o0 1 1 0
z 0 1 1 1 1
1 0 1 1 1
. 1 1 1 1 0
Capacitances
DO D1 BO B1
Area | 0.062pF 0.061pF 0.061pF  0.062pF
Perf 0.223pF  0.222pF  0.222pF  0.223pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
Bo | zl 3.88ns/pF 1.13ns 0.89ns/pF 0.68ns
BO | z7 6.95ns/pF 1.09ns 1.17ns/pF 0.89ns

s/p
3.88ns/pF
6.95ns/pF

3.88ns/pF
6.95ns/pF

3.88ns/pF
6.95ns/pF

1.08ns
1.05ns

0
1.08ns
1.05ns

1.09ns

 117ns/pF

0.89ns/pF
1.17ns/pF

0.89ns/pF
1.17ns/pF

O.QQﬁs/pF

Motis Model

BO
D1

Bl

Logic Cells

VDD=5V, T=25°C, Nominal Process.
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Full Adder FA
This cell is a two bit full adder which provides inverted sum and carry outputs. FA cells can be
combined to make arbitrary length adders.

Grids 15, Transistors 24

Truth Table

Inputs

A,B,C INPUTS OUTPUTS
A B C|[ZSN ZCN

Outputs 0 0 o 1 1

ZCN,ZSN 0o 0 1 0 1
. 0o 1 0 0 1
Capacitances 0 1 1| 1 0
1 0 O 0 1
A B C 1 0 1 1 0
Area | 0.138pF 0.140pF 0.112pF 1 1 0 1 0
Perf. | 0.589pF 0.591pF  0.450pF i 1 1 0 0
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
ZCN T 6.78ns/pF 0.94ns - 1.25ns/pF 0.54ns
Bl ZSN T - 6.91ns/pF | © 1.28ns/pF
4.24ns/pF 0.94ns/pF
cl ZCN T 6.78ns/pF 1.25ns/pF
cl ZSN | 12.35ns/pF 2.71ns/pF
c? ZSN { 4.19ns/pF 1.79ns 0.96ns/pF 0.62ns
cT ZSN T 10.52ns/pF 2.03ns 2.35ns/pF 0.82ns
VDD=5V, T=25°C, Nominal Process.
Motis Model ZCN
ZCN
ZCN
A
B
ZSN
C
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Inverter : INRBn

The INRB cells provide the logical inversion of the input signal. This cell can also be used as an
inverting buffer and for this purpose many higher power varieties exist.

The parameter n indicates the power of the cell in multiples of a standard INRB. A suffix of H in-
dicates high power (2x) where an S suffix denotes super power (4x). Otherwise the parameter
n specifies the multiple as a numeric value.

Inputs Example: INRB1.2
A

Motis Model
Outputs

z
Logic Equation A Z

Z=A

Capacitances

The input terminal capacitance for all INRB cells is provided in the following table.

INRB INRBH INRBS INRB8  INRB12

Area | 0.034pF 0.067pF 0.133pF 0.265pF 0.397pF
Perf. | 0.145pF 0.292pF 0.584pF  1.169pF  1.753pF

Cell Size and Delay Information

Cell Grids | Transistors Propagation Area __ P‘em.')rmanc-e i
Delay Extrinsic | Intrinsic| Extrinsic | Intrinsic

INRB '2 2 z! 2.54ns/pF | 1.31ns | 0.55ns/pF | 0.43ns
z7 3.70ns/pF | 0.44ns | 0.68ns/pF | 0.23ns

1p!
INRBS 5 8 g* 0.94ns/pF | 0.76ns | 0.18ns/pF | 0.24ns

0.98ns/pF | 0.26ns | 0.18ns/pF | 0.14ns

0.49ns/pF | 0.49ns | 0.08ns/pF | 0.18ns
0.36ns/pF | 0.22ns | 0.08ns/pF | 0.08ns

INRB12 13 24
VDD=5V, T=25°C, Nominal Process.
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Nand NDn

The ND cells provide a logical NAND of two to four inputs as specified by the parameter n.

High power and super power NAND cells are available. A suffix of H indicates high power (2x)
where an S suffix denotes super power (4x).

Inputs Example: ND3
AB,C
Motis Model
Outputs
z
A —
Logic Equation B — 2
C JE—
Z = (A+B+C)
Capacitances

The input terminal capacitance for all ND cells is provided in the following table.

ND2,ND3,ND4 ND2H ND2S ND3H ND3S ND4H ND4S

Area 0.034pF 0.069pF 0.137pF 0.067pF 0.133pF 0.034pF  0.133pF
Perf. 0.145pF 0.294pF  0.588pF 0.292pF  0.584pF  0.145pF  0.588pF

Cell Size and Delay Information

Cell Grids | Transistors Propagation " .Area — P.e rff)rmance.a -
Delay Extrinsic | Intrinsic | Extrinsic | Intrinsic
NDz 3 4 z! 4.19ns/pF | 1.32ns | 0.89ns/pF | 0.44ns
z7 3.79ns/pF | 0.45ns | 0.70ns/pF | 0.21ns

z! 1.29ns/pF | 0.84ns | 0.26ns/pF | 0.27ns
szs 9 16 z7 1.03ns/pF | 0.29ns | 0.18ns/pF | 0.14ns

{2 S
2.94ns/pF 0.65ns/pF

.92ns/p
1.03ns/pF

ND4S 18 32
VDD=5V, T=25°C, Nominal Process.

0.21ns/pF | 0.17ns
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Nor NRn

The NR cells provide a logical NOR of two to four inputs as specified by the parameter n.

High power and super power NOR cells are available. A suffix of H indicates high power (2x)
where an S suffix denotes super power (4x).

Example: NR3

Inputs

AB,C

Outputs

z
A

Logic Equation B z
c

Z = (A+B+C)

Capacitances

The input terminal capacitance for all NR cells is provided in the following table.

NR2,NR3,NR4 NR2H NR2S NR3H NR3S NR4H NR4S

Area 0.034pF 0.069pF 0.138pF 0.071pF  0.141pF  0.069pF 0.137pF
Perf. 0.145pF 0.294pF  0.589pF  0.296pF  0.592pF  0.294pF  0.588pF

Cell Size and Delay Information

. . Propagation Area Performance
Cell Grids | Transistors — — — —
Delay Extrinsic | Intrinsic | Extrinsic | Intrinsic
z1 2.67ns/pF 0.55ns/pF

NR2 3 4

z7

...... SU 098ns/pF M

 NR2S 1.65ns/pF

' 1.52n$/pF ”
4.59ns/pF

- 2.76ns/pF
11.72ns/pF

_ zt resdorii s ompE 1.0
NR4S | 18 32 z1 2.90ns/pF | 0.67ns | 0.52ns/pF | 0.35ns
VDD=5V, T=25°C, Nominal Process.
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Or-And-Invert OAlabcd

These cells provide the inverted AND of two to four OR groups. The parameters a, b, ¢, and d
specify how many inputs make up each OR group. These parameters are always specified in de-
scending order and parameters ¢ and d are omitted when their values are zero.

A small amount of higher power OAI cells are available. A suffix of H indicates high power (2x)
where an S suffix denotes super power (4x).

Example: OAI221

Inputs Motis Model
A1,A2,B1,B2,C
Outputs Al
z A2
Logic Equation B1
z

Z = (A1+A2)+(B1+B2)+C B2

c

Capacitances

The input terminal capacitance for all OAIl celis is provided in the following table and is a
function of the power of the cell.

Normal Power High Power Super Power
Area 0.034pF 0.069pF 0.135pF
Perf. 0.145pF 0.294pF 0.587pF

Cell Size and Delay Information

Cell Grids | Transistors Propagation - {\rea — P_e rfo-armanc.e -
) Delay Extrinsic | Intrinsic| Extrinsic |Intrinsic

OAI21 4 6 z! 4.19ns/pF | 1.41ns | 0.91ns/pF | 0.47ns
z7 6.73ns/pF | 0.53ns | 1.23ns/pF | 0.27ns

zl 1.34ns/pF | 0.86ns | 0.29ns/pF | 0.30ns
OAi21S | 13 24 z7 1.69ns/pF | 0.41ns | 0.31ns/pF | 0.18ns

zl 7.58ns/pF | 1.57ns | 1.67ns/pF
OAI2111 6 10 z1 7.04ns/pF | 0.62ns | 1.30ns/pF | ¢

VDD=5V, T=25°C, Nominal Process.
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Or-And-Invert OAlabcd

Cell Size and Delay Information

Cell Grids | Transistors Propagation : I_-\rea __ Pfarﬂ')rmanc.e i
Delay Extrinsic |Intrinsic| Extrinsic | Intrinsic
OAIZ2H 9 16 g* 1.87ns/pF | 1.14ns | 0.42ns/pF | 0.34ns

3.39ns/pF | 0.54ns | 0.63ns/pF | 0.27ns

OAI2211

OAI222H 14 24

i ozl 7. 53ns/pF »
| OAI2222 10 16 2T |7.04ns/pF

4. 32ns/pF 0.96ns/pF

z! 7.85ns/pF | 1.69ns | 1. 77ns/pF 0.65ns
9.85ns/pF | 0.76ns | 1.82ns/pF | 0.42ns

OAI321 7 12 § * 606ns/pF 1.65ns | 1.36ns/pF | 0.65ns

9.67ns/pF | 0.80ns | 1.80ns/pF | 0.44ns

OAI322

OAI3222 11 18

OAI331

OAI332 9 16 g* 6.06ns/pF | 1.74ns | 1.36ns/pF

9.63ns/pF 1.77ns/pF
zy 7.80ns/pF | 2.14ns | 1.77ns/pF | 0.98ns
OAigs22 | 12 20 zT | 9.90ns/pF | 1.36ns | 1.82ns/pF | 0.80ns

VDD=5V, T=25°C, Nominal Process.
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Or-And-Invert OAlabcd

Cell Size and Delay Information

Propagation Area Performance
Delay Extrinsic |Intrinsic| Extrinsic |Intrinsic

zy 6.02ns/pF 1.36ns/pF
1.77ns/pF

Cell Grids | Transistors

OAI333 10 18

850 4 sipl
zl 7.85ns/pF | 2.02ns | 1.75ns/pF
OAl3332 | 12 22 z1 9.85ns/pF | 1.34ns | 1.82ns/pF

s

zl 4.41ns/pF 0.96ns/pF | 0.57ns
oA o z7 | 11.90ns)pF | 219ns/pF | 0.46ns

P

OAI4111 ' 8‘.0'7r'1's/pF”
ns/
zl 6.20ns/pF
12.13ns/pF

1.41ns/pF

OAl421 2.24ns/pF

. : ns/pl
z! 6.24ns/pF | 1.85ns | 1.41ns/pF | 0.75ns
QA|‘,‘22 10 16 z7 12.13ns/pF | 1.20ns | 2.24ns/pF | 0.71ns

OAl4222 8.07ns/pF 1.80ns/pF

6.20ns/pF

OAl431 12.13ns/pF

8
z! 6.24ns/pF | 1.90ns | 1.41ns/pF | 0.80ns
OAl432 " 18 zT 12.13ns/pF | 1.34ns | 2.27ns/pF | 0.74ns

2N
8.07ns/pF

OAI4322 1.82ns/pF

OAI4331

zy 8.07ns/pF | 2.35ns | 1.80ns/pF | 1.15ns

OAI4333 14 26 z1
VDD=5V, T=25°C, Nominal Process.

12.35ns/pF | 1.86ns | 2.29ns/pF | 1.05ns
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Or-And-Invert OAlabcd

Cell Size and Delay Information

Cell Grids | Transistors Propagation i A.\rea __ P.erf'ormanc'e i
Delay Extrinsic |Intrinsic| Extrinsic |Intrinsic
z! 4.41ns/pF | 1.64ns | 0.99ns/pF | 0.60ns

OAl44 9 16 Z_T 2 s/pF | 0.66

OAI4411 1.82ns/pF

1.82ns/pF
OAl4421 39ns/pF

zl 6.20ns/pF | 2.06ns | 1.41ns/pF | 0.89ns
OAI443 13 22 77 12 13n/F

9ns/p 8 | 2.29ns/p 10n
zl 8.02ns/pF | 2.41ns | 1.82ns/pF | 1.13ns
OAl4432 | 15 26 Z1 | 12.39ns/pF | 1.88ns | 2.29ns/pF | 1.10ns

2 % 8/ atigi
zl 6.20ns/pF | 2.11ns [ 1.41ns/pF | 0.94ns
OAl4d4a | 14 24 z1 12.13ns/pF | 1.82ns | 2.24ns/pF | 1.04ns

zl 8.02ns/pF

om44}421 17 28 z7 12.35ns/p

8.02ns/pF

OAl4444 19 32 12.35ns/pF

2.29ns/pF

VDD=5V, T=25°C, Nominal Process.
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Or

ORn

The OR cells provide a logical OR of two to four inputs as specified by the parameter n.

High power and super power OR cells are available. A suffix of H indicates high power (2x) where
an S suffix denotes super power (4x).

Inputs Example: ORS3
AB,C
Motis Model
Outputs
z
A
Logic Equation B z
c

Z = (A+B+C)

Capacitances

The input terminal capacitance for all OR cells is provided in the following table and is identical
for all OR cells and all higher power versions.

Terminal Capacitance

0.034pF
0.145pF

Area
Pert.

Cell Size and Delay Information

i Ar Perf n
Cell Grids | Transistors Propagation — s — 2 .cnrma cg -
Extrinsic | Intrinsic | Extrinsic | Intrinsic
OR2 4 6 2.10ns/pF | 1.13ns | 0.50ns/pF | 0.71ns

OR3H
OR4

OR4S

10 16 z1

1.34ns/pF
1.83ns/pF

2.36ns/pF
3.66ns/pF

pi
1.11ns/pF
0.94ns/pF

0.34ns/pF

0.57ns/pF
0.68ns/pF

0.31ns/pF
0.18ns/pF

0.34ns/pF | 1.35

VDD=5V, T=25°C, Nominal Process.
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Select Data SD210

Select either DO or D1 to the output.

Truth Table
Grids 7, Transistors 12 INPUTS OUTPUTS
Inputs DO D1 SD z
DO,D1,SD 0 X o0 0
1 X 0 1
Outputs x o 1 0
Z X 1 1 1

Capacitances

DO D1 SD
Area | 0.037pF 0.034pF 0.066pF
Pert 0.149pF  0.145pF  0.291pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
Dol zl 2.10ns/pF 0.50ns/pF
Do T zT 3.66ns/pF 0.68ns/pF

2.10ns/pF
3.66ns/pF

0.50ns/pF
0.70ns/pF

VDD=5V, T=25°C, Nominal Process.

Motis Model
DO
12 Do—{><>— z
o —
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Select Data

Select either D1 or the inversion of DO to

the output.
Truth Table
Grids 6, Transistors 10 INPUTS OUTPUTS
Inputs DO D1 SD y4
0 X o0 1

DO,D1,SD

S 1 X 0 0
Outputs X o 1 0
7 X 1 1 1
Capacitances

DO D1 SD

Area 0.034pF  0.034pF  0.071pF
Perf 0.145pF  0.145pF  0.296pF

Delay Information

SD211

Propagation Delay

3.97ns/pF 0.89ns/pF

6.73 y .23ns/pF

From To Area Performance

Input Output Extrinsic Intrinsic Extrinsic Intrinsic
Do { z7 6.73ns/pF 0.53ns 1.23ns/pF 0.27ns
Do T zl 4.19ns/pF 1.41ns 0.91ns/pF 0.47ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
1"
D1 —
SD
J_} z
o —)
6-26 == ATaT
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Select Data SD212

Select either DO or the inversion of D1 to
the output.

Truth Table

Grids 6, Transistors 10

INPUTS OUTPUTS
Inputs DO D1 SD z
DO,D1,SD 0 X o0 0
1 X o0 1
X 0 1 1
?utputs X 1 3 0

Capacitances

DO D1 SD

Area | 0.034pF 0.034pF 0.071pF
Perf | 0.145pF  0.145pF  0.296pF

Delay Information

Propagation Delay

From Area Performance
Input Extrinsic Intrinsic Extrinsic Intrinsic
Do | 1.78ns/pF 0.52ns/pF

0.52ns/pF '
6.78ns/pF

33ns/p
VDD=5V, T=25°C, Nominal Process.

Motis Model
i
DO
SD
o— Z
D1 —
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Select Data SD213

Select either the inversion of DO or the
inversion of D1 to the output.

Truth Table
Grids 6, Transistors 10

INPUTS OUTPUTS
Inputs DO D1 SD y4
DO,D1,SD 0 X 0 1
1 X 0 0
X o0 1 1
gutputs X 1 1 0

Capacitances

DO D1 SD
Area | 0.034pF 0.034pF  0.071pF
Perf | 0.145pF  0.146pF  0.296pF

Delay Information

Propagation Delay
From To Area Performance

Input Output Extrinsic Intrinsic Extrinsic Intrinsic
Do | z7 6.73ns/pF 1.25ns/pF

4.19ns/pF 9

3.79ns/pF
6.73ns/pF

0.83ns/pF

VDD=5V, T=25°C, Nominal Process.

Motis Model
DO
SD
D1
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Tri-State Bus Driver TBDI

The TBDI cells are tri-statable inverters. These cells are intended for internal bus structures.

A high power TBDI cell is available. The suffix of H indicates high power (2x).

Truth Table

Inputs INPUTS OUTPUT
D,CK,CKN D CK CKN QN

0o 1 0 1
Outputs 1 1 0 0
QN X 0 1__ | High Impedance
Capacitances

TBDI TBDIH
D CK CKN D CK CKN

Area | 0.034pF 0018pF 0.018pF | 0.067pF 0.039pF  0.039pF
Perf | 0.145pF 0.036pF  0.051pF | 0.292pF  0.073pF  0.101pF

Cell Size and Delay Information

Propagation Delay

From To Area Performance
Cell | Grids | Transistors |[ Input  Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
1801 | 4 4 CKT QNl |1.43ns/pF | 0.39ns | 0.63ns/pF | 0.36ns

ckT aNl |[1.47ns/pF | 0.47ns | 0.68ns/pF | 0.32ns

TBDIH | 7 8 ckT oNT |208nsipF | 0.77ns | 0.83ns/pF | 0.39ns

VDD=5V, T=25°C, Nominal Process.

Motis Model CKN
N1
D ——‘>0——' TG an
CK
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Tri-State Bus Driver TBUS

The TBUS cells are tri-statable buffers. These cells are intended for internal bus structures.

A high power TBUS cell is available. The suffix of H indicates high power (2x).

Truth Table

Inputs INPUTS OUTPUT
D,CK,CKN D CK CKN Q

0 X 0 0
Outputs 1 1 X 1
Q X 0 1| High Impedance
Capacitances

TBUS TBUSH
D CK CKN D CK CKN

Area | 0.071pF 0.035pF 0.036pF | 0.071pF  0.035pF  0.036pF
Perf | 0.296pF 0.146pF 0.147pF | 0.296pF 0.146pF  0.147pF

Cell Size and Delay Information

Propagation Delay

From To Area Performance
Cell | Grids | Transistors| Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
TBUS | 7 10 ckT al 1.69ns/pF | 0.94ns | 0.42ns/pF | 0.43ns

CKT af 4.50ns/pF | 1.84ns | 0.76ns/pF | 0.74ns

okT Ql | 1.43ns/pF | 1.06ns | 0.39ns/pF | 0.50ns
TBUSH| 7 12 ckT QT |392ns/pF | 1.96ns | 0.68ns/pF | 0.85ns

VDD=5V, T=25°C, Nominal Process.

VDD
Motis Model
}
CK -—-: |
Q
D 12
CKN ———:—D |
vss
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Tri-State Bus Driver TBUSI

The TBUSI cells are tri-statable inverting buffers and are intended for internal bus structures.

A high power TBUSI cell is available. The suffix of H indicates high power (2x).

Truth Table

Inputs INPUTS OUTPUT
D,CK,CKN D CK CKN Q

0o 1 X 1
Outputs 1 X 0 0
Q X 0 1 | High Impedance
Capacitances

TBUSI TBUSIH
D CK CKN D CK CKN

Area 0.034pF  0.034pF 0.035pF | 0.034pF 0.035pF 0.036pF
Perf 0.145pF 0.145pF 0.147pF | 0.145pF 0.146pF 0.147pF

Cell Size and Delay Information

Propagation Delay
From To Area Performance

Cell | Grids | Transistors || Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
TBUSI 8 12

CKT ali 1.69ns/pF | 0.84ns | 0.42ns/pF
CKT QT 4.46ns/pF | 1.86ns | 0.78ns/pF

______ - 1.69n8/p
TusH| 9 14 FCKT Ql 1.43ns/pF | 1.06ns | 0.39ns/pF | 0.50ns
Rl IS CKT QT  13.92ns/pF| 1.96ns | 0.68ns/pF | 0.85ns

68

VDD=5V, T=25°C, Nominal Process.

VDD
Motis Model
I
CK : |
DN Q
CKN
vss
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Transmission Gate

TGn

The TG cells contain one or more transmission gates whose outputs are connected to form a
common bus output. The parameter n specifies the number of transmission gates and each
transmission gate consists of both an N and P type transistor.

Example: TG2
Inputs Motis Model
D1,D2,CK1,CK1N,CK2,CK2N
CKIN
.
Outputs
Truth Table
cKl — T
INPUTS OUTPUT ) Q
D1 D2 CK1 CKIN CK2 CK2N Q CK2N
0 X i 0 0 1 0 1
1 X 1 0 0 1 1
X 0 o0 1 1 0 0 D2
X 1 0 1 1 0 1
X X 0 1 0 1 High Impedance ckK2 — T
Capacitances
The input terminal capacitance for all TG cells is provided in the following table.
D1,02,03 CK1,CK2,CK3 CK1N,CK2N,CK3N
Area 0.026pF 0.018pF 0.018pF
Perf. 0.048pF 0.036pF 0.051pF
Cell Size and Delay Information
Propagation Delay
From To Area Performance
Cell | Grids | Transistors || Input Output | Extrinsic | Intrinsic| Extrinsic |Intrinsic
161l 4 2 cCKT al 1.52ns/pF | 0.35ns | 0.76ns/pF | 0.17ns
s e CKT QT | 1.56ns/pF | 1.00ns | 0.76ns/pF | 0.40ns

83

2

162| & 4 ckT al 1.47ns/pF | 0.47ns | 0.76ns/pF | 0.26ns
CKT QT 1.56ns/pF | 1.09ns | 0.81ns/pF | 0.36ns

1.52ns/pF
5

0.76ns/pF
0.81ns/pF

VDD=5V, T=25°C, Nominal Process.
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Exclusive Nor XNOR

The XNOR and XNORH cells provide the EXCLUSIVE NOR function. Additionally, since two
gates are required for the XNOR function the NAND of the inputs is also provided as an output.
The suffix of H on the XNORH indicates high power (2x).

Motis Model
Inputs z

A,B A-——«r————i::::>__—_— z

Outputs B :)O_ 4
2,Z1 21 r

Logic Equations Jo—s— Z1

Z=(A*B)+(A*B)

Capacitances
Zi = (A*B)

XNOR XNORH
A B A B

Area | 0.073pF 0.073pF | 0.140pF  0.135pF
Perf | 0.299pF 0.302pF | 0.591pF  0.586pF

Cell Size and Delay Information

Propagation Delay

From To Area Performance
Cell | Grids | Transistors | Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
XNOR 7 10 Al zl 9.27ns/pF | 1.12ns | 1.54ns/pF | 0.84ns

Al z7 6.73ns/pF | 0.53ns | 1.23ns/pF | 0.27ns

el
8.96ns/pF 1.88ns/pF

4.46ns/pF 0.89ns/pF

AT zT 4.77ns/pF
2.18ns/pF

1 0.96ns/pF | 0.67ns
0.47ns/pF

1.92ns/pF | 0. 0.34ns/pF
BT z| 2.27ns/pF | 1.15ns | 0.50ns/pF | 0.37ns

VDD=5V, T=25°C, Nominal Process.
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Exclusive Or XOR

The XOR and XORH cells provide the EXCLUSIVE OR function. Additionally, since two gates are
required for the XOR function the NOR of the inputs is also provided as an output. The suffix of
Hon the XORH indicates high power (2x).

Motis Model

Inputs Z
AB A z
Outputs B z
Z,Z1 21
Logic Equations _‘DO ¢ 4
Z=(A*B)+(A+*B) Capacitances
21=(A+B) XOR XORH
A B A B
Area | 0.073pF 0.074pF | 0.140pF  0.135pF
Perf 0.302pF  0.300pF | 0.591pF  0.586pF
Cell Size and Delay Information
Propagation Delay
From To Area Performance
Cell | Grids | Transistors || Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
Al zl 12.53ns/pF 2.61ns/pF
XOR 1 7 0 AL 2zt 6.95ns/pF 1.30ns/pF

2.50ns/pF

6.60ns/pF

 9.45ns/pF | 1

"1;8'2hs/bF‘ B iniie

0.52ns/pF

1.20ns/pF
0.91ns/pF

30

" 4.99ns/pF
1.47ns/pF

3.30ns/pF
2.36ns/pF

Al zl 6.78ns/pF 1.36ns/pF
XORH | 11 20 AL z1 3.39ns/pF | 0.63ns/pF

500

" 0.96ns/pF | 0.57r

0 3_1ns/ F

0.63ns/pF
0.50ns/pF

VDD=5V, T=25°C, Nominal Process.
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Introduction Flip-Flop Information

This section contains data sheets that provide detailed information on the Flip-Flops and Latches in
the 1.25p CMOS Library. What follows here is some background about the flip-flop family, and
should help with the selection and use of these cells.

Sequential Cells

There are 152 flip-flops, latches and registers described in this guide.

Dynamic and Static storage elements are available. Dynamic registers are smaller, but they
require a more complex clock generator and should not be used if static data retention is
required.

If scan-testing is to be used as a test strategy, many of the flip-flops have scan-test
replacements available. Flip-flops that have scan-test replacements are indicated in the
functional index that follows.

A complete set of flip-flops have been provided for your use. Included in the 1.25p CMOS
Library are flip-flops and latches with all reasonable combinations of:

- Presets (both polarities)

- Clears (both polarities)

- Sample inputs

- Clock edge- or level-triggering (both polarities)

Having a complete set of flip-flops and latches available means that you will always be able to
find the cell you need, and will not need to tie off any unused inputs to either VSS or VDD.

Synthesis tools (see for example FDS in Section 11) also realize improved efficiency. This
saves silicon area and improves circuit performance.

Al static flip-flops and latches have both Q and QN available as outputs. This makes the

library easy to use and avoids the need to add inverters to the flip-flops when inverted

signals are required.

Both area-optimized and performance-optimized versions of each cell are available. Thus, if

your performance requirements do not tax the limits of the technology, you will be able to

save some area by using the area-optimized library.

ATl 71
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Naming Conventions

The convention for naming all of the sequential elements is shown in the following table. Each cell is

identified via a seven-character name.

Name = abcdetg

Static implementation.
Dynamic implementation.

These cells contain a BIST select front end for use
with the built in self test methodology.

D type Flip-Flop.

These cells contain a scan select front end for use
with the scan testable design methodology.

Shift register implementation for D type function.
S-R type Flip-Flop.

value

Number of clocks, not the number of phases.

This parameter identifies the sample capability separately
for Static and Dynamic cells.

Z27T0TW!W

Static Cells or a=F.

No sample input.
Positive level sample.
Negative level sample.

moow>»

Dynamic cells or a=D.

No sample input.

Positive level sample.

Negative level sample.

Inverting Data with positive level sample.
Inverting Data with negative level sample.

When the cell has no clock inputs (c=0), this
specifies the polarity of the S and R inputs. Otherwise,
this refers to the clock inputs.

w0 ~NN =

Cells with no clock or ¢=0.

Positive level S input and positive level R input.

Negative level S input and negative level R input.
Positive level S input and negative level R input.
Negative level S input and positive level R input.

AAWN -

Cells with clock inputs.

Positive level sense or Master-Slave clock inputs.
Negative edge triggered.

Positive edge triggered.

Negative level sense.

Flip-Flop Information

continued on next page.
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Naming Conventions Flip-Flop Information

(continued from previous page)

Name = abcdefg
No clear or preset inputs.
Positive level asynchronous preset.
Positive level asynchronous preset and positive level
asynchronous clear.
Positive level asynchronous clear.
Negative level asynchronous clear.
Positive level asynchronous preset and negative level
asynchronous clear.
Negative level asynchronous preset.
Positive level synchronous clear.
Positive level synchronous preset.
Negative level asynchronous preset and negative level
asynchronous clear.
Negative level synchronous preset.
Negative level synchronous clear.
Negative level asynchronous preset and positive level
asynchronous clear.
Positive level synchronous preset and positive level
synchronous clear.
Positive level synchronous preset and negative level
synchronous clear.
Negative level synchronous preset and negative level
synchronous clear.
Negative level synchronous preset and positive level
synchronous clear.
This cell requires more than one connection
for one or more of the inputs. This technique allows
circuits designed with one library to be easily
converted to any other library.

Z |1Z2r X |«|—{®]| 7" [MO] O |m|>»

o

Example: FD1P3Q is a single clock positive edge triggered Static D type Flip-Flop with a positive
level sample, a negative level synchronous preset and a negative level synchronous clear.

a= F Static cell
b= D Dtype.
FDIP3Q <c¢= 1 Single clock.
d= P Positive level sample.
e= 3 Positive edge triggered.
f= Q Synchronous negative level preset and

synchronous negative level clear.

Example: DR2B1J is a Dynamic Master-Slave D type register with a positive level sample and a
positive level synchronous preset.

a= D Dynamic cell
= R Shift register implementation for D type function.
DR2B1J c¢= 2 Two clocks.
d= B Positive level sample.
e= 1 Master-Slave clocking.
f= J Positive level synchronous preset.

Sequential Cells
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Flip-Flop Information

Selection Guide

The following pages tabulate the flip-flops, registers and latches into a functional index.

Dynamic Registers
Cell Page | Grids | Transistors | Clocking | Preset | Clear | Sample | Scan Equivalent
DL2D1A 7-12 1 20 30 MS - PL (DR2A1A)

D

DR2A1E

DR2A1I
12 MS

DR2A1J

7-21 1 12

-DR2A
DR2B1A

SPL NL

MS

20

7-32| 13

(DR2E1I

MS = Master-Slave, NL = Negative Level, PL = Positive Level,
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level

Sequential Cells
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Selection Guide Flip-Flop Information

Static Flip-Flops and Latches

Cell Page | Grids | Transistors | Clocking | Preset | Clear | Sample | Scan Equivalent
FB1S2AX | 7-33 | 23 36 NE - - - -
7-341 23

FBIS3AX

FDIN2MX |
FDIN3AX

FLIP2AX
FL1P2JX

FD1P2AX
FD1P2JX

xFD1‘P3JX 7-45 | 21 32 PE SPL PL FL1P3JX
FD1 P3MX | 7-46 | 21 32 PE - SNL PL FL1P3MX

FD1S1D
FDIS1E

FL1S2
FL1S2BX

FD1S2AX
FD1S2BX

FL1S2EX
FL1S2FX

FD182EX
FD1S2FX | 7-568 | 19 26 NE PL NL

FD1S2JX
FD1S

'FD153CX FL1S3AX
FD1S3DX FL1S3AX

FD1S3GX | 7-73 | 17 24 PE NL FL1S3AX
FD1S3IX , FL1S3AX

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level,
PE = Positive Edge Triggered, PL = Positive Level,
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level

ATsr 75
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Selection Guide Flip-Flop Information
Static Flip-Flops and Latches
Cell Page | Grids | Transistors | Clocking | Preset | Clear| Sample | Scan Equivalent
FD1S3LX | 7-77 | 18 24 PE SNL -- -- FL1S3AX
15 22 PE - SNL FL1S3AX

FD1 S3MX

FD1S5F
FD1S

FD2N1M
FD2P1A

(FD2S1A
FD2518

FD2S1E

FD2S1FX 19 28 PL | NL

30
36

20 |
26

FD2$1 NX
FL1N2AX

7-105
7-106

NL

FL1N3AX
FL1N3JX

7-109
7-110

26
27

36
38

NL
SPL

NL

FL1S2AX

FL2S1FX

FL2SINX
(FD1N2AX)

(FD1N3AX)
(FD1N3JX)

(FD1P2JX)

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level,
PE = Positive Edge Triggered, PL = Positive Level,
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level

ATsT
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Selection Guide Flip-Flop Information

Static Flip-Flops and Latches

Cell Page | Grids | Transistors | Clocking | Preset | Clear | Sample | Scan Equivalent
FL1S2DX | 7-121| 22 32 NE - PL - (FD1S2DX)
FLIS2EX | 7-122| 22 34 NE - NL - (FD182EX)

FL1S2IX
FL1S2JX

. (FD1S2LX)
(FD1S2MX)
(FD1S2NX)
520

(FD1S3BX)
(FD1S3CX) |
(FDIS3EX)
(FD1S3FX)
(FD1S3GX)
(FD183I
| 4 (FD1S3JX)
FLISIKX | 7-141| 27 38 PE NL | NL (FD1S3KX)
FLIS3LX |7-142| 23 | PE | SNL (Foisaly

FL1S3BX | 7
FL1S3CX | 7-134| 28 PL | PL

FL2S1D |7- | ms | (FD2S1A)
FL2S1E |7- (FD2s1A)

(FD2S1A)
(FD2S1A)

(FD2S1A)
S1

FS1S1A

MS = Master-Slave, NE = Negative Edge Triggered, NL = Negative Level,
PE = Positive Edge Triggered, PL = Positive Level,
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level

Sequential Cells
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Gate Delays Flip-Flop Information

If we turn to the FD1S2AX as an example, the following setup and propagation delay information
has been provided on page 7-53.

Delay Information - FD1S2AX

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

Dl [067ns 057ns|[CKT Qi 1.96ns/pF | 1.20ns | 0.47ns/pF | 0.82ns
DT |{167ns 086ns|{CKT QT 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns
CKT QNl | 892ns/pF | 1.34ns | 1.67ns/pF | 0.88ns
CKT QNT | 6.55ns/pF | 1.28ns | 1.36ns/pF | 0.88ns

VDD=5V, T=25°C, Nominal Process.

NOTE:

1) Both Q and QN were equally loaded when this delay information was calculated.

2) When calculating estimated delay values, remember to include estimated routing
capacitance. A value of 0.12pF per fanout is the autorout suggested for simulation.
See section 6 for a detailed description of how the delay information was calculated.

IMPORTANT NOTE:

3) The signal name CK refers to the common connection of CKA and CKB. The X
suffix in any cell name indicates that some input signals require more than one
connection to the cell. The Delay and Truth tables always refer to the common
connection of these inputs.

A similar delay table is provided for all 152 flip-flops, registers and latches described in this section.

The set-up times in the delay information tables are measured according to the following diagram:

CLOCK INPUT :
(Active Edge) 0%

T
~]

DATA \ /
INPUT fe—————————40%

7-8 —=ATsarl Sequential Cells



Gate Delays Flip-Flop Information

Similarly, the delays from CLOCK, asynchronous PRESET or asynchronous CLEAR to OUTPUT is
measured according to the following diagram:

PRESET, CLEAR
or CLOCK INPUT  40%

(Active Edge) \

Q QN
OUTPUT e 40%

As with the logic cells, both intrinsic and extrinsic delays are specified for the output propagation
delays. In graphical terms, they have the following meaning:

Slope = Extrinsic Delay
DELAY

Intercept = Intrinsic Delay

LOAD

In physical terms, the intrinsic delay represents the zero-load delay of the output stage. The extrinsic
delay is related to the cell’s output impedance, and is a measure of how the delay of the cell will vary
under different loading conditions.

ATer 79
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Gate Delays Flip-Flop Information

As with the logic cells, MOTIS3 was used to characterize the flip-flops and latches to prepare the
delay information tables in this catalog. The methodology used was very similar: two sets of
simulations for each flip-flop were performed - one with a fan-out of 3, and another with a fan-out
of 10. The two delay values were then used to obtain a line intercept (an intrinsic delay) and slope (an
extrinsic delay.) (See pages 6-4 to 6-9 for a more detailed description of the cell characterization
methodology.)

The circuit used for characterization is illustrated below:

INRB :
DATA {>o I } D Q l
il.\C|N : ’I\CLOAD
. ——PcK N -
FD1S2AX
INRB |
CLOCK : CELL BEING
CHARACTERIZED
e.g. FD1S2AX
T T e
IMPORTANT NOTE:
The signal name CK refers to the common connection of CKA and CKB. The X
suffix in any cell name indicates that some input signals require more than
one connection to the cell. The Delay and Truth tables always refer to the
common connection of these inputs.
7-10 == ATaT Sequential Cells
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Gate Delays Flip-Flop Information

Notice that both Q and QN were loaded with CLOAD during the characterization. This is a
conservative approach because in most flip-flops, Q and QN are directly related to one another. This
can be seen in the schematic of the FD1S2AX, below:

3

OQ

TG TG Q QN

2 CKB >——DO—4P— QN
Il

-

In this case, QN is an inverted version of Q. As the load on Q increases, the CK—QN delay will
increase even if there is no load on QN. Thus, characterization of the FD1S2AX with identical loading
on both Q and QN makes the CK—>QN delay increase much more quickly than if you were to increase
the load on either Q or QN alone.

If we return to the delay information table for the FD1S2AX it can be seen that the effect of loading
both Q and QN is reflected in both the intrinsic and extrinsic delay values for this cell.

The intrinsic and extrinsic delays for the area-optimized FD1S2AX can be used to write the
characteristic CK—>Q and CK—QN delay equations:

TCK QT = 1.15ns + (3.61ns/pF) times the total load in picofarads
Tek —Ql = 1.20ns + (1.96ns/pF) times the total load in picofarads
TCK —QNT = 1.28ns + (6.55ns/pF) times the total load in picofarads
Tek QN = 1.66ns + (8.92ns/pF) times the total load in picofarads

The intrinsic and extrinsic delays for the performance-optimized FD1S2AX can be used in a similar
set of equations.

The characteristic equations can be used to estimate the output delay of flip-flops, registers and
latches. An example of their use is detailed on Pages 6-4 to 6-9.

Sequential Cells
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Dynamic Shift Register DL2D1A

Master-Slave clocking, data select Truth Table
front end, inverting data with positive
level sample.
P! INPUTS OUTPUTS
Grids 20 T ist 0 OLD | NEW
rids 20, Transistors 3 DO DIN SP _MCK SCK SD| @ | a
:Dr:)p;::SP MCK,MCK S D § ; g i ¥ : ? ?
\ SP, ,MCKN,SCK,SCKN,S 0 X X 1 1 0 X 0
1 X X { T 0 X 1
Outputs X 1 1 4 T 1.] X 0
Q X 0 1 l T 1 X 1
X = Don't care
Capacitances
DO DiIN SP MCK MCKN SCK SCKN sD
Area | 0.034pF 0.034pF 0.066pF 0.018pF 0.018pF 0.018pF 0.018pF  0.070pF
Perf 0.145pF  0.145pF 0.291pF 0.036pF 0.051pF 0.036pF  0.051pF  0.295pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area  Perf. Input Output | Extrinsic | Intrinsic| Extrinsic | Intrinsic
Dol 1.24ns 081ns| SCKN! Q! |2.01ns/pF | 0.70ns | 0.52ns/pF | 0.69ns
Do T 1.91ns 1.14ns| SCKN! QT |3.66ns/pF | 0.32ns | 0.70ns/pF | 0.59ns

DIN! [2.29ns 1.43ns
DINT |2.05ns 1.29ns
sDl 1.29ns 0.81ns
sDT 1.91ns 1.14ns
SPl |229ns 1.43ns
SPT |2.86ns 1.76ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
DON
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Dynamic Shift Register DR2A1A

Master-Slave clocking. Truth Table
OQUTPUTS
INPUTS OLD | NEW

Grids 7, Transistors 8 MCK Sck 1 a Q

D
0 { T X 0
1
X

Inputs
D,MCK,MCKN,SCK,SCKN

{ T X 1
= Don't care

Outputs
Q

Capacitances

D MCK MCKN SCK SCKN

Area 0.026pF 0.018pF 0.018pF 0.018pF 0.018pF
Perf 0.048pF 0.036pF 0.051pF  0.036pF  0.051pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

Dl |0.10ns 0.19ns || SCKN | Ql | 1.96ns/pF | 0.43ns | 0.50ns/pF | 0.42ns
DT | 1.05ns 0.48ns | SCKN ! QT | 3.66ns/pF | 0.23ns | 0.68ns/pF | 0.37ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Dynamic Shift Reqgister DR2A1AH

Master-Slave clocking. Truth Table
INPUTS OUTPUTS
Grids 8, Transistors 1 OLD | NEW
nass Istors 10 D MCK SCK| @ | a
IR
D,MCK,MCKN,SCK,SCKN -
X = Don't care
Outputs
Q
Capacitances
D MCK MCKN SCK SCKN
Area 0.026pF 0.018pF 0.018pF 0.018pF  0.018pF
Perf 0.048pF  0.036pF  0.051pF  0.036pF  0.051pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input Output | Extrinsic | Intrinsic | Extrinsic |Intrinsic
Dl |0.10ns 0.19ns| SCKN ! Q! |0.98ns/pF | 0.65ns | 0.29ns/pF | 0.58ns
DT |1.05ns 0.48ns| SCKN ! QT | 1.83ns/pF | 0.21ns | 0.34ns/pF | 0.50ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Dynamic Shift Reqgister

Master-Slave clocking, positive
asynchronous preset.

DR2A1B

Truth Table

INPUTS OUTPUTS

Grid T istors 1 OoLD NEW
rids 13, lransistors 18 D MCK SCK PD|Q QN|Q OGN
lnsglt(sMCKN SCK,SCKN,P )é i( ); 3 i § (1’ ?
D,MCK, SCK,SCKN,PD 1L T X |x X |1 o
Outputs X = Don't care
Q,QN

Capacitances

D MCK MCKN SCK SCKN PD

Area | 0.034pF 0018pF 0.018pF 0.018pF 0.018pF  0.091pF
Perf | 0.145pF  0.036pF  0.051pF  0.036pF _ 0.051pF  0.333pF

Delay Information

SCKN! ONJd
SCKN. ONT

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic| Extrinsic [Intrinsic
Dl |143ns 086ns| PDT QT 6.51ns/pF | 1.63ns | 1.36ns/pF | 1.12ns
DT |1.14ns 062ns| PDT QN ! | 1.96ns/pF | 1.53ns | 0.47ns/pF | 1.06ns
SCKN! Q! |10.39ns/pF | 2.81ns | 1.98ns/pF | 1.44ns
SCKN! a7 6.51ns/pF | 0.87ns | 1.36ns/pF | 0.79ns

1.96ns/pF | 0.77ns | 0.47ns/pF | 0.73ns
5.13ns/pF | 2.60ns | 0.96ns/pF | 1.34ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

12

D— 11
{0
PD —9

MCK

Vss

VDD
' Q
SCKN !
l ON. Q
TG * > . QN
| “
sCK
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Dynamic Shift Register DR2A1D

Master-Slave clocking, positive Truth Table
asynchronous clear.
INPUTS OUTPUTS
Grids 13, Transistors 18 oLb NEW
108 13, Transistors D MCK SCK _CD|Q GN|Q GON
:SlagthMCK SCK,SCKN,CD ?)( i( ¥ ;( i ;(( g :
"MCK,MCKN,SCK.SCKN, 1 L 1T olx x|1 o
Outputs X = Don't care
Q,QN
Capacitances
- D MCK MCKN SCK SCKN CD
Area 0.034pF 0.018pF 0.018pF 0.018pF 0.018pF 0.056pF
Perf | 0.145pF 0.036pF  0.051pF 0.036pF  0.051pF  0.184pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! [09ins o062ns| CDT Ql | 892ns/pF | 4.06ns | 1.67ns/pF | 1.93ns
DT |1.34ns 08ins| cDT QN T | 3.66ns/pF | 3.85ns | 0.65ns/pF | 1.82ns

SCKN! Q! |8.92ns/pF| 0.57ns | 1.67ns/pF | 0.64ns
SCKN! QT | 6.73ns/pF | 1.29ns | 1.54ns/pF | 1.17ns
SCKN! QN ! | 218ns/pF | 1.19ns | 0.65ns/pF | 1.11ns
SCKN! QN T | 3.66ns/pF | 0.37ns | 0.65ns/pF | 0.53ns
VDD=5V, T=25°C, Nominal Process.

Motis Model

14

Q
QN [‘{>‘*Q
* {>¢- QN

Vss
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Dynamic Shift Register DR2A1E
Master-Slave clocking, negative Truth Table
asynchronous clear.
INPUTS OUTPUTS
Grids 13 T ist OLD NEW
rids 13, Transistors 18 D MCK SCK CDN|Q GN|Q GN
lnpgll(sMCKNSCKSCKN DN )(; i( ¥ )c: ; ; g :
D,MCK, ) , ,C 1 d T 1 X X 1 0
Outputs X = Don't care
Q,QN
Capacitances
D MCK MCKN SCK SCKN CDN
Area | 0.034pF 0018pF 0.018pF 0.018pF 0.018pF 0.091pF
Perf | 0.145pF 0.036pF  0.051pF  0.036pF  0.051pF  0.346pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic |Intrinsic
D! |091ns 062ns|| CDN{ al 8.92ns/pF | 1.48ns | 1.67ns/pF | 1.16ns
DT | 1.34ns 081ins| CDNI QN T | 3.66ns/pF | 1.28ns | 0.65ns/pF | 1.06ns
SCKN! Ql | 8.92ns/pF| 0.57ns | 1.67ns/pF | 0.64ns
SCKN! afT 6.73ns/pF | 1.29ns | 1.54ns/pF | 1.17ns
SCKN! QN | 2.18ns/pF | 1.19ns | 0.65ns/pF | 1.11ns
SCKNL QN T | 3.66ns/pF | 0.37ns | 0.65ns/pF | 0.53ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
VDD
i Q
MCKN ' SCKN
Q
B 2 l &
D— 1
:D— TG 16 ’ ! N
CDN —9 “
@ !
L—[>e MCK SCK |
!
vss
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Dynamic Shift Reqgister

DR2A1F

Master-Slave clocking, negative Truth Table
asynchronous clear, positive
asynchronous preset.
p INPUTS QUTPUTS
Grids 18, Transistors 26 OLD_| NEW
rids 18, Transistors 2 D MCK _SCK PD CDN|Q QGN|Q OGN
D,MCK,MCKN,SCK,SCKN,PD,CDN 0 0 T 0 X X X 0 1
1 { T X 1 X X |1 o
Outputs :
Q.ON X =Don't care
Capacitances
D MCK MCKN SCK SCKN PD CDN
Area 0.034pF 0.018pF 0.018pF 0.018pF 0.018pF 0.112pF = 0.103pF
Perf | 0.145pF  0.036pF  0.051pF  0.036pF  0.051pF  0.430pF  0.362pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic |Intrinsic
D! |[1.62ns 1.14ns|| CDN I Ql |892ns/pF | 1.72ns | 1.72ns/pF | 1.31ns
DT |1.48ns 09ins| CDN! QN T | 3.66ns/pF | 1.51ns | 0.70ns/pF | 1.21ns
PD T QT | 6.55ns/pF | 1.76ns | 1.38ns/pF | 1.15ns
PD T QN | | 2.01ns/pF | 1.65ns | 0.50ns/pF | 1.09ns
SCKN! Q! |8.92ns/pF | 0.67ns | 1.72ns/pF | 0.69ns
SCKN! Q7T | 6.55ns/pF| 0.90ns | 1.38ns/pF | 0.86ns
SCKN! QN | 2.01ns/pF | 0.79ns | 0.50ns/pF | 0.80ns
SCKN! QN T | 3.66ns/pF | 0.46ns | 0.70ns/pF | 0.59ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
V?DD
|
MCKN SCKN Q
r —
e 5 o e
CDN—4 1 G >4 {>c QN
PD— MCK : SCK
PDN
D {>° {
> =
vss
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Dynamic Shift Reqister » DR2A1G

Master-Slave clocking, negative Truth Table
asynchronous preset.
INPUTS OUTPUTS
Grids 13, T istors 18 oD NEW
rids 13, Transistors D MCK SCK PDN|Q GN|Q GN
InpgtSMC CK,SCKN,PD )é )J(' ¥ ? ;(( § (1) ?
D,MCK,MCKN,SCK,SCKN,PDN 1l 7 X |x x {1 o
Outputs X = Don't care
Q,QN
Capacitances
D MCK MCKN SCK SCKN PDN
Area 0.034pF 0.018pF 0.018pF 0.018pF 0.018pF 0.056pF
Perf 0.145pF 0.036pF 0.051pF 0.036pF 0.051pF 0.198pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic| Extrinsic |Intrinsic

Dl |143ns 086ns| PDNJ QT 6.51ns/pF | 1.06ns | 1.36ns/pF | 0.98ns
DT |114ns 062ns| PDN! QN | 1.96ns/pF | 0.96ns | 0.47ns/pF | 0.92ns
SCKN! Q! |10.39ns/pF | 2.81ns | 1.98ns/pF | 1.44ns
SCKN! a7 6.51ns/pF | 0.87ns | 1.36ns/pF | 0.79ns
SCKN{ aQN{ | 1.96ns/pF | 0.77ns | 0.47ns/pF | 0.73ns
SCKNJ QNT | 5.13ns/pF | 2.60ns | 0.96ns/pF | 1.34ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

PDN —4¢

Vss
Sequential Cells == ATsT 7-19



Dynamic Shift Register DR2A1I

Master-Slave clocking, positive Truth Table
synchronous clear.
INPUTS OUTPUTS

Grids 10, Transistors 1 OLD | NEW
rias 10, fransistors 14 D MCK SCK CD Q Q
Inputs ()')< i $ )1< § g
D,MCK,MCKN,SCK,SCKN,CD 1 l T 0 X 1
Outputs X = Don't care
Q

Capacitances

D MCK MCKN SCK SCKN CD

Area | 0.034pF 0.018pF 0.018pF 0.018pF 0.018pF  0.034pF

Perf 0.145pF 0.036pF 0.051pF 0.036pF 0.051pF  0.145pF

Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

cD! | 1.14ns 0.76ns | SCKN ! Ql | 1.96ns/pF | 0.43ns | 0.47ns/pF | 0.49ns
cDT | 1.05ns 0.57ns| SCKN ! Q7T | 3.66ns/pF | 0.23ns | 0.68ns/pF | 0.37ns
D! | 1.14ns 0.72ns
DT | 1.72ns 1.05ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
n
MCKN SCKN

TG Q

—
=
=

MCK SCK
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Dynamic Shift Register DR2A1J
Master-Slave clocking, positive Truth Table
synchronous preset.
INPUTS OUTPUTS
Grids 12, Transistors 12 OLD | NEW
rias 12, fransistors 1 D MCK SCK PD Q Q
AR
D,MCK,MCKN,SCK,SCKN,PD 1 1 1 X X 1
Outputs X = Don't care
Q
Capacitances
D MCK MCKN SCK SCKN PD
Area | 0.026pF 0.039pF 0.039pF 0.018pF 0.018pF  0.025pF
Perf 0.048pF  0.073pF 0.101pF  0.036pF 0.051pF  0.047pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic |Intrinsic
D! |[0.38ns 043ns| SCKN! Ql | 1.96ns/pF | 0.48ns | 0.47ns/pF | 0.49ns
DT 1.24ns 0.62ns ]| SCKN ! QT | 3.66ns/pF | 0.23ns | 0.68ns/pF | 0.37ns
PD ! | 0.38ns 0.43ns
PDT | 1.19ns 0.57ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
MCKN
p— TG =
SCKN
1 Q
MCK
MCKN ‘ u
SCK
)7}
PD_{ TG
MCK

Sequential Cells
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Dynamic Shift Reqgister DR2A1M

Master-Slave clocking, negative Truth Table
synchronous clear. :
INPUTS OUTPUTS
Grids 12, Transistors 12 OLD | NEW
1ds 12, Transis D MCK _SCK _CDN| Q@ | Q
AR
D,MCK,MCKN,SCK,SCKN,CDN 1 l T 1 X 1
Outputs X = Don't care
Q
Capacitances
D MCK MCKN SCK SCKN CDN
Area 0.026pF  0.039pF 0.039pF 0.018pF 0.018pF  0.025pF
Perf | 0.048pF 0.073pF 0.101pF  0.036pF  0.051pF  0.047pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area  Perf. Input Output | Extrinsic |Intrinsic| Extrinsic | Intrinsic
CDN! [0.33ns 038ns| SCKNL al |1.96ns/pF | 0.43ns | 0.47ns/pF | 0.49ns
CONT {129ns 0.67ns|| SCKN! QT |3.66ns/pF | 0.23ns | 0.68ns/pF | 0.37ns
Dl 0.33ns  0.38ns
DT 1.29ns  0.67ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
MCKN
<]
D—# TG SCKN
Q
MCK 11
TG Q
MCKN u
SCK
CDN 2
MCK
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Dynamic Shift Register DR2A1N
Master-Slave clocking, positive Truth Table
asynchronous clear, negative
asynchronous preset.
INPUTS OUTPUTS
Grids 18. T ist OoLD NEW
rids 18, Transistors 26 D MCK SCK PDN CD|Q OGN|Q ON
Inl\‘/)‘lgtsMCKN SCK,SCKN,PDN,CD i § § (1) i( ))2 i g) ?
D,MCK,MCKN,SCK,SCKN,PDN, o I T 1 x|x x|o 1
1 2 T X 0 X X 1 0
8"3\? uts X = Don't care
Capacitances
D MCK MCKN SCK SCKN PDN CD
Area | 0.035pF 0.018pF 0.018pF 0.018pF 0.018pF 0.080pF  0.058pF
Perf | 0.146pF  0.036pF  0.051pF  0.036pF  0.051pF  0.258pF  0.189pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input Output | Extrinsic | Intrinsic | Extrinsic |Intrinsic
Dl |167ns 1.19ns| CDT al 8.92ns/pF | 2.48ns | 1.72ns/pF | 1.65ns
DT {148ns 095ns| cDT QN T | 3.66ns/pF | 2.28ns | 0.70ns/pF | 1.54ns
PDN { QT 6.55ns/pF | 0.71ns | 1.38ns/pF | 0.82ns
PDN | QN | | 2.01ns/pF | 0.60ns | 0.50ns/pF | 0.75ns
SCKN.l @l | 892ns/pF | 0.67ns | 1.72ns/pF | 0.69ns
SCKN | Qt 6.55ns/pF | 0.90ns | 1.38ns/pF | 0.86ns
SCKN! QN | 2.01ns/pF | 0.79ns | 0.50ns/pF | 0.80ns
SCKN! QN T | 3.66ns/pF | 0.46ns | 0.70ns/pF | 0.59ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
VDD
o}
]
CDN !
CD—4 1
L2 MCKN SCKN _l& Q
D—j D 2 , &) )\ QN H>°‘ Q
PDN J|>o—1 I |>° TG -4 D" ¢ Rl
MCK 'F' SCK
1
4
1
1

Sequential Cells
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Dynamic Shift Register DR2B1A

Master-Slave clocking, positive level Truth Table
sample.
INPUTS OUTPUTS
Grids 12, Transistors 1 OLD | NEW
rias 12, fransistors 18 D SP MCK SCK Q Q
inputs TR
D,SP,MCK,MCKN,SCK,SCKN 0 1 l 1 X 0
11 { T X 1
Outputs X = Don't care
Q
Capacitances
D SP MCK MCKN SCK SCKN
Area | 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF
Perf 0.145pF  0.293pF 0.036pF  0.051pF  0.036pF  0.051pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

Dl [124ns o076ns| SCKNI Q! | 1.96ns/pF | 0.72ns | 0.52ns/pF | 0.69ns
DT |19ins 1.14ns| SCKN ! QT | 3.66ns/pF | 0.27ns | 0.70ns/pF | 0.54ns
sPl | 1.24ns 0.81ns
SPT | 1.91ns 1.14ns
VDD=5V, T=25°C, Nominal Process.

Motis Model

—{ >
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Dynamic Shift Register DR2B1l
Master-Slave clocking, positive level Truth Table
sample, positive synchronous clear.
INPUTS OUTPUTS

Grids 13 T ist OLD | NEW

rias 13, rransistors 20 D SP MCK SCK CD Q Q
?gg :ISCK MCKN,SCK,SCKN,CD ; 8 t $ z)( ? ?

il ! ' ’ ’ X X { T 1 X 0

o 1 { T X X 0
Outputs 11 { T o X 1
Q X = Don't care
Capacitances
D SP MCK MCKN SCK SCKN CD

Area | 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF  0.034pF

Perf | 0.145pF 0.293pF 0.036pF  0.051pF  0.036pF  0.051pF  0.145pF
Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance

Name | Area Perf. Input Output | Extrinsic | Intrinsic [ Extrinsic | Intrinsic

cDJ! | 1.81ns 1.05ns | SCKN ! Ql | 1.96ns/pF | 0.72ns | 0.52ns/pF | 0.69ns

CDT | 1.19ns 0.62ns|| SCKN ! Q7T | 3.66ns/pF | 0.27ns | 0.70ns/pF | 0.54ns

D! |1.29ns 0.76ns

DT |258ns 1.43ns

sPl | 1.91ns 1.10ns

SPT | 258ns  1.43ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

D

I3
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Dynamic Shift Register ‘ DR2B1J

Master-Slave clocking, positive level Truth Table
sample, positive synchronous preset. . .
: INPUTS OUTPUTS
Grid T ist OLD | NEW
rias 13, fransistors 20 D SP MCK SCK PD Q Q
AR R
D,SP,MCK,MCKN,SCK,SCKN,PD X X { T 1 X 1
0o 1 l T 0 X 0
Outputs 11 Lt x| x|
Q X = Don't care
Capacitances
D SP MCK MCKN SCK SCKN PD

Area | 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF  0.034pF
Perf | 0.145pF  0.293pF  0.036pF _ 0.051pF _ 0.036pF _ 0.051pF _ 0.145pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

Dl |1.62ns 095ns| SCKN ! Ql [ 1.96ns/pF | 0.72ns | 0.52ns/pF | 0.69ns
DT |[1.96ns 1.19ns|| SCKNI QT | 3.66ns/pF | 0.27ns | 0.70ns/pF | 0.54ns
PD | | 1.62ns 0.95ns
PD T | 1.86ns 1.10ns
SPl | 1.62ns 0.95ns
SPT | 1.96ns 1.19ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
PD

D
Sp

—{ >0
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Dynamic Shift Reqister DR2C1A

Master-Slave clocking, negative level Truth Table
sample.
INPUTS OUTPUTS
Grid T ist oLD | NEW
rias 12, lransistors 18 D SPN MCK SCK Q Q
Inputs R A N
D,SPN,MCK,MCKN,SCK,SCKN o 0 1 | x 0
10 { T X 1
Outputs X = Don't care
Q
Capacitances
D SPN MCK MCKN SCK SCKN

Area | 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF
Perf 0.145pF  0.293pF 0.036pF 0.051pF 0.036pF  0.051pF

Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance
Name Area Perf. Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
Dl 1.43ns 0.95ns| SCKN ! Ql | 1.96ns/pF | 0.72ns | 0.52ns/pF | 0.69ns
DT 1.81ns 1.14ns| SCKN ! QT |3.66ns/pF | 0.27ns | 0.70ns/pF | 0.54ns
SPN .l |1.43ns 0.95ns

SPNT |1.81ns 1.14ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

ATal 7-27

Sequential Cells

il



Dynamic Shift Register DR2C1l
Master-Slave clocking, negative level Truth Table
sample, positive synchronous clear.
INPUTS OUTPUTS
Grids 13, Transist OLD L NEW
rids 13, Transistors 20 D SPN MCK SCK CcD| Q | @
Insp::lsMCK MCKN,SCK,SCKN,CD ; : i $ )é ? (1)
D,SPN,MCK,MCKN,SCK,SCKN, x x 4 1T 1|l x| o
0 0 { ) X X 0
Outputs 10 L 1 ol x 1
Q X = Don't care
Capacitances
D SPN MCK MCKN SCK SCKN CD
Area 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF 0.034pF
Perf | 0.145pF 0.293pF  0.036pF  0.051pF  0.036pF  0.051pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area  Perf. Input Output | Extrinsic | Intrinsic| Extrinsic |Intrinsic
cpl |186ns 1.10ns|| SCKNI Q! | 1.96ns/pF | 0.72ns | 0.52ns/pF | 0.69ns
cDT [1.14ns 0.67ns| SCKN! QT |3.66ns/pF | 0.27ns | 0.70ns/pF | 0.59ns
D 1.48ns 1.00ns
DT 243ns 1.43ns
SPN! |1.86ns 1.10ns
SPNT |243ns 1.43ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

7-28
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Dynamic Shift Reqgister DR2D1A

Master-Slave clocking, inverting data Truth Table
with positive level sample.
INPUTS OUTPUTS
Grids 12 T ist OLD | NEW
rias 12, fransistors 18 DN SP MCK SCK Q Q
SRR
DN,SP,MCK,MCKN,SCK,SCKN 1 1 l T X 0
0o 1 { T X 1
Outputs X = Don't care
Q
Capacitances
DN SP MCK MCKN SCK SCKN
Area 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF
Perf 0.145pF  0.293pF 0.036pF 0.051pF 0.036pF  0.051pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

DNl | 1.24ns 0.86ns| SCKN ! Ql | 1.92ns/pF | 0.55ns | 0.47ns/pF | 0.54ns
DNT | 1.19ns 0.72ns || SCKN ! QT | 3.66ns/pF | 0.37ns | 0.68ns/pF | 0.47ns
SP ! | 1.43ns 1.00ns
SPT | 1.76ns 1.10ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Dynamic Shift Register DR2D1l

Master-Slave clocking, inverting data Truth Table
with positive level sample, positive
synchronous clear.
‘ INPUTS OUTPUTS

Grid T ist OLD | NEW

rias 13, fransistors 20 DN SP MCK SCK CD Q Q
InpmsMC MCKN,SCK,SCKN,CD i 8 t :F )é ? ?
DN,SP,MCK, N, ,SCKN, X X 1 ,Tr 1 X 0

1 1 1 X X 0
Outputs o 1 L 1 o] x | 1
Q X = Don't care
Capacitances
DN SP MCK MCKN SCK SCKN CD

Area | 0.034pF 0.068pF 0.018pF 0.018pF 0.018pF 0.018pF  0.034pF
Perf | 0.145pF  0.293pF  0.036pF _ 0.051pF _ 0.036pF _ 0.051pF _ 0.145pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

cDl | 1.86ns 1.10ns || SCKN ! Ql | 1.92ns/pF | 0.55ns | 0.47ns/pF | 0.54ns
CDT | 1.14ns 0.72ns || SCKN ! QT | 3.61ns/pF | 0.44ns | 0.68ns/pF | 0.42ns
DN ! | 1.86ns 1.10ns
DNT | 1.19ns 0.72ns
sPl | 1.86ns 1.10ns
SP T | 2.38ns 1.34ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
cD
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Dynamic Shift Reqister

Master-Slave clocking, inverting data
with negative level sample.

Grids 12, Transistors 18

Inputs
DN,SPN,MCK,MCKN,SCK,SCKN

Outputs
Q

Capacitances

DR2E1A

Truth Table
OUTPUTS
INPUTS oLb | NEW
DN SPN MCK SCK| Q Q
X 1 l T 0 0
X 1 l T 1 1
1 0 d T X 0
0 0 d T X 1

X = Don't care

DN SPN MCK

MCKN SCK SCKN

Area | 0.034pF 0.068pF 0.018pF
Perf | 0.145pF 0.293pF  0.036pF

0.018pF 0.018pF  0.018pF
0.051pF  0.036pF  0.051pF

Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance
Name Area  Perf. Input Output | Extrinsic |Intrinsic| Extrinsic |Intrinsic
DN { 1.24ns 0.81ns|| SCKN ! Ql | 1.92ns/pF | 0.55ns | 0.47ns/pF | 0.54ns
DNT |1.24ns 0.72ns| SCKN! QT | 3.66ns/pF | 0.37ns | 0.68ns/pF | 0.47ns
SPN ! [1.24ns 0.81ns

SPNT |1.86ns 1.14ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

Sequential Cells
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Dynamic Shift Register DR2E1l

Master-Slave clocking, inverting data Truth Table
with negative level sample, positive
synchronous clear.

Y INPUTS OUTPUTS
Grid T ist OLD | NEW
rids 13, fransistors 20 DN SPN MCK SCK CD Q Q
A N
DN,SPN,MCK,MCKN,SCK,SCKN,CD X X l 1 1 X 0

1 0 { T X X ]
Outputs 0 0 { T 0 X 1
Q X = Don't care
Capacitances
DN SPN MCK MCKN SCK SCKN CD

Area | 0.034pF 0.070pF 0.018pF 0.018pF 0.018pF 0.018pF  0.034pF
Perf | 0.145pF 0.295pF 0.036pF  0.051pF  0.036pF 0.051pF  0.145pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area  Perf. Input Qutput | Extrinsic | Intrinsic| Extrinsic | Intrinsic

cbl |181ns 1.05ns| SCKN! -~ Q! |1.92ns/pF | 0.55ns | 0.47ns/pF | 0.54ns
cDT |1.19ns 062ns| SCKN! QT |3.61ns/pF | 0.44ns | 0.68ns/pF | 0.42ns
DNl [191ns 1.14ns
DNT [1.34ns 0.72ns
SPN! |191ns 1.14ns
SPN T |253ns 1.43ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
CD

DN
SPN
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Static D-Type Flip-Flop FB1S2AX

Negative edge triggered, BIST select Truth Table
front end.
INPUTS OUTPUTS
Grids 23, Transistors 3 OLD | NEW
1ds 23, Transistors 36 DO DI B0 Bl CK|Q QGN|Q QN
g10pl;11t?30 B1,CKA,CKB )‘; ))2 8 2 i i ; g }
»D1,80,61,0KA, 1 x o 1t L |x x|1 o
o X o0 x o {[x x|o 1
utputs X 1 1 0o L|x x |1 o
Q,QN o 0o x x L |x x|o 1
0 1 1 x 4 Ix x| 0
1 0o X 1 I [ x x |1 0
Capacitances 11 1 1 Ljx xjo 1
X = Don't care
DO D1 BO B1 CKA CKB
Area | 0.062pF 0.061pF 0.061pF 0.062pF 0.097pF  0.064pF
Perf | 0.223pF 0.222pF 0.222pF 0.223pF  0.300pF  0.159pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. |l Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Bol | 29ins 186ns||CKT Qi 1.96ns/pF | 1.20ns | 0.47ns/pF | 0.82ns
BOT [320ms 19msfckT QT 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns
B1l | 286ns 1.86ns || CKT QNI | 892ns/pF | 1.34ns | 1.67ns/pF | 0.88ns
B1T |315ns 191ns||CKT QNT | 6.55ns/pF | 1.28ns | 1.36ns/pF | 0.88ns
Dol | 286ns 1.86ns
DOT | 3.15ns 1.91ns
D1l | 291ns 1.86ns
D1T [ 320ns 1.91ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Static D-Type Flip-Flop

FB1S3AX

Positive edge triggered, BIST select Truth Table
front end.
INPUTS OUTPUTS
Grid T ist OLD NEW
rids 23, Transistors 36 DO DI _BO BI CK|Q GN|Q ON
Inputs ﬁ § g g $ ; § g :
D0,D1,B0,B1,CKA,CKB 1 x o 1 1T1x x1l1 o
X 0 x o T |x x/|o 1
Outputs X 1 1 0o T |x x|1 o
QQN 0 0o X X T |x x|o 1
o 1 1 X T |[x x {1 o
i 0 X 1 T |[x x|t o
Capacitances 1 1 1 1 T X X|o f
X = Don't care
DO D1 BO B1 CKA CKB
Area | 0.062pF 0.061pF 0.061pF 0.062pF 0.097pF  0.063pF
Perf | 0.223pF 0.222pF 0.222pF 0.223pF  0.301pF  0.158pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. | Input Output | Extrinsic | Intrinsic [ Extrinsic | Intrinsic
Bol [296ns 186ns({CKT Qi 1.96ns/pF | 2.01ns | 0.50ns/pF | 1.09ns
BOT | 324ns 191ns{CKT Q7 3.61ns/pF | 1.96ns | 0.68ns/pF | 1.04ns
Btl | 291ns 1.86ns || CKT QNJ! | 8.92ns/pF | 2.15ns | 1.69ns/pF | 1.14ns
B1T | 320ns 191ns | CKT QNT | 6.55ns/pF [ 2.09ns | 1.38ns/pF | 1.15ns
Dol | 291ns 1.86ns
DOT | 3.20ns 1.91ns
D1l | 296ns 1.86ns
D1T | 3.24ns 1.91ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
3
3 °<}
Bo:::jfi)*—* 14y 4 q QN
DI 18 CKA 2 QN
11
18 1.1G ZTTLIG
16 Q

Sequential Cells



Static D-Type Flip-Flop FD1N2AX

Negative edge triggered, negative level Truth Table
sample.
INPUTS OQUTPUTS
Grids 19. T ist OLD NEW
rids 19, Transistors 26 D SPN CKla anla an
lngf':r:sCKA CKB i : i (1) ? (1) ?
D,SPN,CKA, o o L |x x/|o 1
1 0 I Ix x|1 o
Outputs :
Q.QN X = Don't care
Capacitances
D SPN CKA CKB
Area 0.026pF  0.070pF 0.076pF  0.037pF
Perf | 0.077pF 0.294pF 0.234pF  0.082pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output [ Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 129ns 1.05ns [CKT aQl 8.92ns/pF | 1.43ns | 1.67ns/pF | 0.92ns
DT 234ns 124ns [CKT QT 6.51ns/pF | 1.44ns | 1.36ns/pF | 0.93ns
SPN! | 1.81ns 134ns |[CKT QN | 1.96ns/pF | 1.20ns | 0.47ns/pF | 0.82ns
SPNT | 253ns 157ns [CKT QNT | 361ns/pF | 1.15ns | 0.65ns/pF | 0.77ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
DN 2 QN

B3
SPN ——4 3 It 1
I5

g

Sequential Cells
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Static D-Type Flip-Flop FD1N2JX
Negative edge triggered, negative level Truth Table
sample, positive synchronous preset.
INPUTS OUTPUTS
Grid T ist OoLD NEW
rias 21, Transistors 32 D SPN CK PD|la aoNn|aQ on
B ke S AT A
ST VRALARE, x x L 1 {x x |1 o
0 o0 L o |x x}o 1
Outputs 1 0 1 x|x x|1 o
QN X = Don't care
Capacitances
D SPN CKA CKB PD
Area 0.036pF 0.073pF 0.070pF 0.037pF  0.034pF
Perf 0.148pF 0.298pF 0.223pF 0.082pF 0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic [Intrinsic | Extrinsic | Intrinsic
Dl 272ns 1.76ns [ CKT Qi 1.96ns/pF | 1.29ns | 0.44ns/pF | 0.94ns
DT 229ns 1.53ns | CKT Q7T | 3.61ns/pF | 1.34ns | 0.65ns/pF | 0.87ns
PD ! 272ns 1.76ns | CKT QNJ{ | 892ns/pF | 1.62ns | 1.67ns/pF | 1.02ns
PDT 219ns 1.53ns [ CKT QNT | 6.51ns/pF | 1.44ns | 1.33ns/pF | 1.05ns
SPN!l | 272ns 1.76ns
SPNT | 3.29ns 2.10ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
SPN
2 Q
D LT L T — Q
It u
PD N
B\ /
TG
CKN . -
CKA {>,__ .
CKB
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Static D-Type Flip-Flop FD1N2MX
Negative edge triggered, negative level Truth Table
sample, negative synchronous clear.
INPUTS OUTPUTS
Grids 21, Transistors 32 OLD | NEW
rids 21, Transistors D SPN CK CDN|Q ON|Q QN
?gg:JSCKA CKB,CDN i : i )1( (1) (1) ? :)
’ ’ ' ’ X X i 0 X X 0 1
0 0 X X X 0 1
Outputs 1 0o L 1 |x x]1 o
Q.QN X = Don't care
Capacitances
D SPN CKA CKB CDN
Area | 0.036pF 0.070pF 0.070pF 0.037pF  0.034pF
Perf 0.148pF  0.295pF  0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
CDN! | 191ns 129ns | CKT Qi 1.96ns/pF | 1.29ns | 0.44ns/pF | 0.94ns
CDONT | 258ns 162ns ff CKT QT 3.61ns/pF | 1.34ns | 0.65ns/pF | 0.87ns
Dl 219ns 1.43ns | CKT QNJ! | 8.92ns/pF | 1.62ns | 1.67ns/pF | 1.02ns
DT 258ns 1.62ns | CKT QNT | 6.51ns/pF | 1.44ns | 1.33ns/pF | 1.05ns
SPNl | 243ns 1.72ns
SPNT | 277ns 1.76ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
15
sP
s DN 2 Q
SPND TG TG —— Q
CDN i B “ QN
CKN TG
s N
e [>o—
CKB
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FD1N3AX

Static D-Type Flip-Flop
Positive edge triggered, negative level Truth Table
sample.
INPUTS OUTPUTS
Grid T ist OLD NEW
rids 19, fransistors 26 D SPN CK|la aonla aN
Inputs § : $ ? 3) ? (1)
D,SPN,CKA,CKB 0 0 T X X 0 1
10 TIx x|1 o
Outputs :
QN X = Don't care
Capacitances
D SPN CKA CKB
Area | 0.026pF 0.070pF  0.076pF  0.037pF
Perf | 0.077pF 0.294pF 0.231pF  0.082pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 1.29ns 1.05ns [CKT Ql 8.87ns/pF | 2.31ns | 1.67ns/pF | 1.21ns
DT 238ns 124ns fCKT QT 6.46ns/pF | 2.32ns | 1.36ns/pF | 1.22ns
SPN! [ 1.81ins 1.34ns [CKT QN | 1.92ns/pF | 2.08ns | 0.47ns/pF | 1.11ns
SPNT | 253ns 157ns [CKT QNT [ 357ns/pF | 2.03ns | 0.65ns/pF | 1.06ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

SPN —4

e

—
=

I—@—
CKB
CKN
xa >
7-38
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Static D-Type Flip-Flop FD1N3JX
Positive edge triggered, negative level Truth Table
sample, positive synchronous preset.
INPUTS OUTPUTS
Grids 21 T ist OoLD NEW
rias 21, fransistors 32 D SPN CK PD|lQ aNl|la aN
:Dngll::lsCKA CKB,PD i : $ 2 ? (1) ? (1)
’ ’ ’ ’ X X T 11X X 1 0
0 o T o |x x|o 1
Outputs 1 0o T x|x xl1 o
Q.QN X = Don't care
Capacitances
D SPN CKA CKB PD
Area | 0.036pF 0.073pF 0.070pF 0.037pF  0.034pF
Perf | 0.148pF 0.298pF  0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. [l Input Output [ Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 272ns 1.76ns [CKT aQl 1.96ns/pF | 2.10ns | 0.47ns/pF | 1.20ns
DT 234ns 157ns |[CKT QT 3.61ns/pF | 2.15ns | 0.68ns/pF | 1.13ns
PD !l 272ns 1.76ns || CKT QN | 8.92ns/pF | 2.43ns | 1.69ns/pF | 1.29ns
PD T 224ns 157ns [CKT QNT | 6.51ns/pF | 2.25ns | 1.36ns/pF | 1.31ns
SPN! | 272ns 1.76ns
SPNT | 329ns 2.10ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
SPN
Q
b 1 IG —— Q
PD 1
CKA ™
TG
] ' o
CKB
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Static D-Type Flip-Flop FD1N3MX
Positive edge triggered, negative level Truth Table
sample, negative synchronous clear.
INPUTS OUTPUTS
Grid T ist OLD NEW
rias 21, fransistors 32 D SPN CK CDN|Q oGN]l Q aoN
oputs SRR LA
D,SPN,CKA,CKB,CD X X 1 0 X xlo 1
0o o T X |x x]o 1
Outputs 1 0o T 1 ]x x |1 o
Q.QN X = Don't care
Capacitances
D SPN CKA CKB CDN
Area | 0.036pF 0.070pF 0.070pF 0.037pF  0.034pF
Perf | 0.148pF 0.295pF 0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
CDN! | 196ns 129ns | CKT Qi 1.96ns/pF | 2.10ns | 0.44ns/pF | 1.22ns
CDNT |258ns 162ns | CKT QT 3.61ns/pF | 2.15ns | 0.65ns/pF | 1.15ns
Dl 224ns 1.43ns || CKT QN! | 8.92ns/pF | 2.43ns | 1.67ns/pF | 1.31ns
DT 258ns 162ns || CKT QNT | 6.51ns/pF | 2.25ns | 1.33ns/pF | 1.33ns
SPN. | 243ns 1.72ns
SPNT | 281ns 1.76ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
15
sP
s DN 2 Q
= TG TG —— Q
CKN
CDN B QN
CKA {>c 1t 14
TG TG
1 ¢ o
CKB
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Static D-Type Flip-Flop FD1P2AX

Negative edge triggered, positive level Truth Table
sample.
INPUTS OUTPUTS
Grids 19 T ist 2 oLD NEW
ridas 19, fransistors 26 D sSP CKla aoNn|Q oN
Inputs x o 1|7 o7 s
D,SP,CKA,CKB 0o 1 Llx x1lo 1
1 1 d X X 1 0
Outputs "
Q.QN X = Don't care
Capacitances
D SP CKA CKB
Area | 0.026pF 0.070pF 0.076pF  0.037pF
Perf 0.077pF  0.294pF  0.234pF  0.082pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic [ Intrinsic
Dl 134ns 105ns [ CKT Qi 8.92ns/pF | 1.43ns | 1.67ns/pF | 0.92ns
DT 234ns 1i9ns|CKT Qf 6.51ns/pF | 1.44ns | 1.36ns/pF | 0.93ns
SPl | 181ns 129ns|{ CKT QNJ! | 1.96ns/pF | 1.20ns | 0.47ns/pF | 0.82ns
SPT [ 267ns 157ns [CKT QNT | 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
")
D———— TG
SPN
SP——T—DO—-w i 3
CKA .
CKB
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Static D-Type Flip-Flop FD1P2JX
Negative edge triggered, positive level Truth Table
sample, positive synchronous preset.
INPUTS OUTPUTS
Grids 21, Transistors 32 oLb NEW
- Transistors D SP CK PD|Q QN |Q GN
Inputs X o Lox|v ool e
D,SP,CKA,CKB,PD X X 1 1 1x x1|1 o
o 1 4 0| x X |]o 1
Outputs 1 1 L x|x x]1 o
Q.GN X = Don't care
Capacitances
D SP CKA CKB PD
Area | 0.036pF 0.070pF 0.070pF 0.037pF  0.034pF
Perf | 0.148pF 0.295pF 0.223pF  0.082pF 0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From - To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 272ns 1.76ns [[CKT Qd 1.96ns/pF | 1.29ns | 0.44ns/pF | 0.94ns
DT 229ns 153ns ||CKT QT 3.61ns/pF | 1.34ns | 0.65ns/pF | 0.87ns
PD! [ 272ns 1.76ns || CKT QNJl | 8.92ns/pF | 1.62ns | 1.67ns/pF | 1.02ns
PDT [ 219ns 1.53ns |[CKT QNT | 6.51ns/pF | 1.44ns | 1.33ns/pF | 1.05ns
SPl | 272ns 1.76ns
SPT | 329ns 2.10ms
VDD=5V, T=25°C, Nominal Process.
Motis Model
15
SPN
s DN 2 Q
SP
D TG TG —— Q
PD B QN
1 “
CKN TG
QN
CKA l>c -~
CKB
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Static D-Type Flip-Flop FD1P2MX

Negative edge triggered, positive level Truth Table
sample, negative synchronous clear.
INPUTS OUTPUTS
Grids 21, Transistors 32 oLb NEW
’ D SP CK CDN[Q QGN | Q QN
Inputs RN P R
D,SP,CKA,CKB,CDN X X 1 0 X X |o 1
0 1 N X X X (0] 1
Outputs 11 1 1 x x|t o
Q.QN X = Don't care
Capacitances
D SP CKA CKB CDN
Area | 0.036pF 0.073pF 0.070pF 0.037pF  0.034pF
Perf 0.148pF  0.298pF 0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic [ Intrinsic | Extrinsic | Intrinsic
CDN! | 191ns 129ns | CKT al 1.96ns/pF | 1.29ns | 0.44ns/pF | 0.94ns
CDNT [258ns 162ns||[CKT QT 3.61ns/pF | 1.34ns | 0.65ns/pF | 0.87ns
Dl 219ns 1.43ns | CKT QN | 892ns/pF | 1.62ns | 1.67ns/pF | 1.02ns
DT 258ns 162ns || CKT QNT | 65ins/pF | 1.44ns | 1.33ns/pF | 1.05ns
spl 2.38ns  1.72ns
sPT 2.77ns _ 1.76ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
2 Q
4
TG —{ 16 {>¢ Q
I 3 n QN
CKN TG TG
> "
CKA
CKB
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Static D-Type Flip-Flop FD1P3AX
Positive edge triggered, positive level Truth Table
sample.
INPUTS OUTPUTS
Grid T ist OLD NEW
rias 19, fransistors 26 D SP CK|Q aN|aQ oN
= ! o 1 T | X X 0 1
1 1 T X X 1 0
Outputs ;
Q.QN X = Don't care
Capacitances
D SP CKA CKB
Area 0.026pF 0.070pF 0.076pF  0.037pF
Perf | 0.077pF  0.294pF 0.231pF  0.082pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 1.34ns 105ns [CKT Qi 8.87ns/pF | 2.31ns | 1.67ns/pF | 1.21ns
DT 238ns ti9ns[[CKT QT 6.46ns/pF | 2.32ns | 1.36ns/pF | 1.22ns
SPl | 18ins 129ns [ CKT QNJ! | 1.92ns/pF | 2.08ns | 0.47ns/pF | 1.11ns
SPT | 267ns 157ns | CKT QNT | 3.57ns/pF | 2.03ns | 0.65ns/pF | 1.06ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
DN 2
D—%x T T
sp—T-Doo B “ N
- Q
QN
CKN T X B
CKA {>c
CKB
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Static D-Type Flip-Flop FD1P3JX

Positive edge triggered, positive level Truth Table
sample, positive synchronous preset.
INPUTS OUTPUTS
Grids 21, Transistors 32 OLD | NEW
rids 21, Transistors D SP CK PD|Q QGN|Q QN
X o T oo 1 ]o0o 1
Inputs x o T x|t of1t o
D,SP,CKA,CKB,PD X X T 1 X X 1 0
0o 1 T o|Xx Xx|]o 1
Outputs 1 1T x|Ix x|1 o
Q.QN X = Don't care
Capacitances
D SP CKA CKB PD
Area 0.036pF - 0.070pF 0.070pF 0.037pF  0.034pF
Perf | 0.148pF  0.295pF  0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 272ns 1.76ns [ CKT Qi 1.96ns/pF | 2.10ns | 0.47ns/pF | 1.20ns
DT 234ns 157ns||CKT QT 3.61ns/pF | 2.15ns | 0.68ns/pF | 1.13ns
PD! | 272ns 1.76ns || CKT QN | 8.92ns/pF | 2.43ns | 1.69ns/pF | 1.29ns
PDT | 224ns 157ns || CKT QNT | 6.51ns/pF | 2.25ns | 1.36ns/pF | 1.31ns
SPl | 272ns 1.76ns
SPT | 329ns 2.10ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
15

SPN

DN 12 Q
sp 15
b TG TG — Q
CKN

"" S v

CKA I 14
TG
QN

CKB
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Static D-Type Flip-Flop FD1P3MX
Positive edge triggered, positive level Truth Table
sample, negative synchronous clear.
INPUTS OUTPUTS
Grids 21, Transistors 32 oLD HEW
’ D SP CK CDN|[Q QN[ Q QN
inputs TR
,SP,CKA,CKB,CDN X X T 0 X X 0 1
0o 1 T X | X x]o0o 1
Outputs 1 1T 1 {x xl1 o
Q.QN X = Don't care
Capacitances
D SP CKA CKB CDN
Area | 0.036pF 0.073pF 0.070pF 0.037pF  0.034pF
Perf | 0.148pF  0.298pF 0.223pF  0.082pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
CDN! | 196ns 129ns [ CKT al 1.96ns/pF | 2.10ns | 0.44ns/pF | 1.22ns
CDNT | 258ns 162ns || CKT QT 3.61ns/pF | 2.15ns | 0.65ns/pF | 1.15ns
Dl 224ns 1.43ns | CKT QNJ{ | 892ns/pF | 2.43ns | 1.67ns/pF | 1.31ns
DT 258ns 1.62ns | CKT QNT [ 6.51ns/pF | 2.25ns | 1.33ns/pF | 1.33ns
spPl 2.38ns 1.72ns
spT 2.81ns  1.76ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
2 Q
TG TG — Q
N
1l B 1
I * R
CKB
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Static D-Type Flip-Flop FD1S1A

Positive level sense. Truth Table
INPUTS OUTPUTS
Grids 9, Transistors 10 oLb NEW
’ D CK|[Q QGN[Q GN
Inputs X 0|0 1|0 1
D.CK X o1t o1 o
' 0 1 [X x |0 1
1 1 |[x x |1 o
Outputs :
Q.QN X = Don't care
Capacitances
D CK
Area | 0.026pF 0.071pF
Perf | 0.048pF 0.225pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
cK 7T Ql 9.05ns/pF 1.75ns 1.69ns/pF 0.95ns
cK T el 6.55ns/pF 2.04ns 1.38ns/pF 1.10ns
ck T oNl 1.96ns/pF 1.91ns 0.50ns/pF 0.99ns
cKT aN T 3.74ns/pF 1.52ns 0.70ns/pF 0.78ns
D! al 8.92ns/pF 0.72ns 1.67ns/pF 0.64ns
D! QN T 3.61ns/pF 0.49ns 0.68ns/pF 0.47ns
DT QT 6.55ns/pF 1.80ns 1.38ns/pF 0.91ns
D7 QN { 1.96ns/pF 1.67ns 0.50ns/pF 0.80ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Static D-Type Flip-Flop FD1S1B
Positive level sense, positive Truth Table
asynchronous preset.
INPUTS OUTPUTS
Grids 9, Transistors 12 oLb NEW
’ D CK PD|Q QN | Q OGN
Inputs X 0 0 0 1 0 1
D.CK PD X 0 X 1 0 1 0
Y X X 1 X X 1 0
0 1 0 X X 0 1
Outputs 1 1 X |x x |1 o
Q.QN X = Don't care
Capacitances
D CK PD
Area | 0.026pF 0.070pF 0.034pF
Perf | 0.048pF 0.224pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
ckT al 14.62ns/pF 1.67ns 2.68ns/pF 1.03ns
CKT Qft 6.64ns/pF 1.86ns 1.33ns/pF 1.10ns
CcKT anN | 2.18ns/pF 1.71ns 0.47ns/pF 1.01ns
cK T an T 7.00ns/pF 1.41ns 1.28ns/pF 0.80ns
Dl al 14.49ns/pF 0.68ns 2.66ns/pF 0.71ns
Dl QN T 6.87ns/pF 0.42ns 1.25ns/pF 0.49ns
DT Qt 6.64ns/pF 1.62ns 1.33ns/pF 0.91ns
DT anN | 2.18ns/pF 1.48ns 0.47ns/pF 0.82ns
PD T Qft 6.95ns/pF 1.62ns 1.38ns/pF 0.63ns
PDT QN | 2.50ns/pF 1.48ns 0.52ns/pF 0.54ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Static D-Type Flip-Flop FD1S1D

Positive level sense, positive Truth Table
asynchronous clear.
INPUTS OUTPUTS
Grids 10, Transistors 14 OLD | NEW
rias 10, fransistors D CK cbla anla oN
Inputs X 0 X 0 1 0 1
D.CK CD X 0 0 1 0 1 0
i X X 1 X X 0 1
0 1 X X X 0 1
Outputs 1 1 o |x x|1 o
Q.QN X = Don't care
Capacitances
D CK CD
Area | 0.034pF  0.075pF  0.034pF
Perf | 0.145pF  0.230pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
coT Ql 2.50ns/pF 1.48ns 0.52ns/pF 0.54ns
cot QN T 6.95ns/pF 1.62ns 1.38ns/pF 0.63ns
CKT al 2.18ns/pF 1.71ns 0.47ns/pF 1.01ns
CcKT Qt 7.00ns/pF 1.41ns 1.28ns/pF 0.80ns
cKT QN 14.62ns/pF 1.67ns 2.68ns/pF 1.03ns
cKk?T QN T 6.64ns/pF 1.86ns 1.33ns/pF 1.10ns
Dl al 2.18ns/pF 1.09ns 0.47ns/pF 0.87ns
Dl aN T 6.64ns/pF 1.24ns 1.33ns/pF 0.95ns
DT Qft 6.87ns/pF 1.33ns 1.25ns/pF 0.87ns
DT QN | 14.49ns/pF 1.59ns 2.66ns/pF 1.10ns
VDD=5V, T=25°C, Nominal Process. :
Motis Model
Q
cD QN
r—{>o—<»— QN
CK
D
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Static D-Type Flip-Flop FD1S1E
Positive level sense, negative Truth Table
asynchronous clear.
INPUTS OUTPUTS
Grids g, Transistors 12 OLD | NEW
rids 9, Transistors D CK CDN|Q OGN|Q ON
Inputs X 0 X 1o 1 ]0 1
D.CK CON X 0 1 1 0|1 o
i X X 0 X x]o0 1
o 1 X | X x]o 1
Outputs 1 1 1 |x x |1 o
Q.QN X = Don't care
Capacitances
D CK CDN
Area | 0.026pF 0.070pF  0.034pF
Perf | 0.048pF 0.224pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
CDN ! Ql 8.96ns/pF 0.74ns 1.67ns/pF 0.45ns
CDN | QN T 3.74ns/pF 0.57ns 0.68ns/pF 0.32ns
CKT Ql 9.01ns/pF 1.63ns 1.64ns/pF 0.99ns
CcKT at 8.87ns/pF 2.17ns 1.98ns/pF 1.06ns
CKT QN 3.61ns/pF 2.06ns 0.94ns/pF 0.93ns
CKT QN T 3.79ns/pF 1.45ns 0.65ns/pF 0.87ns
D!l Ql 8.87ns/pF 0.64ns 1.64ns/pF 0.61ns
D!l QN T 3.66ns/pF 0.46ns 0.65ns/pF 0.49ns
DT QT 8.87ns/pF 1.93ns 1.98ns/pF 0.87ns
DT QN 3.61ns/pF 1.82ns 0.94ns/pF 0.74ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
Q
Q
QN
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Static D-Type Flip-Flop FD1S1F
Positive level sense, negative Truth Table
asynchronous clear, positive
asynchronous preset.
INPUTS OUTPUTS
Grid T istors 14 OLD NEW
rids 11, lransistors D CK PD CDN|Q GN|Q ON
Inputs X o x 1|1 o1 o
D,CK,PD,CDN X X X 0 X X |0 1
X X A1 1 X X |1 o0
Outputs 0o 1 0 X X X |0 1
Q.QN 1 1 X 1 |x x]1 o
Capacitances X = Don't care
D CK PD CDN
Area | 0.026pF 0.070pF 0.034pF  0.034pF
Perf | 0.048pF 0.224pF 0.145pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
CDN ! Ql 11.28ns/pF 0.77ns 2.14ns/pF 0.36ns
CDN | QN T 4.01ns/pF 0.44ns 0.76ns/pF 0.21ns
cKT Ql 14.40ns/pF 1.82ns 2.68ns/pF 1.03ns
CcKT Qt 8.87ns/pF 2.22ns 1.90ns/pF 1.26ns
CKT anN 3.74ns/pF 2.09ns 0.89ns/pF 1.16ns
CKT QN T 7.13ns/pF 1.49ns 1.30ns/pF 0.88ns
Dl Ql 14.27ns/pF 0.83ns 2.68ns/pF 0.65ns
Dl QN T 7.00ns/pF 0.50ns 1.30ns/pF 0.50ns
DT Qf 8.87ns/pF 1.98ns 1.90ns/pF 1.07ns
DT anN | 3.74ns/pF 1.85ns 0.89ns/pF 0.97ns
PD T QT 9.27ns/pF 1.70ns 1.93ns/pF 0.72ns
PD T QN | 4.15ns/pF 1.57ns 0.91ns/pF 0.61ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
PD
QN
l QN
D TG ——— QN
CKN Il
& ——o—{>o—o
11 T6 Q
CDN
- Q
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Static D-Type Flip-Flop FD1S1G
Positive level sense, negative Truth Table
asynchronous preset.
INPUTS OUTPUTS
Grid T ist OLD NEW
rids 10, fransistors 14 D CK PDN|Q OGN|lQ OoN
S L E
D,CK,PDN
i X X 0 X X 1 0
0 1 1 X X 0 1
Outputs 1 1 X [ X X |1 o
Q.0N X = Don't care
Capacitances
D CK PDN
Area | 0.034pF 0.075pF 0.034pF
Perf | 0.145pF 0.230pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
CcKT Ql 3.61ns/pF 2.06ns 0.94ns/pF 0.93ns
cKT el 3.79ns/pF 1.45ns 0.65ns/pF 0.87ns
CcKT anN | 9.01ns/pF 1.63ns 1.64ns/pF 0.99ns
cKT QN T 8.87ns/pF 2.17ns 1.98ns/pF 1.06ns
Dl Ql 3.61ns/pF 1.44ns 0.96ns/pF 0.72ns
Dl QN T 8.87ns/pF 1.55ns 2.01ns/pF 0.85ns
DT Ql 3.66ns/pF 1.37ns 0.65ns/pF 0.87ns
Dt aN 8.87ns/pF 1.55ns 1.64ns/pF 0.99ns
PDN | a?t 3.74ns/pF 0.57ns 0.68ns/pF 0.32ns
PDN | QN | 8.96ns/pF 0.74ns 1.67ns/pF 0.45ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

PDN

=
5
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Static D-Type Flip-Flop FD1S2AX

Negative edge triggered. Truth Table
INPUTS OUTPUTS

Grids 13 T ist 1 OLD NEW
rias 13, fransistors 18 D CKla aonla on
Inputs Torlx x[% s
D.CKA,CKB X = Don't care
Outputs
Q,QN

Capacitances

D CKA CKB

Area 0.026pF 0.070pF  0.037pF

Perf 0.048pF  0.223pF  0.082pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! [067ns 057nsfCKT al 1.96ns/pF | 1.20ns | 0.47ns/pF | 0.82ns
DT [167ns o086ns{([CKT QT 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns

CKT QNJ! | 892ns/pF | 1.34ns | 1.67ns/pF | 0.88ns

CKT QNT | 6.55ns/pF | 1.28ns | 1.36ns/pF | 0.88ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
3@
14
TG TG Q N
2 CKB ’_>07L QN
1l
D TG TG
B L~
Q

CKN
CKA >
CKB -
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Static D-Type Flip-Flop FD1S2BX
Negative edge triggered, positive Truth Table
asynchronous preset.
INPUTS OUTPUTS
Grids 16, Transistors 22 e NEW
’ D CK PD|Q QN[ Q ON
nputs Xl
/CKA,CKB,PD 1l x|Ix x |1 o
Outputs X = Don't care
Q,0GN
Capacitances
D CKA CKB PD
Area | 0.026pF 0.070pF 0.036pF 0.073pF
Perf 0.048pF  0.224pF 0.081pF  0.298pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! |105ns O076ns|[CKT aQl 2.14ns/pF | 1.11ns | 0.47ns/pF | 0.87ns
DT |167ns 09Ins||CKT Q7 3.88ns/pF | 0.98ns | 0.68ns/pF | 0.80ns
CKT QNJl | 923ns/pF | 1.24ns | 1.72ns/pF | 0.93ns
CKT QNT | 936ns/pF | 1.42ns | 1.85ns/pF | 1.02ns
PpDT QT 6.55ns/pF | 1.66ns | 1.20ns/pF | 0.91ns
PDT QNJ! | 290ns/pF | 1.20ns | 0.57ns/pF | 0.41ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
B3
| ::i Q
1l
CKA —¢ CKN QN
2
D— D‘ TG QN
CKB
PD
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Static D-Type Flip-Flop FD1S2CX

Negative edge triggered, positive Truth Table
asynchronous clear, positive
asynchronous preset.
INPUTS OUTPUTS

Grids 21, Transistors 28 OLD 1 NEW
rids 21, fransistors D CK PD CD|Q GN|[Q GN
:;'g::\sCKB PDA,PDB,CD i ))E )1( (1) § ;(( ? (1)
RIS o I o X|[x x]o 1

1 d X 0 X X 1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB PDA PDB CD

Area | 0.026pF 0.070pF 0.035pF 0.034pF  0.034pF  0.034pF
Perf | 0.048pF 0.224pF  0.080pF  0.145pF  0.145pF  0.145pF

Delay Information

Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

D! [1.10ns 086ns || cDT Qi 9.09ns/pF | 2.69ns | 1.67ns/pF | 1.45ns
DT [191ns 100ns|j COT QN T | 3.88ns/pF | 1.27ns | 0.78ns/pF [ 0.53ns
ckKT al 1.96ns/pF | 1.39ns | 0.44ns/pF | 0.89ns
ckT aQf 3.66ns/pF | 1.32ns | 0.65ns/pF | 0.82ns
CKT QN ! [ 10.70ns/pF | 1.71ns | 2.06ns/pF | 1.04ns
CKT QNT | 9.27ns/pF | 1.89ns | 1.82ns/pF | 1.13ns
pDT QT 8.11ns/pF | 1.94ns | 1.51ns/pF | 1.14ns
PDT QNJ! | 4.50ns/pF | 1.27ns | 0.83ns/pF [ 0.68ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
PDB
PDA"

D ————
CKA
CKN

ON
QN

QN

3

ey
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Static D-Type Flip-Flop

FD1S2DX

Negative edge triggered, positive Truth Table
asynchronous clear.
INPUTS OUTPUTS
Grid T ist OoLD NEW
rias 17, Transistors 24 D CK cOh|Q aN|a on
inputs BRI
,CKA,CKB,CD 1 1 0 | X X |1 0
Outputs X = Don't care
Q,QN
Capacitances
D CKA CKB CD
Area | 0.034pF 0.075pF 0.036pF  0.073pF
Perf | 0.145pF 0.230pF 0.081pF  0.298pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! | 129ns 095ns|| cDT Qi 2.90ns/pF | 1.20ns | 0.57ns/pF | 0.41ns
DT [196ns 1.14ns|| CDT QN T | 6.55ns/pF | 1.66ns | 1.20ns/pF | 0.91ns
ckT al 9.23ns/pF | 1.24ns | 1.72ns/pF | 0.93ns
ckT a7 9.36ns/pF | 1.42ns | 1.85ns/pF | 1.02ns
CKT QN ! | 2.14ns/pF | 1.11ns | 0.47ns/pF | 0.87ns
CcKT QN T | 3.88ns/pF | 0.98ns | 0.68ns/pF | 0.80ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
B
:l Q
- Q
CKA - QN
DN
R
A E g N

CKB
CD
756 == ATeT
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Static D-Type Flip-Flop FD1S2EX

Negative edge triggered, negative Truth Table
asynchronous clear.
INPUTS OUTPUTS

Grids 16, T ist 22 OLD NEW
rids 16, Transistors D CK _CON|Q QN|Q GN
gIglt(j;:sCKB CDN z)( )i ?( ))2 § g :
’ ’ ’ 1 d 1 X X 1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB CDN
Area | 0.026pF 0.070pF 0.035pF 0.071pF
Perf | 0.048pF 0.224pF 0.080pF  0.296pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Pert. Input  Output [ Extrinsic | Intrinsic| Extrinsic | Intrinsic

D! |072ns 0.62ns| CON! Qi 7.00ns/pF | 1.60ns | 1.43ns/pF | 0.78ns
DT |186ns 1.00ns|f CONJ! QNT | 3.70ns/pF | 0.59ns | 0.78ns/pF | 0.10ns
CKT al 1.87ns/pF | 1.24ns | 0.47ns/pF | 0.82ns
CKT at 3.61ns/pF | 1.11ns | 0.65ns/pF | 0.77ns
CK7T QN | 10.39ns/pF | 1.38ns | 2.01ns/pF | 0.94ns
CKT QNT | 6.51ns/pF | 1.39ns | 1.38ns/pF | 0.91ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
3

—<
m—%

n
Q
QN
L >, .
CKB j
CDN
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Static D-Type Flip-Flop FD1S2FX
Negative edge triggered, negative Truth Table
asynchronous clear, positive
asynchronous preset.
P INPUTS OUTPUTS
Grids 19, Transistors 26 OLD | NEW
rds 19, Transistors D CK PD CDN|Q GN|Q OGN
:anmsKBPDAP B,CD ;(( § i( ? § )): ? ;
,CKA,CKB,PDA,PDB,CDN o L o x |[x xX|o 1
1 1 X 1 X X |1 o
Outputs .
QN X = Don't care
Capacitances
D CKA CKB PDA PDB CDN
Area | 0.026pF 0.070pF 0.035pF 0.034pF  0.034pF  0.071pF
Perf | 0.048pF 0.224pF 0.080pF 0.145pF 0.145pF  0.296pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic| Extrinsic | Intrinsic
D! |[1.14ns o086ns| CON! Ql 8.92ns/pF | 2.00ns | 1.59ns/pF | 1.18ns
DT |191ns 1.00ns|| CONl QNT | 366ns/pF | 0.61ns | 0.68ns/pF | 0.28ns
cKT Ql 2.01ns/pF | 1.37ns | 0.44ns/pF | 0.89ns
ck?T Qnl 3.66ns/pF | 1.32ns | 0.65ns/pF | 0.82ns
cKk7T QN | | 10.65ns/pF | 1.73ns | 2.03ns/pF | 1.11ns
CcKT QN T 9.32ns/pF | 1.87ns | 1.82ns/pF | 1.18ns
PD T o)) 8.07ns/pF | 1.96ns | 1.90ns/pF | 0.88ns
PD T QN{ | 4.46ns/pF | 1.29ns | 1.23ns/pF | 0.42ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
13
o<} 0
I
a  H 16 >— , | TG {>c o Q
QN
CKA—-——DC u — on
12
gt et NI
PDA
CKB
CDN
PDB
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Static D-Type Flip-Flop FD1S2GX

Negative edge triggered, negative Truth Table
asynchronous preset.
INPUTS QUTPUTS

Grids 17, Transistors 24 oLb NEW

’ D CK PDN|Q QN [Q QN
g‘g:/t\sCKBPDN )é j'( ? ))2 i 2) ?
’ ’ ’ 1 { X X X |1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB PDN

Area | 0.034pF 0.076pF 0.035pF 0.071pF
Perf 0.145pF  0.234pF  0.080pF  0.296pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

D! |[148ns 1.05ns| CKT Ql | 10.39ns/pF | 1.38ns | 2.01ns/pF | 0.94ns
DT |1.62ns 1.05ns|| CKT QT 6.51ns/pF | 1.39ns | 1.38ns/pF | 0.91ns
CcK?T QN | 1.87ns/pF | 1.24ns | 0.47ns/pF | 0.82ns
cKT anN T 3.61ns/pF | 1.11ns | 0.65ns/pF | 0.77ns
PON! QT 3.70ns/pF | 0.59ns | 0.78ns/pF | 0.10ns
PON! QNJ! | 7.00ns/pF | 1.60ns | 1.43ns/pF | 0.78ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
3

CKN _EAD_ I LTG I Q
CKA —9
‘ : DN M N
)
D— [j:}_ TG . oN
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Static D-Type Flip-Flop : FD1S2IX

Negative edge triggered, positive Truth Table
synchronous clear.
INPUTS OUTPUTS

Grids 18, Transistors 24 oLD NEW

’ D CK CD|Q QGN|Q QN
Inputs s U ox|x x|a i
D,CKA,CKB,CD 1 N 0 | x X |1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB CD

Area | 0.034pF 0.070pF 0.036pF  0.034pF
Perf 0.145pF  0.223pF  0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
cDl [19tns ti9ns |[CKT Qi 8.92ns/pF | 1.34ns | 1.67ns/pF | 0.88ns
CDT [205ns 124ns |[CKT Q7T 6.55ns/pF | 1.28ns | 1.33ns/pF | 0.91ns
Dl 148ns 091ns || CKT QNJ| | 1.96ns/pF | 1.20ns | 0.44ns/pF | 0.84ns
DT 1.96ns 1.10ns | CKT QNT | 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns
VDD=5V, T=25°C, Nominal Process.

Motis Model

D
2 QN

CDN DN
o> —| TG >—a>—l>-> | TG >—l>o—<>————— QN
CKN B “
n
CKA {>< Q
> >
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Static D-Type Flip-Flop FD1S2JX

Negative edge triggered, positive Truth Table
synchronous preset.
INPUTS OUTPUTS

Grids 16 T ist OLD NEW
rias 16, fransistors 22 D CK PD|lQ aNnla oN
Inputs > 1 olx x|o 3
D,CKA,CKB,PD 1 l X | X X 1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB PD
Area | 0.034pF 0.073pF 0.036pF 0.034pF
Perf 0.145pF  0.226pF 0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! 191ns 1.19ns || CKT Qi 8.92ns/pF | 1.38ns | 1.67ns/pF | 0.88ns
DT 1.72ns 100ns|fCKT QT 6.55ns/pF | 1.33ns | 1.33ns/pF | 0.91ns
POl | 191ns 1.19ns || CKT QNJ! | 1.96ns/pF | 1.24ns | 0.44ns/pF | 0.84ns
PDT | 172ns 1.00ns | CKT QNT | 3.61ns/pF | 1.20ns | 0.65ns/pF | 0.77ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
xa Do . . o
DN CKN I 4
[ o
PD:D LTG LTG 4 {>c S
3 ; ;Q
TG l— TG
Q
CKB
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Static D-Type Flip-Flop FD1S2KX
Negative edge triggered, negative Truth Table
asynchronous clear, negative
asynchronous preset.
INPUTS OUTPUTS
Grids 22, Transistors 30 OLD | NEW
» Iransistors D CK PDN CDN|Q GN|Q GON
'Dngl::sCKB PDNA,PDNB,CDN i ;(( ())( ? ))2 § ? (1)
’ ’ ’ ’ ’ 0 d 1 X X X 0 1
1 d X 1 X X 1 0
Outputs X = Don't care
Q,QN a
Capacitances
D CKA CKB PDNA PDNB CDN
Area | 0.034pF 0.070pF 0.036pF 0.034pF  0.034pF  0.034pF
Perf | 0.145pF 0.224pF  0.081pF  0.145pF  0.145pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output| Extrinsic | Intrinsic| Extrinsic | Intrinsic
D! |153ns 1.05ns| CONJ Ql 2.10ns/pF | 1.04ns | 0.16ns/pF | 1.50ns
DT |210ns 1.24nsfl CON! QNT | 571ns/pF | 1.72ns | 0.83ns/pF | 1.96ns
CKT al 10.74ns/pF | 1.45ns | 2.03ns/pF | 1.07ns
CKT QT 9.45ns/pF | 1.66ns | 1.85ns/pF | 1.11ns
CKT QN! | 2.14ns/pF | 1.11ns | 0.44ns/pF | 0.89ns
CKT QNT | 3.83ns/pF | 1.05ns | 0.65ns/pF | 0.82ns
PON! Q7 6.55ns/pF | 0.90ns | 1.25ns/pF | 0.35ns
PDN.! QNJ! | 11.95ns/pF | 2.37ns | 2.19ns/pF | 1.23ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
PDNB
PDNA
‘ 2
7]
QN
QN
Q
|>CKN Q
3
L TG
CDN. {>¢
CD
CKB
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Static D-Type Flip-Flop FD1S2LX

Negative edge triggered, negative Truth Table
synchronous preset.
INPUTS OUTPUTS
Grids 18. T ist 4 OLD NEW
rias 18, fransistors 2 D CK PON|laQ aonla aN
g‘gl':}\sCKB PDN )é i ? i ; (1) ?
PVALRE, 11 X |[x x|t o
Outputs X = Don't care
Q,QN
Capacitances
D CKA CKB PDN
Area | 0.034pF 0.070pF 0.036pF  0.034pF
Perf 0.145pF 0.223pF 0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! 200ns t1i9ns|lckT al 8.92ns/pF | 1.34ns | 1.67ns/pF | 0.88ns
DT 1.76ns 1.00ns || CKT QT 6.55ns/pF | 1.28ns | 1.33ns/pF | 0.91ns
PDNJ |[1.76ns 1.14ns|| CKT QN | 1.96ns/pF | 1.20ns | 0.44ns/pF | 0.84ns
PDNT [258ns 148ns| CKT QN T | 3.61ns/pF | 1.15ns | 0.65ns/pF | 0.77ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
CKA °
PD DN CKN 2 N
PDN: Il
{16 {16 > ——
3
Q
I— TG

1 L

CKB
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Static D-Type Flip-Flop FD1S2MX
Negative edge triggered, negative Truth Table
synchronous clear.
INPUTS OUTPUTS
Grids 15 T ist OoLD NEW
rids 15, Transistors 22 D CK CDN|Q aN|Q N
inputs. I
,CKA,CKB,CDN 1 d 1 X X |1 0
Outputs X = Don't care
Q,QN
Capacitances
D CKA CKB CDN
Area 0.034pF  0.073pF 0.036pF  0.034pF
Perf | 0.145pF 0.226pF  0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area  Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
CDN! [143ns 091ns | CKT Qd |9.01ns/pF | 1.20ns | 1.67ns/pF | 0.88ns
CONT |[1.86ns 1.10ns | CKT QT |6.55ns/pF | 1.23ns | 1.33ns/pF | 0.91ns
Dl 1.43ns 091ns | CKT QNJ! | 1.96ns/pF | 1.15ns | 0.44ns/pF | 0.84ns
DT 1.86ns  1.10ns | CKT QN T | 3.70ns/pF | 1.02ns | 0.65ns/pF | 0.77ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
R
DN
CDN i
1 ;“; 1 Q
il
oN e
CKN
CKA —P—D‘:
CKB
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Static D-Type Flip-Flop

Negative edge triggered, positive
asynchronous clear, negative

FD1S2NX

Truth Table

asynchronous preset.

p INPUTS OUTPUTS
Grids 20, Transistors 2 OLD | NEW
rids 20, Transistors 28 D CK PDN _CD|Q QN |Q GN
::)ngll(J;\sCKB PDNA,PDNB,CD ; ; )(; (1) ; i ? (1)
AIRAVRE ' ' o | 1 X |x x[o 1

14 X 0O | X X |1 o
Outputs X = Don't care
Q,QN B
Capacitances
D CKA CKB PDNA PDNB CD
Area 0.034pF 0.072pF 0.036pF 0.034pF 0.034pF 0.071pF
Perf | 0.145pF 0.225pF 0.081pF 0.145pF  0.145pF  0.295pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
D! |153ns 1.05ns|| CDT Ql 2.32ns/pF | 1.56ns | 0.26ns/pF | 1.08ns
DT |215ns 1.24ns|| CD T QN T | 5.93ns/pF | 2.23ns | 0.94ns/pF | 1.55ns
CKT Ql 10.57ns/pF | 1.72ns | 2.06ns/pF | 1.04ns
CKT o) 9.36ns/pF | 1.85ns | 1.90ns/pF | 1.07ns
CKT aNd 2.01ns/pF | 1.37ns | 0.50ns/pF | 0.80ns
ckT QN T | 3.66ns/pF | 1.32ns | 0.70ns/pF | 0.73ns
PON!L QT 6.60ns/pF | 0.83ns | 1.25ns/pF | 0.39ns
PDN | QN | | 12.04ns/pF | 2.29ns | 2.19ns/pF | 1.32ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
B
s Lz G
4
CKA > QN
2 QN
DN ‘|:|f§>—‘ 2
TG Q
D ~Q
PDNA
CKB
cD
PDNB
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Static D-Type Flip-Flop

FD1S20X

Negative edge triggered, positive Truth Table
synchronous clear, positive synchronous
reset.
P! INPUTS OUTPUTS
Grid T ist o OoLD NEW
rias 19, fransistors 26 D CK PD CD|Q GN|Q aN
IR
D,CKA,CKB,PD,CD o . 0 x|x x |o 1
1 1 x ofx x |1 o
Outputs :
Q.ON X = Don't care
Capacitances
D CKA CKB PD CcD
Area | 0.061pF 0.097pF 0.063pF 0.061pF 0.061pF
Perf 0.222pF 0.300pF 0.158pF 0.222pF 0.222pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
cbl | 191ns 124ns [CKT Qi 8.92ns/pF | 1.34ns | 1.67ns/pF | 0.88ns
CDT | 248ns 143ns|CKT Q7 6.55ns/pF | 1.28ns | 1.33ns/pF | 0.91ns
DI 2.05ns 1.19ns | CKT QNJ{ | 1.96ns/pF | 1.20ns | 0.44ns/pF | 0.84ns
DT 200ns 1.14ns [[CKT QNT | 3.6ins/pF | 1.15ns | 0.65ns/pF | 0.77ns
PD ! | 2.05ns 1.19ns
PD T | 200ns 1.14ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
o<13}
DN
D
- DN 2
= 1
2
CDN CKN
CKA {>¢
CKB
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Static D-Type Flip-Flop FD1S3AX

Positive edge triggered. Truth Table
INPUTS OUTPUTS
Grids 13, Transistors 18 oLb NEW
’ D CK|Q QN[ Q QN
inputs IR
D.CKACKB X = Don't care
Outputs
Q,QN
Capacitances
D CKA CKB
Area 0.026pF 0.070pF  0.036pF
Perf | 0.048pF  0.223pF  0.081pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. Input Output | Extrinsic [ Intrinsic | Extrinsic | Intrinsic

D!l |062ns 057ns||[CKT al 1.96ns/pF | 1.91ns | 0.47ns/pF | 1.06ns
DT |172ns 091InsffCKT QT 3.70ns/pF | 1.78ns | 0.65ns/pF | 1.01ns
CKT QNJ.l | 9.0lns/pF | 1.96ns | 1.67ns/pF | 1.11ns
cKT aNT | 655ns/pF | 1.99ns | 1.36ns/pF | 1.12ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
— ON
D
CKN —Q
kA .*L{>¢
CKB
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Static D-Type Flip-Flop

FD1S3BX

Positive edge triggered, positive Truth Table
asynchronous preset.
INPUTS OUTPUTS
Grids 16, Transistors 22 OLD | NEW
rias 16, fransistors D CK PD|Q OGN | Q aN
:)n‘c)ll(’/t\sCKB PD z)( ); (1) i i (1) (1)
AR 1T X [x x |1 o
Outputs X = Don't care
Q.QN
Capacitances
D CKA CKB PD
Area | 0.026pF 0.070pF 0.035pF 0.071pF
Perf 0.048pF  0.224pF  0.080pF  0.296pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic [ Intrinsic
D! |100ns 076ns | CKT Qi 1.83ns/pF | 1.97ns | 0.44ns/pF | 1.13ns
DT |167ns 095ns||[CKT QT 3.57ns/pF | 1.84ns | 0.65ns/pF | 1.06ns
CKT QNJ.l | 892ns/pF | 2.10ns | 1.69ns/pF | 1.19ns
CKT QNT | 9.05ns/pF | 2.28ns | 1.82ns/pF | 1.28ns
PDT Q7 6.55ns/pF | 1.66ns | 1.20ns/pF | 0.91ns
PDT QN 2.90ns/pF 1.20ns | 0.57ns/pF | 0.41ns

VDD=5V, T=25°C, Nominal Process.

QN

Motis Model
L TG
D LIG
PD
CKN
xa —— >0
CKB

7-68
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Static D-Type Flip-Flop FD1S3CX

Positive edge triggered, positive Truth Table
asynchronous clear, positive
asynchronous preset.
INPUTS OUTPUTS
Grid T ist oLD NEW
rids 21, Transistors 28 D CK PD CD|Q aN|lQ aN
Inputs X x 1 olx x|1 o
D,CKA,CKB,PDA,PDB,CD o 1 0 x|x x 1lo 1
1T X o |X X |1 o
ggtﬁuts X = Don't care
Capacitances
D CKA CKB PDA PDB CD
Area | 0.026pF 0.070pF 0.036pF 0.034pF 0.034pF  0.034pF
Perf 0.048pF 0.224pF 0.081pF 0.145pF 0.145pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

D! [105ns o086ns|| DT Ql 9.09ns/pF | 2.69ns | 1.67ns/pF | 1.45ns
DT |191ns 1.05ns || DT QN T | 388ns/pF | 1.27ns | 0.78ns/pF | 0.53ns
CKT Ql 2.18ns/pF | 1.81ns | 0.47ns/pF | 1.06ns
CKT aQft 3.88ns/pF | 1.75ns | 0.68ns/pF | 0.99ns
CKT QN | 10.92ns/pF | 2.13ns | 2.09ns/pF | 1.21ns
CKT QNT | 9.50ns/pF | 2.31ns | 1.85ns/pF | 1.30ns
PDT QT 8.11ns/pF | 1.94ns | 1.51ns/pF | 1.14ns
PDT an | 4.50ns/pF | 1.27ns | 0.83ns/pF | 0.68ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
PDB
PDA
2
12
D TG 1 TG * Q
11 1 QN
Q N
o> N :
CKN
3 TG
o {>¢
CDN
CKB
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Static D-Type Flip-Flop FD1S3DX

Positive edge triggered, positive Truth Table
asynchronous clear.
INPUTS OUTPUTS

Grids 17, T ist 24 oLD NEW

1ds 17, Transistors D CK_ CD|Q GN|Q GN
IIZ?(';;;«SCKB CcD )é ')T( ;( § i g :
) . , 1 T 0 X X 1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB CD

Area 0.034pF 0.076pF 0.035pF 0.071pF

Perf 0.145pF  0.231pF  0.080pF  0.296pF
Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance

Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic

Dl |129ns 095ns| cDT Qi 2.90ns/pF | 1.20ns | 0.57ns/pF | 0.41ns
DT |19ns 1.14ns| CDT QN T | 6.55ns/pF | 1.66ns | 1.20ns/pF | 0.91ns
ckKT Ql | 892ns/pF | 2.10ns | 1.69ns/pF | 1.19ns
ckKT a7 9.05ns/pF | 2.28ns | 1.82ns/pF | 1.28ns
CKT QN | 1.83ns/pF [ 1.97ns | 0.44ns/pF | 1.13ns
CKT oNT | 357ns/pF | 1.84ns | 0.65ns/pF | 1.06ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

e ot

4
QN

QN
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Static D-Type Flip-Flop FD1S3EX

Positive edge triggered, negative Truth Table
asynchronous clear.
INPUTS OL(;UTPUT:EW

Grids 16, Transistors 22 D CK CON|la anla oN
D,CKA,CKB,CDN 1 7 1 X X [1 o
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB CDN
Area | 0.026pF 0.070pF 0.036pF 0.073pF
Perf 0.048pF  0.224pF  0.081pF  0.298pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input Output | Extrinsic [ Intrinsic| Extrinsic | Intrinsic

D! |067ns 062nsf CONI Ql 7.04ns/pF | 1.53ns | 1.41ns/pF | 0.84ns
DT [1.86ns 1.05ns|| CDN! QNT | 3.70ns/pF | 0.59ns | 0.78ns/pF | 0.10ns
ck 1T al 2.10ns/pF | 1.90ns | 0.44ns/pF | 1.13ns
CKT QT 3.83ns/pF | 1.77ns | 0.63ns/pF | 1.08ns
CKT QN ! | 10.61ns/pF | 2.04ns | 1.98ns/pF | 1.25ns
CcKT QN T | 6.73ns/pF | 2.06ns | 1.36ns/pF | 1.22ns
VDD=5V, T=25°C, Nominal Process.

Motis Model

CDN — v
QN
A T
TG
1 2 o
u
Q
B TG Q
CKN B

CKA ——J»—Dc
CKB

Sequential Cells
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Static D-Type Flip-Flop FD1S3FX

Positive edge triggered, negative Truth Table
asynchronous clear, positive
asynchronous preset. '
INPUTS OUTPUTS
Grid T ist oLD NEW
rias 19, Iransistors 26 D CK PD CDN|Q aNlaQ aoN
Inputs X x4 1 x x|1 oo
D,CKA,CKB,PDA,PDB,CDN 0 T 0 X X X |o 1
1. T X 1 X X |1 o
Outputs
X = Don'

QON on't care
Capacitances

D CKA CKB PDA PDB CDN
Area | 0.026pF 0.070pF 0.036pF 0.034pF 0.034pF 0.071pF
Perf 0.048pF  0.224pF 0.081pF  0.145pF  0.145pF  0.296pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  Output| Extrinsic | Intrinsic| Extrinsic | Intrinsic

Dl [110ons osens|| cbNl al 8.92ns/pF | 2.00ns | 1.59ns/pF | 1.18ns
DT |191ns 1.05ns|| CDNJ! QNT | 3.66ns/pF | 0.61ns | 0.68ns/pF | 0.28ns
CcKT al 2.23ns/pF | 1.79ns | 0.47ns/pF | 1.06ns
CKT QT 3.88ns/pF | 1.75ns | 0.68ns/pF | 0.99ns
CKT QN | | 10.88ns/pF | 2.15ns | 2.06ns/pF | 1.28ns
CKT QN T | 9.54ns/pF | 2.29ns | 1.85ns/pF | 1.35ns
PD T al 8.07ns/pF | 1.96ns | 1.90ns/pF | 0.88ns
PD T QN | 4.46ns/pF | 1.29ns | 1.23ns/pF | 0.42ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
3
TG " Q
QN
2
D { TG V)
CKN

KA —»l>c

PDA

CKB

CDN

PDB
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Static D-Type Flip-Flop FD1S3GX

Positive edge triggered, negative Truth Table
asynchronous preset.
INPUTS OUTPUTS

Grids 17, Transistors 24 oLb NEW

’ D CK PDN|Q QN | Q QN
Qg::,:SCKB PDN )(; )T( ? ; ))é (1) ?
’ ’ ’ 1 T X X X |1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB PDN

Area | 0.034pF 0.075pF 0.036pF 0.073pF
Perf 0.145pF  0.232pF  0.081pF  0.298pF
Delay Information
Input Setup Propagation Delay ,
Signal Time From To Area Performance
Name | Area Perf. Input  Output | Extrinsic | Intrinsic | Extrinsic [ Intrinsic

D! | 1.48ns 1.05ns] CKT Ql | 10.57ns/pF | 2.10ns | 1.98ns/pF | 1.25ns
DT |162ns 1.05ns| CKT o)) 6.73ns/pF | 2.06ns | 1.36ns/pF | 1.22ns
CKT QN !l | 2.10ns/pF | 1.90ns | 0.44ns/pF | 1.13ns
CKT QNT | 3.79ns/pF | 1.83ns | 0.63ns/pF | 1.08ns
PON! QT 3.70ns/pF | 0.59ns | 0.78ns/pF | 0.10ns
PDN! QNl | 7.09ns/pF | 1.51ns | 1.41ns/pF | 0.84ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
Q
PDN ’ — o
DN
D —] TG
TG
n L 14
QN
B TG N
CKN
CKA —JF—DC
CKB
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Static D-Type Flip-Flop FD1S3IX

Positive edge triggered, positive Truth Table
synchronous clear.
INPUTS OUTPUTS

Grid T ist o4 OLD NEW
rias 18, Transistors D CK cbla onla on
g‘g:/t\sCKBCD )é $ ;( ))2 ; g }
’ ’ ' 1 T 0 | X X |1 0
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB CD
Area 0.034pF 0.070pF 0.036pF 0.034pF
Perf 0.145pF  0.223pF  0.081pF  0.145pF
Delay Information
Input Setup : Propagation Delay
Signal Time From To Area Performance

Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
cD! | 191ns 1.19ns CKT al 8.92ns/pF | 2.15ns | 1.69ns/pF | 1.14ns
cDT [ 205ns 129nsffCKT QT 6.55ns/pF | 2.09ns | 1.36ns/pF | 1.17ns
D! 1.48ns 0.95ns | CKT QN | 1.96ns/pF | 2.01ns | 0.47ns/pF | 1.11ns
DT 1.96ns  1.10ns [ CKT QNT | 3.61ns/pF | 1.96ns | 0.68ns/pF | 1.04ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
b 2
CDN DN Z &
CD
CKN I e “
cxa {>¢ Q
o (> Q

CKB
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Static D-Type Flip-Flop FD1S3JX

Positive edge triggered, positive Truth Table
synchronous preset.
INPUTS OUTPUTS

Grids 16, Transistors 22 OLD__| NEW
rias 16, frransistors D CK PDla aNla an
:)ngll(l/t\sCBPD g ‘T[ 2) ; i ; ?
/CKA,CKB, 1 T x|x x |1 o
Outputs X = Don't care
Q,QN
Capacitances

D CKA CKB PD
Area | 0.034pF 0.073pF 0.036pF  0.034pF
Perf 0.145pF  0.226pF  0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance

Name Area Perf. Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 191ns 124ns || CKT Ql 9.09ns/pF | 2.11ns | 1.69ns/pF | 1.14ns
DT 1.72ns 1.00ns|[CKT QT 6.73ns/pF | 2.06ns | 1.36ns/pF | 1.17ns
PD! [ 191ns 124ns || CKT QNJl | 2.14ns/pF | 1.97ns | 0.47ns/pF | 1.11ns
PDT [1.72ns 1.00ns | CKT QNT | 3.79ns/pF | 1.93ns | 0.68ns/pF | 1.04ns
VDD=5V, T=25°C, Nominal Process.

Motis Model
R QN

DN
] > '——' o >—| Do
TG TG ——— QN
PD CKN — 14
CKA {>¢

—
jony
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Static D-Type Flip-Flop

FD1S3KX

Positive edge triggered, negative Truth Table
asynchronous clear, negative
asynchronous preset.
INPUTS OUTPUTS
Grids 22. T ist OLD NEW
rids 22, Transistors 30 D CK PDN CDN|Q QN|Q GN
,CKA,CKB,PDNA,PDNB,CDN 0 0 1 X X X 0 1
17 X 1 X X |1 o
Outputs ;
QON X = Don't care
Capacitances
D CKA CKB PDNA PDNB CDN
Area | 0.034pF 0.070pF 0.035pF 0.034pF  0.034pF  0.034pF
Perf 0.145pF  0.224pF 0.080pF 0.145pF  0.145pF 0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area  Perf. Input  Output| Extrinsic | Intrinsic| Extrinsic | Intrinsic
Dl |157ns 1.05ns|| CON! Q 2.10ns/pF | 1.04ns | 0.16ns/pF | 1.50ns
DT |210ns 1.24ns|| CONL QNT | 571ns/pF | 1.72ns | 0.83ns/pF | 1.96ns
cKT al 10.79ns/pF | 2.24ns | 2.06ns/pF | 1.24ns
CKT Qft 9.50ns/pF | 2.45ns | 1.88ns/pF | 1.28ns
CcKT QN | 2.18ns/pF | 1.90ns | 0.47ns/pF | 1.06ns
CKT QNT | 3.88ns/pF | 1.84ns | 0.68ns/pF | 0.99ns
PONL QT 6.55ns/pF | 0.90ns | 1.25ns/pF | 0.35ns
PDN.l QNJ! [ 11.95ns/pF | 2.37ns | 2.19ns/pF | 1.23ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
|>DN
PDNB
PDNA———— "
12
TG > e oN
oN 2
CKA—4 ) Q

7-76
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Static D-Type Flip-Flop

Positive edge triggered, negative
synchronous preset.

Grids 18, Transistors 24

Inputs
D,CKA,CKB,PDN

Outputs
Q,QN

Capacitances

FD1S3LX
Truth Table
OUTPUTS

INPUTS oLD NEW
D CK PDN[{Q QN | Q QN
x 7T 0 X X |1 o
0 T 1 X X 0 1
1 T X X X 1 0
X = Don't care

D CKA CKB

PDN

Area [ 0.034pF 0.070pF 0.036pF 0.
Perf | 0.145pF 0.223pF  0.081pF 0.

034pF
145pF

Delay Information

Input Setup Propagation Delay

Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
Dl 2.05ns 124ns| CKT Ql 8.92ns/pF | 2.15ns | 1.67ns/pF | 1.16ns
DT 1.76ns 1.00nsf CKT QT 6.55ns/pF | 2.09ns | 1.33ns/pF | 1.19ns
PDN. |1.76ns 1.14ns| CKT QN | 1.96ns/pF | 2.01ns | 0.44ns/pF | 1.13ns
PDNT |262ns 153ns|| CKT QN T | 3.61ns/pF | 1.96ns | 0.65ns/pF | 1.06ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
PD

—

DN
PDN 1
: TG »—1>¢ 1 TG >—{>o-<»—-——— QN
CKN 4
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Static D-Type Flip-Flop

Positive edge triggered, negative
synchronous clear.

Truth Table

FD1S3MX

INPUTS OUTPUTS
Grids 15, T istors 22 oLb NEW
rias 15, rransistiors D CK CONla oNla aon
R
,CKA,CKB,CD 1 T 1 X X |1 0
Outputs X = Don't care
Q,QN
Capacitances
D CKA CKB CDN
Area 0.034pF 0.073pF 0.036pF  0.034pF
Perf 0.145pF 0.226pF 0.081pF  0.145pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
CDN! |[1.43ns 095ns || CKT Qi 9.01ns/pF | 2.01ns | 1.64ns/pF | 1.18ns
CDNT | 1.86ns 1.10ns || CKT QT 6.55ns/pF | 2.04ns | 1.33ns/pF | 1.19ns
Dl 1.43ns 0.95ns | CKT QN1 | 1.96ns/pF | 1.96ns | 0.44ns/pF | 1.13ns
DT 1.86ns 1.10ns | CKT QN T | 3.70ns/pF | 1.83ns | 0.63ns/pF | 1.08ns

VDD=5V, T=25°C, Nominal Process.

Motis Model

DN
D —

TG v—‘ >0- TG

CDN — L=

CKN

CKA >c B ; ; 1
1

QN

—— QN
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Static D-Type Flip-Flop FD1S3NX

Positive edge triggered, positive Truth Table
asynchronous clear, negative
asynchronous preset.
INPUTS OUTPUTS
Grids 20 T ist 5 oLD NEW
rids 20, Transistors 28 D CK PDN CD|Q QN |Q OGN
:Dngll::SCKBPDNA PDNB,CD ; § )é (1) § ; ? ;
’ ’ ’ ’ ’ 0 T 1 X [Xx X |[o 1
1 T X 0 X X 1 0
ggtr\? uts X = Don't care
Capacitances
D CKA CKB PDNA PDNB CcD
Area | 0.034pF 0.075pF 0.035pF 0.034pF 0.034pF 0.070pF
Perf 0.145pF  0.232pF 0.080pF 0.145pF  0.145pF  0.295pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. Input  OQutput | Extrinsic | Intrinsic | Extrinsic | Intrinsic

D 153ns 1.05ns| CD T Ql 2.32ns/pF | 1.56ns | 0.26ns/pF | 1.08ns
DT |210ns 129ns|| CcDT QNT | 593ns/pF | 2.23ns | 0.94ns/pF | 1.55ns
CcKT Ql | 10.79ns/pF | 2.24ns | 2.01ns/pF | 1.37ns
ckT QT | 958ns/pF | 2.36ns | 1.85ns/pF | 1.40ns
CKT QN ! | 2.23ns/pF | 1.88ns | 0.44ns/pF [ 1.13ns
CKT QN T | 3.88ns/pF | 1.84ns | 0.65ns/pF | 1.06ns
PON.! QT | 6.60ns/pF | 0.83ns | 1.25ns/pF | 0.39ns
PDN{ QNI | 12.04ns/pF | 2.29ns | 2.19ns/pF | 1.32ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
3
DN QN
b
Q
CKA — Q
PDNA
CKB
CD

PDNB
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Static D-Type Flip-Flop

FD1S30X

QN

Positive edge triggered, positive Truth Table
synchronous clear, positive synchronous
reset.
P! INPUTS OUTPUTS
Grids 19, Transistors 26 oL NEW
’ D CK PD CD[{Q QGN|Q QN
Inputs X 1oa % X |9 s
D,CKA,CKB,PD,CD o 1 0 X |X X |o0o 1
1. T X o |X X |1 o
Outputs ;
Q.QN X = Don't care
Capacitances
D CKA CKB PD CD
Area | 0.061pF 0.097pF 0.063pF 0.061pF 0.061pF
Perf | 0.222pF 0.300pF 0.158pF  0.222pF  0.222pF
Delay Information
Input Setup Propagation Delay
Signal Time From To Area Performance
Name | Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic
cb!l [ 191ns 124ns|[CKT Qi 8.92ns/pF | 2.15ns | 1.67ns/pF | 1.16ns
CcDT | 253ns 148ns|[CKT QT 6.55ns/pF | 2.09ns | 1.33ns/pF | 1.19ns
Dl 210ns 1.24ns | CKT QNI | 1.96ns/pF | 2.01ns | 0.44ns/pF | 1.13ns
DT 200ns 1.14ns || CKT QNT | 3.61ns/pF | 1.96ns | 0.65ns/pF | 1.06ns
PD ! [ 210ns 1.24ns
PD T | 200ns 1.14ns
VDD=5V, T=25°C, Nominal Process.
Motis Model
13
B °<}
D DN TG 4 QN Q
D DN CRA 2 CKN
11
@ . L TG 2 || LIS
CDN
c >
CKB
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Static D-Type Flip-Flop FD1S5A

Negative level sense. Truth Table
INPUTS OUTPUTS
Grid T ist 1 OLD NEW
rids g, fransistors 10 D ckla an]a oN
Inputs X 1 ]o 1]o0o 1
D CK X 1 1 0 1 0
! 0 0 X X 0 1
1 0 X X 1 0
Outputs :
Q.QN X = Don't care
Capacitances
D CK
Area 0.026pF  0.070pF
Perf | 0.048pF  0.224pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
cKk T Ql 8.92ns/pF 1.19ns 1.67ns/pF 0.78ns
CKT ol 6.55ns/pF 1.14ns 1.38ns/pF 0.77ns
CcK T QN 1.96ns/pF 1.01ns 0.50ns/pF 0.66ns
cK T oNT 3.61ns/pF 0.96ns 0.68ns/pF 0.61ns
D! al 8.92ns/pF 0.67ns 1.67ns/pF 0.64ns
D!l QN T 3.61ns/pF 0.44ns 0.68ns/pF 0.47ns
DT Qt 6.55ns/pF 1.76ns 1.38ns/pF 0.96ns
DT QN 1.96ns/pF 1.63ns 0.50ns/pF 0.85ns

VDD=5V, T=25°C, Nominal Process.

Motis Model
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Static D-Type Flip-Flop FD1S5B
Negative level sense, positive Truth Table
asynchronous preset.
INPUTS OUTPUTS
Gridso. T ist oLD NEW
rids 9, Transistors 12 D CK PD|Q aoN|Q aN
A A E
D,CK,PD X X 1 |x x |1 o
0 0 0 X X 0 1
Outputs 1 0 x|x x |1 o
QON X = Don't care
Capacitances
D CK PD
Area | 0.026pF 0.070pF  0.034pF
Perf 0.048pF  0.224pF  0.145pF
Delay Information
Propagation Delay
From To Area Performance
Input Output Extrinsic Intrinsic Extrinsic Intrinsic
cK7T al 14.49ns/pF 1.16ns 2.66ns/pF 0.86ns
cKT Qt 6.64ns/pF 1.00ns 1.33ns/pF 0.76ns
CKT QN | 2.18ns/pF 0.86ns 0.47ns/pF 0.68ns
CcKT QN T 6.87ns/pF 0.90ns 1.25ns/pF 0.63ns
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