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How the Databook is Organized

This databook describes the more than 200 macros available for
use with the Atmel AT6000 Series of field-programmable gate
arrays (FPGAs). The databook is split into two binders: Macro
Library Volume 1 and Macro Library Volume 2. Volume 1
contains the set of "Functions" macros and Volume 2 contains
the set of "Input/Output" macros. Macros are listed
alphabetically in each volume. Symbol, schematic and truth
table are provided for each macro, as are pin-to-pin propagation
delays and setup and hold times. Each macro is available in two
speeds: fast (-2) and slow (-4). Volume 2 also contains the
physical layout drawing for each macro. Refer to Volume 2 for
additional information.

Macro Naming Conventions

Macro names are abbreviated descriptions of the macro's
function. For example, a 3-input XOR gate is named XO3. The
"XO" refers to the XOR function, the "3" refers to the number of
inputs.  An "L" at the end of a name indicates active low, while
an "H" denotes active high. For example, DC24L is a 2-to-4
decoder with active low outputs.  Macros ending in "ST" can be
cascaded to create functions of arbitrary bit length. For example,
two SRPST (Shift Register with Parallel Load Stage) macros can
be cascaded together to create a 3-bit shift register. Input and
output macros use their own set of abbreviations:

I = Input
O = Output
B = Bidirectional
TTL = TTL on input
CMS = CMOS on input
P = Pull-up on pad
D = Full drive
S = Standard slew rate
F = Fast slew rate
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OC = Open collector
EN = Tri-state enable (z)

For example, BTTLDF is a fast, bidirectional TTL input with
full drive output.

Truth Table Conventions

The following conventions are used in the Truth Tables:
z = Tri-State
w1 = Weak logical "one"



       Introduction

   ML - 3

Transient Output Characteristics

The functions, MUX, ORT and ORL are single cells configured
with a two-input XOR gate and display transient output
characteristics.

The output of MUX may not be constant when the select signal
is toggled, even if the D0 and D1 signals are both the same
value. The value of ORT may not be a constant 1, even if the A
input is a constant 1 and the B input is toggling. Similarly, the
output of ORL may not be a constant 1, even if the B input is a
constant 1 and the A input is toggling.

Macros that use MUX, ORT and ORL as building blocks also
display transient output characteristics. An asterisk appears in
the Viewlogic symbol of these macros.

0
1

D0
D1

S
MUX

=

D0

D1
S

ORT

=
A

B

A
B

ORL

=
AN

B

AN
B
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Building Complex Functions From Macros

Two-cell-per-bit counter with parallel load. CRPST and
CRP4 can be combined to make two-cell-per-bit counters with
parallel load. Connect the RCI pin of the least-significant bit to
the active-low load signal in CRPST. CRPST uses two cells.
The first cell is configured as a multiplexer, the second is a D-
type flip-flop preceded by an XOR. With one of the inputs to the
XOR active low, loaded data goes through the XOR and is
passed to the flip-flop.

A A

BUS

D Q

CARRY_OUT
CARRY_IN

Q

A

LO
A

D

D
A

TA

B

B
B

If the counter is to be loaded automatically when the maximum
count is reached, the carry-out signal is first inverted and then
connected to the load pin. When maximum count is reached, the
carry-out signal goes high. Since the load signal must be active
low, the inverted signal enables the load operation. Since the
inverted carry-out signal is fed back into the carry-in pin, a
feedback loop is created and the circuit turns into a ring
oscillator. In order to avoid this, the carry-out signal should be



       Introduction

   ML - 5

registered first before inverting it. By doing this, when
maximum count is reached, the load operation is carried out
first. Then on the following clock cycle, the carry-out signal is
inverted, which causes the counter to resume operation.

Ripple-carry counter of arbitrary length and n number of
bits. Ripple-carry counters are made using CR0, CR1 and
CRST. Connect the Q0 output of CR0 to the RCI input of CR1,
and connect the RCO output of CR1 to the RCI input of CRST.
For counters with parallel load, use CRPST instead of CRST.

Shift register of arbitrary length and n number of bits. A
shift register of any size is made by cascading a series of FD (D-
type flip-flop) macros. Simply connect the Q output of the first
flip-flop into the D input of the next. The shift register macros
(SRP4 and SRPST) use FD as a building block and can be used
to make more complex shift registers. To create a 5-bit shift
register with parallel load, connect the Q3 output of SRP4 to the
SI input of SRPST. Some or all of the bits in a shift register can
be made loadable.



       Introduction

   ML - 6

For More Information

Assistance with any matter related to the IDS can be
obtained by the following methods:

1. Calling Customer Service at 408.436.4119 between 9
am and 5 pm, Pacific Standard Time.

2. Sending electronic mail to fpga@atmel.com.

3. Using the bulletin board by calling 408.436.4309.

4. Faxing to 408.436.4200.

5. Writing to:

Atmel Customer Service
2325 Orchard Parkway
San Jose, CA  95131
USA



AN2 - 2-Input AND

ML - 7

AN2 - 2-Input AND

Symbol

AN2

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

Q

PAN2
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Truth Table

Input Output
A B Q                                              

0 0 0
0 1 0
1 0 0
1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 0.40 0.70 1.10 0.40 0.70 1.10
B → Q 0.40 0.70 1.10 0.50 0.80 1.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 1.00 1.30 1.70 1.00 1.20 1.70
B → Q 1.00 1.30 1.70 1.40 1.60 2.10   
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AN2INV - 2-Input AND with Inverted Input (A*B')

Symbol

AN2INV

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PANINVA

B

Q0

Q1N



AN2INV - 2-Input AND with Inverted Input (A*B')

ML - 10

Truth Table

Input Output
A B Q0 Q1N                                                      

0 0 0 1
0 1 0 0
1 0 0 1
1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q0 0.40 0.70 1.10 0.40 0.70 1.10
B → Q0 0.40 0.70 1.10 0.50 0.80 1.20
B → Q1N 0.70 1.10 1.50 0.90 1.30 1.70

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q0 1.00 1.30 1.70 1.00 1.20 1.70
B → Q0 1.00 1.30 1.70 1.40 1.60 2.10
B → Q1N 1.50 1.80 2.30 1.70 2.00 2.40   
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AN2L - 2-Input AND (AB')

Symbol

AN2L

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PAN2L

Q

BN

A
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Truth Table

Input Output
A BN Q                                              

0 0 0
0 1 0
1 0 1
1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

BN → Q 0.80 1.10 1.50 0.90 1.30 1.80
A → Q 0.40 0.70 1.10 0.40 0.70 1.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

BN → Q 1.50 1.80 2.40 1.60 2.00 2.50
A → Q 1.00 1.20 1.70 0.90 1.20 1.60   
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AN3 - 3-Input AND

Symbol

AN3

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

C

Q

PAN3



AN3 - 3-Input AND

ML - 14

Truth Table

Input Output
A B C Q                                                           

0 x x 0
x 0 x 0
x x 0 0
1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 0.60 1.20 1.90 0.80 1.50 2.20
B → Q 0.60 1.20 1.90 0.80 1.50 2.20
C → Q 0.60 1.20 1.90 0.90 1.60 2.30

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 1.70 2.10 2.90 1.80 2.30 3.00
B → Q 1.70 2.10 2.90 1.80 2.30 3.00
C → Q 1.70 2.10 2.90 2.20 2.70 3.40   
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AN4 - 4-Input AND

Symbol

AN4

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

A

B

C

D
Q

PAN2

PAN3
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Truth Table

Input Output
A B C D Q                                                                       

0 x x x 0
x 0 x x 0
x x 0 x 0
x x x 0 0
..................................................................................................................................

1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 1.28 2.49 3.90 1.69 3.11 4.52
B → Q 1.28 2.49 3.90 1.69 3.11 4.52
C → Q 1.28 2.49 3.90 1.79 3.20 4.62
D → Q 0.60 1.20 1.90 0.80 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 3.47 4.29 5.92 3.68 4.71 6.15
B → Q 3.47 4.29 5.92 3.68 4.71 6.15
C → Q 3.47 4.29 5.92 4.08 5.11 6.55
D → Q 1.70 2.10 2.90 1.80 2.30 3.00   
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AN5 - 5-Input AND

Symbol

AN5

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

A

B

C

D

E

Q

PAN3

PAN3
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Truth Table

Input Output
A B C D E Q                                                                                    

0 x x x x 0
x 0 x x x 0
x x 0 x x 0
x x x 0 x 0
..............................................................................................................................................................

x x x x 0 0
1 1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

E → Q 0.60 1.20 1.90 0.90 1.60 2.30
D → Q 0.60 1.20 1.90 0.80 1.50 2.20
C → Q 1.28 2.49 3.90 1.79 3.20 4.62
B → Q 1.28 2.49 3.90 1.69 3.11 4.52
...................................................................................................................................................................................................................................................................................

A → Q 1.28 2.49 3.90 1.69 3.11 4.52

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

E → Q 1.70 2.10 2.90 2.20 2.70 3.40
D → Q 1.70 2.10 2.90 1.80 2.30 3.00
C → Q 3.47 4.29 5.92 4.08 5.11 6.55
B → Q 3.47 4.29 5.92 3.68 4.71 6.15
...................................................................................................................................................................................................................................................................................

A → Q 3.47 4.29 5.92 3.68 4.71 6.15   
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AN6 - 6-Input AND

Symbol

AN6

Rectangular Area: 3x1 cells

Number of Cells: 3

Schematic

A

B

C

D

E

F
Q

PAN2

PAN3

PAN3
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Truth Table

Input Output
A B C D E F Q                                                                                                

0 x x x x x 0
x 0 x x x x 0
x x 0 x x x 0
x x x 0 x x 0
..........................................................................................................................................................................................

x x x x 0 x 0
x x x x x 0 0
1 1 1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

F → Q 0.60 1.20 1.90 0.80 1.50 2.20
E → Q 1.28 2.49 3.90 1.79 3.20 4.62
D → Q 1.28 2.49 3.90 1.69 3.11 4.52
C → Q 1.96 3.78 5.90 2.68 4.81 6.94
...................................................................................................................................................................................................................................................................................

B → Q 1.96 3.78 5.90 2.58 4.71 6.84
A → Q 1.96 3.78 5.90 2.58 4.71 6.84
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

F → Q 1.70 2.10 2.90 1.80 2.30 3.00
E → Q 3.47 4.29 5.92 4.08 5.11 6.55
D → Q 3.47 4.29 5.92 3.68 4.71 6.15
C → Q 5.24 6.48 8.94 5.96 7.52 9.71
...................................................................................................................................................................................................................................................................................

B → Q 5.24 6.48 8.94 5.56 7.12 9.31
A → Q 5.24 6.48 8.94 5.56 7.12 9.31   
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AN8 - 8-Input AND

Symbol

AN8

Rectangular Area: 4x1 cells

Number of Cells: 4

Schematic

A

B

C

D

E

F

G

H
Q

PAN2

PAN3

PAN3

PAN3
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Truth Table

Input Output
A B C D E F G H Q                                                                                                                         

0 x x x x x x x 0
x 0 x x x x x x 0
x x 0 x x x x x 0
x x x 0 x x x x 0
............................................................................................................................................................................................................................................................

x x x x 0 x x x 0
x x x x x 0 x x 0
x x x x x x 0 x 0
x x x x x x x 0 0
............................................................................................................................................................................................................................................................

1 1 1 1 1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

H → Q 0.60 1.20 1.90 0.80 1.50 2.20
G → Q 1.28 2.49 3.90 1.79 3.20 4.62
F → Q 1.28 2.49 3.90 1.69 3.11 4.52
E → Q 1.96 3.78 5.90 2.68 4.81 6.94
...................................................................................................................................................................................................................................................................................

D → Q 1.96 3.78 5.90 2.58 4.71 6.84
C → Q 2.64 5.07 7.90 3.57 6.41 9.26
B → Q 2.64 5.07 7.90 3.47 6.32 9.16
A → Q 2.64 5.07 7.90 3.47 6.32 9.16



AN8 - 8-Input AND

ML - 24

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

H → Q 1.70 2.10 2.90 1.80 2.30 3.00
G → Q 3.47 4.29 5.92 4.08 5.11 6.55
F → Q 3.47 4.29 5.92 3.68 4.71 6.15
E → Q 5.24 6.48 8.94 5.96 7.52 9.71
...................................................................................................................................................................................................................................................................................

D → Q 5.24 6.48 8.94 5.56 7.12 9.31
C → Q 7.02 8.67 11.96 7.84 9.93 12.86
B → Q 7.02 8.67 11.96 7.44 9.53 12.46
A → Q 7.02 8.67 11.96 7.44 9.53 12.46   



ANXO - 2-Input AND Feeding an XOR

ML - 25

ANXO - 2-Input AND Feeding an XOR

Symbol

ANXO

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

QC

B

A

PANXO



ANXO - 2-Input AND Feeding an XOR

ML - 26

Truth Table

Input Output
A B C Q                                                           

0 0 0 0
x 0 1 0
0 1 0 1
0 1 1 1
.................................................................................................

1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 0.80 1.40 2.10 0.80 1.50 2.20
B → Q 0.80 1.40 2.10 0.80 1.50 2.20
C → Q 0.80 1.40 2.10 0.90 1.60 2.30

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 1.80 2.30 3.10 2.50 3.10 4.20
B → Q 1.80 2.30 3.10 2.50 3.10 4.20
C → Q 1.80 2.30 3.10 2.90 3.50 4.60   



AO22 - AND-OR Inverter 2-2 Inputs
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AO22 - AND-OR Inverter 2-2 Inputs

Symbol

AO22

Rectangular Area: 2x2 cells

Number of Cells: 4

Schematic

A

B

C

D Q

PND2
PND2

PND2



AO22 - AND-OR Inverter 2-2 Inputs

ML - 28

Truth Table

Input Output
A B C D Q                                                                       

0 x 0 x 0
0 x x 0 0
x 0 0 x 0
x 0 x 0 0
..................................................................................................................................

1 1 x x 1
x x 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D → Q 2.04 3.66 5.59 2.06 3.67 5.58
C → Q 2.04 3.66 5.59 2.06 3.67 5.58
B → Q 1.57 2.88 4.40 1.58 2.88 4.39
A → Q 1.57 2.88 4.40 1.58 2.88 4.39

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D → Q 4.64 5.77 7.75 4.64 5.88 7.85
C → Q 4.64 5.77 7.75 4.64 5.88 7.85
B → Q 3.56 4.48 6.02 3.56 4.49 6.02
A → Q 3.56 4.48 6.02 3.56 4.49 6.02   



AOI22 - AND-OR Inverter 2-2 Inputs
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AOI22 - AND-OR Inverter 2-2 Inputs

Symbol

AOI22

Rectangular Area: 2x2 cells

Number of Cells: 4

Schematic

A

B

C

D QN

PND2
PAN2

PND2



AOI22 - AND-OR Inverter 2-2 Inputs

ML - 30

Truth Table

Input Output
A B C D QN                                                                       

0 x 0 x 1
0 x x 0 1
x 0 0 x 1
x 0 x 0 1
..................................................................................................................................

1 1 x x 0
x x 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D → QN 1.96 3.47 5.38 2.04 3.76 5.59
C → QN 1.96 3.47 5.38 2.04 3.76 5.59
B → QN 1.48 2.68 4.19 1.57 2.99 4.40
A → QN 1.48 2.68 4.19 1.57 2.99 4.40

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D → QN 4.54 5.68 7.75 4.74 5.97 7.85
C → QN 4.54 5.68 7.75 4.74 5.97 7.85
B → QN 3.46 4.29 5.92 3.66 4.68 6.12
A → QN 3.46 4.29 5.92 3.66 4.68 6.12   



BCD7SEG - 7-Segment BCD Display (0 to A)
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BCD7SEG - 7-Segment BCD Display (0 to 9)

Symbol

G

F

E

D

C

B

A

D0

D1

D2

D3

BCD7SEG
Rectangular Area: 4x21 cells

Number of Cells: 48

Truth Table

Input Output
D3 D2 D1 D0 A B C D E F G                                                                                                                         

0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 0 1 1 0 0 0 0
0 0 1 0 1 1 0 1 1 0 1
0 0 1 1 1 1 1 1 0 0 1
..........................................................................................................................................................................................................................................................................

0 1 0 0 0 1 1 0 0 1 1
0 1 0 1 1 0 1 1 0 1 1
0 1 1 0 0 0 1 1 1 1 1
0 1 1 1 1 1 1 0 0 0 0
..........................................................................................................................................................................................................................................................................

1 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 1 1 0 0 1 1



BCD7SEG - 7-Segment BCD Display (0 to A)

ML - 32

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D2 → G 2.44 4.56 6.78 2.44 4.66 6.78
D3 → G 2.24 3.56 5.28 2.06 3.37 4.88
D1 → G 2.44 4.56 6.88 2.34 4.50 6.68
D0 → G 3.39 5.63 8.37 3.51 5.84 8.46
........................................................................................................................................................................................................................................................................................

D2 → F 2.94 5.66 9.10 2.72 5.44 8.67
D3 → F 2.71 4.34 6.47 2.54 4.16 6.08
D1 → F 3.34 5.88 9.25 3.22 5.88 9.06
D0 → F 3.65 6.33 9.50 3.49 6.18 9.37
........................................................................................................................................................................................................................................................................................

D2 → E 1.67 2.98 4.49 1.57 2.88 4.29
D1 → E 2.21 3.84 5.77 2.23 3.85 5.67
D0 → E 1.77 4.06 7.36 1.57 4.01 7.36
D2 → D 4.14 7.80 12.76 3.77 7.44 12.43
........................................................................................................................................................................................................................................................................................

D1→ D 3.13 6.18 10.47 2.74 5.84 10.05
D0 → D 3.13 6.78 12.06 2.74 6.47 11.74
D2 → C 2.24 3.56 5.08 2.06 3.47 4.98
D1 → C 0.90 1.50 2.20 0.80 1.50 2.20
........................................................................................................................................................................................................................................................................................

D0 → C 1.77 2.78 3.99 1.68 2.68 3.79
D2 → B 0.80 1.40 2.20 0.70 1.40 2.10
D1 → B 1.57 2.88 4.39 1.57 3.08 4.49
D0 → B 1.67 2.98 4.49 1.57 3.08 4.49
........................................................................................................................................................................................................................................................................................

D2 → A 2.46 4.49 6.71 2.25 4.37 6.49
D3 → A 2.66 4.39 6.31 2.16 3.88 5.69
D1 → A 2.14 3.66 5.59 2.06 3.67 5.48
D0 → A 2.24 4.18 6.81 2.06 4.02 6.49



BCD7SEG - 7-Segment BCD Display (0 to A)

ML - 33

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

D2 → G 5.74 7.07 9.53 6.24 7.67 10.03
D3 → G 4.34 5.48 7.26 4.44 5.48 7.34
D1 → G 5.51 7.02 9.53 5.84 7.42 10.16
D0 → G 7.08 8.85 11.91 7.58 9.26 12.29
........................................................................................................................................................................................................................................................................................

D2 → F 6.72 8.88 12.73 6.52 8.76 12.69
D3 → F 5.52 6.77 9.10 5.52 6.97 9.17
D1 → F 7.22 9.71 14.25 7.22 9.56 13.52
D0 → F 7.99 10.41 14.65 7.96 10.15 13.59
........................................................................................................................................................................................................................................................................................

D2 → E 4.26 5.28 7.22 3.67 4.69 6.21
D1 → E 5.41 6.66 9.08 5.22 6.57 8.57
D0 → E 4.66 7.16 11.62 3.67 6.48 10.81
D2 → D 9.16 12.55 18.36 8.73 12.43 18.53
........................................................................................................................................................................................................................................................................................

D1 → D 6.42 9.86 15.70 6.91 10.01 15.26
D0 → D 6.52 10.86 18.24 6.91 10.90 17.49
D2 → C 4.64 5.68 7.36 5.14 6.38 8.45
D1 → C 2.20 2.70 3.50 2.50 3.10 4.20
........................................................................................................................................................................................................................................................................................

D0 → C 3.57 4.39 5.73 4.07 5.09 6.73
D2 → B 1.70 2.10 2.90 1.80 2.30 3.00
D1 → B 3.76 4.68 6.32 3.77 4.69 6.21
D0 → B 4.16 5.08 6.72 3.77 4.69 6.21
........................................................................................................................................................................................................................................................................................

D2 → A 5.64 7.09 9.48 5.54 6.88 9.23
D3 → A 5.35 6.60 8.59 5.14 6.38 8.44
D1 → A 4.64 5.67 7.75 4.74 5.98 7.95
D0 → A 4.64 6.58 9.88 5.14 6.63 9.23



BCD7SEG - 7-Segment BCD Display (0 to A)

ML - 34

Schematic

PND2

PND2

PXOND

PND2POR

PND2

PND2PINV

PND2

PAN2

PAN2L

PINV

PND2

PAN2L

PXO2 PINV

PND2

PAN2

PXO2

PINV

PAN2L

PAN2L

PINV PAN2

PINV
PAN2L

PND2
PAN2L

PINVW

POR

POR
PAN2

PND2

PND2PINV

G

F

E

D3

D2

D1

D0

D

C

B

A



BUFFER/BUFFERB - Buffer
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BUFFER/BUFFERB - Buffer

Symbol

BUF

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PBUF

QA



BUFFER/BUFFERB - Buffer

ML - 36

Truth Table

Input Output
A Q                                              

0 0
1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 0.40 0.70 1.10 0.40 0.70 1.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

A → Q 1.00 1.30 1.70 1.00 1.20 1.60   



BUFZ - Tristate Buffer
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BUFZ - Tristate Buffer

Symbol

BUFZ

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PBUFZ

Q

OE

A



BUFZ - Tristate Buffer

ML - 38

Truth Table

Input Output
OE A Q                                              

0 x z
1 a a

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

OE → Q 0.80 1.41 2.38 0.94 1.67 2.63
A → Q 1.30 2.01 2.88 1.44 2.27 3.13

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

OE → Q 2.27 2.91 4.20 3.22 4.07 5.77
A → Q 2.77 3.41 4.80 3.72 4.57 6.37   



CD4 - 4-Bit Decade Counter
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CD4 - 4-Bit Decade Counter

Symbol

CD4

Q0

Q1

Q2

Q3

RRCO

Rectangular Area: 4x15cells

Number of Cells: 19

Truth Table

Input Output
R CLK Q3 Q2 Q1 Q0 RCO                                                                                                    

0 x 0 0 0 0 1
1 x q q q q (q3*q0)'
1 r present state + 1 (q3*q0)'



CD4 - 4-Bit Decade Counter

ML - 40

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

R → RCO 2.52 3.82 5.72 - - -
CLK → RCO 2.92 4.22 6.12 2.42 3.82 5.62
R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46
R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33



CD4 - 4-Bit Decade Counter

ML - 41

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

R → RCO 4.39 5.89 8.31 - - -
CLK → RCO 4.99 6.49 8.91 4.47 6.08 8.45
R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91
R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75



CD4 - 4-Bit Decade Counter

ML - 42

Schematic

CLK

Q0

Q1

Q2

Q3

R

RCO

D

R

Q

PFDHAPND2

PAN2

D

R

Q

PFDHA

PND2

D

R

Q

PFDHA

PAN2

D

R

Q

PFDN

PND2



CDP4 - 4-Bit Decade Counter w/ Parallel Load
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CDP4 - 4-Bit Decade Counter w/ Parallel Load

Symbol

CDP4

LD

Q3

Q2

Q1

Q0

D3

D2

D1

D0

RRCO

Rectangular Area: 3x8cells

Number of Cells: 23

Truth Table

Input Output
R CLK LD D3...D0 Q3...Q0 RCO                                                                                                                 

0 x x x...x 0...0 wand (q3...q0)
1 x x x...x q3...q0
1 r 0 d3...d0 d3...d0
1 r 1 x...x present state + 1



CDP4 - 4-Bit Decade Counter w/ Parallel Load

ML - 44

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

R → RCO 2.99 4.25 5.81 - - -
CLK → RCO 3.39 4.65 6.21 2.90 4.26 5.71
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                                

R → RCO 5.46 6.58 8.45 - - -
CLK → RCO 6.06 7.18 9.05 5.54 6.82 8.58
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91



CDP4 - 4-Bit Decade Counter w/ Parallel Load

ML - 45

Schematic

CLK

D0

D1

D2

D3

LD
Q0

Q1

Q2

Q3

R

RCO

PAN2

PXO2

PAN2

PND2

PXO2

PND2

PXO2

PND2

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

PINV

D Q
1

0

R

PFDMUX



CJ2 - 2-Bit Johnson Counter
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CJ2 - 2-Bit Johnson Counter

Symbol

Q0

Q1

CJ2

R

Rectangular Area: 1x2 cells

Number of Cells: 2

Schematic

CLK Q0

Q1

R

QD

R

PFD

D

R

Q

PFDN



CJ2 - 2-Bit Johnson Counter

ML - 47

Truth Table

Input Output
R CLK Q1 Q0                                                      

0 x 0 0
1 r q0 q1'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46



CJ2 - 2-Bit Johnson Counter

ML - 48

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
 .................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91   



CJ3 - 3-Bit Johnson Counter
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CJ3 - 3-Bit Johnson Counter

Symbol

CJ3

Q0

Q1

Q2

R

Rectangular Area: 2x2 cells

Number of Cells: 4

Schematic

CLK

Q0

Q1

Q2

R

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD



CJ3 - 3-Bit Johnson Counter

ML - 50

Truth Table

Input Output
R CLK Q2 Q1 Q0                                                               

0 x 0 0 0
1 r q1 q0 q2'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ3 - 3-Bit Johnson Counter

ML - 51

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75   



CJ4 - 4-Bit Johnson Counter
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CJ4 - 4-Bit Johnson Counter

Symbol

R

Q2

Q1

Q0

CJ4

Q3

Rectangular Area: 2x2 cells

Number of Cells: 4

Truth Table

Input Output
R CLK Q3 Q2 Q1 Q0                                                                           

0 x 0 0 0 0
1 r q2 q1 q0 q3'



CJ4 - 4-Bit Johnson Counter

ML - 53

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS. 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ4 - 4-Bit Johnson Counter

ML - 54

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75



CJ4 - 4-Bit Johnson Counter

ML - 55

Schematic

CLK

Q0

Q1

Q2

Q3

R

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD

QD

R

PFD



CJ5 - 5-Bit Johnson Counter

ML - 56

CJ5 - 5-Bit Johnson Counter

Symbol

CJ5

Q3

Q4

Q2

Q1

Q0

R

Rectangular Area: 2x3 cells

Number of Cells: 6

Truth Table

Input Output
R CLK Q4 Q3 Q2 Q1 Q0                                                                                            

0 x 0 0 0 0 0
1 r q3 q2 q1 q0 q4'



CJ5 - 5-Bit Johnson Counter

ML - 57

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q4.BUS - - - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ5 - 5-Bit Johnson Counter

ML - 58

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75



CJ5 - 5-Bit Johnson Counter

ML - 59

Schematic

QD

R

PFD

CLK

Q0

Q1

Q2

Q3

Q4

R

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD

QD

R

PFD



CJ6 - 6-Bit Johnson Counter
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CJ6 - 6-Bit Johnson Counter

Symbol

CJ6

Q5

Q3

Q4

Q2

Q1

Q0

R

Rectangular Area: 2x3 cells

Number of Cells: 6

Truth Table

Input Output
R CLK Q5 Q4 Q3 Q2 Q1 Q0                                                                                                        

0 x 0 0 0 0 0 0
1 r q4 q3 q2 q1 q0 q5'



CJ6 - 6-Bit Johnson Counter

ML - 61

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q5.BUS - - - 1.90 2.20 2.50
CLK → Q5.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q5 - - - 1.56 1.82 2.06
CLK → Q5 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ6 - 6-Bit Johnson Counter

ML - 62

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q5.BUS - - - 3.40 3.90 4.80
CLK → Q5.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q5 - - - 2.56 2.92 3.31
CLK → Q5 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75



CJ6 - 6-Bit Johnson Counter

ML - 63

Schematic

CLK

Q0

Q1

Q2

Q3

Q4

Q5

R

QD

R

PFD

QD

R

PFD

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD

QD

R

PFD



CJ8 - 8-Bit Johnson Counter

ML - 64

CJ8 - 8-Bit Johnson Counter

Symbol

CJ8

Q0

Q1

Q2

Q4

Q3

Q5

Q6

Q7
R

Rectangular Area: 2x4 cells

Number of Cells: 8

Truth Table

Input Output
R CLK Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0                                                                                                                               

0 x 0 0 0 0 0 0 0 0
1 r q6 q5 q4 q3 q2 q1 q0 q7'



CJ8 - 8-Bit Johnson Counter

ML - 65

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS -  -  - 1.90 2.20 2.50
CLK → Q7.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q7 -  -  - 1.56 1.82 2.06
CLK → Q7 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q6.BUS -  -  - 1.90 2.20 2.50
CLK → Q6.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q6 -  -  - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q5.BUS -  -  - 1.90 2.20 2.50
CLK → Q5.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q5 -  -  - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q4.BUS -  -  - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 -  -  - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS -  -  - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 -  -  - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS -  -  - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 -  -  - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................



CJ8 - 8-Bit Johnson Counter

ML - 66

R → Q1.BUS -  -  - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 -  -  - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS -  -  - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 -  -  - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ8 - 8-Bit Johnson Counter

ML - 67

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS - - - 3.40 3.90 4.80
CLK → Q7.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q7 - - - 2.56 2.92 3.31
CLK → Q7 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 3.40 3.90 4.80
CLK → Q6.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q5.BUS - - - 3.40 3.90 4.80
CLK → Q5.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................



CJ8 - 8-Bit Johnson Counter

ML - 68

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75



CJ8 - 8-Bit Johnson Counter

ML - 69

Schematic

CLK

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD

QD

R

PFD

QD

R

PFD



CJ12 - 12-Bit Johnson Counter
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CJ12 - 12-Bit Johnson Counter

Symbol

Q11

Q10

Q9

Q8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0

CJ12

R

Rectangular Area: 2x6 cells

Number of Cells: 12

Truth Table

Input Output
R CLK Q11 Q10 Q9 Q8...Q3 Q2 Q1 Q0                                                                                                                               

0 x 0 0 0 0 0 0 0 0
1 r q10 q9 q8 q7...q2 q1 q0 q11'



CJ12 - 12-Bit Johnson Counter

ML - 71

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q11.BUS - - - 1.90 2.20 2.50
CLK → Q11.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q11 - - - 1.56 1.82 2.06
CLK → Q11 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q10.BUS - - - 1.90 2.20 2.50
CLK → Q10.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q10 - - - 1.48 1.71 1.93
CLK → Q10 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q9.BUS - - - 1.90 2.20 2.50
CLK → Q9.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q9 - - - 1.48 1.71 1.93
CLK → Q9 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q8.BUS - - - 1.90 2.20 2.50
CLK → Q8.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q8 - - - 1.48 1.71 1.93
CLK → Q8 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q7.BUS - - - 1.90 2.20 2.50
CLK → Q7.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q7 - - - 1.48 1.71 1.93
CLK → Q7 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 1.90 2.20 2.50
CLK → Q6.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q6 - - - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................



CJ12 - 12-Bit Johnson Counter

ML - 72

R → Q5.BUS - - - 1.90 2.20 2.50
CLK → Q5.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q5 - - - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33



CJ12 - 12-Bit Johnson Counter

ML - 73

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q11.BUS - - - 3.40 3.90 4.80
CLK → Q11.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q11 - - - 2.56 2.92 3.31
CLK → Q11 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q10.BUS - - - 3.40 3.90 4.80
CLK → Q10.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q10 - - - 2.48 2.81 3.15
CLK → Q10 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q9.BUS - - - 3.40 3.90 4.80
CLK → Q9.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q9 - - - 2.48 2.81 3.15
CLK → Q9 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q8.BUS - - - 3.40 3.90 4.80
CLK → Q8.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q8 - - - 2.48 2.81 3.15
CLK → Q8 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q7.BUS - - - 3.40 3.90 4.80
CLK → Q7.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q7 - - - 2.48 2.81 3.15
CLK → Q7 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 3.40 3.90 4.80
CLK → Q6.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................



CJ12 - 12-Bit Johnson Counter

ML - 74

R → Q5.BUS - - - 3.40 3.90 4.80
CLK → Q5.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75



CJ12 - 12-Bit Johnson Counter

ML - 75

Schematic

CLK

Q0

Q1

Q10

Q11

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

R

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

D

R

Q

PFDN

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD



CJE2 - 2-Bit Johnson Counter with Enable

ML - 76

CJE2 - 2-Bit Johnson Counter with Enable

Symbol

EN

Q0

Q1

CJE2

R

Rectangular Area: 3x2 cells

Number of Cells: 6

Schematic

CLK

EN

Q0

Q1

R

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUXPINV



CJE2 - 2-Bit Johnson Counter with Enable

ML - 77

Truth Table

Input Output
R EN CLK Q1 Q0                                                               

0 x x 0 0
1 0 x q1 q0
1 1 r q0 q1'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE2 - 2-Bit Johnson Counter with Enable

ML - 78

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00   



CJE3 - 3-Bit Johnson Counter with Enable

ML - 79

CJE3 - 3-Bit Johnson Counter with Enable

Symbol

CJE3

EN

Q0

Q1

Q2

R

Rectangular Area: 4x2 cells

Number of Cells: 7

Schematic
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Q0
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Q2

R

D Q
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0

R
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1
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R
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R
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CJE3 - 3-Bit Johnson Counter with Enable

ML - 80

Truth Table

Input Output
R EN CLK Q2 Q1 Q0                                                                           

0 x x 0 0 0
1 0 x q2 q1 q0
1 1 r q1 q0 q2'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE3 - 3-Bit Johnson Counter with Enable

ML - 81

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00   



CJE4 - 4-Bit Johnson Counter with Enable

ML - 82

CJE4 - 4-Bit Johnson Counter with Enable

Symbol

CJE4

EN

Q0

Q1

Q2

Q3
R

Rectangular Area: 4x3 cells

Number of Cells: 10

Truth Table

Input Output
R EN CLK Q3 Q2 Q1 Q0                                                                                        

0 x x 0 0 0 0
1 0 x q3 q2 q1 q0
1 1 r q2 q1 q0 q3'



CJE4 - 4-Bit Johnson Counter with Enable

ML - 83

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE4 - 4-Bit Johnson Counter with Enable

ML - 84

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00



CJE4 - 4-Bit Johnson Counter with Enable

ML - 85

Schematic
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CJE5 - 5-Bit Johnson Counter with Enable

ML - 86

CJE5 - 5-Bit Johnson Counter with Enable

Symbol

CJE5

Q3

Q4

Q2

Q1

Q0

EN

R

Rectangular Area: 4x3 cells

Number of Cells: 11

Truth Table

Input Output
R EN CLK Q4 Q3 Q2 Q1 Q0                                                                                                    

0 x x 0 0 0 0 0
1 0 x q4 q3 q2 q1 q0
1 1 r q3 q2 q1 q0 q4'



CJE5 - 5-Bit Johnson Counter with Enable

ML - 87

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q4 - - - 1.56 1.82 2.06
CLK → Q4 1.58 1.81 2.04 1.96 2.22 2.46
R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE5 - 5-Bit Johnson Counter with Enable

ML - 88

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q4 - - - 2.56 2.92 3.31
CLK → Q4 2.54 2.88 3.24 3.16 3.52 3.91
R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00



CJE5 - 5-Bit Johnson Counter with Enable

ML - 89

Schematic
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CJE6 - 6-Bit Johnson Counter with Enable

ML - 90

CJE6 - 6-Bit Johnson Counter with Enable

Symbol

CJE6

Q5

Q3

Q4

Q2

Q1

Q0

EN

R

Rectangular Area: 4x4 cells

Number of Cells: 14

Truth Table

Input Output
R EN CLK Q5 Q4 Q3 Q2 Q1 Q0                                                                                                                   

0 x x 0 0 0 0 0 0
1 0 x q5 q4 q3 q2 q1 q0
1 1 r q4 q3 q2 q1 q0 q5'



CJE6 - 6-Bit Johnson Counter with Enable

ML - 91

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q5 - - - 1.56 1.82 2.06
CLK → Q5 1.58 1.81 2.04 1.96 2.22 2.46
R → Q4 - - - 1.56 1.82 2.06
CLK → Q4 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE6 - 6-Bit Johnson Counter with Enable

ML - 92

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q5 - - - 2.56 2.92 3.31
CLK → Q5 2.54 2.88 3.24 3.16 3.52 3.91
R → Q4 - - - 2.56 2.92 3.31
CLK → Q4 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00



CJE6 - 6-Bit Johnson Counter with Enable

ML - 93

Schematic
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CJE8 - 8-Bit Johnson Counter with Enable

ML - 94

CJE8 - 8-Bit Johnson Counter with Enable

Symbol

CJE8

EN

Q0

Q1

Q2

Q4

Q3

Q5

Q6

Q7
R

Rectangular Area: 4x5 cells

Number of Cells: 18

Truth Table

Input Output
R EN CLK Q7 Q6 Q5 Q4 ...Q2 Q1 Q0                                                                                                                               

0 x x 0 0 0 0...0 0 0
1 0 x q7 q6 q5 q4...q2 q1 q0
1 1 r q6 q5 q4 q3...q1 q0 q7'



CJE8 - 8-Bit Johnson Counter with Enable

ML - 95

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 1.56 1.82 2.06
CLK → Q7 1.58 1.81 2.04 1.96 2.22 2.46
R → Q6 - - - 1.56 1.82 2.06
CLK → Q6 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 1.56 1.82 2.06
CLK → Q5 1.58 1.81 2.04 1.96 2.22 2.46
R → Q4 - - - 1.56 1.82 2.06
CLK → Q4 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE8 - 8-Bit Johnson Counter with Enable

ML - 96

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 2.56 2.92 3.31
CLK → Q7 2.54 2.88 3.24 3.16 3.52 3.91
R → Q6 - - - 2.56 2.92 3.31
CLK → Q6 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 2.56 2.92 3.31
CLK → Q5 2.54 2.88 3.24 3.16 3.52 3.91
R → Q4 - - - 2.56 2.92 3.31
CLK → Q4 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00



CJE8 - 8-Bit Johnson Counter with Enable

ML - 97

Schematic
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CJE12 - 12-Bit Johnson Counter with Enable

ML - 98

CJE12 - 12-Bit Johnson Counter with Enable

Symbol

CJE12

Q11

Q10

Q9

Q8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0

EN

R

Rectangular Area: 4x7 cells

Number of Cells: 26

Truth Table

Input Output
R EN CLK Q11 Q10 Q9 Q8...Q2 Q1 Q0                                                                                                                               

0 x x 0 0 0 0...0 0 0
1 0 x q11 q10 q9 q8...q2 q1 q0
1 1 r q10 q9 q8 q7...q1 q0 q11'



CJE12 - 12-Bit Johnson Counter with Enable

ML - 99

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q11 - - - 1.56 1.82 2.06
CLK → Q11 1.58 1.81 2.04 1.96 2.22 2.46
R → Q10 - - - 1.56 1.82 2.06
CLK → Q10 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q9 - - - 1.56 1.82 2.06
CLK → Q9 1.58 1.81 2.04 1.96 2.22 2.46
R → Q8 - - - 1.56 1.82 2.06
CLK → Q8 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q7 - - - 1.56 1.82 2.06
CLK → Q7 1.58 1.81 2.04 1.96 2.22 2.46
R → Q6 - - - 1.56 1.82 2.06
CLK → Q6 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 1.56 1.82 2.06
CLK → Q5 1.58 1.81 2.04 1.96 2.22 2.46
R → Q4 - - - 1.56 1.82 2.06
CLK → Q4 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.56 1.82 2.06
CLK → Q3 1.58 1.81 2.04 1.96 2.22 2.46
R → Q2 - - - 1.56 1.82 2.06
CLK → Q2 1.58 1.81 2.04 1.96 2.22 2.46
...................................................................................................................................................................................................................................................................................

R →Q1 - - - 1.56 1.82 2.06
CLK → Q1 1.58 1.81 2.04 1.96 2.22 2.46
R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 3.80 4.00 4.30 0.00 0.00 0.00



CJE12 - 12-Bit Johnson Counter with Enable

ML - 100

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q11 - - - 2.56 2.92 3.31
CLK → Q11 2.54 2.88 3.24 3.16 3.52 3.91
R → Q10 - - - 2.56 2.92 3.31
CLK → Q10 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q9 - - - 2.56 2.92 3.31
CLK → Q9 2.54 2.88 3.24 3.16 3.52 3.91
R → Q8 - - - 2.56 2.92 3.31
CLK → Q8 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q7 - - - 2.56 2.92 3.31
CLK → Q7 2.54 2.88 3.24 3.16 3.52 3.91
R → Q6 - - - 2.56 2.92 3.31
CLK → Q6 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 2.56 2.92 3.31
CLK → Q5 2.54 2.88 3.24 3.16 3.52 3.91
R → Q4 - - - 2.56 2.92 3.31
CLK → Q4 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.56 2.92 3.31
CLK → Q3 2.54 2.88 3.24 3.16 3.52 3.91
R → Q2 - - - 2.56 2.92 3.31
CLK → Q2 2.54 2.88 3.24 3.16 3.52 3.91
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.56 2.92 3.31
CLK → Q1 2.54 2.88 3.24 3.16 3.52 3.91
R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

EN 6.10 6.40 6.70 0.00 0.00 0.00



CJE12 - 12-Bit Johnson Counter with Enable

ML - 101

Schematic
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CLKEDGE - Clock Edge Detect

ML - 102

CLKEDGE - Clock Edge Detect

Symbol

R

Q

CLKEDGE

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

CLK

Q

R

Q

R

PCLKEDG



CLKEDGE - Clock Edge Detect

ML - 103

Truth Table

Input Output
R CLK Q                                              

0 x 0
1 r 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80
CLK → Q.BUS 1.80 2.10 2.40 1.80 2.00 2.20
R → Q.BUS 0.40 0.50 0.60 1.40 1.60 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00
CLK → Q.BUS 3.10 3.60 4.40 3.00 3.30 3.60
R → Q.BUS 0.70 0.90 1.40 2.40 2.70 3.00   



CLKEDGEZ - Clock Edge Detect Q=1 on Rise (Z)

ML - 104

CLKEDGEZ - Clock Edge Detect Q=1 on Rise (Z)

Symbol

R

CLKEDGEZ

Q

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

Q

R

PCLKEDGZ

R

Q

OE

CLK



CLKEDGEZ - Clock Edge Detect Q=1 on Rise (Z)

ML - 105

Truth Table

Input Output
R CLK OE Q                                                      

0 x 1 0
1 x 0 z
1 x 1 0
1 r 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.00 2.30 2.60 2.30 2.60 2.90
OE → Q 1.30 1.40 1.50 1.20 1.30 1.40
R → Q 0.60 0.70 0.80 1.90 2.20 2.50

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 3.50 3.90 4.30 3.90 4.30 4.70
OE → Q 1.90 2.10 2.30 1.80 2.00 2.20
R → Q 1.10 1.20 1.30 3.30 3.70 4.10   



CR0 - 0-Bit Ripple-Carry Counter

ML - 106

CR0 - 0-Bit Ripple-Carry Counter

Symbol

CR0

Q0

R

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

CLK

Q0

R

D

R

Q

PFDN



CR0 - 0-Bit Ripple-Carry Counter

ML - 107

Truth Table

Input Output
R CLK Q0                                              

0 x 0
1 x q0
1 r q0'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         



CR0 - 0-Bit Ripple-Carry Counter

ML - 108

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         



CR1 - 1-Bit Ripple-Carry Counter

ML - 109

CR1 - 1-Bit Ripple-Carry Counter

Symbol

RRCO

RCI
Q1

CR1

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

CLK

Q1

R

RCI

RCO

D

R

Q

PFDHA



CR1 - 1-Bit Ripple-Carry Counter

ML - 110

Truth Table

Input Output
R CLK RCI Q1 RCO                                                                   

0 x x 0 0
1 r 0 q1 0
1 r 1 q1' q1
1 x 1 q1 q1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

RCI → RCO 0.60 1.20 1.90 0.80 1.50 2.20
R → RCO - - - 2.75 3.99 5.32
CLK → RCO 2.57 3.69 5.01 3.15 4.39 5.72

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 2.10 2.10 2.10 0.00 0.00 0.00



CR1 - 1-Bit Ripple-Carry Counter

ML - 111

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

RCI → RCO 1.70 2.10 2.90 1.80 2.30 3.00
R → RCO - - - 5.35 6.40 7.89
CLK → RCO 5.24 6.28 7.85 5.95 7.00 8.49

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 3.50 3.50 3.50 0.00 0.00 0.00   



CR4 - 4-Bit Ripple-Carry Counter

ML - 112

CR4 - 4-Bit Ripple-Carry Counter

Symbol

R

Q3

Q0

Q1

Q2

CR4

RCO

Rectangular Area: 2x4cells

Number of Cells: 8

Truth Table

Input Output
R CLK Q3 Q2 Q1 Q0 RCO                                                                                                             

0 x x 0 0 0 0
1 x q3 q2 q1 q0 0
1 r present state + 1 q3*q2*q1*q0
1 x 1 1 1 1 1



CR4 - 4-Bit Ripple-Carry Counter

ML - 113

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → RCO - - - 2.75 5.59 9.96
CLK → RCO 2.57 4.98 9.01 3.15 5.99 10.36
R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 1.56 1.82 2.06
CLK → Q0 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         



CR4 - 4-Bit Ripple-Carry Counter

ML - 114

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → RCO - - - 5.35 8.81 14.20
CLK → RCO 5.24 8.47 13.89 5.95 9.41 14.80
R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 2.56 2.92 3.31
CLK → Q0 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         



CR4 - 4-Bit Ripple-Carry Counter

ML - 115

Schematic

CLK

Q0

Q1

Q2

Q3

R

RCO

D

R

Q

PFDHA

D

R

Q

PFDHA

D

R

Q

PFDN

D

R

Q

PFDHA



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 116

CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

Symbol

RCO

RCI

R

Q3

LD

Q2

Q1

Q0D0

D1

D2

D3

CRP4

Rectangular Area: 2x4cells

Number of Cells: 8

Truth Table

Input Output
R RCI CLK LD D3...D0 Q3...Q0 RCO                                                                                                                                   

0 x x x x...x 0...0 0
1 0 x x x...x q3...q0 0
1 0 r 0 d3...d0 d3...d0 0
1 1 x 1 x...x present state q3*q2*q1*q0
1 1 r 0 d3...d0 d3...d0+1 q3*q2*q1*q0



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 117

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

D0 → RCO 3.51 6.75 10.29 4.24 7.80 11.35
D1 → RCO 2.83 5.46 8.29 3.35 6.19 9.03
D2 → RCO 2.15 4.17 6.29 2.46 4.59 6.71
D3 → RCO 1.47 2.88 4.29 1.57 2.98 4.39
...................................................................................................................................................................................................................................................................................

LD → RCO 1.67 5.12 11.09 1.87 5.99 12.45
RCI → RCO 2.64 5.07 7.90 3.47 6.32 9.16
R → RCO - - - 3.15 7.20 13.38
CLK → RCO 2.96 6.33 12.01 3.55 7.60 13.78



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 118

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 5.54 8.40 11.25 0.77 0.77 0.77
D1 4.65 6.79 8.93 0.77 0.77 0.77
D2 3.76 5.18 6.61 0.77 0.77 0.77
D3 2.97 3.78 4.49 0.77 0.77 0.77
...................................................................................................................................................................................................................................................................................

LD 5.84 8.99 12.35 1.07 1.07 1.07
RCI 4.77 6.91 9.06 0.00 0.00 0.00



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 119

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R -> Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

D0 → RCO 8.99 11.06 15.17 9.51 12.11 15.88
D1 → RCO 7.22 8.87 12.15 7.62 9.70 12.73
D2 → RCO 5.44 6.68 9.13 5.74 7.29 9.58
D3 → RCO 3.67 4.49 6.11 3.86 4.88 6.42
...................................................................................................................................................................................................................................................................................

LD → RCO 4.67 8.88 16.67 5.36 10.29 18.28
RCI → RCO 7.02 8.67 11.96 7.44 9.53 12.46
R → RCO - - - 6.84 11.91 19.94
CLK → RCO 6.04 10.57 18.29 7.44 12.51 20.54



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 120

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 11.21 13.31 16.38 1.97 1.97 1.97
D1 9.32 10.90 13.23 1.97 1.97 1.97
D2 7.44 8.49 10.08 1.97 1.97 1.97
D3 5.56 6.08 6.92 1.97 1.97 1.97
...................................................................................................................................................................................................................................................................................

LD 12.71 15.11 18.78 2.97 2.97 2.97
RCI 9.14 10.73 12.96 0.00 0.00 0.00



CRP4 - 4-Bit Ripple-Carry Counter w/ Parallel Load

ML - 121

Schematic
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CRPST - Bit Stage Ripple-Carry Counter w/ Parallel Load

ML - 122

CRPST - Bit Stage Ripple-Carry Counter w/ Parallel Load

Symbol

RCI

CRPST

RCO

LD

D Q

R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

D

LD

Q

R

RCI

RCO

0

1

PMUX

D

R

Q

PFDHA



CRPST - Bit Stage Ripple-Carry Counter w/ Parallel Load

ML - 123

Truth Table

Input Output
R CLK LD RCI D Q RCO                                                                                            

0 x x x x 0 0
1 x x x x q rco
1 r 0 x d d rci*d
1 r 1 0 x q 0
...............................................................................................................................................................................................

1 r 1 1 x q' q'
1 x 1 1 x q q

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI → RCO 0.60 1.20 1.90 0.80 1.50 2.20
D → RCO 1.47 2.88 4.29 1.57 2.98 4.39
LD → RCO 1.67 3.18 5.09 1.87 3.58 5.49
R → RCO - - - 3.15 4.79 6.42
...................................................................................................................................................................................................................................................................................

CLK → RCO 2.96 4.39 6.01 3.55 5.19 6.82
R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
...................................................................................................................................................................................................................................................................................

CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 2.10 2.10 2.10 0.00 0.00 0.00
D 2.97 3.78 4.49 0.77 0.77 0.77
LD 3.17 4.18 5.39 1.07 1.07 1.07



CRPST - Bit Stage Ripple-Carry Counter w/ Parallel Load

ML - 124

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI → RCO 1.70 2.10 2.90 1.80 2.30 3.00
D → RCO 3.67 4.49 6.11 3.86 4.88 6.42
LD → RCO 4.67 5.59 7.61 5.36 6.68 8.82
R → RCO - - - 6.84 8.29 10.48
...................................................................................................................................................................................................................................................................................

CLK → RCO 6.04 7.28 9.23 7.44 8.89 11.08
R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
...................................................................................................................................................................................................................................................................................

CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 3.50 3.50 3.50 0.00 0.00 0.00
D 5.56 6.08 6.92 1.97 1.97 1.97
LD 7.06 7.88 9.32 2.97 2.97 2.97   



CRST - Bit Stage Ripple-Carry Counter

ML - 125

CRST - Bit Stage Ripple-Carry Counter

Symbol

CRST

Q
RCI

RCO R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

Q

R

RCI

RCO

D

R

Q

PFDHA



CRST - Bit Stage Ripple-Carry Counter

ML - 126

Truth Table

Input Output
R CLK RCI Q RCO                                                                   

0 x x 0 0
1 x 0 q 0
1 r 1 q' q*rci

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33
...............................................................................................................................................................................................................................................................................

RCI → RCO 0.60 1.20 1.90 0.80 1.50 2.20
R → RCO - - - 2.75 3.99 5.32
CLK → RCO 2.57 3.69 5.02 3.15 4.39 5.72

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 2.10 2.10 2.10 0.00 0.00 0.00



CRST - Bit Stage Ripple-Carry Counter

ML - 127

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75
...............................................................................................................................................................................................................................................................................

RCI → RCO 1.70 2.10 2.90 1.80 2.30 3.00
R → RCO - - - 5.35 6.40 7.99
CLK → RCO 5.24 6.28 7.84 5.95 7.00 8.59

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RCI 3.50 3.50 3.50 0.00 0.00 0.00   



DC24 - 2-4 Decoder Active High/Low

ML - 128

DC24 - 2-4 Decoder Active High/Low

Symbol

S0

S1

Q3

Q2

Q1

Q0

DC24

Q0N

Q1N

Q2N

Q3N

Rectangular Area: 2x5cells

Number of Cells: 9

Schematic

Q0

Q0N

Q1

Q1N

Q2

Q2N

Q3

Q3N

S0

S1

PINV

PAN2

PAN2L

PINV

PINV
PINV PAN2L

PAN2L

PINV



DC24 - 2-4 Decoder Active High/Low

ML - 129

Truth Table

Input Output
S1 S0 Q3 Q2 Q1 Q0 Q3N Q2N Q1N Q0N                                                                                                                                 

0 0 0 0 0 1 1 1 1 0
0 1 0 0 1 0 1 1 0 1
1 0 0 1 0 0 1 0 1 1
1 1 1 0 0 0 0 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q0 0.88 1.19 1.59 0.97 1.38 1.89
S0 → Q0 1.26 1.97 2.78 1.44 2.16 2.98
S1 → Q0N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S0 → Q0N.BUS 2.64 4.26 5.88 2.46 3.97 5.58
...............................................................................................................................................................................................................................................................................

S1 → Q0N 1.77 2.98 4.19 1.58 2.59 3.69
S0 → Q0N 2.24 3.76 5.28 1.96 3.37 4.88
S1 → Q1 0.88 1.19 1.59 0.97 1.38 1.89
S0 → Q1 1.04 1.65 2.47 1.11 1.74 2.57
...............................................................................................................................................................................................................................................................................

S1 → Q2 0.96 1.57 2.38 1.04 1.66 2.48
S0 → Q2 0.88 1.19 1.59 0.97 1.38 1.89
S1 → Q3 0.78 1.29 2.00 0.99 1.61 2.32
S0 → Q3 1.34 2.16 3.28 1.53 2.46 3.60
...............................................................................................................................................................................................................................................................................

S1 → Q1N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S0 → Q1N.BUS 2.31 3.84 5.47 2.24 3.65 5.27
S1 → Q1N 1.77 2.98 4.19 1.58 2.59 3.69
S0 → Q1N 1.91 3.34 4.87 1.74 3.05 4.57
...............................................................................................................................................................................................................................................................................



DC24 - 2-4 Decoder Active High/Low

ML - 130

S1 → Q2N.BUS 2.24 3.76 5.38 2.16 3.57 5.18
S0 → Q2N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S1 → Q2N 1.84 3.26 4.78 1.66 2.97 4.48
S0 → Q2N 1.77 2.98 4.19 1.58 2.59 3.69
...............................................................................................................................................................................................................................................................................

S1 → Q3N.BUS 2.19 3.70 5.22 1.98 3.29 4.80
S0 → Q3N.BUS 2.73 4.56 6.50 2.54 4.16 6.08
S1 → Q3N 1.79 3.20 4.62 1.48 2.69 4.10
S0 → Q3N 2.33 4.07 5.90 2.04 3.56 5.38



DC24 - 2-4 Decoder Active High/Low

ML - 131

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q0 1.57 1.99 2.53 1.77 2.09 2.63
S0 → Q0 2.64 3.28 4.25 2.84 3.38 4.26
S1 → Q0N.BUS 4.37 5.29 7.13 4.57 5.69 7.63
S0 → Q0N.BUS 5.44 6.58 8.76 5.64 6.98 9.35
...............................................................................................................................................................................................................................................................................

S1 → Q0N 3.67 4.39 5.73 3.57 4.49 5.83
S0 → Q0N 4.74 5.68 7.36 4.64 5.78 7.55
S1 → Q1 1.57 1.99 2.53 1.77 2.09 2.63
S0 → Q1 2.22 2.87 3.80 2.52 3.07 4.10
...............................................................................................................................................................................................................................................................................

S1 → Q2 2.14 2.78 3.66 2.44 2.98 3.96
S0 → Q2 1.57 1.99 2.53 1.77 2.09 2.63
S1 → Q3 1.77 2.19 2.92 2.18 2.71 3.45
S0 → Q3 2.92 3.67 4.88 3.22 4.09 5.42
...............................................................................................................................................................................................................................................................................

S1 → Q1N.BUS 4.37 5.29 7.13 4.57 5.69 7.63
S0 → Q1N.BUS 5.12 6.27 8.60 5.22 6.57 8.90
S1 → Q1N 3.67 4.39 5.73 3.57 4.49 5.83
S0 → Q1N 4.42 5.37 7.20 4.22 5.37 7.10
...............................................................................................................................................................................................................................................................................

S1 → Q2N.BUS 5.04 6.18 8.46 5.14 6.48 8.76
S0 → Q2N.BUS 4.37 5.29 7.13 4.57 5.69 7.63
S1 → Q2N 4.34 5.28 7.06 4.14 5.28 6.96
S0 → Q2N 3.67 4.39 5.73 3.57 4.49 5.83
...............................................................................................................................................................................................................................................................................

S1 → Q3N.BUS 4.78 5.91 7.95 4.77 5.89 8.02
S0 → Q3N.BUS 5.82 7.29 9.92 5.92 7.37 9.98
S1 → Q3N 4.08 5.01 6.55 3.77 4.69 6.22
S0 → Q3N 5.12 6.39 8.52 4.92 6.17 8.18   



DC24H - 2-4 Decoder Active High

ML - 132

DC24H - 2-4 Decoder Active High

Symbol

DC24H

Q0

Q1

Q2

Q3

S0

S1

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

PSELBUFS
PINVW

PINVW

S1

S0

Q3

Q2

Q1

Q0

PSELBUFS



DC24H - 2-4 Decoder Active High

ML - 133

Truth Table

Input Output
S1 S0 Q3 Q2 Q1 Q0                                                                           

0 0 0 0 0 1
0 1 0 0 1 0
1 0 0 1 0 0
1 1 1 0 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 → Q0 0.80 1.10 1.50 0.90 1.30 1.80
S1 → Q0 1.18 1.88 2.69 1.37 2.08 2.89
S0 → Q1 0.40 0.70 1.10 0.50 0.80 1.20
S1 → Q1 1.18 1.88 2.69 1.37 2.08 2.89
...............................................................................................................................................................................................................................................................................

S0 → Q2 0.80 1.10 1.50 0.90 1.30 1.80
S1 → Q2 0.88 1.48 2.29 0.97 1.58 2.39
S0 → Q3 0.40 0.70 1.10 0.50 0.80 1.20
S1 → Q3 0.88 1.49 2.30 0.97 1.68 2.39



DC24H - 2-4 Decoder Active High

ML - 134

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 → Q0 1.50 1.80 2.40 1.60 2.00 2.50
S1 → Q0 2.57 3.09 4.12 2.67 3.29 4.13
S0 → Q1 1.00 1.30 1.70 1.40 1.60 2.10
S1 → Q1 2.67 3.29 4.23 2.77 3.29 4.33
...............................................................................................................................................................................................................................................................................

S0 → Q2 1.50 1.80 2.40 1.60 2.00 2.50
S1 → Q2 2.07 2.59 3.53 2.27 2.89 3.83
S0 → Q3 1.00 1.30 1.70 1.40 1.60 2.10
S1 → Q3 2.07 2.69 3.52 2.37 2.89 3.93   



DC24L - 2-4 Decoder Active Low

ML - 135

DC24L - 2-4 Decoder Active Low

Symbol

DC24L

Q3N

Q2N

Q1N

Q0N

S1

S0

Rectangular Area: 1x6cells

Number of Cells: 6

Schematic

POR

PINVW
PORL

PINVW

PORL

POR

S1

S0

Q3N

Q2N

Q1N

Q0N



DC24L - 2-4 Decoder Active Low

ML - 136

Truth Table

Input Output
S1 S0 Q3N Q2N Q1N Q0N                                                                           

0 0 1 1 1 0
0 1 1 1 0 1
1 0 1 0 1 1
1 1 0 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q3N 0.80 1.40 2.10 0.90 1.60 2.30
S0 → Q3N 1.58 2.59 3.69 1.77 2.88 3.99
S1 → Q2N 0.80 1.40 2.10 0.90 1.60 2.30
S0 → Q2N 1.28 2.19 3.30 1.37 2.48 3.49
...............................................................................................................................................................................................................................................................................

S1 → Q1N 0.80 1.40 2.10 0.90 1.60 2.30
S0 → Q1N 1.58 2.59 3.69 1.77 2.88 3.99
S1 → Q0N 0.80 1.40 2.10 0.90 1.60 2.30
S0 → Q0N 1.28 2.18 3.29 1.37 2.38 3.49



DC24L - 2-4 Decoder Active Low
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q3N 1.80 2.30 3.10 2.90 3.50 4.60
S0 → Q3N 3.47 4.29 5.63 4.27 5.19 6.83
S1 → Q2N 1.80 2.30 3.10 2.90 3.50 4.60
S0 → Q2N 2.87 3.69 4.92 3.87 4.79 6.43
...............................................................................................................................................................................................................................................................................

S1 → Q1N 1.80 2.30 3.10 2.90 3.50 4.60
S0 → Q1N 3.37 4.19 5.52 4.27 5.19 6.73
S1 → Q0N 1.80 2.30 3.10 2.90 3.50 4.60
S0 → Q0N 2.87 3.69 4.93 3.87 4.79 6.43   
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DC38H - 3-8 Decoder Active High

Symbol

S2

S1

S0

DC38H

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Rectangular Area: 3x8cells

Number of Cells: 20

Truth Table

Input Output
S2 S1 S0 Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0                                                                                                                               

0 0 0 0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0 0 1 0
0 1 0 0 0 0 0 0 1 0 0
0 1 1 0 0 0 0 1 0 0 0
........................................................................................................................................................................................................................................................................................

1 0 0 0 0 0 1 0 0 0 0
1 0 1 0 0 1 0 0 0 0 0
1 1 0 0 1 0 0 0 0 0 0
1 1 1 1 0 0 0 0 0 0 0



DC38H - 3-8 Decoder Active High
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Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S2 → Q0 1.66 2.67 3.88 1.84 2.86 4.08
S1 → Q0 1.28 1.88 2.69 1.37 2.08 2.99
S0 → Q0 0.80 1.10 1.50 0.90 1.30 1.80
S2 → Q1 1.96 3.17 4.68 2.24 3.56 5.08
...............................................................................................................................................................................................................................................................................

S1 → Q1 1.58 2.39 3.49 1.77 2.78 3.99
S0 → Q1 0.70 1.20 1.90 0.90 1.50 2.20
S2 → Q2 1.96 3.18 4.69 2.26 3.59 5.11
S1 → Q2 1.18 1.99 3.10 1.39 2.31 3.42
...............................................................................................................................................................................................................................................................................

S0 → Q2 0.80 1.10 1.50 0.90 1.30 1.80
S2 → Q3 2.26 3.68 5.49 2.66 4.28 6.11
S1 → Q3 1.48 2.49 3.90 1.79 3.01 4.42
S0 → Q3 0.70 1.20 1.90 0.90 1.50 2.20
...............................................................................................................................................................................................................................................................................

S2 → Q4 0.88 1.48 2.29 0.87 1.48 2.29
S1 → Q4 1.28 1.88 2.69 1.37 2.08 2.99
S0 → Q4 0.80 1.10 1.50 0.90 1.30 1.80
S2 → Q5 1.18 1.99 3.09 1.27 2.18 3.29
...............................................................................................................................................................................................................................................................................

S1 → Q5 1.58 2.39 3.49 1.77 2.78 3.99
S0 → Q5 0.70 1.20 1.90 0.90 1.50 2.20
S2 → Q6 1.18 1.99 3.10 1.29 2.20 3.32
S1 → Q6 1.18 1.99 3.10 1.39 2.31 3.42
...............................................................................................................................................................................................................................................................................

S0 → Q6 0.80 1.10 1.50 0.90 1.30 1.80
S2 → Q7 1.48 2.49 3.90 1.69 2.90 4.32
S1 → Q7 1.48 2.49 3.90 1.79 3.01 4.42
S0 → Q7 0.70 1.20 1.90 0.90 1.50 2.20



DC38H - 3-8 Decoder Active High
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S2 → Q0 3.64 4.48 5.94 3.74 4.58 5.86
S1 → Q0 2.57 3.19 4.22 2.67 3.29 4.23
S0 → Q0 1.50 1.90 2.40 1.70 2.00 2.50
S2 → Q1 4.34 5.28 7.04 4.44 5.58 7.16
...............................................................................................................................................................................................................................................................................

S1 → Q1 3.27 3.99 5.32 3.37 4.29 5.53
S0 → Q1 1.70 2.10 2.80 2.10 2.60 3.30
S2 → Q2 4.34 5.38 7.04 4.55 5.60 7.19
S1 → Q2 2.77 3.49 4.62 3.18 3.91 5.05
...............................................................................................................................................................................................................................................................................

S0 → Q2 1.50 1.90 2.40 1.70 2.00 2.50
S2 → Q3 5.04 6.18 8.14 5.25 6.60 8.49
S1 → Q3 3.47 4.29 5.72 3.88 4.91 6.35
S0 → Q3 1.70 2.10 2.80 2.10 2.60 3.30
...............................................................................................................................................................................................................................................................................

S2 → Q4 2.07 2.59 3.52 1.97 2.49 3.33
S1 → Q4 2.57 3.19 4.22 2.67 3.29 4.23
S0 → Q4 1.50 1.90 2.40 1.70 2.00 2.50
S2 → Q5 2.77 3.39 4.62 2.67 3.49 4.63
...............................................................................................................................................................................................................................................................................

S1 → Q5 3.27 3.99 5.32 3.37 4.29 5.53
S0 → Q5 1.70 2.10 2.80 2.10 2.60 3.30
S2 → Q6 2.77 3.49 4.62 2.78 3.51 4.65
S1 → Q6 2.77 3.49 4.62 3.18 3.91 5.05
...............................................................................................................................................................................................................................................................................

S0 → Q6 1.50 1.90 2.40 1.70 2.00 2.50
S2 → Q7 3.47 4.29 5.72 3.48 4.51 5.95
S1 → Q7 3.47 4.29 5.72 3.88 4.91 6.35
S0 → Q7 1.70 2.10 2.80 2.10 2.60 3.30
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Schematic

PAN2L
PAN2L

PAN2
PAN2L

PAN2PAN2L

PAN2
PAN2

PAN2L
PAN2LPINV

PINV PAN2
PAN2

PINV PAN2
PAN2L

PINV PAN2L PAN2

S2

S1

S0

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0



DC38L - 3-8 Decoder Active Low
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DC38L - 3-8 Decoder Active Low

Symbol

DC38L

Q0N

Q1N

Q2N

Q3N

Q4N

Q5N

Q6N

Q7N

S0

S1

S2

Rectangular Area: 4x8cells

Number of Cells: 24

Truth Table

Input Output
S2 S1 S0 Q7N Q6N Q5N Q4N Q3N Q2N Q1N Q0N                                                                                                                                 

0 0 0 1 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 1 0 1
0 1 0 1 1 1 1 1 0 1 1
0 1 1 1 1 1 1 0 1 1 1
........................................................................................................................................................................................................................................................................................

1 0 0 1 1 1 0 1 1 1 1
1 0 1 1 1 0 1 1 1 1 1
1 1 0 1 0 1 1 1 1 1 1
1 1 1 0 1 1 1 1 1 1 1



DC38L - 3-8 Decoder Active Low
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Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q0N.BUS 2.64 4.26 5.98 2.56 3.97 5.58
S2 → Q0N.BUS 3.11 5.04 7.07 2.94 4.76 6.77
S0 → Q0N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S1 → Q0N 2.24 3.76 5.38 2.06 3.37 4.88
...................................................................................................................................................................................................................................................................................

S2 → Q0N 2.71 4.54 6.47 2.44 4.16 6.07
S0 → Q0N 1.77 2.98 4.19 1.58 2.59 3.69
S1 → Q2N.BUS 2.66 4.48 6.41 2.46 4.07 5.99
S2 → Q2N.BUS 3.53 5.76 8.10 3.24 5.26 7.58
...................................................................................................................................................................................................................................................................................

S0 → Q2N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S1 → Q2N 2.26 3.99 5.81 1.96 3.47 5.29
S2 → Q2N 3.13 5.26 7.50 2.74 4.66 6.88
S0 → Q2N 1.77 2.98 4.19 1.58 2.59 3.69
...................................................................................................................................................................................................................................................................................

S1 → Q4N.BUS 2.64 4.26 5.98 2.56 3.97 5.58
S2 → Q4N.BUS 2.14 3.66 5.28 2.16 3.57 5.18
S0 → Q4N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S1 → Q4N 2.24 3.76 5.38 2.06 3.37 4.88
...................................................................................................................................................................................................................................................................................

S2 → Q4N 1.74 3.16 4.68 1.66 2.97 4.48
S0 → Q4N 1.77 2.98 4.19 1.58 2.59 3.69
S1 → Q6N.BUS 2.66 4.48 6.41 2.46 4.07 5.99
S2 → Q6N.BUS 2.56 4.38 6.31 2.46 4.07 5.99
...................................................................................................................................................................................................................................................................................

S0 → Q6N.BUS 2.17 3.48 4.79 2.08 3.18 4.39
S1 → Q6N 2.26 3.99 5.81 1.96 3.47 5.29
S2 → Q6N 2.16 3.88 5.71 1.96 3.47 5.29
S0 → Q6N 1.77 2.98 4.19 1.58 2.59 3.69
...................................................................................................................................................................................................................................................................................

S1 → Q1N 1.77 2.78 3.99 1.68 2.59 3.69
S2 → Q1N 2.24 3.56 5.08 2.06 3.37 4.88
S0 → Q1N 0.80 1.40 2.10 0.90 1.50 2.20
S1 → Q3N 1.79 3.01 4.42 1.58 2.69 4.10
...................................................................................................................................................................................................................................................................................



DC38L - 3-8 Decoder Active Low
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S2 → Q3N 2.66 4.28 6.11 2.36 3.88 5.69
S0 → Q3N 0.80 1.40 2.10 0.90 1.50 2.20
S1 → Q5N 1.77 2.78 3.99 1.68 2.59 3.69
S2 → Q5N 1.27 2.18 3.29 1.28 2.18 3.29
...................................................................................................................................................................................................................................................................................

S0 → Q5N 0.80 1.40 2.10 0.90 1.50 2.20
S1 → Q7N 1.79 3.01 4.42 1.58 2.69 4.10
S2 → Q7N 1.69 2.90 4.32 1.58 2.69 4.10
S0 → Q7N 0.80 1.40 2.10 0.90 1.50 2.20



DC38L - 3-8 Decoder Active Low
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q0N.BUS 5.24 6.58 8.86 5.64 6.88 9.44
S2 → Q0N.BUS 6.32 7.87 10.50 6.72 8.17 11.16
S0 → Q0N.BUS 4.27 5.29 7.13 4.57 5.59 7.62
S1 → Q0N 4.54 5.68 7.46 4.64 5.68 7.64
...................................................................................................................................................................................................................................................................................

S2 → Q0N 5.62 6.97 9.10 5.72 6.97 9.36
S0 → Q0N 3.57 4.39 5.73 3.57 4.39 5.82
S1 → Q2N.BUS 5.75 7.20 9.69 5.84 7.18 9.84
S2 → Q2N.BUS 7.12 8.89 11.82 7.42 9.07 12.26
...................................................................................................................................................................................................................................................................................

S0 → Q2N.BUS 4.27 5.29 7.13 4.57 5.59 7.62
S1 → Q2N 5.05 6.30 8.29 4.84 5.98 8.04
S2 → Q2N 6.42 7.99 10.42 6.42 7.87 10.46
S0 → Q2N 3.57 4.39 5.73 3.57 4.39 5.82
...................................................................................................................................................................................................................................................................................

S1 → Q4N.BUS 5.24 6.58 8.86 5.64 6.88 9.44
S2 → Q4N.BUS 4.54 5.78 7.96 5.14 6.28 8.74
S0 → Q4N.BUS 4.27 5.29 7.13 4.57 5.59 7.62
S1 → Q4N 4.54 5.68 7.46 4.64 5.68 7.64
...................................................................................................................................................................................................................................................................................

S2 → Q4N 3.84 4.88 6.56 4.14 5.08 6.94
S0 → Q4N 3.57 4.39 5.73 3.57 4.39 5.82
S1 → Q6N.BUS 5.75 7.20 9.69 5.84 7.18 9.84
S2 → Q6N.BUS 5.35 6.80 9.29 5.84 7.18 9.84
...................................................................................................................................................................................................................................................................................

S0 → Q6N.BUS 4.27 5.29 7.13 4.57 5.59 7.62
S1 → Q6N 5.05 6.30 8.29 4.84 5.98 8.04
S2 → Q6N 4.65 5.90 7.89 4.84 5.98 8.04
S0 → Q6N 3.57 4.39 5.73 3.57 4.39 5.82
...................................................................................................................................................................................................................................................................................

S1 → Q1N 3.47 4.29 5.63 3.37 4.09 5.52
S2 → Q1N 4.54 5.58 7.26 4.44 5.38 7.24
S0 → Q1N 2.20 2.60 3.40 1.80 2.20 3.00
S1 → Q3N 3.98 4.91 6.45 3.57 4.39 5.92
...................................................................................................................................................................................................................................................................................



DC38L - 3-8 Decoder Active Low
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S2 → Q3N 5.35 6.60 8.59 5.14 6.28 8.34
S0 → Q3N 2.20 2.60 3.40 1.80 2.20 3.00
S1 → Q5N 3.47 4.29 5.63 3.37 4.09 5.52
S2 → Q5N 2.77 3.49 4.73 2.87 3.49 4.82
...................................................................................................................................................................................................................................................................................

S0 → Q5N 2.20 2.60 3.40 1.80 2.20 3.00
S1 → Q7N 3.98 4.91 6.45 3.57 4.39 5.92
S2 → Q7N 3.58 4.51 6.05 3.57 4.39 5.92
S0 → Q7N 2.20 2.60 3.40 1.80 2.20 3.00



DC38L - 3-8 Decoder Active Low
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Schematic

PINV
PAN2L

PAN2

PINV
PAN2L

PAN2LPINV

PINV PAN2

PAN2L
PINV

PAN2L
PAN2L

PINV

PND2
PAN2

PAN2L
PND2

PINV PAN2L

PINV PAN2

PND2

PND2

S2

S1

S0

Q7N

Q6N

Q5N

Q4N

Q3N

Q2N

Q1N

Q0N



DIS7SEG - 7 Segment BCD Display (0 to F)
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DIS7SEG - 7 Segment BCD Display (0 to F)

Symbol

G

F

E

D

C

B

A

D0

D1

D2

D3

DIS7SEG
Rectangular Area: 5x26cells

Number of Cells: 84

Truth Table

Input Output
D3 D2 D1 D0 A B C D E F G                                                                                                                               

0 0 0 0 1 1 1 1 1 1 0
0 0 0 1 0 1 1 0 0 0 0
0 0 1 0 1 1 0 1 1 0 1
0 0 1 1 1 1 1 1 0 0 1
........................................................................................................................................................................................................................................................................................

0 1 0 0 0 1 1 0 0 1 1
0 1 0 1 1 0 1 1 0 1 1
0 1 1 0 0 0 1 1 1 1 1
0 1 1 1 1 1 1 0 0 0 0
........................................................................................................................................................................................................................................................................................

1 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 1 1 0 0 1 1
1 0 1 0 0 0 0 1 1 0 1
1 0 1 1 0 0 1 1 0 0 1
........................................................................................................................................................................................................................................................................................

1 1 0 0 0 1 0 0 0 1 1
1 1 0 1 1 0 0 1 0 1 1
1 1 1 0 0 0 0 1 1 1 1
1 1 1 1 0 0 0 0 0 0 0



DIS7SEG - 7 Segment BCD Display (0 to F)
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Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → G 2.91 5.88 9.47 2.92 5.68 8.85
D0 → G 3.64 6.30 9.37 3.37 5.91 8.85
D3 → G 3.03 5.37 8.00 2.83 5.06 7.59
D2 → G 2.91 5.95 9.59 2.82 5.85 9.28
...................................................................................................................................................................................................................................................................................

D1 → F 3.03 6.06 10.20 2.73 5.70 9.68
D0 → F 3.13 5.57 8.30 2.73 5.35 8.38
D3 → F 3.13 5.37 8.01 2.74 4.96 7.48
D2 → F 2.94 5.66 9.10 2.72 5.44 8.67
...................................................................................................................................................................................................................................................................................

D1 → E 2.38 4.02 5.96 2.21 3.84 5.66
D0 → E 2.28 4.28 6.97 2.21 4.15 6.69
D2 → E 3.18 5.42 8.16 3.01 5.24 7.88
D1 → D 3.03 6.66 11.85 2.83 6.27 11.23
...................................................................................................................................................................................................................................................................................

D0 → D 3.60 7.01 11.75 3.22 6.61 11.23
D2 → D 3.98 7.93 13.31 3.69 7.70 13.07
D1 → C 3.13 5.47 8.10 2.73 4.95 7.48
D0 → C 2.04 3.66 5.59 2.06 3.67 5.58
...................................................................................................................................................................................................................................................................................

D3 → C 4.83 8.19 12.06 4.73 7.99 11.75
D2 → C 3.03 6.00 10.38 2.73 5.79 9.97
D1 → B 2.66 5.86 10.48 2.25 5.39 10.06
D0 → B 3.60 6.55 10.29 3.21 6.13 9.96
...................................................................................................................................................................................................................................................................................

D3 → B 3.60 6.79 10.78 3.21 6.47 10.65
D2 → B 2.56 5.37 9.19 2.25 4.95 8.68
D1 → A 3.24 6.90 11.87 3.25 6.94 11.96
D0 → A 2.46 6.05 11.47 2.26 5.88 11.35
...................................................................................................................................................................................................................................................................................

D3 → A 4.10 7.72 12.66 4.19 7.77 12.55
D2 → A 4.37 8.41 14.25 4.14 8.39 14.24

Switching Speeds for -4ns Parts

Rise Fall
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Pin Min Typ Max Min Typ Max
                                                                                                                         

D1 → G 6.81 9.61 14.50 7.31 9.40 13.15
D0 → G 8.33 10.45 14.10 7.73 9.74 13.15
D3 → G 7.22 8.98 12.21 6.92 8.67 11.45
D2 → G 6.81 9.66 14.74 6.91 9.51 13.68
...................................................................................................................................................................................................................................................................................

D1 → F 7.22 9.62 13.93 6.52 9.41 14.09
D0 → F 7.22 9.23 12.51 6.52 8.62 11.86
D3 → F 6.52 8.08 10.91 6.91 8.57 11.37
D2 → F 6.72 8.92 12.73 6.62 8.76 12.69
...................................................................................................................................................................................................................................................................................

D1 → E 5.88 7.15 9.62 4.89 6.26 8.31
D0 → E 5.48 7.51 11.28 4.89 6.87 9.85
D2 → E 7.78 9.55 13.12 6.89 8.86 11.68
D1 → D 7.12 11.20 17.97 6.92 10.55 16.81
...................................................................................................................................................................................................................................................................................

D0 → D 7.49 11.20 17.57 7.98 11.19 16.81
D2 → D 8.56 12.51 19.23 8.55 12.51 19.22
D1 → C 7.62 9.38 12.51 6.52 8.27 11.06
D0 → C 4.54 5.77 7.75 4.64 5.78 7.84
...................................................................................................................................................................................................................................................................................

D3 → C 11.10 13.64 18.34 10.50 13.23 17.48
D2 → C 6.32 9.73 15.67 6.52 9.86 15.12
D1 → B 6.54 10.03 16.07 5.44 8.97 14.82
D0 → B 8.46 10.76 14.47 7.59 10.11 14.42
...................................................................................................................................................................................................................................................................................

D3 → B 8.69 11.11 15.30 7.59 10.55 15.45
D2 → B 6.14 8.98 13.94 5.44 8.27 12.88
D1 → A 7.22 11.01 17.30 7.52 11.27 17.35
D0 → A 5.44 9.62 16.68 5.34 9.61 16.66
...................................................................................................................................................................................................................................................................................

D3 → A 8.86 12.40 18.44 8.96 12.60 18.58
D2 → A 9.16 13.49 20.97 9.15 13.64 20.81
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Schematic

PINV
PAN2L

PAN2PINV

PAN2

PINV

PINV

PND2

PAN2L

PAN2

PND2

PAN2

PND2

PND2

PND2

PINV

PXO2

PAN2

PORL

PAN2L

PND2

PAN2
PINV

PND2

PND2

POR

PAN2
PND2PAN2

PINV

PAN2L

PAN2L

PINV

POR
PAN2

PND2
PAN2

POR

POR

PINVW

POR

PINV

PND2
PAN2

PND2

PAN2L

PND2

PND2
PAN2

POR

PAN2L

PINV

PAN2

PINV

PND2PAN2L

PAN2PINV

G

F

E

D3

D2

D1

D0

D

C

B

A



EC2 - 2-Bit Equality Comparator
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EC2 - 2-Bit Equality Comparator

Symbol

EC2

A0

A1

B0

B1 DIFF

Rectangular Area: 3x2cells

Number of Cells: 6

Schematic

A0

A1

B0

B1

DIFF

PXO2
PINV PND2

PINV
PXO2



EC2 - 2-Bit Equality Comparator
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Truth Table

Input Output
A1 A0 B1 B0 DIFF                                                                           

a < b, a > b 1
a = b 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B1 → DIFF 2.91 5.14 7.77 2.92 5.45 7.97
A1 → DIFF 2.91 5.14 7.77 2.92 5.45 7.97
B0 → DIFF 2.44 4.36 6.58 2.44 4.66 6.78
A0 → DIFF 2.44 4.36 6.58 2.44 4.66 6.78

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B1 → DIFF 6.71 8.36 11.26 7.41 9.26 12.36
A1 → DIFF 6.71 8.36 11.26 7.41 9.26 12.36
B0 → DIFF 5.64 7.07 9.53 6.34 7.87 10.53
A0 → DIFF 5.64 7.07 9.53 6.34 7.87 10.53   
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EC3 - 3-Bit Equality Comparator

Symbol

EC3

B2

A2

B1

B0

A1

A0

DIFF

Rectangular Area: 3x3cells

Number of Cells: 9

Schematic

A1

A0

A2

B0

B1

B2

DIFF

PXO2

PXOND

PXO2
PXO2

PND2

PINV
PXO2



EC3 - 3-Bit Equality Comparator
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Truth Table

Input Output
A2 A1 A0 B2 B1 B0 DIFF                                                                                            

a < b, a > b 1
a = b 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B2 → DIFF 2.91 5.14 7.77 2.92 5.45 7.97
A2 → DIFF 2.91 5.14 7.77 2.92 5.45 7.97
B1 → DIFF 3.78 6.82 10.26 3.68 6.72 10.06
A1 → DIFF 3.78 6.82 10.26 3.68 6.72 10.06
...................................................................................................................................................................................................................................................................................

B0 → DIFF 3.31 6.04 9.07 3.21 5.94 8.87
A0 → DIFF 3.31 6.04 9.07 3.21 5.94 8.87

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B2 → DIFF 6.71 8.36 11.26 7.41 9.26 12.36
A2 → DIFF 6.71 8.36 11.26 7.41 9.26 12.36
B1 → DIFF 8.97 12.09 17.59 8.38 11.50 16.58
A1 → DIFF 8.97 12.09 17.59 8.38 11.50 16.58
...................................................................................................................................................................................................................................................................................

B0 → DIFF 7.90 10.75 15.86 7.31 10.16 14.85
A0 → DIFF 7.90 10.75 15.86 7.31 10.16 14.85   



EC4 - 4-Bit Equality Comparator

ML - 156

EC4 - 4-Bit Equality Comparator

Symbol

EC4

B3

A3

B2

B1

B0

A2

A1

A0

DIFF

Rectangular Area: 3x4cells

Number of Cells: 12

Schematic

A3

A0

A1

A2

B0

B1

B2

B3

DIFF

PXO2

PXO2
PXOND

PXO2
PND2

PXO2

PXO2
PXOND

PXO2



EC4 - 4-Bit Equality Comparator

ML - 157

Truth Table

Input Output
A3 A2 A1 A0 B3 B2 B1 B0 DIFF                                                                                                                             

a < b, a > b 1
a = b 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B3 → DIFF 3.78 6.82 10.26 3.69 6.72 10.06
A3 → DIFF 3.78 6.82 10.26 3.69 6.72 10.06
B2 → DIFF 4.25 7.60 11.45 4.16 7.51 11.25
A2 → DIFF 4.25 7.60 11.45 4.16 7.51 11.25
...................................................................................................................................................................................................................................................................................

B1 → DIFF 3.78 6.82 10.26 3.68 6.72 10.06
A1 → DIFF 3.78 6.82 10.26 3.68 6.72 10.06
B0 → DIFF 3.31 6.04 9.07 3.21 5.94 8.87
A0 → DIFF 3.31 6.04 9.07 3.21 5.94 8.87



EC4 - 4-Bit Equality Comparator

ML - 158

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B3 → DIFF 8.97 12.04 17.59 8.38 11.55 16.68
A3 → DIFF 8.97 12.04 17.59 8.38 11.55 16.68
B2 → DIFF 10.04 13.38 19.33 9.45 12.89 18.42
A2 → DIFF 10.04 13.38 19.33 9.45 12.89 18.42
...................................................................................................................................................................................................................................................................................

B1 → DIFF 8.97 12.09 17.59 8.38 11.50 16.58
A1 → DIFF 8.97 12.09 17.59 8.38 11.50 16.58
B0 → DIFF 7.90 10.75 15.86 7.31 10.16 14.85
A0 → DIFF 7.90 10.75 15.86 7.31 10.16 14.85   



EC8 - 8-Bit Equality Comparator

ML - 159

EC8 - 8-Bit Equality Comparator

Symbol

EC8

DIFF

A1

A0

A2

A3

A4

A5

A6

A7

B0

B1

B2

B3

B4

B5

B6

B7

Rectangular Area: 7x4cells

Number of Cells: 27

Truth Table

Input Output
A7...A0 B7...B0 DIFF                                                                       

a < b, a > b 1
a = b 0



EC8 - 8-Bit Equality Comparator

ML - 160

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A0 → DIFF 6.57 12.10 18.32 6.57 12.06 18.22
B0 → DIFF 6.57 12.10 18.32 6.57 12.06 18.22
A4 → DIFF 5.62 10.53 15.94 5.62 10.48 15.84
B4 → DIFF 5.62 10.53 15.94 5.62 10.48 15.84
...................................................................................................................................................................................................................................................................................

A1 → DIFF 7.04 12.89 19.51 7.04 12.83 19.41
B1 → DIFF 7.04 12.89 19.51 7.04 12.83 19.41
A2 → DIFF 6.56 12.10 18.32 6.56 12.05 18.22
B2 → DIFF 6.56 12.10 18.32 6.56 12.05 18.22
...................................................................................................................................................................................................................................................................................

A3 → DIFF 6.09 11.32 17.13 6.09 11.27 17.03
B3 → DIFF 6.09 11.32 17.13 6.09 11.27 17.03
A5 → DIFF 6.09 11.32 17.13 6.09 11.27 17.03
B5 → DIFF 6.09 11.32 17.13 6.09 11.27 17.03
...................................................................................................................................................................................................................................................................................

A6 → DIFF 6.57 12.11 18.32 6.57 12.05 18.22
B6 → DIFF 6.57 12.11 18.32 6.57 12.05 18.22
A7 → DIFF 6.10 11.32 17.13 6.10 11.27 17.03
B7 → DIFF 6.10 11.32 17.13 6.10 11.27 17.03



EC8 - 8-Bit Equality Comparator

ML - 161

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A0 → DIFF 14.84 20.79 31.09 14.84 20.49 30.08
B0 → DIFF 14.84 20.79 31.09 14.84 20.49 30.08
A4 → DIFF 12.70 18.11 27.52 12.70 17.82 26.51
B4 → DIFF 12.70 18.11 27.52 12.70 17.82 26.51
...................................................................................................................................................................................................................................................................................

A1 → DIFF 15.91 22.12 32.82 15.91 21.84 31.81
B1 → DIFF 15.91 22.12 32.82 15.91 21.84 31.81
A2 → DIFF 14.84 20.79 31.09 14.84 20.49 30.08
B2 → DIFF 14.84 20.79 31.09 14.84 20.49 30.08
...................................................................................................................................................................................................................................................................................

A3 → DIFF 13.77 19.44 29.36 13.77 19.15 28.35
B3 → DIFF 13.77 19.44 29.36 13.77 19.15 28.35
A5 → DIFF 13.77 19.44 29.26 13.77 19.15 28.25
B5 → DIFF 13.77 19.44 29.26 13.77 19.15 28.25
...................................................................................................................................................................................................................................................................................

A6 → DIFF 14.84 20.78 30.99 14.84 20.49 29.98
B6 → DIFF 14.84 20.78 30.99 14.84 20.49 29.98
A7 → DIFF 13.77 19.44 29.26 13.77 19.15 28.25
B7 → DIFF 13.77 19.44 29.26 13.77 19.15 28.25



EC8 - 8-Bit Equality Comparator

ML - 162

Schematic

A6

A0

A1

A2

A3

A4

A5

A7

B0

B1

B2

B3

B4

B5

B6

B7 DIFF

PXO2

PXO2

PXOND

PXO2

PXOND
PXO2

PXO2

PND2
PXO2 PXOND

PXOND
PND2

PXO2
PXOND

PXO2

PND2

PXO2

PXO2
PXOND

PXO2

PXO2



EN42 - 4-to-2 Encoder

ML - 163

EN42 - 4-to-2 Encoder

Symbol

Q0

Q1

EN42

D0

D1

D2

D3 E1

Rectangular Area: 2x3cells

Number of Cells: 6

Schematic

D0

D1

D2

D3

E1

Q0

Q1

PAN2

PND2

PND2
PAN2

PINV



EN42 - 4-to-2 Encoder

ML - 164

Truth Table

Input Output
D3 D2 D1 D0 Q1 Q0 E1                                                                                        

1 1 1 1 0 0 0
1 1 1 0 0 0 1
1 1 0 x 0 1 1
1 0 1 x 1 0 1
..........................................................................................................................................................................................

1 0 0 x 1 1 1
0 x x x 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → E1 1.69 3.01 4.52 1.38 2.69 4.10
D2 → E1 2.23 3.86 5.80 1.94 3.56 5.38
D3 → E1 2.23 3.86 5.80 1.94 3.56 5.38
D1 → E1 1.69 3.01 4.52 1.38 2.69 4.10
...................................................................................................................................................................................................................................................................................

D2 → Q1.BUS 2.63 4.56 6.50 2.44 4.16 6.08
D3 → Q1.BUS 2.63 4.56 6.50 2.44 4.16 6.08
D2 → Q1 2.23 4.07 5.90 1.94 3.56 5.38
D3 → Q1 2.23 4.07 5.90 1.94 3.56 5.38
...................................................................................................................................................................................................................................................................................

D3 → Q0 0.80 1.40 2.20 0.70 1.40 2.10
D1 → Q0 0.80 1.40 2.20 0.70 1.40 2.10



EN42 - 4-to-2 Encoder

ML - 165

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → E1 3.58 4.51 6.05 3.57 4.49 6.02
D2 → E1 4.72 5.89 7.92 4.72 5.97 7.98
D3 → E1 4.72 5.89 7.92 4.72 5.97 7.98
D1 → E1 3.58 4.51 6.05 3.57 4.49 6.02
...................................................................................................................................................................................................................................................................................

D2 → Q1.BUS 5.62 6.99 9.52 5.92 7.37 10.08
D3 → Q1.BUS 5.62 6.99 9.52 5.92 7.37 10.08
D2 → Q1 4.92 6.09 8.12 4.92 6.17 8.28
D3 → Q1 4.92 6.09 8.12 4.92 6.17 8.28
...................................................................................................................................................................................................................................................................................

D3 → Q0 1.70 2.10 2.90 1.80 2.30 3.00
D1 → Q0 1.70 2.10 2.90 1.80 2.30 3.00   



EN83 - 8-to-3 Encoder

ML - 166

EN83 - 8-to-3 Encoder

Symbol

Q0

Q1

Q2

EN83

D0

D1

E1D7

D6

D5

D4

D3

D2

Rectangular Area: 4x4cells

Number of Cells: 11

Truth Table

Input Output
D7 D6 D5 D4 D3 D2 D1 D0 Q2 Q1 Q0 E1                                                                                                                                   

1 1 1 1 1 1 1 1 0 0 0 0
1 1 1 1 1 1 1 0 0 0 0 1
1 1 1 1 1 1 0 x 0 0 1 1
1 1 1 1 1 0 d1 x 0 1(a) 0(a) 1
......................................................................................................................................................................................................................................................................................................

1 1 1 1 0 d2 d1 x 0 1(a) 1(a) 1
1 1 1 0 d3 d2 d1 x 1 0(a) 0(a) 1
1 1 0 d4 d3 d2 d1 x 1 0(a) 1(a) 1
1 0 d5 d4 d3 d2 d1 x 1 1(a) 0(a) 1
......................................................................................................................................................................................................................................................................................................

0 d6 d5 d4 d3 d2 d1 x 1 1(a) 1(a) 1
1 1 1 1 d3 d2 d1 - 0(b) - - -

(a) Q0 = (D7*D5*D3*D1)'; Q1 = (D7*D6*D3*D2)'
(b) Q2 = (D7*D6*D5*D4)'



EN83 - 8-to-3 Encoder

ML - 167

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → Q0 0.80 1.40 2.20 0.70 1.40 2.10
D7 → Q0 1.79 3.11 4.62 1.38 2.69 4.10
D3 → Q0 1.69 3.01 4.52 1.38 2.69 4.10
D5 → Q0 1.69 3.01 4.52 1.38 2.69 4.10
...................................................................................................................................................................................................................................................................................

D2 → Q1 0.80 1.40 2.20 0.70 1.40 2.10
D7 → Q1 2.33 3.97 5.90 1.94 3.56 5.38
D3 → Q1 2.23 3.86 5.80 1.94 3.56 5.38
D6 → Q1 2.23 3.86 5.80 1.94 3.56 5.38
...................................................................................................................................................................................................................................................................................

D4 → Q2 0.80 1.40 2.20 0.70 1.40 2.10
D7 → Q2 2.33 3.97 5.90 1.94 3.56 5.38
D6 → Q2 2.23 3.86 5.80 1.94 3.56 5.38
D5 → Q2 2.23 3.86 5.80 1.94 3.56 5.38
...................................................................................................................................................................................................................................................................................

D1 → E1 1.79 3.11 4.62 1.38 2.69 4.10
D4 → E1 1.69 3.01 4.52 1.38 2.69 4.10
D2 → E1 0.90 1.50 2.30 0.70 1.40 2.10
D0 → E1 0.80 1.40 2.20 0.70 1.40 2.10
...................................................................................................................................................................................................................................................................................

D7 → E1 4.11 7.56 11.73 3.30 6.53 10.58
D3 → E1 4.48 7.86 11.63 3.78 6.93 10.58
D6 → E1 4.01 7.47 11.63 3.30 6.53 10.58
D5 → E1 4.01 7.07 10.44 3.30 6.14 9.38



EN83 - 8-to-3 Encoder

ML - 168

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → Q0 1.70 2.10 2.90 1.80 2.30 3.00
D7 → Q0 3.98 4.91 6.45 3.57 4.49 6.02
D3 → Q0 3.58 4.51 6.05 3.57 4.49 6.02
D5 → Q0 3.58 4.51 6.05 3.57 4.49 6.02
...................................................................................................................................................................................................................................................................................

D2 → Q1 1.70 2.10 2.90 1.80 2.30 3.00
D7 → Q1 5.12 6.29 8.32 4.72 5.97 7.98
D3 → Q1 4.72 5.89 7.92 4.72 5.97 7.98
D6 → Q1 4.72 5.89 7.92 4.72 5.97 7.98
...................................................................................................................................................................................................................................................................................

D4 → Q2 1.70 2.10 2.90 1.80 2.30 3.00
D7 → Q2 5.02 6.29 8.32 4.72 5.87 7.96
D6 → Q2 4.62 5.89 7.92 4.72 5.87 7.96
D5 → Q2 4.62 5.89 7.92 4.72 5.87 7.96
...................................................................................................................................................................................................................................................................................

D1 → E1 3.98 4.91 6.45 3.57 4.49 6.02
D4 → E1 3.58 4.51 6.05 3.57 4.49 6.02
D2 → E1 1.70 2.10 2.90 2.20 2.70 3.40
D0 → E1 1.70 2.10 2.90 1.80 2.30 3.00
...................................................................................................................................................................................................................................................................................

D7 → E1 8.79 11.75 16.46 8.26 10.99 15.85
D3 → E1 9.56 12.00 16.06 9.33 11.74 15.85
D6 → E1 8.39 11.36 16.06 8.26 10.99 15.85
D5 → E1 8.39 10.71 14.23 8.26 10.25 14.00



EN83 - 8-to-3 Encoder

ML - 169

Schematic

D0

D1

D2

D3

D4

D5

D6

D7

E1

Q0

Q1

Q2

PAN3

PAN3

PAN3

PND2

PND2

PAN2 PAN3

PND3

PND2



FA1 - 1-Bit Full Adder

ML - 170

FA1 - 1-Bit Full Adder

Symbol

SUMD0

D1

CI

FA1

CO

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

CI

CO

D0

D1

SUM

PXOND

PND2

PXOND



FA1 - 1-Bit Full Adder

ML - 171

Truth Table

Input Output
D0 D1 CI SUM CO                                                               

0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
..................................................................................................................................

1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → SUM.BUS 2.07 3.48 4.99 2.17 3.68 5.19
D1 → SUM.BUS 2.07 3.48 4.99 2.17 3.68 5.19
CI → SUM.BUS 1.20 1.90 2.70 1.30 2.10 2.90
D0 → SUM 1.67 2.98 4.39 1.67 3.08 4.49
...................................................................................................................................................................................................................................................................................

D1 → SUM 1.67 2.98 4.39 1.67 3.08 4.49
CI → SUM 0.80 1.40 2.10 0.80 1.50 2.20
D0 → CO 2.04 4.06 6.69 2.06 4.07 6.68
D1 → CO 2.04 4.06 6.69 2.06 4.07 6.68
...................................................................................................................................................................................................................................................................................

CI → CO 1.57 2.88 4.40 1.58 2.88 4.39



FA1 - 1-Bit Full Adder

ML - 172

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → SUM.BUS 4.37 6.38 8.82 5.37 7.48 10.32
D1 → SUM.BUS 4.37 6.38 8.82 5.37 7.48 10.32
CI → SUM.BUS 2.50 3.20 4.50 3.50 4.30 6.00
D0 → SUM 3.67 5.48 7.42 4.37 6.28 8.52
...................................................................................................................................................................................................................................................................................

D1 → SUM 3.67 5.48 7.42 4.37 6.28 8.52
CI → SUM 1.80 2.30 3.10 2.50 3.10 4.20
D0 → CO 4.64 6.71 10.34 4.64 6.78 10.34
D1 → CO 4.64 6.71 10.34 4.64 6.78 10.34
...................................................................................................................................................................................................................................................................................

CI → CO 3.56 4.48 6.02 3.56 4.49 6.02   



FD - D Flip-Flop Synchronous

ML - 173

FD - D Flip-Flop Synchronous

Symbol

FD

QD

R

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D Q

R

QD

R

PFD



FD - D Flip-Flop Synchronous

ML - 174

Truth Table

Input Output
R CLK D Q                                                         

0 x x 0
1 x x q
1 r d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q.BUS 0.40 0.50 0.60 1.90 2.20 2.50

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00



FD - D Flip-Flop Synchronous

ML - 175

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q.BUS 0.70 0.90 1.40 3.40 3.90 4.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.50 3.50 3.50 0.00 0.00 0.00   



FDE - D Flip-Flop Synchronous with Enable

ML - 176

FDE - D Flip-Flop Synchronous with Enable

Symbol

FDE

R

QD

EN

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

Q

CLK

D

EN

R

D Q
1

0

R

PFDMUX



FDE - D Flip-Flop Synchronous with Enable

ML - 177

Truth Table

Input Output
R EN CLK D Q                                                                       

0 x x x 0
1 0 x x q
1 1 r d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.90 4.10 4.30 0.00 0.00 0.00
EN 3.80 4.00 4.30 0.00 0.00 0.00

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 6.30 6.60 6.90 0.00 0.00 0.00
EN 6.10 6.40 6.70 0.00 0.00 0.00   



FDEL - D Flip-Flop Synch with Enable Low

ML - 178

FDEL - D Flip-Flop Synch with Enable Low

Symbol

Q

R

FDEL

D

EN

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

Q

CLK

D

EN

R

D Q
1

0

R

PFDMUX



FDEL - D Flip-Flop Synch with Enable Low

ML - 179

Truth Table

Input Output
R EN CLK D Q                                                                       

0 x x x 0
1 1 x x q
1 0 r d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.90 4.10 4.30 0.00 0.00 0.00
EN 3.80 4.00 4.30 0.00 0.00 0.00

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 6.30 6.60 6.90 0.00 0.00 0.00
EN 6.10 6.40 6.70 0.00 0.00 0.00   



FDHA - D Flip-Flop Half-Adder Sum

ML - 180

FDHA - D Flip-Flop Half-Adder Sum

Symbol

FDHA

Q

R

D

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

CLK

Q1

Q2

R

D

R

Q

PFDHA



FDHA - D Flip-Flop Half-Adder Sum

ML - 181

Truth Table

Input Output
R CLK A B Q1 Q2                                                                           

0 x x x 0 x
1 r 0 b b 0
1 r 1 b b' b
1 r a 0 a 0
..............................................................................................................................................................

1 r a 1 a' a

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
R → Q1 0.00 0.00 0.00 1.40 1.60 1.80
A → Q2 0.70 1.20 1.90 0.80 1.40 2.10
B → Q2 0.70 1.20 1.90 0.90 1.50 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
B 2.10 2.10 2.10 0.00 0.00 0.00



FDHA - D Flip-Flop Half-Adder Sum

ML - 182

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
R → Q1 0.00 0.00 0.00 2.40 2.70 3.00
A → Q2 1.70 2.10 2.80 1.70 2.20 2.90
B → Q2 1.70 2.10 2.80 2.10 2.60 3.30

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
B 3.70 3.70 3.70 0.00 0.00 0.00   



FDMUX - MUX Feeding D Flip-Flop

ML - 183

FDMUX - MUX Feeding D Flip-Flop

Symbol

D Q
1

0

R

FDMUX

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D0

D1

Q

R

S

D Q
1

0

R

PFDMUX



FDMUX - MUX Feeding D Flip-Flop

ML - 184

Truth Table

Input Output
R CLK S D1 D0 Q                                                                                    

0 x x x x 0
1 r 0 x d0 d0
1 r 1 d1 x d1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 3.90 4.10 4.30 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
S 3.80 4.00 4.30 0.00 0.00 0.00

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 6.30 6.60 6.90 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
S 6.10 6.40 6.70 0.00 0.00 0.00   



FDN - D Flip-Flop Synchronous with QN Out

ML - 185

FDN - D Flip-Flop Synchronous with QN Out

Symbol

Q

FDN

R

D

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D QN

R

D

R

Q

PFDN



FDN - D Flip-Flop Synchronous with QN Out

ML - 186

Truth Table

Input Output
R CLK D QN                                                         

0 x x 0
1 r d d'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → QN - - - 1.40 1.60 1.80
CLK → QN 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → QN - - - 2.40 2.70 3.00
CLK → QN 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.70 3.70 3.70 0.00 0.00 0.00   



FDND - D Flip-Flop 2 Input NAND

ML - 187

FDND - D Flip-Flop 2 Input NAND

Symbol

D

R

Q

FDND

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

CLK

Q1N

Q2

R

Q

R

D

PFDND



FDND - D Flip-Flop 2 Input NAND

ML - 188

Truth Table

Input Output
R CLK A B Q1N Q2                                                                           

0 x x x 0 x
1 r x 0 1 0
1 r 0 x 1 0
1 r 1 1 0 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q1N 1.40 1.60 1.80 1.80 2.00 2.20
R → Q1N 0.00 0.00 0.00 1.40 1.60 1.80
A → Q2 0.60 1.20 1.90 0.80 1.50 2.20
B → Q2 0.60 1.20 1.90 0.90 1.60 2.30

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
B 2.10 2.10 2.10 0.00 0.00 0.00



FDND - D Flip-Flop 2 Input NAND

ML - 189

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK -> Q1N 2.40 2.70 3.00 3.00 3.30 3.60
R -> Q1N 0.00 0.00 0.00 2.40 2.70 3.00
A -> Q2 1.70 2.10 2.90 1.80 2.30 3.00
B -> Q2 1.70 2.10 2.90 2.20 2.70 3.40

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
B 4.10 4.10 4.10 0.00 0.00 0.00   



FDOR - D Flip-Flop 2 Input OR

ML - 190

FDOR - D Flip-Flop 2 Input OR

Symbol

R

Q

FDOR

D

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

CLK

Q

R

R

QD

PFDOR



FDOR - D Flip-Flop 2 Input OR

ML - 191

Truth Table

Input Output
R CLK A B Q                                                                       

0 x x x 0
1 r 0 b b
1 r 1 x 1
1 r a 0 a
..................................................................................................................................

1 r x 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
B 2.10 2.10 2.10 0.00 0.00 0.00



FDOR - D Flip-Flop 2 Input OR

ML - 192

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
B 3.70 3.70 3.70 0.00 0.00 0.00   



FDORL - D Flip-Flop (A + L')

ML - 193

FDORL - D Flip-Flop (A + L')

Symbol

FDORL

D

R

Q

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

PFDORL

D

R

Q

A

BN

CLK

Q

R



FDORL - D Flip-Flop (A + L')

ML - 194

Truth Table

Input Output
R CLK A BN Q                                                                       

0 x x x 0
1 r 0 bn bn'
1 r 1 x 1
1 r x 0 1
..................................................................................................................................

1 r a 1 a

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
BN 2.10 2.10 2.10 0.00 0.00 0.00



FDORL - D Flip-Flop (A + L')

ML - 195

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
BN 3.70 3.70 3.70 0.00 0.00 0.00   



FDR - D Flip-Flop Synchronous Reset Low

ML - 196

FDR - D Flip-Flop Synchronous Reset Low

Symbol

FDR

QD

RN R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

QD

R

PFD

CLK

D

Q

R

RN

PAN2



FDR - D Flip-Flop Synchronous Reset Low

ML - 197

Truth Table

Input Output
R CLK RN D Q                                                                       

0 x x x 0
1 r 0 x 0
1 r 1 d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.40 1.60 1.80
CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 2.67 2.98 3.39 0.48 0.48 0.48
D 2.58 2.89 3.30 0.47 0.47 0.47



FDR - D Flip-Flop Synchronous Reset Low

ML - 198

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.40 2.70 3.00
CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 4.97 5.19 5.73 1.07 1.07 1.07
D 4.57 4.89 5.33 1.07 1.07 1.07   



FDS - D Flip-Flop Synchronous Set Low

ML - 199

FDS - D Flip-Flop Synchronous Set Low

Symbol

FDS

SN
D Q

R

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D

Q

R

SN

PFDORL

D

R

Q



FDS - D Flip-Flop Synchronous Set Low

ML - 200

Truth Table

Input Output
R CLK SN D Q                                                                       

0 x x x 0
1 r 0 x 1
1 r 1 d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00
SN 2.10 2.10 2.10 0.00 0.00 0.00



FDS - D Flip-Flop Synchronous Set Low

ML - 201

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.70 3.70 3.70 0.00 0.00 0.00
SN 3.70 3.70 3.70 0.00 0.00 0.00   



FDSA - D Flip-Flop Asynchronous Set Low

ML - 202

FDSA - D Flip-Flop Asynchronous Set Low

Symbol

FDSA

QD

S

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

D Q

R

PINV

D

R

Q

PFDN



FDSA - D Flip-Flop Asynchronous Set Low

ML - 203

Truth Table

Input Output
R CLK D Q                                                         

0 x x 1
1 r d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS 2.68 3.81 4.83 - - -
CLK → Q.BUS 3.08 4.21 5.23 2.69 3.70 4.72
R → Q 2.28 3.31 4.23 - - -
CLK → Q 2.68 3.71 4.63 2.19 3.11 4.02

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00



FDSA - D Flip-Flop Asynchronous Set Low

ML - 204

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS 5.08 6.01 7.65 - - -
CLK → Q.BUS 5.68 6.61 8.25 5.47 6.49 8.22
R → Q 4.38 5.11 6.25 - - -
CLK → Q 4.98 5.71 6.85 4.47 5.29 6.42

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.50 3.50 3.50 0.00 0.00 0.00   



FDSR - D Flip-Flop Synch Set/Reset Low

ML - 205

FDSR - D Flip-Flop Synch Set/Reset Low

Symbol

Q

FDSR

SN
D

RN R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

D

CLK

Q

R

RN

SN

PAN2

PFDORL

D

R

Q



FDSR - D Flip-Flop Synch Set/Reset Low

ML - 206

Truth Table

Input Output
R CLK SN RN D Q                                                                                  

0 x x x x 0
1 r 1 0 x 0
1 r 0 x x 1
1 r 1 1 d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 1.40 1.60 1.80
CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SN 2.10 2.10 2.10 0.00 0.00 0.00
D 2.58 2.89 3.30 0.47 0.47 0.47
RN 2.67 2.98 3.39 0.48 0.48 0.48



FDSR - D Flip-Flop Synch Set/Reset Low

ML - 207

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 2.40 2.70 3.00
CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SN 3.70 3.70 3.70 0.00 0.00 0.00
D 4.77 5.09 5.53 1.07 1.07 1.07
RN 5.17 5.39 5.93 1.07 1.07 1.07   



FDXO - D Flip-Flop with XOR

ML - 208

FDXO - D Flip-Flop with XOR

Symbol

Q

R

D

FDXO

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

D

R

Q

PXFD3

R

Q

CLK

C

B

A



FDXO - D Flip-Flop with XOR

ML - 209

Truth Table

Input Output
R CLK A B C Q                                                                                  

0 x x x x 0
1 r 0 b x b
1 r x b 0 b
1 r 1 b 1 b'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
B 2.10 2.10 2.10 0.00 0.00 0.00
C 2.10 2.10 2.10 0.00 0.00 0.00



FDXO - D Flip-Flop with XOR

ML - 210

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
B 3.70 3.70 3.70 0.00 0.00 0.00
C 3.70 3.70 3.70 0.00 0.00 0.00   



FDXOAN3 - (A*L) XOR B; B = (A*L) AND B

ML - 211

FDXOAN3 - (A*L) XOR B; B = (A*L) AND B

Symbol

D

R

Q

FDXOAN3

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

D

R

Q

PXFD3

R

Q2

Q1

CLK

C

B

A



FDXOAN3 - (A*L) XOR B; B = (A*L) AND B

ML - 212

Truth Table

Input Output
R CLK A C B Q1 Q2                                                                                        

0 x x x x 0 x
x x 0 x x x 0
x x x 0 x x 0
x x x x 0 x 0
...............................................................................................................................................................................................

1 r 0 x b b x
1 r x 0 b b x
1 r 1 1 b b' b

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
R → Q1 0.00 0.00 0.00 1.40 1.60 1.80
A → Q2 0.70 1.20 1.90 0.80 1.40 2.10
B → Q2 0.70 1.20 1.90 0.80 1.40 2.10
...................................................................................................................................................................................................................................................................................

C → Q2 0.70 1.20 1.90 0.90 1.50 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 2.10 2.10 2.10 0.00 0.00 0.00
B 2.10 2.10 2.10 0.00 0.00 0.00
C 2.10 2.10 2.10 0.00 0.00 0.00



FDXOAN3 - (A*L) XOR B; B = (A*L) AND B

ML - 213

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
R → Q1 0.00 0.00 0.00 2.40 2.70 3.00
A → Q2 1.70 2.10 2.80 1.70 2.20 2.90
B → Q2 1.70 2.10 2.80 1.70 2.20 2.90
...................................................................................................................................................................................................................................................................................

C → Q2 1.70 2.10 2.80 2.10 2.60 3.30

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

A 3.70 3.70 3.70 0.00 0.00 0.00
B 3.70 3.70 3.70 0.00 0.00 0.00
C 3.70 3.70 3.70 0.00 0.00 0.00   



FDZ - D Flip-Flop with Tristate Out

ML - 214

FDZ - D Flip-Flop with Tristate Out

Symbol

FDZ

D

R

Q

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D

OE

Q

R

PFDZ

D

R

Q



FDZ - D Flip-Flop with Tristate Out

ML - 215

Truth Table

Input Output
R CLK OE D Q                                                                       

0 x 0 x 0
1 r 0 x z
1 r 1 d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.00 2.30 2.60 2.30 2.60 2.90
OE → Q 1.30 1.40 1.50 1.20 1.30 1.40
R → Q 0.60 0.70 0.80 1.90 2.20 2.50

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00



FDZ - D Flip-Flop with Tristate Out

ML - 216

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 3.50 3.90 4.30 3.90 4.30 4.70
OE → Q 1.90 2.10 2.30 1.80 2.00 2.20
R → Q 1.10 1.20 1.30 3.30 3.70 4.10

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.70 3.70 3.70 0.00 0.00 0.00   



FDZQ - D Flip-Flop with Tristate Out and Q Out

ML - 217

FDZQ - D Flip-Flop with Tristate Out and Q Out

Symbol

FDZQ

Q

R

D

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

PFDZ

D

R

Q

R

Q0

Q

OE

D

CLK



FDZQ - D Flip-Flop with Tristate Out and Q Out

ML - 218

Truth Table

Input Output
R CLK OE D Q0 Q                                                                       

0 x x x 0 0
1 r 0 x x z
1 r 1 d d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20
R → Q0 0.00 0.00 0.00 1.40 1.60 1.80
CLK → Q 2.00 2.30 2.60 2.30 2.60 2.90
OE → Q 1.30 1.40 1.50 1.20 1.30 1.40
...................................................................................................................................................................................................................................................................................

R → Q 0.60 0.70 0.80 1.90 2.20 2.50

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 2.10 2.10 2.10 0.00 0.00 0.00



FDZQ - D Flip-Flop with Tristate Out and Q Out

ML - 219

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60
R → Q0 0.00 0.00 0.00 2.40 2.70 3.00
CLK → Q 3.50 3.90 4.30 3.90 4.30 4.70
OE → Q 1.90 2.10 2.30 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q 1.10 1.20 1.30 3.30 3.70 4.10

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.70 3.70 3.70 0.00 0.00 0.00   



FJK - JK Flip-Flop Synchronous

ML - 220

FJK - JK Flip-Flop Synchronous

Symbol

FJK

K

J Q

R

Rectangular Area: 2x4cells

Number of Cells: 8

Truth Table

Input Output
R CLK J K Q                                                                       

0 x x x 0
1 r 0 0 q
1 r 0 1 0
1 r 1 0 1
..................................................................................................................................

1 r 1 1 q'



FJK - JK Flip-Flop Synchronous

ML - 221

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.64 1.93 2.19
CLK → Q 1.67 1.91 2.16 2.04 2.33 2.59

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 5.69 8.22 11.35 3.35 3.35 3.35
J 5.11 7.34 10.07 2.12 2.12 2.12

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.64 3.03 3.46
CLK → Q 2.62 2.97 3.36 3.24 3.63 4.06

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 11.73 13.93 17.53 7.64 7.64 7.64
J 10.06 11.74 14.49 4.70 4.70 4.70



FJK - JK Flip-Flop Synchronous

ML - 222

Schematic

Q

CLK

J

K

R

QD

R

PFD

PND2
PXO2

PND2

PND2

PND2



FJKQ - JK Flip-Flop Synchronous with Q Low

ML - 223

FJKQ - JK Flip-Flop Synchronous with Q Low

Symbol

R

QN

J

K

Q

FJKQ

Rectangular Area: 3x4cells

Number of Cells: 10

Truth Table

Input Output
R CLK J K Q QN                                                                             

0 x x x 0 1
1 r 0 0 q q'
1 r 0 1 0 1
1 r 1 0 1 0
..............................................................................................................................................................

1 r 1 1 q' q



FJKQ - JK Flip-Flop Synchronous with Q Low

ML - 224

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.72 2.04 2.32
CLK → Q 1.76 2.02 2.28 2.12 2.44 2.72
...................................................................................................................................................................................................................................................................................

R → QN.BUS 3.39 4.92 6.41 - - -
CLK → QN.BUS 3.79 5.32 6.81 3.44 4.81 6.28
R → QN 2.99 4.42 5.81 - - -
CLK → QN 3.39 4.82 6.21 2.94 4.21 5.58

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

J 5.11 7.34 10.07 2.12 2.12 2.12
 K 5.69 8.22 11.35 3.35 3.35 3.35



FJKQ - JK Flip-Flop Synchronous with Q Low

ML - 225

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.72 3.14 3.62
CLK → Q 2.69 3.06 3.48 3.32 3.74 4.22
........................................................................................................................................................................................................................................................................................

R → QN.BUS 6.40 7.63 9.95 - - -
CLK → QN.BUS 7.00 8.23 10.55 6.76 8.15 10.40
R → QN 5.70 6.73 8.55 - - -
CLK → QN 6.30 7.33 9.15 5.76 6.95 8.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

J 10.06 11.74 14.49 4.70 4.70 4.70
K 11.73 13.93 17.53 7.64 7.64 7.64



FJKQ - JK Flip-Flop Synchronous with Q Low

ML - 226

Schematic

CLK

J

K

Q

QN

R

PINV

QD

R

PFD

PND2
PXO2

PND2

PND2

PND2



FJKR - JK Flip-Flop Synchronous Reset Low

ML - 227

FJKR - JK Flip-Flop Synchronous Reset Low

Symbol

RRN

FJKR

QJ

K

Rectangular Area: 3x4cells

Number of Cells: 11

Truth Table

Input Output
R CLK RN J K Q                                                                             

0 x x x x 0
1 r 0 x x 0
1 r 1 0 0 q
1 r 1 0 1 0
..............................................................................................................................................................

1 r 1 1 0 1
1 r 1 1 1 q'



FJKR - JK Flip-Flop Synchronous Reset Low

ML - 228

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.56 1.82 2.06
CLK → Q 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 5.89 8.85 12.22 3.77 3.77 3.77
RN 5.59 8.15 11.20 2.91 2.91 2.91
J 5.59 8.15 11.20 3.37 3.37 3.37

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.56 2.92 3.31
CLK → Q 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 11.93 14.07 17.79 8.32 8.32 8.32
RN 11.24 13.17 16.51 6.46 6.46 6.46
J 11.24 13.17 16.51 7.63 7.63 7.63



FJKR - JK Flip-Flop Synchronous Reset Low

ML - 229

Schematic

CLK

J

K

Q

R

RN

PINV

D

R

Q

PFDN

PAN2

PAN2

PND2
PAN2

PND2

PINV



FJKRA - JK Flip-Flop Asynchronous Reset Low

ML - 230

FJKRA - JK Flip-Flop Asynchronous Reset Low

Symbol

QJ

K

R

FJKRA

Rectangular Area: 3x4cells

Number of Cells: 8

Truth Table

Input Output
R CLK J K Q                                                                       

0 x x x 0
1 r 0 0 q
1 r 0 1 0
1 r 1 0 1
..................................................................................................................................

1 r 1 1 q'



FJKRA - JK Flip-Flop Asynchronous Reset Low

ML - 231

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.64 1.93 2.19
CLK → Q 1.67 1.91 2.16 2.04 2.33 2.59

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 5.69 8.22 11.35 3.35 3.35 3.35
J 5.11 7.34 10.07 2.12 2.12 2.12

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.64 3.03 3.46
CLK → Q 2.62 2.97 3.36 3.24 3.63 4.06

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 11.73 13.93 17.53 7.64 7.64 7.64
J 10.06 11.74 14.49 4.70 4.70 4.70



FJKRA - JK Flip-Flop Asynchronous Reset Low

ML - 232

Schematic

CLK

J

K

Q

R

QD

R

PFD

PND2
PXO2

PND2

PND2

PND2



FJKS - JK Flip-Flop Synchronous Set Low

ML - 233

FJKS - JK Flip-Flop Synchronous Set Low

Symbol

R

K

J
SN

FJKS

Q

Rectangular Area: 3x4cells

Number of Cells: 10

Truth Table

Input Output
R CLK SN J K Q                                                                                    

0 x x x x 0
1 r 0 x x 1
1 r 1 0 0 q
1 r 1 0 1 0
..............................................................................................................................................................

1 r 1 1 0 1
1 r 1 1 1 q'



FJKS - JK Flip-Flop Synchronous Set Low

ML - 234

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.56 1.82 2.06
CLK → Q 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 5.21 7.57 10.22 2.88 2.88 2.88
SN 5.67 8.34 11.31 2.88 2.88 2.88
J 5.66 8.34 11.31 3.47 3.47 3.47

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.56 2.92 3.31
CLK → Q 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

K 10.16 11.88 14.77 6.44 6.44 6.44
SN 12.21 14.33 18.04 6.44 6.44 6.44
J 11.81 13.93 17.64 7.84 7.84 7.84



FJKS - JK Flip-Flop Synchronous Set Low

ML - 235

Schematic

CLK

J

K

Q

R

SN

D

R

Q

PFDN

PND2

PORL

PND2
PAN2

PND2

PINV



FJKSA - JK Flip-Flop Asynchronous Set Low

ML - 236

FJKSA - JK Flip-Flop Asynchronous Set Low

Symbol

S

K

J Q

FJKSA

Rectangular Area: 3x4cells

Number of Cells: 10

Truth Table

Input Output
S CLK J K Q                                                                       

0 x x x 1
1 r 0 0 q
1 r 0 1 1
1 r 1 0 0
..................................................................................................................................

1 r 1 1 q'



FJKSA - JK Flip-Flop Asynchronous Set Low

ML - 237

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S → Q.BUS 2.68 3.81 4.83 - - -
CLK → Q.BUS 3.08 4.21 5.23 2.69 3.70 4.72
S → Q 2.35 3.39 4.32 - - -
CLK → Q 2.75 3.79 4.72 2.26 3.18 4.11

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

J 5.19 7.42 10.16 2.19 2.19 2.19
K 5.77 8.31 11.44 3.42 3.42 3.42

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S → Q.BUS 5.08 6.01 7.65 - - -
CLK → Q.BUS 5.68 6.61 8.25 5.47 6.49 8.22
S → Q 4.45 5.20 6.36 - - -
CLK → Q 5.05 5.80 6.96 4.54 5.37 6.54

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

J 10.03 11.83 14.63 4.67 4.67 4.67
K 11.81 13.92 17.64 7.61 7.61 7.61



FJKSA - JK Flip-Flop Asynchronous Set Low

ML - 238

Schematic

CLK

J

K

Q

R

D

R

Q

PFDN

PINV

PND2
PXO2

PND2
PND2

PND2



FJKSR - JK Flip-Flop Synch Set/Reset Low

ML - 239

FJKSR - JK Flip-Flop Synch Set/Reset Low

Symbol

R

SN

RN

K

J Q

FJKSR

Rectangular Area: 3x4cells

Number of Cells: 12

Truth Table

Input Output
R CLK RN SN J K Q                                                                                                

0 x x x x x 0
1 r x 0 x x 1
1 r 0 1 x x 0
1 r 1 1 0 0 q
..........................................................................................................................................................................................

1 r 1 1 0 1 0
1 r 1 1 1 0 1
1 r 1 1 1 1 q'



FJKSR - JK Flip-Flop Synch Set/Reset Low

ML - 240

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.56 1.82 2.06
CLK → Q 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 6.18 9.24 12.61 3.75 3.75 3.75
J 6.14 9.12 12.51 3.94 3.94 3.94
K 6.08 9.15 12.51 3.75 3.75 3.75
SN 5.67 8.34 11.31 2.88 2.88 2.88

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.56 2.92 3.31
CLK → Q 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 13.29 15.62 19.87 8.31 8.31 8.31
J 12.89 15.22 19.47 8.91 8.91 8.91
K 12.72 15.06 19.09 8.31 8.31 8.31
SN 12.21 14.33 18.04 6.44 6.44 6.44



FJKSR - JK Flip-Flop Synch Set/Reset Low

ML - 241

Schematic

CLK

J

K

Q

R

RN

SN

PORL

PAN2

D

R

Q

PFDN

PND2

PORL

PND2
PAN2

PND2

PINV



FT - T Flip-Flop Synchronous

ML - 242

FT - T Flip-Flop Synchronous

Symbol

FT

TE Q

R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

Q

R

TE
D

R

Q

PFDHA



FT - T Flip-Flop Synchronous

ML - 243

Truth Table

Input Output
R CLK TE Q                                                           

0 x x 0
1 r 0 q
1 r 1 q'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

TE 2.10 2.10 2.10 0.00 0.00 0.00



FT - T Flip-Flop Synchronous

ML - 244

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

TE 3.50 3.50 3.50 0.00 0.00 0.00   



FTR - T Flip-Flop Synchronous Reset Low

ML - 245

FTR - T Flip-Flop Synchronous Reset Low

Symbol

TE Q

FTR

RN R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

Q

R

RN

TE
D

R

Q

PFDHA

PORL



FTR - T Flip-Flop Synchronous Reset Low

ML - 246

Truth Table

Input Output
R CLK TE RN Q                                                                       

0 x x x 0
1 x 0 1 q
1 r 1 0 0
1 r 1 1 q'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 3.07 3.78 4.49 0.87 0.87 0.87
TE 2.10 2.10 2.10 0.00 0.00 0.00



FTR - T Flip-Flop Synchronous Reset Low

ML - 247

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 6.46 7.08 8.22 1.87 1.87 1.87
TE 3.50 3.50 3.50 0.00 0.00 0.00   



FTRA - T Flip-Flop Asynchronous Reset Low

ML - 248

FTRA - T Flip-Flop Asynchronous Reset Low

Symbol

QTE

FTRA

R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

Q

R

TE
D

R

Q

PFDHA



FTRA - T Flip-Flop Asynchronous Reset Low

ML - 249

Truth Table

Input Output
R CLK TE Q                                                           

0 x x 0
1 r 0 q
1 r 1 q'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

TE 2.10 2.10 2.10 0.00 0.00 0.00



FTRA - T Flip-Flop Asynchronous Reset Low

ML - 250

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

TE 3.50 3.50 3.50 0.00 0.00 0.00   



FTS - T Flip-Flop Synchronous Set Low

ML - 251

FTS - T Flip-Flop Synchronous Set Low

Symbol

FTS

TE Q
SN

R

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CLK

Q

R

SN

TE
D

R

Q

PFDHA

PAN2



FTS - T Flip-Flop Synchronous Set Low

ML - 252

Truth Table

Input Output
R CLK TE SN Q                                                                       

0 x x x 0
1 r 1 0 1
1 r 0 0 0
1 r 1 1 q'
..................................................................................................................................

1 r 0 1 q

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SN 2.67 2.98 3.39 0.48 0.48 0.48
TE 2.10 2.10 2.10 0.00 0.00 0.00



FTS - T Flip-Flop Synchronous Set Low

ML - 253

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SN 4.97 5.19 5.73 1.07 1.07 1.07
TE 3.50 3.50 3.50 0.00 0.00 0.00   



FTSR - T Flip-Flop Synchronous Set/Reset Low

ML - 254

FTSR - T Flip-Flop Synchronous Set/Reset Low

Symbol

SN

FTSR

QTE

RN R

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

CLK

Q

R

RN

SN

TE
D

R

Q

PFDHA

PAN2

PND2PINV



FTSR - T Flip-Flop Synchronous Set/Reset Low

ML - 255

Truth Table

Input Output
R CLK TE RN SN Q                                                                                    

0 x x x x 0
1 r 1 1 1 q'
1 r 0 1 1 q
1 r 1 x 0 1
...................................................................................................................................................................

1 r 0 x 0 0
1 r 1 0 1 0
1 r 0 0 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 1.90 2.20 2.50
CLK → Q.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 3.76 5.19 6.62 1.56 1.56 1.56
SN 2.99 3.70 4.42 0.68 0.68 0.68
TE 2.10 2.10 2.10 0.00 0.00 0.00



FTSR - T Flip-Flop Synchronous Set/Reset Low

ML - 256

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q.BUS - - - 3.40 3.90 4.80
CLK → Q.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

RN 7.24 8.29 9.78 3.54 3.54 3.54
SN 5.38 5.91 6.65 1.77 1.77 1.77
TE 3.50 3.50 3.50 0.00 0.00 0.00   



HA1 - 1-Bit Half Adder

ML - 257

HA1 - 1-Bit Half Adder

Symbol

SUM
D0

D1

CO

HA1

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

CO

D0

D1

SUM

PXOND

PINV



HA1 - 1-Bit Half Adder

ML - 258

Truth Table

Input Output
D0 D1 SUM CO                                                  

0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → CO 1.57 2.88 4.30 1.68 2.88 4.39
D0 → CO 1.57 2.88 4.30 1.68 2.88 4.39
D1 → SUM.BUS 1.20 1.90 2.70 1.30 2.10 2.90
D0 → SUM.BUS 1.20 1.90 2.70 1.30 2.10 2.90
...................................................................................................................................................................................................................................................................................

D1 → SUM 0.80 1.40 2.10 0.80 1.50 2.20
D0 → SUM 0.80 1.40 2.10 0.80 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → CO 3.66 4.58 6.12 3.56 4.39 6.02
D0 → CO 3.66 4.58 6.12 3.56 4.39 6.02
D1 → SUM.BUS 2.50 3.20 4.50 3.50 4.30 6.00
D0 → SUM.BUS 2.50 3.20 4.50 3.50 4.30 6.00
...................................................................................................................................................................................................................................................................................

D1 → SUM 1.80 2.30 3.10 2.50 3.10 4.20
D0 → SUM 1.80 2.30 3.10 2.50 3.10 4.20   



HAL1 - 1-Bit Half Adder Carry Low

ML - 259

HAL1 - 1-Bit Half Adder Carry Low

Symbol

HAL1

CO

SUMD0

D1

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CO

D0

D1

SUM

PXOND



HAL1 - 1-Bit Half Adder Carry Low

ML - 260

Truth Table

Input Output
D0 D1 SUM CO                                                  

0 0 0 1
0 1 1 1
1 0 1 1
1 1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → SUM 0.80 1.40 2.10 0.80 1.50 2.20
D1 → SUM 0.80 1.40 2.10 0.80 1.50 2.20
D0 → SUM.BUS 1.20 1.90 2.70 1.30 2.10 2.90
D1 → SUM.BUS 1.20 1.90 2.70 1.30 2.10 2.90
...................................................................................................................................................................................................................................................................................

D0 → CO 0.80 1.40 2.20 0.70 1.40 2.10
D1 → CO 0.80 1.40 2.20 0.70 1.40 2.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → SUM 1.80 2.30 3.10 2.50 3.10 4.20
D1 → SUM 1.80 2.30 3.10 2.50 3.10 4.20
D0 → SUM.BUS 2.50 3.20 4.50 3.50 4.30 6.00
D1 → SUM.BUS 2.50 3.20 4.50 3.50 4.30 6.00
...................................................................................................................................................................................................................................................................................

D0 → CO 1.70 2.10 2.90 1.80 2.30 3.00
D1 → CO 1.70 2.10 2.90 1.80 2.30 3.00   



HZ - Bus Driver High or Z

ML - 261

HZ - Bus Driver High or Z

Symbol

HZ

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

OE

Q

PHZ



HZ - Bus Driver High or Z

ML - 262

Truth Table

Input Output
OE Q                                      

0 z
1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q 0.70 1.30 2.20 0.00 0.00 0.00

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q 2.10 2.70 3.90 0.00 0.00 0.00



INV - Inverter

ML - 263

INV - Inverter

Symbol

INV

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A QN

PINV



INV - Inverter

ML - 264

Truth Table

Input Output
A QN                                      

a a'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 0.70 1.10 1.50 0.90 1.30 1.70

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 1.50 1.80 2.30 1.70 2.00 2.40   



INVAN2 - Inverter and 2-Input AND L', (A*L)

ML - 265

INVAN2 - Inverter and 2-Input AND L', (A*L)

Symbol

INVAN2

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

PINVAN

Q1N

Q0

B

A



INVAN2 - Inverter and 2-Input AND L', (A*L)

ML - 266

Truth Table

Input Output
A B Q0 Q1N                                                  

0 0 0 1
0 1 0 0
1 0 0 1
1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0 0.40 0.70 1.10 0.40 0.70 1.10
B → Q0 0.40 0.70 1.10 0.50 0.80 1.20
B → Q1N 0.70 1.10 1.50 0.90 1.30 1.70

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0 1.00 1.30 1.70 1.00 1.20 1.60
B → Q0 1.00 1.30 1.70 1.40 1.60 2.00
B → Q1N 1.60 1.90 2.40 1.70 2.00 2.50   



INVINV - Twin Inverters

ML - 267

INVINV - Twin Inverters

Symbol

INVINV

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A Q0N

Q1N

PINV2



INVINV - Twin Inverters

ML - 268

Truth Table

Input Output
A Q0 Q1N                                              

a a' a'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0N 0.80 1.40 2.10 0.90 1.60 2.30
A → Q1N 0.80 1.40 2.10 0.90 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0N 1.80 2.30 3.10 2.90 3.50 4.60
A → Q1N 1.80 2.20 3.00 2.20 2.60 3.40   



INVZ - Tristate Inverter

ML - 269

INVZ - Tristate Inverter

Symbol

INVZ

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

A

OE

QN

PINV PBUFZ



INVZ - Tristate Inverter

ML - 270

Truth Table

Input Output
OE A QN                                              

0 x z
1 a a'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → QN 0.80 1.41 2.38 0.94 1.67 2.63
A → QN 2.24 3.77 5.36 2.28 3.83 5.41

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → QN 2.27 2.91 4.20 3.22 4.07 5.77
A → QN 4.81 5.89 8.12 5.85 7.23 9.92   



LD - D Latch Transparent High

ML - 271

LD - D Latch Transparent High

Symbol

LD

D

EN QN

Q

Rectangular Area: 3x2cells

Number of Cells: 5

Schematic

D

EN
Q

QN

PINV

PND2

PND2

PND2

PND2



LD - D Latch Transparent High

ML - 272

Truth Table

Input Output
EN D Q QN                                                  

0 x q qn
1 d d d'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → Q 1.75 4.50 8.87 1.64 4.60 9.17
EN → Q 1.75 3.81 6.78 1.74 3.81 6.78
D → QN 2.52 4.60 6.97 2.41 4.50 6.78
EN → QN 1.75 3.81 6.78 1.74 3.81 6.78

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → Q 4.33 7.45 12.77 3.74 7.46 13.67
EN → Q 4.33 6.37 9.75 4.14 6.46 10.46
D → QN 5.50 7.36 10.55 5.80 7.55 10.46
EN → QN 4.33 6.37 9.75 4.14 6.46 10.46   



LDL - D Latch Transparent Low

ML - 273

LDL - D Latch Transparent Low

Symbol

LDL

D

EN QN

Q

Rectangular Area: 4x2cells

Number of Cells: 7

Schematic

D

EN

Q

QN

PINV
PAN2

PINV

PAN2
PINV

PND2

PND2



LDL - D Latch Transparent Low

ML - 274

Truth Table

Input Output
EN D Q QN                                                  

1 x q qn
0 d d d'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

EN → QN 2.53 5.09 8.77 2.61 5.10 8.27
D → QN 2.99 5.33 8.07 2.88 5.33 7.98
EN → Q 2.53 5.09 8.77 2.61 5.10 8.27
D → Q 2.13 5.33 10.27 2.11 5.33 10.16

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

EN → QN 5.40 7.91 11.98 5.61 8.00 12.09
D → QN 6.66 8.30 11.29 6.76 8.49 11.39
EN → Q 5.40 7.91 11.98 5.61 8.00 12.09
D → Q 4.90 8.39 14.20 4.91 8.39 14.42   



LDR - D Latch Transparent High, Reset Low

ML - 275

LDR - D Latch Transparent High, Reset Low

Symbol

RN

D

EN QN

LDR

Q

Rectangular Area: 4x2cells

Number of Cells: 7

Schematic

D

EN

Q

QN

RN

PAN2

PINV

PND2

PND2

PAN2

PND2

PND2



LDR - D Latch Transparent High, Reset Low

ML - 276

Truth Table

Input Output
EN D RN Q QN                                                               

x x 0 0 1
0 x 1 q qn
1 d 1 d d'

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → Q 2.23 5.29 10.07 2.11 5.38 10.36
EN → Q 2.23 4.60 7.98 2.21 4.59 7.97
RN → Q 1.75 3.41 5.69 1.74 3.46 5.78
D → QN 2.99 5.38 8.16 2.89 5.29 7.98
........................................................................................................................................................................................................................................................................................

EN → QN 2.22 4.59 7.97 2.22 4.60 7.98
RN → QN 1.45 3.46 6.78 1.25 3.42 6.78

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → Q 5.40 8.85 14.59 4.81 8.75 15.50
EN → Q 5.40 7.76 11.57 5.21 7.75 12.29
RN → Q 4.33 5.66 7.96 4.14 5.72 8.37
D → QN 6.57 8.65 12.38 6.87 8.94 12.28
........................................................................................................................................................................................................................................................................................

EN → QN 5.40 7.65 11.58 5.21 7.85 12.28
RN → QN 3.24 5.62 9.75 2.94 5.76 10.46   



LSREN - SR Latch with NAND with Enable

ML - 277

LSREN - SR Latch with NAND with Enable

Symbol

RN

EN
QN

LSREN
SN

Q

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

EN

Q

QN

RN

SN PND2

PND2

PND2

PND2



LSREN - SR Latch with NAND with Enable

ML - 278

Truth Table

Input Output
EN SN RN Q QN                                                               

0 x x q qn
1 0 0 q qn
1 0 1 0 1
1 1 0 1 0
..................................................................................................................................

1 1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

EN → Q 1.75 3.81 6.78 1.74 3.81 6.78
RN → Q 2.52 4.45 6.68 2.52 4.55 6.78
SN → Q 1.75 3.07 4.58 1.64 2.97 4.39
EN → QN 1.75 3.81 6.78 1.74 3.81 6.78
........................................................................................................................................................................................................................................................................................

RN → QN 1.75 3.07 4.58 1.64 2.97 4.39
SN → QN 2.52 4.45 6.68 2.52 4.55 6.78

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

EN → Q 4.33 6.37 9.75 4.14 6.46 10.46
RN → Q 5.50 6.96 9.35 6.19 7.75 10.46
SN → Q 4.33 5.37 7.34 3.74 4.77 6.33
EN → QN 4.33 6.37 9.75 4.14 6.46 10.46
........................................................................................................................................................................................................................................................................................

RN → QN 4.33 5.37 7.34 3.74 4.77 6.33
SN → QN 5.50 6.96 9.35 6.19 7.75 10.46   



LSRND - SR Latch with NAND

ML - 279

LSRND - SR Latch with NAND

Symbol

Q

QN

LSRND
SN

RN

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

Q

QN
RN

SN

PND2

PND2



LSRND - SR Latch with NAND

ML - 280

Truth Table

Input Output
SN RN Q QN                                                  

0 0 1 1
0 1 1 0
1 0 0 1
1 1 q qn

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

RN → QN 0.88 1.49 2.29 0.77 1.49 2.20
SN → QN 1.65 2.97 4.49 1.65 2.97 4.49
RN → Q 1.65 2.97 4.49 1.65 2.97 4.49
SN → Q 0.88 1.49 2.29 0.77 1.49 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

RN → QN 1.76 2.19 3.02 1.86 2.38 3.12
SN → QN 3.63 4.57 6.14 3.63 4.57 6.14
RN → Q 3.63 4.57 6.14 3.63 4.57 6.14
SN → Q 1.76 2.19 3.02 1.86 2.38 3.12   



LSRNR - SR Latch with NOR

ML - 281

LSRNR - SR Latch with NOR

Symbol

QN

S
Q

LSRNR

R

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

Q

QN
R

S

PND2PINV

PND2

PINV



LSRNR - SR Latch with NOR

ML - 282

Truth Table

Input Output
S R Q QN                                                  

0 0 q qn
0 1 0 1
1 0 1 0
1 1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S → Q 1.85 2.87 4.08 1.55 2.67 3.79
R → Q 2.43 4.16 6.08 2.62 4.35 6.28
S → QN 2.43 4.16 6.08 2.62 4.35 6.28
R → QN 1.85 2.87 4.08 1.55 2.67 3.79

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S → Q 3.54 4.28 5.65 3.54 4.37 5.65
R → Q 5.30 6.56 8.67 5.40 6.66 8.77
S → QN 5.30 6.56 8.67 5.40 6.66 8.77
R → QN 3.54 4.28 5.65 3.54 4.37 5.65   



LZ - Bus Driver Low or Z

ML - 283

LZ - Bus Driver Low or Z

Symbol

LZ

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

OE

Q

PLZ



LZ - Bus Driver Low or Z

ML - 284

Truth Table

Input Output
OE Q                                      

0 z
1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q 0.00 0.00 0.00 0.80 1.50 2.40

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q 0.00 0.00 0.00 3.00 3.80 5.40   



MC2 - 2-Bit Magnitude Comparator

ML - 285

MC2 - 2-Bit Magnitude Comparator

Symbol

A0

B1

A1

MC2

B0

ALB

AEB

AGB

Rectangular Area: 3x7cells

Number of Cells: 20

Truth Table

Input Output
A1 A0 B1 B0 ALB AGB AEB                                                                                            

a < b 1 0 0
a > b 0 1 0
a = b 0 0 1



MC2 - 2-Bit Magnitude Comparator

ML - 286

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B0 → AGB 2.92 4.85 7.18 3.03 5.05 7.47
A0 → AGB 2.52 4.45 6.78 2.53 4.45 6.77
B1 → AGB 2.45 5.40 10.17 2.54 5.65 10.17
A1 → AGB 2.05 5.15 10.07 2.04 5.35 10.17
........................................................................................................................................................................................................................................................................................

B0 → AEB 2.35 4.27 6.48 2.44 4.66 6.79
A0 → AEB 2.25 4.16 6.38 2.44 4.66 6.79
B1 → AEB 2.89 5.33 7.87 2.98 5.52 8.06
A1 → AEB 2.79 5.23 7.77 2.98 5.52 8.06
........................................................................................................................................................................................................................................................................................

B0 → ALB 2.05 3.67 5.59 2.05 3.66 5.58
A0 → ALB 2.45 4.07 5.99 2.55 4.26 6.28
B1 → ALB 2.52 5.34 9.17 2.52 5.38 9.06
A1 → ALB 2.92 5.48 9.07 3.02 5.68 9.06



MC2 - 2-Bit Magnitude Comparator

ML - 287

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

B0 → AGB 6.11 7.76 10.28 6.41 7.87 10.47
A0 → AGB 5.61 7.16 9.58 5.71 7.07 9.57
B1 → AGB 5.34 8.80 14.59 5.54 8.67 14.17
A1 → AGB 4.84 8.31 14.19 4.84 8.27 14.17
........................................................................................................................................................................................................................................................................................

B0 → AEB 5.93 7.27 9.74 5.64 7.07 9.33
A0 → AEB 5.53 6.87 9.34 5.64 7.07 9.33
B1 → AEB 7.28 8.95 11.86 6.97 8.64 11.58
A1 → AEB 6.88 8.55 11.46 6.97 8.64 11.58
........................................................................................................................................................................................................................................................................................

B0 → ALB 4.64 5.77 7.84 4.54 5.78 7.75
A0 → ALB 5.14 6.37 8.54 5.24 6.58 8.65
B1 → ALB 5.91 8.60 13.16 5.82 8.45 12.77
A1 → ALB 6.41 8.70 12.76 6.52 8.86 12.77



MC2 - 2-Bit Magnitude Comparator

ML - 288

Schematic

A0

A1

AEB

AGB

ALB

B0

B1

PND2PINV

PAN2L

PAN2L
PINV

PND2
PAN2L

PXO2

PINV

PAN2

PINV

PXO2

PXO2

PND2

PINV PND2

PAN2L



MUX - 2-to-1 Multiplexer (FAST) (A*B') XOR (A*B)

ML - 289

MUX - 2-to-1 Multiplexer (FAST) (A*B') XOR (A*B)

Symbol

MUX

0

1

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

0

1

PMUX

S

Q

D1

D0



MUX - 2-to-1 Multiplexer (FAST) (A*B') XOR (A*B)

ML - 290

Truth Table

Input Output
S D1 D0 Q                                                      

0 x 0 0
0 x 1 1
1 0 x 0
1 1 x 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → Q 0.80 1.60 2.30 0.70 1.40 2.10
D1 → Q 0.80 1.40 2.10 0.80 1.50 2.20
S → Q 1.00 1.90 3.10 1.00 2.00 3.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → Q 1.90 2.30 3.10 2.00 2.50 3.30
D1 → Q 1.80 2.30 3.10 2.50 3.10 4.20
S → Q 2.90 3.40 4.60 3.50 4.30 5.70   



MUX21 - 2-to-1 Multiplexer

ML - 291

MUX21 - 2-to-1 Multiplexer

Symbol

MUX21

1

0

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

D0

D1

Q

S

PSELBUFS

PINV

PND2

PINV



MUX21 - 2-to-1 Multiplexer

ML - 292

Truth Table

Input Output
S D1 D0 Q                                                      

0 x 0 0
0 x 1 1
1 0 x 0
1 1 x 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → Q 2.05 3.67 5.59 2.04 3.86 5.68
D0 → Q 2.15 3.67 5.59 2.05 3.66 5.48
S → Q 2.05 3.87 5.99 2.14 4.11 6.18

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 → Q 4.84 6.07 8.14 4.84 5.98 8.04
D0 → Q 4.64 5.67 7.84 4.64 5.88 7.85
S → Q 4.84 6.17 8.54 5.24 6.53 8.75   



MUX3 - 3-to-1 Multiplexer (Fast)

ML - 293

MUX3 - 3-to-1 Multiplexer (Fast)

Symbol

1

MUX3

S1

S0

0

2

Rectangular Area: 3x1cells

Number of Cells: 3

Schematic

0

1

PMUX

0

1

PMUX

S1

S0

Q
D2

D1

D0



MUX3 - 3-to-1 Multiplexer (Fast)

ML - 294

Truth Table

Input Output
S1 S0 D2 D1 D0 Q                                                                                    

0 0 x x 0 0
0 0 x x 1 1
0 1 x 0 x 0
0 1 x 1 x 1
..............................................................................................................................................................

1 0 0 x x 0
1 0 1 x x 1
1 1 d2 x x d2

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q 1.00 1.90 3.10 1.00 2.00 3.20
D2 → Q 0.80 1.40 2.10 0.80 1.50 2.20
D0 → Q 2.15 4.07 5.88 1.94 3.66 5.48
S0 → Q 2.35 4.36 6.68 2.24 4.26 6.58
........................................................................................................................................................................................................................................................................................

D1 → Q 2.15 3.86 5.68 2.04 3.76 5.58

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q 2.90 3.40 4.60 3.50 4.30 5.70
D2 → Q 1.80 2.30 3.10 2.50 3.10 4.20
D0 → Q 4.94 6.08 8.14 5.14 6.37 8.45
S0 → Q 5.94 7.18 9.64 6.64 8.17 10.85
........................................................................................................................................................................................................................................................................................

D1 → Q 4.84 6.08 8.14 5.64 6.97 9.35   



MUX31 - 3-to-1 Multiplexer

ML - 295

MUX31 - 3-to-1 Multiplexer

Symbol

2

0

S0

S1

1

MUX31
Rectangular Area: 4x3cells

Number of Cells: 10

Schematic

D0

D1

D2

Q

S0

S1

PINV2 PSELBUFS

PAN2L
PND2

PAN2

PND2
PND2

PND2



MUX31 - 3-to-1 Multiplexer

ML - 296

Truth Table

Input Output
S1 S0 D2 D1 D0 Q                                                                                    

0 0 x x 0 0
0 0 x x 1 1
0 1 x 0 x 0
0 1 x 1 x 1
..............................................................................................................................................................

1 0 0 x x 0
1 0 1 x x 1
1 1 x x x 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q 3.50 6.40 10.10 3.21 6.14 9.78
S0 → Q 2.63 5.51 9.50 2.61 5.44 9.37
D0 → Q 2.66 4.59 6.82 2.26 4.18 6.29
D1 → Q 1.67 2.98 4.49 1.67 2.98 4.39
........................................................................................................................................................................................................................................................................................

D2 → Q 3.13 5.37 8.01 2.74 4.96 7.48

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S1 → Q 7.59 9.91 14.12 7.48 10.16 14.59
S0 → Q 6.41 9.02 13.43 6.22 8.97 13.61
D0 → Q 5.44 6.79 9.18 5.84 7.18 9.54
D1 → Q 4.26 5.28 7.22 4.07 5.09 6.61
........................................................................................................................................................................................................................................................................................

D2 → Q 6.52 8.08 10.91 6.91 8.57 11.37   



MUX4 - 4-to-1 Multiplexer (Fast)

ML - 297

MUX4 - 4-to-1 Multiplexer (Fast)

Symbol

3

0

S0

S1

1

MUX4

2

Rectangular Area: 2x2cells

Number of Cells: 4

Schematic

0

1

PMUX0

1

PMUX

0

1

PMUX

S1

S0

Q

D3

D2

D1

D0



MUX4 - 4-to-1 Multiplexer (Fast)

ML - 298

Truth Table

Input Output
S1 S0 D3 D2 D1 D0 Q                                                                                                

0 0 x x x 0 0
0 0 x x x 1 1
0 1 x x 0 x 0
0 1 x x 1 x 1
..........................................................................................................................................................................................

1 0 x 0 x x 0
1 0 x 1 x x 1
1 1 0 x x x 0
1 1 1 x x x 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 → Q 1.87 3.87 6.68 1.87 3.92 6.58
S1 → Q 1.00 1.90 3.10 1.00 2.00 3.20
D0 → Q 2.15 4.07 5.88 1.94 3.66 5.48
D3 → Q 1.67 2.88 4.29 1.67 3.08 4.49
........................................................................................................................................................................................................................................................................................

D2 → Q 1.67 3.08 4.49 1.57 2.98 4.39
D1 → Q 2.15 3.86 5.68 2.04 3.76 5.58



MUX4 - 4-to-1 Multiplexer (Fast)

ML - 299

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 -> Q 4.77 6.48 9.64 6.06 7.83 10.85
S1 -> Q 2.90 3.40 4.60 3.50 4.30 5.70
D0 -> Q 4.94 6.08 8.14 5.14 6.37 8.45
D3 -> Q 3.67 4.69 6.31 5.06 6.28 8.52
........................................................................................................................................................................................................................................................................................

D2 -> Q 3.77 4.69 6.31 4.56 5.68 7.62
D1 -> Q 4.84 6.08 8.14 5.64 6.97 9.35   



MUX41 - 4-to-1 Multiplexer

ML - 300

MUX41 - 4-to-1 Multiplexer

Symbol

2

1

S1

S0

0

3

MUX41
Rectangular Area: 5x4cells

Number of Cells: 18

Schematic

D0

D1

D2

D3

Q

S0

S1

PND2

PAN2PINV

PND2

PAN2L

PAN2
PINV

PAN2L

PAN2

PND2

PAN2

PND2

PND2



MUX41 - 4-to-1 Multiplexer

ML - 301

Truth Table

Input Output
S1 S0 D3 D2 D1 D0 Q                                                                                                

0 0 x x x 0 0
0 0 x x x 1 1
0 1 x x 0 x 0
0 1 x x 1 x 1
..........................................................................................................................................................................................

1 0 x 0 x x 0
1 0 x 1 x x 1
1 1 0 x x x 0
1 1 1 x x x 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 → Q 2.83 6.90 13.01 3.04 6.84 12.66
S1 → Q 2.83 7.16 13.82 2.94 7.15 13.49
D0 → Q 3.60 6.15 9.20 3.22 5.74 8.67
D1 → Q 4.02 6.97 10.33 3.42 6.25 9.48
........................................................................................................................................................................................................................................................................................

D2 → Q 4.39 7.75 11.52 3.90 7.03 10.77
D3 → Q 1.67 2.99 4.50 1.58 2.88 4.39



MUX41 - 4-to-1 Multiplexer

ML - 302

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S0 → Q 6.41 10.97 18.33 6.82 11.11 18.36
S1 → Q 6.41 11.32 19.40 6.42 11.43 19.58
D0 → Q 7.59 9.37 12.64 7.98 9.96 13.21
D1 → Q 8.40 10.49 14.06 8.68 10.76 14.39
........................................................................................................................................................................................................................................................................................

D2 → Q 9.47 11.88 15.79 9.65 12.05 16.13
D3 → Q 3.56 4.48 6.02 3.96 4.89 6.42   



MUX8 - 8-to-1 Multiplexer (Fast)

ML - 303

MUX8 - 8-to-1 Multiplexer (Fast)

Symbol

2

1

S1

S0

0

S2

3

4

5

6

7

MUX8 Rectangular Area: 3x4cells

Number of Cells: 10

Truth Table

Input Output
S2 S1 S0 D7 D6 D5 D4 D3 D2 D1 D0 Q                                                                                                                               

0 0 0 x x x x x x x d0 d0
0 0 1 x x x x x x d1 x d1
0 1 0 x x x x x d2 x x d2
0 1 1 x x x x d3 x x x d3
..........................................................................................................................................................................................................................................................................

1 0 0 x x x d4 x x x x d4
1 0 1 x x d5 x x x x x d5
1 1 0 x d6 x x x x x x d6
1 1 1 d7 x x x x x x x d7



MUX8 - 8-to-1 Multiplexer (Fast)

ML - 304

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S2 → Q 1.00 1.90 3.10 1.00 2.00 3.20
S1 → Q 1.87 3.87 6.68 1.87 3.92 6.58
S0 → Q 2.74 5.85 10.26 2.74 5.84 9.96
D0 → Q 3.50 6.53 9.46 3.18 5.92 8.86
........................................................................................................................................................................................................................................................................................

D1 → Q 3.50 6.33 9.26 3.28 6.02 8.96
D2 → Q 3.02 5.55 8.07 2.81 5.24 7.77
D3 → Q 3.02 5.34 7.87 2.91 5.34 7.87
D6 → Q 2.54 4.56 6.68 2.44 4.56 6.68
........................................................................................................................................................................................................................................................................................

D7 → Q 2.54 4.36 6.48 2.54 4.66 6.78
D4 → Q 3.02 5.55 8.07 2.81 5.24 7.77
D5 → Q 3.02 5.34 7.87 2.91 5.34 7.87

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

S2 → Q 2.90 3.40 4.60 3.50 4.30 5.70
S1 → Q 4.77 6.48 9.64 6.06 7.83 10.85
S0 → Q 6.64 9.57 14.68 8.63 11.35 16.01
D0 → Q 7.99 9.86 13.18 8.27 10.24 13.61
........................................................................................................................................................................................................................................................................................

D1 → Q 7.89 9.86 13.18 8.77 10.84 14.51
D2 → Q 6.82 8.47 11.35 7.70 9.55 12.77
D3 → Q 6.72 8.47 11.35 8.20 10.15 13.67
D6 → Q 5.64 7.08 9.52 7.13 8.86 11.94
........................................................................................................................................................................................................................................................................................

D7 → Q 5.54 7.08 9.52 7.63 9.46 12.84
D4 → Q 6.82 8.47 11.35 7.70 9.55 12.77
D5 → Q 6.72 8.47 11.35 8.20 10.15 13.67



MUX8 - 8-to-1 Multiplexer (Fast)

ML - 305

Schematic

0

1

PMUX0

1

PMUX

0

1

PMUX

0

1

PMUX

0

1

PMUX

0

1

PMUX

0

1

PMUX

S2

S1

S0

Q

D7

D6

D5

D4

D3

D2

D1

D0



MUX81 - 8-to-1 Multiplexer

ML - 306

MUX81 - 8-to-1 Multiplexer

Symbol

MUX81

2

1

S1

S0

0

S2

3

4

5

6

7

Rectangular Area: 7x9cells

Number of Cells: 52

Truth Table

Input Output
S2 S1 S0 D7 D6 D5 D4 D3 D2 D1 D0 Q                                                                                                                               

0 0 0 x x x x x x x d0 d0
0 0 1 x x x x x x d1 x d1
0 1 0 x x x x x d2 x x d2
0 1 1 x x x x d3 x x x d3
..........................................................................................................................................................................................................................................................................

1 0 0 x x x d4 x x x x d4
1 0 1 x x d5 x x x x x d5
1 1 0 x d6 x x x x x x d6
1 1 1 d7 x x x x x x x d7



MUX81 - 8-to-1 Multiplexer

ML - 307

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → Q 4.44 7.71 11.58 4.18 7.31 11.15
D1 → Q 5.80 10.09 15.09 5.34 9.39 14.34
D2 → Q 7.16 12.48 18.60 6.50 11.46 17.53
D3 → Q 7.16 12.48 18.60 6.50 11.46 17.53
........................................................................................................................................................................................................................................................................................

D4 → Q 7.63 13.26 19.79 6.98 12.26 18.74
D5 → Q 7.63 13.26 19.79 6.98 12.26 18.74
D6 → Q 6.27 10.87 16.28 5.82 10.18 15.55
D7 → Q 4.91 8.49 12.77 4.66 8.11 12.36
........................................................................................................................................................................................................................................................................................

S1 → Q 6.18 13.14 23.68 6.09 12.72 23.01
S2 → Q 5.70 12.55 23.28 5.62 12.04 22.31
S0 → Q 5.77 13.20 24.48 5.70 12.84 23.92

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 → Q 9.43 12.05 16.10 10.02 12.34 16.74
D1 → Q 12.28 15.75 20.99 12.87 15.82 21.58
D2 → Q 15.14 19.45 25.88 15.71 19.30 26.42
D3 → Q 15.04 19.45 25.88 15.71 19.20 26.41
........................................................................................................................................................................................................................................................................................

D4 → Q 16.31 20.74 27.81 16.78 20.79 28.24
D5 → Q 16.41 20.74 27.81 16.78 20.89 28.25
D6 → Q 13.56 17.04 22.92 13.94 17.41 23.41
D7 → Q 10.70 13.34 18.04 11.10 13.93 18.57
........................................................................................................................................................................................................................................................................................

S1 → Q 13.15 21.11 33.98 13.44 20.89 34.15
S2 → Q 12.08 20.17 33.28 12.47 19.85 33.25
S0 → Q 12.85 21.22 34.87 13.24 21.19 35.17



MUX81 - 8-to-1 Multiplexer

ML - 308

Schematic

D0

D1

D2

D3

D4

D5

D6

D7

Q

S0

S1

S2

PINV PAN2L

PAN2
PAN2

PAN2L

PAN2

PAN2L

PAN2L

PAN2L

PAN2
PAN2L

PINV

PND2

PAN2

PAN2 PAN2L

PND2
PAN2

PND2

PND2
PAN2

PAN2L
PAN2L

PAN2L PAN2
PND2

PAN2
PAN2

PAN2

PND2

PND2

PND2

PND2



ND2 - 2-Input NAND

ML - 309

ND2 - 2-Input NAND

Symbol

ND2

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

QN

PND2



ND2 - 2-Input NAND

ML - 310

Truth Table

Input Output
A B QN                                          

0 0 1
0 1 1
1 0 1
1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 0.80 1.40 2.10 0.90 1.50 2.20
B → QN 0.80 1.40 2.10 0.80 1.40 2.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 2.20 2.60 3.40 1.80 2.20 3.00
B → QN 1.80 2.20 3.00 1.80 2.20 3.00   



ND3 - 3-Input NAND

ML - 311

ND3 - 3-Input NAND

Symbol

ND3

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

C

QN

PND3



ND3 - 3-Input NAND

ML - 312

Truth Table

Input Output
A B C QN                                                           

0 x x 1
x 0 x 1
x x 0 1
1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 0.80 1.40 2.20 0.70 1.40 2.10
B → QN 0.80 1.40 2.20 0.70 1.40 2.10
C → QN 0.90 1.50 2.30 0.70 1.40 2.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 1.70 2.10 2.90 1.80 2.30 3.00
B → QN 1.70 2.10 2.90 1.80 2.30 3.00
C → QN 1.70 2.10 2.90 2.20 2.70 3.40   



ND4 - 4-Input NAND

ML - 313

ND4 - 4-Input NAND

Symbol

ND4

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

A

B

C

D
QN

PND2

PAN3



ND4 - 4-Input NAND

ML - 314

Truth Table

Input Output
A B C D QN                                                                       

0 x x x 1
x 0 x x 1
x x 0 x 1
x x x 0 1
..................................................................................................................................

1 1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → QN 0.80 1.40 2.20 0.70 1.40 2.10
C → QN 1.79 3.11 4.62 1.38 2.69 4.10
B → QN 1.69 3.01 4.52 1.38 2.69 4.10
A → QN 1.69 3.01 4.52 1.38 2.69 4.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → QN 1.70 2.10 2.90 1.80 2.30 3.00
C → QN 3.98 4.91 6.45 3.57 4.49 6.02
B → QN 3.58 4.51 6.05 3.57 4.49 6.02
A → QN 3.58 4.51 6.05 3.57 4.49 6.02   



ND5 - 5-Input NAND

ML - 315

ND5 - 5-Input NAND

Symbol

ND5

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

A

B

C

D

E

QN

PND3

PAN3



ND5 - 5-Input NAND

ML - 316

Truth Table

Input Output
A B C D E QN                                                                                    

0 x x x x 1
x 0 x x x 1
x x 0 x x 1
x x x 0 x 1
..............................................................................................................................................................

x x x x 0 1
1 1 1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

E → QN 0.90 1.50 2.30 0.70 1.40 2.10
D → QN 0.80 1.40 2.20 0.70 1.40 2.10
C → QN 1.79 3.11 4.62 1.38 2.69 4.10
B → QN 1.69 3.01 4.52 1.38 2.69 4.10
...................................................................................................................................................................................................................................................................................

A → QN 1.69 3.01 4.52 1.38 2.69 4.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

E → QN 1.70 2.10 2.90 2.20 2.70 3.40
D → QN 1.70 2.10 2.90 1.80 2.30 3.00
C → QN 3.98 4.91 6.45 3.57 4.49 6.02
B → QN 3.58 4.51 6.05 3.57 4.49 6.02
...................................................................................................................................................................................................................................................................................

A → QN 3.58 4.51 6.05 3.57 4.49 6.02   



ND6 - 6-Input NAND

ML - 317

ND6 - 6-Input NAND

Symbol

ND6

Rectangular Area: 3x1cells

Number of Cells: 3

Schematic

A

B

C

D

E

F
QN

PND2

PAN3

PAN3



ND6 - 6-Input NAND

ML - 318

Truth Table

Input Output
A B C D E F QN                                                                                                

0 x x x x x 1
x 0 x x x x 1
x x 0 x x x 1
x x x 0 x x 1
..........................................................................................................................................................................................

x x x x 0 x 1
x x x x x 0 1
1 1 1 1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

F → QN 0.80 1.40 2.20 0.70 1.40 2.10
E → QN 1.79 3.11 4.62 1.38 2.69 4.10
D → QN 1.69 3.01 4.52 1.38 2.69 4.10
C → QN 2.68 4.71 6.94 2.06 3.98 6.10
...................................................................................................................................................................................................................................................................................

B → QN 2.58 4.61 6.84 2.06 3.98 6.10
A → QN 2.58 4.61 6.84 2.06 3.98 6.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

F → QN 1.70 2.10 2.90 1.80 2.30 3.00
E → QN 3.98 4.91 6.45 3.57 4.49 6.02
D → QN 3.58 4.51 6.05 3.57 4.49 6.02
C → QN 5.86 7.32 9.61 5.34 6.68 9.04
...................................................................................................................................................................................................................................................................................

B → QN 5.46 6.92 9.21 5.34 6.68 9.04
A → QN 5.46 6.92 9.21 5.34 6.68 9.04   



ND8 - 8-Input NAND

ML - 319

ND8 - 8-Input NAND

Symbol

ND8

Rectangular Area: 4x1cells

Number of Cells: 4

Schematic

A

B

C

D

E

F

G

H
QN

PND2

PAN3

PAN3

PAN3



ND8 - 8-Input NAND

ML - 320

Truth Table

Input Output
A B C D E F G H QN                                                                                                                           

0 x x x x x x x 1
x 0 x x x x x x 1
x x 0 x x x x x 1
x x x 0 x x x x 1
.......................................................................................................................................................................................................................................................

x x x x 0 x x x 1
x x x x x 0 x x 1
x x x x x x 0 x 1
x x x x x x x 0 1
.......................................................................................................................................................................................................................................................

1 1 1 1 1 1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

H → QN 0.80 1.40 2.20 0.70 1.40 2.10
G → QN 1.79 3.11 4.62 1.38 2.69 4.10
F → QN 1.69 3.01 4.52 1.38 2.69 4.10
E → QN 2.68 4.71 6.94 2.06 3.98 6.10
...................................................................................................................................................................................................................................................................................

D → QN 2.58 4.61 6.84 2.06 3.98 6.10
C → QN 3.57 6.32 9.26 2.74 5.27 8.10
B → QN 3.47 6.22 9.16 2.74 5.27 8.10
A → QN 3.47 6.22 9.16 2.74 5.27 8.10



ND8 - 8-Input NAND

ML - 321

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

H → QN 1.70 2.10 2.90 1.80 2.30 3.00
G → QN 3.98 4.91 6.45 3.57 4.49 6.02
F → QN 3.58 4.51 6.05 3.57 4.49 6.02
E → QN 5.86 7.32 9.61 5.34 6.68 9.04
...................................................................................................................................................................................................................................................................................

D → QN 5.46 6.92 9.21 5.34 6.68 9.04
C → QN 7.74 9.73 12.76 7.12 8.87 12.06
B → QN 7.34 9.33 12.36 7.12 8.87 12.06
A → QN 7.34 9.33 12.36 7.12 8.87 12.06   



NDND - Twin 2-Input NANDs

ML - 322

NDND - Twin 2-Input NANDs

Symbol

NDND

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

A

B

Q0N

Q1N

PNDND



NDND - Twin 2-Input NANDs

ML - 323

Truth Table

Input Output
A B Q1N Q0N                                                    

0 0 1 1
0 1 1 1
1 0 1 1
1 1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0N 0.90 1.50 2.20 0.80 1.50 2.20
B → Q0N 0.80 1.40 2.10 0.80 1.50 2.20
A → Q1N 0.80 1.40 2.20 0.80 1.50 2.20
B → Q1N 0.80 1.40 2.20 0.70 1.40 2.10

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0N 2.20 2.70 3.50 2.50 3.10 4.20
B → Q0N 1.80 2.30 3.10 2.50 3.10 4.20
A → Q1N 2.10 2.50 3.30 1.80 2.30 3.00
B → Q1N 1.70 2.10 2.90 1.80 2.30 3.00   



NR2 - 2-Input NOR

ML - 324

NR2 - 2-Input NOR

Symbol

NR2

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

A

B

QN

PINV PAN2L



NR2 - 2-Input NOR

ML - 325

Truth Table

Input Output
A B QN                                          

0 0 1
0 1 0
1 0 0
1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 1.18 1.88 2.69 1.37 2.08 2.89
B → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 2.57 3.09 4.12 2.67 3.29 4.13
B → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR2L - 2-Input NOR with Inverted Input (A*B')

ML - 326

NR2L - 2-Input NOR with Inverted Input (A*B')

Symbol

NR2L

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

PAN2L

QN

B

AN



NR2L - 2-Input NOR with Inverted Input (A*B')

ML - 327

Truth Table

Input Output
AN B QN                                          

0 0 0
0 1 0
1 0 1
1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

AN → QN 0.40 0.70 1.10 0.40 0.70 1.10
B → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

AN → QN 1.00 1.20 1.70 0.90 1.20 1.60
B → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR3 - 3-Input NOR

ML - 328

NR3 - 3-Input NOR

Symbol

NR3

Rectangular Area: 3x1cells

Number of Cells: 3

Schematic

A

B

C
QN

PINV

PAN2L

PAN2L



NR3 - 3-Input NOR

ML - 329

Truth Table

Input Output
A B C QN                                                      

1 x x 0
x 1 x 0
x x 1 0
0 0 0 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 1.66 2.67 3.88 1.84 2.86 4.08
B → QN 1.28 1.88 2.69 1.37 2.08 2.99
C → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 3.64 4.38 5.94 3.64 4.58 5.86
B → QN 2.57 3.09 4.22 2.57 3.29 4.23
C → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR4 - 4-Input NOR

ML - 330

NR4 - 4-Input NOR

Symbol

NR4

Rectangular Area: 4x1cells

Number of Cells: 4

Schematic

A

B

C

D
QN

PAN2L

PAN2L

PAN2LPINV



NR4 - 4-Input NOR

ML - 331

Truth Table

Input Output
A B C D QN                                                                       

0 0 0 0 1
1 x x x 0
x 1 x x 0
x x 1 x 0
..................................................................................................................................

x x x 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 2.14 3.46 5.07 2.31 3.64 5.27
B → QN 1.76 2.67 3.88 1.84 2.86 4.18
C → QN 1.28 1.88 2.69 1.37 2.08 2.99
D → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 4.72 5.67 7.76 4.62 5.87 7.60
B → QN 3.64 4.38 6.04 3.54 4.58 5.96
C → QN 2.57 3.09 4.22 2.57 3.29 4.23
D → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR5 - 5-Input NOR

ML - 332

NR5 - 5-Input NOR

Symbol

NR5

Rectangular Area: 5x1cells

Number of Cells: 5

Schematic

A

B

C

D

E
QN

PAN2L

PAN2L

PAN2L

PAN2LPINV



NR5 - 5-Input NOR

ML - 333

Truth Table

Input Output
A B C D E QN                                                                                  

0 0 0 0 0 1
1 x x x x 0
x 1 x x x 0
x x 1 x x 0
..............................................................................................................................................................

x x x 1 x 0
x x x x 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 2.62 4.24 6.26 2.78 4.42 6.46
B → QN 2.24 3.46 5.07 2.31 3.64 5.37
C → QN 1.76 2.67 3.88 1.84 2.86 4.18
D → QN 1.28 1.88 2.69 1.37 2.08 2.99
...................................................................................................................................................................................................................................................................................

E → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 5.79 6.96 9.58 5.59 7.16 9.33
B → QN 4.72 5.67 7.86 4.52 5.87 7.70
C → QN 3.64 4.38 6.04 3.54 4.58 5.96
D → QN 2.57 3.09 4.22 2.57 3.29 4.23
...................................................................................................................................................................................................................................................................................

E → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR6 - 6-Input NOR

ML - 334

NR6 - 6-Input NOR

Symbol

NR6

Rectangular Area: 6x1cells

Number of Cells: 6

Schematic

A

B

C

D

E

F
QN

PAN2L

PAN2L

PAN2L

PAN2L

PAN2LPINV



NR6 - 6-Input NOR

ML - 335

Truth Table

Input Output
A B C D E F QN                                                                                                

0 0 0 0 0 0 1
1 x x x x x 0
x 1 x x x x 0
x x 1 x x x 0
..........................................................................................................................................................................................

x x x 1 x x 0
x x x x 1 x 0
x x x x x 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 3.10 5.02 7.45 3.25 5.20 7.65
B → QN 2.72 4.24 6.26 2.78 4.42 6.56
C → QN 2.24 3.46 5.07 2.31 3.64 5.37
D → QN 1.76 2.67 3.88 1.84 2.86 4.18
...................................................................................................................................................................................................................................................................................

E → QN 1.28 1.88 2.69 1.37 2.08 2.99
F → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 6.86 8.25 11.40 6.56 8.45 11.06
B → QN 5.79 6.96 9.68 5.49 7.16 9.43
C → QN 4.72 5.67 7.86 4.52 5.87 7.70
D → QN 3.64 4.38 6.04 3.54 4.58 5.96
...................................................................................................................................................................................................................................................................................

E → QN 2.57 3.09 4.22 2.57 3.29 4.23
F → QN 1.50 1.80 2.40 1.60 2.00 2.50   



NR8 - 8-Input NOR

ML - 336

NR8 - 8-Input NOR

Symbol

NR8

Rectangular Area: 8x1cells

Number of Cells: 8

Truth Table

Input Output
A B C D E F G H QN                                                                                                                       

0 0 0 0 0 0 0 0 1
1 x x x x x x x 0
x 1 x x x x x x 0
x x 1 x x x x x 0
.......................................................................................................................................................................................................................................................

x x x 1 x x x x 0
x x x x 1 x x x 0
x x x x x 1 x x 0
x x x x x x 1 x 0
.......................................................................................................................................................................................................................................................

x x x x x x x 1 0



NR8 - 8-Input NOR

ML - 337

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 4.06 6.59 9.83 4.19 6.76 10.03
B → QN 3.68 5.81 8.64 3.72 5.98 8.94
C → QN 3.20 5.02 7.45 3.25 5.20 7.75
D → QN 2.72 4.24 6.26 2.78 4.42 6.56
...................................................................................................................................................................................................................................................................................

E → QN 2.24 3.46 5.07 2.31 3.64 5.37
F → QN 1.76 2.67 3.88 1.84 2.86 4.18
G → QN 1.28 1.88 2.69 1.37 2.08 2.99
H → QN 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 9.00 10.83 15.05 8.50 11.03 14.52
B → QN 7.93 9.54 13.32 7.43 9.74 12.89
C → QN 6.86 8.25 11.50 6.46 8.45 11.16
D → QN 5.79 6.96 9.68 5.49 7.16 9.43
...................................................................................................................................................................................................................................................................................

E → QN 4.72 5.67 7.86 4.52 5.87 7.70
F → QN 3.64 4.38 6.04 3.54 4.58 5.96
G → QN 2.57 3.09 4.22 2.57 3.29 4.23
H → QN 1.50 1.80 2.40 1.60 2.00 2.50



NR8 - 8-Input NOR

ML - 338

Schematic

A

B

C

D

E

F

G

H
QN

PAN2L

PAN2L

PAN2L

PAN2L

PAN2L

PAN2L

PAN2LPINV



OAI22 - OR-AND Inverter 2-2 Inputs

ML - 339

OAI22 - OR-AND Inverter 2-2 Inputs

Symbol

OAI22

Rectangular Area: 2x4cells

Number of Cells: 7

Schematic

A

B

C

D

QN

PINV
PAN2L

PINV

PND2

PINVPAN2LPINV



OAI22 - OR-AND Inverter 2-2 Inputs

ML - 340

Truth Table

Input Output
A B C D QN                                                                       

0 0 0 0 1
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
..................................................................................................................................

0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 0
..................................................................................................................................

1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 0
..................................................................................................................................

1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 2.93 4.86 7.18 3.02 5.05 7.27
B → QN 2.55 4.07 5.99 2.55 4.26 6.18
C → QN 2.83 4.85 7.17 3.01 5.24 7.47
D → QN 2.45 4.07 5.98 2.54 4.46 6.38



OAI22 - OR-AND Inverter 2-2 Inputs

ML - 341

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN 6.21 7.56 10.26 6.41 7.97 10.38
B → QN 5.14 6.27 8.54 5.34 6.68 8.75
C → QN 6.41 7.86 10.56 6.52 8.07 10.47
D → QN 5.34 6.57 8.84 5.44 6.78 8.84   



ONE/ONEB - Logic One

ML - 342

ONE/ONEB - Logic One

Symbol

ONE
Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

OUT

PONE



ONE/ONEB - Logic One

ML - 343

Truth Table

Output
OUT/OUTB                     

1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         



ONEONE - Twin Logic Ones

ML - 344

ONEONE - Twin Logic Ones

Symbol

ONEONE

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

ONEONE



ONEONE - Twin Logic Ones

ML - 345

Truth Table

Output
OUT0 OUT1                                  

1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         



OR2 - 2-Input OR

ML - 346

OR2 - 2-Input OR

Symbol

OR2

Rectangular Area: 3x1cells

Number of Cells: 3

Schematic

PINV PND2

PINV

Q

B

A



OR2 - 2-Input OR

ML - 347

Truth Table

Input Output
A BN Q                                          

0 0 0
0 1 1
1 0 1
1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 1.77 2.78 3.99 1.48 2.59 3.69
B → Q 1.77 2.78 3.99 1.48 2.59 3.69

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 3.47 4.19 5.53 3.47 4.29 5.53
B → Q 3.47 4.19 5.43 3.37 4.19 5.42   



OR2L - 2-Input OR (A + B')

ML - 348

OR2L - 2-Input OR (A + B')

Symbol

OR2L

Rectangular Area: 2x1cells

Number of Cells: 2

Schematic

A

BN
Q

PINV

PND2



OR2L - 2-Input OR (A + B')

ML - 349

Truth Table

Input Output
A BN Q                                          

0 0 1
0 1 0
1 0 1
1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 1.77 2.78 3.89 1.58 2.59 3.69
BN → Q 0.80 1.40 2.10 0.90 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 3.57 4.29 5.53 3.37 4.09 5.42
BN → Q 2.20 2.60 3.40 1.80 2.20 3.00   



OR3 - 3-Input OR

ML - 350

OR3 - 3-Input OR

Symbol

OR3

Rectangular Area: 4x1cells

Number of Cells: 4

Schematic

A

B

C
QPINV

PINV
PAN2L

PND2



OR3 - 3-Input OR

ML - 351

Truth Table

Input Output
A B C Q                                              

0 0 0 0
1 x x 1
x 1 x 1
x x 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 2.24 3.56 5.18 1.96 3.37 4.88
B → Q 1.77 2.78 4.09 1.58 2.59 3.69
C → Q 1.77 2.78 3.99 1.48 2.59 3.69

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 4.44 5.48 7.16 4.44 5.48 7.24
B → Q 3.37 4.19 5.53 3.37 4.19 5.52
C → Q 3.47 4.19 5.53 3.47 4.29 5.53   



OR4 - 4-Input OR

ML - 352

OR4 - 4-Input OR

Symbol

OR4

Rectangular Area: 5x1cells

Number of Cells: 5

Schematic

A

B

C

D
Q

PINV PND2

PAN2L

PAN2LPINV



OR4 - 4-Input OR

ML - 353

Truth Table

Input Output
A B C D Q                                                                       

0 0 0 0 0
1 x x x 1
x 1 x x 1
x x 1 x 1
..................................................................................................................................

x x x 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 2.71 4.34 6.37 2.44 4.16 6.07
B → Q 2.24 3.56 5.28 2.06 3.37 4.88
C → Q 1.77 2.78 4.09 1.58 2.59 3.69
D → Q 1.77 2.78 3.99 1.48 2.59 3.69

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 5.42 6.77 8.90 5.52 6.77 9.06
B → Q 4.34 5.48 7.26 4.44 5.48 7.34
C → Q 3.37 4.19 5.53 3.37 4.19 5.52
D → Q 3.47 4.19 5.53 3.47 4.29 5.53   



OR5 - 5-Input OR

ML - 354

OR5 - 5-Input OR

Symbol

OR5

Rectangular Area: 6x1cells

Number of Cells: 6

Schematic

A

B

C

D

E
Q

PINV PND2

PAN2L

PAN2L

PAN2LPINV



OR5 - 5-Input OR

ML - 355

Truth Table

Input Output
A B C D E Q                                                                                    

0 0 0 0 0 0
1 x x x x 1
x 1 x x x 1
x x 1 x x 1
..............................................................................................................................................................

x x x 1 x 1
x x x x 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 3.18 5.12 7.56 2.92 4.94 7.26
B → Q 2.71 4.34 6.47 2.54 4.16 6.07
C → Q 2.24 3.56 5.28 2.06 3.37 4.88
D → Q 1.77 2.78 4.09 1.58 2.59 3.69
*..................................................................................................................................................................................................................................................................................

E → Q 1.77 2.78 3.99 1.48 2.59 3.69

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 6.39 8.06 10.63 6.59 8.06 10.88
B → Q 5.32 6.77 9.00 5.52 6.77 9.16
C → Q 4.34 5.48 7.26 4.44 5.48 7.34
D → Q 3.37 4.19 5.53 3.37 4.19 5.52
*..................................................................................................................................................................................................................................................................................

E → Q 3.47 4.19 5.53 3.47 4.29 5.53   



OR6 - 6-Input OR

ML - 356

OR6 - 6-Input OR

Symbol

OR6

Rectangular Area: 7x1cells

Number of Cells: 7

Schematic

A

B

C

D

E

F
Q

PAN2L

PAN2L

PAN2L

PND2

PINV

PAN2LPINV



OR6 - 6-Input OR

ML - 357

Truth Table

Input Output
A B C D E F Q                                                                                                

0 0 0 0 0 0 0
1 x x x x x 1
x 1 x x x x 1
x x 1 x x x 1
..........................................................................................................................................................................................

x x x 1 x x 1
x x x x 1 x 1
x x x x x 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 3.65 5.90 8.75 3.40 5.72 8.45
B → Q 3.18 5.12 7.66 3.02 4.94 7.26
C → Q 2.71 4.34 6.47 2.54 4.16 6.07
D → Q 2.24 3.56 5.28 2.06 3.37 4.88
...................................................................................................................................................................................................................................................................................

E → Q 1.77 2.78 4.09 1.58 2.59 3.69
F → Q 1.77 2.78 3.99 1.48 2.59 3.69



OR6 - 6-Input OR

ML - 358

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 7.36 9.35 12.36 7.66 9.35 12.70
B → Q 6.29 8.06 10.73 6.59 8.06 10.98
C → Q 5.32 6.77 9.00 5.52 6.77 9.16
D → Q 4.34 5.48 7.26 4.44 5.48 7.34
...................................................................................................................................................................................................................................................................................

E → Q 3.37 4.19 5.53 3.37 4.19 5.52
F → Q 3.47 4.19 5.53 3.47 4.29 5.53   



OR8 - 8-Input OR

ML - 359

OR8 - 8-Input OR

Symbol

OR8

Rectangular Area: 9x1cells

Number of Cells: 9

Truth Table

Input Output
A B C D E F G H Q                                                                                                                           

0 0 0 0 0 0 0 0 0
1 x x x x x x x 1
x 1 x x x x x x 1
x x 1 x x x x x 1
............................................................................................................................................................................................................................................................

x x x 1 x x x x 1
x x x x 1 x x x 1
x x x x x 1 x x 1
x x x x x x 1 x 1
............................................................................................................................................................................................................................................................

x x x x x x x 1 1



OR8 - 8-Input OR

ML - 360

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 4.59 7.46 11.13 4.36 7.29 10.83
B → Q 4.12 6.68 10.04 3.98 6.51 9.64
C → Q 3.65 5.90 8.85 3.50 5.72 8.45
D → Q 3.18 5.12 7.66 3.02 4.94 7.26
...................................................................................................................................................................................................................................................................................

E → Q 2.71 4.34 6.47 2.54 4.16 6.07
F → Q 2.24 3.56 5.28 2.06 3.37 4.88
G → Q 1.77 2.78 4.09 1.58 2.59 3.69
H → Q 1.77 2.78 3.99 1.48 2.59 3.69

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 9.30 11.93 15.82 9.80 11.93 16.35
B → Q 8.23 10.64 14.19 8.73 10.64 14.62
C → Q 7.26 9.35 12.46 7.66 9.35 12.80
D → Q 6.29 8.06 10.73 6.59 8.06 10.98
...................................................................................................................................................................................................................................................................................

E → Q 5.32 6.77 9.00 5.52 6.77 9.16
F → Q 4.34 5.48 7.26 4.44 5.48 7.34
G → Q 3.37 4.19 5.53 3.37 4.19 5.52
H → Q 3.47 4.19 5.53 3.47 4.29 5.53



OR8 - 8-Input OR

ML - 361

Schematic

A

B

C

D

E

F

G

H
Q

PAN2L

PND2

PINV

PAN2L

PAN2L

PAN2L

PAN2L

PAN2LPINV



ORL - 2-Input OR (AN*B) XOR AN'

ML - 362

ORL - 2-Input OR (AN*B) XOR AN'

Symbol

ORL

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

PORL

Q

BN

A



ORL - 2-Input OR (AN*B) XOR AN'

ML - 363

Truth Table

Input Output
A BN Q                                          

0 0 1
0 1 0
1 0 1
1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 0.80 1.40 2.10 0.80 1.50 2.20
BN → Q 0.80 1.40 2.10 0.90 1.60 2.30

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 1.80 2.30 3.10 2.50 3.10 4.20
BN → Q 1.80 2.30 3.10 2.90 3.50 4.60   



ORT - 2-Input OR = (A*B') XOR B

ML - 364

ORT - 2-Input OR = (A*B') XOR B

Symbol

ORT

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

POR

Q

B

A



ORT - 2-Input OR = (A*B') XOR B

ML - 365

Truth Table

Input Output
A B Q                                          

0 0 0
0 1 1
1 0 1
1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 0.80 1.40 2.10 0.80 1.50 2.20
B → Q 0.80 1.40 2.10 0.90 1.60 2.30

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 1.80 2.30 3.10 2.50 3.10 4.20
B → Q 1.80 2.30 3.10 2.90 3.50 4.60   



PCOE4 - 4-Bit Parity Checker Odd/Even

ML - 366

PCOE4 - 4-Bit Parity Checker Odd/Even

Symbol

EVEN

ODDA

B

C

D

PCOE4

Rectangular Area: 3x2cells

Number of Cells: 5

Schematic

A

B

C

D

EVEN

ODD

PXO2
PINVPXO2

PXO2



PCOE4 - 4-Bit Parity Checker Odd/Even

ML - 367

Truth Table

Input Output
A B C D EVEN ODD                                                                                      

even parity 1 0
odd parity 0 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → ODD.BUS 2.54 4.26 6.18 2.64 4.46 6.38
C → ODD.BUS 2.54 4.26 6.18 2.64 4.46 6.38
B → ODD.BUS 2.07 3.48 4.99 2.17 3.68 5.19
A → ODD.BUS 2.07 3.48 4.99 2.17 3.68 5.19
...................................................................................................................................................................................................................................................................................

D → ODD 2.21 3.84 5.67 2.21 3.94 5.77
C → ODD 2.21 3.84 5.67 2.21 3.94 5.77
B → ODD 1.74 3.06 4.48 1.74 3.16 4.58
A → ODD 1.74 3.06 4.48 1.74 3.16 4.58
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 3.41 6.04 8.67 3.41 5.84 8.47
C → EVEN.BUS 3.41 6.04 8.67 3.41 5.84 8.47
B → EVEN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
A → EVEN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
...................................................................................................................................................................................................................................................................................

D → EVEN 3.01 5.54 8.07 2.91 5.24 7.77
C → EVEN 3.01 5.54 8.07 2.91 5.24 7.77
B → EVEN 2.54 4.76 6.88 2.44 4.46 6.58
A → EVEN 2.54 4.76 6.88 2.44 4.46 6.58



PCOE4 - 4-Bit Parity Checker Odd/Even

ML - 368

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → ODD.BUS 5.44 7.67 10.55 6.44 8.77 12.05
C → ODD.BUS 5.44 7.67 10.55 6.44 8.77 12.05
B → ODD.BUS 4.37 6.38 8.82 5.37 7.48 10.32
A → ODD.BUS 4.37 6.38 8.82 5.37 7.48 10.32
...................................................................................................................................................................................................................................................................................

D → ODD 4.82 6.86 9.26 5.51 7.65 10.37
C → ODD 4.82 6.86 9.26 5.51 7.65 10.37
B → ODD 3.74 5.57 7.53 4.44 6.36 8.64
A → ODD 3.74 5.57 7.53 4.44 6.36 8.64
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
C → EVEN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
B → EVEN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
A → EVEN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
...................................................................................................................................................................................................................................................................................

D → EVEN 7.41 9.95 13.47 6.82 9.36 12.56
C → EVEN 7.41 9.95 13.47 6.82 9.36 12.56
B → EVEN 6.34 8.66 11.74 5.74 8.07 10.83
A → EVEN 6.34 8.66 11.74 5.74 8.07 10.83   



PCOE8 - 8-Bit Parity Checker Odd/Even

ML - 369

PCOE8 - 8-Bit Parity Checker Odd/Even

Symbol

PCOE8

D

EVEN

ODDA

B

C

E

F

G

H

Rectangular Area: 4x3cells

Number of Cells: 11

Truth Table

Input Output
A...H EVEN ODD                                                                 

even parity 1 0
odd parity 0 1



PCOE8 - 8-Bit Parity Checker Odd/Even

ML - 370

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

H → EVEN.BUS 4.75 8.40 12.15 4.75 8.20 11.95
G → EVEN.BUS 4.75 8.40 12.15 4.75 8.20 11.95
F → EVEN.BUS 4.28 7.62 10.96 4.28 7.42 10.76
E → EVEN.BUS 4.28 7.62 10.96 4.28 7.42 10.76
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 3.81 6.84 9.77 3.81 6.64 9.57
C → EVEN.BUS 3.81 6.84 9.77 3.81 6.64 9.57
B → EVEN.BUS 4.28 7.62 10.96 4.28 7.42 10.76
A → EVEN.BUS 4.28 7.62 10.96 4.28 7.42 10.76
...................................................................................................................................................................................................................................................................................

H → EVEN 4.35 7.90 11.55 4.25 7.60 11.25
G → EVEN 4.35 7.90 11.55 4.25 7.60 11.25
F → EVEN 3.88 7.12 10.36 3.78 6.82 10.06
E → EVEN 3.88 7.12 10.36 3.78 6.82 10.06
...................................................................................................................................................................................................................................................................................

D → EVEN 3.41 6.34 9.17 3.31 6.04 8.87
C → EVEN 3.41 6.34 9.17 3.31 6.04 8.87
B → EVEN 3.88 7.12 10.36 3.78 6.82 10.06
A → EVEN 3.88 7.12 10.36 3.78 6.82 10.06
...................................................................................................................................................................................................................................................................................

H → ODD.BUS 3.88 6.62 9.66 3.98 6.82 9.86
G → ODD.BUS 3.88 6.62 9.66 3.98 6.82 9.86
F → ODD.BUS 3.41 5.84 8.47 3.51 6.04 8.67
E → ODD.BUS 3.41 5.84 8.47 3.51 6.04 8.67
...................................................................................................................................................................................................................................................................................

D → ODD.BUS 2.94 5.06 7.28 3.04 5.26 7.48
C → ODD.BUS 2.94 5.06 7.28 3.04 5.26 7.48
B → ODD.BUS 3.41 5.84 8.47 3.51 6.04 8.67
A → ODD.BUS 3.41 5.84 8.47 3.51 6.04 8.67
...................................................................................................................................................................................................................................................................................

H → ODD 3.55 6.20 9.15 3.55 6.30 9.25
G → ODD 3.55 6.20 9.15 3.55 6.30 9.25
F → ODD 3.08 5.42 7.96 3.08 5.52 8.06
E → ODD 3.08 5.42 7.96 3.08 5.52 8.06
...................................................................................................................................................................................................................................................................................

D → ODD 2.61 4.64 6.77 2.61 4.74 6.87
C → ODD 2.61 4.64 6.77 2.61 4.74 6.87
B → ODD 3.08 5.42 7.96 3.08 5.52 8.06
A → ODD 3.08 5.42 7.96 3.08 5.52 8.06



PCOE8 - 8-Bit Parity Checker Odd/Even

ML - 371

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

H → EVEN.BUS 11.05 15.32 20.93 10.76 15.03 20.42
G → EVEN.BUS 11.05 15.32 20.93 10.76 15.03 20.42
F → EVEN.BUS 9.98 14.03 19.19 9.69 13.74 18.68
E → EVEN.BUS 9.98 14.03 19.19 9.69 13.74 18.68
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 8.91 12.74 17.46 8.62 12.45 16.95
C → EVEN.BUS 8.91 12.74 17.46 8.62 12.45 16.95
B → EVEN.BUS 9.98 14.03 19.19 9.69 13.74 18.68
A → EVEN.BUS 9.98 14.03 19.19 9.69 13.74 18.68
...................................................................................................................................................................................................................................................................................

H → EVEN 10.35 14.42 19.53 9.76 13.83 18.62
G → EVEN 10.35 14.42 19.53 9.76 13.83 18.62
F → EVEN 9.28 13.13 17.79 8.69 12.54 16.88
E → EVEN 9.28 13.13 17.79 8.69 12.54 16.88
...................................................................................................................................................................................................................................................................................

D → EVEN 8.21 11.84 16.06 7.62 11.25 15.15
C → EVEN 8.21 11.84 16.06 7.62 11.25 15.15
B → EVEN 9.28 13.13 17.79 8.69 12.54 16.88
A → EVEN 9.28 13.13 17.79 8.69 12.54 16.88
...................................................................................................................................................................................................................................................................................

H → ODD.BUS 8.39 12.14 16.61 9.39 13.24 18.11
G → ODD.BUS 8.39 12.14 16.61 9.39 13.24 18.11
F → ODD.BUS 7.32 10.85 14.87 8.32 11.95 16.37
E → ODD.BUS 7.32 10.85 14.87 8.32 11.95 16.37
...................................................................................................................................................................................................................................................................................

D → ODD.BUS 6.24 9.56 13.14 7.24 10.66 14.64
C → ODD.BUS 6.24 9.56 13.14 7.24 10.66 14.64
B → ODD.BUS 7.32 10.85 14.87 8.32 11.95 16.37
A → ODD.BUS 7.32 10.85 14.87 8.32 11.95 16.37
...................................................................................................................................................................................................................................................................................

H → ODD 7.76 11.33 15.32 8.45 12.12 16.43
G → ODD 7.76 11.33 15.32 8.45 12.12 16.43
F → ODD 6.69 10.04 13.58 7.38 10.83 14.69
E → ODD 6.69 10.04 13.58 7.38 10.83 14.69
...................................................................................................................................................................................................................................................................................

D → ODD 5.62 8.75 11.85 6.31 9.54 12.96
C → ODD 5.62 8.75 11.85 6.31 9.54 12.96
B → ODD 6.69 10.04 13.58 7.38 10.83 14.69
A → ODD 6.69 10.04 13.58 7.38 10.83 14.69



PCOE8 - 8-Bit Parity Checker Odd/Even

ML - 372

Schematic

A

B

C

D

E

EVEN

F

G

H

ODD

PXO2

PXO2
PXO2

PINV

PXO2

PXO2
PXO2

PXO2



PCOE9 - 9-Bit Parity Checker Odd/Even

ML - 373

PCOE9 - 9-Bit Parity Checker Odd/Even

Symbol

H

G

F

E

C

B

A ODD

EVEN

D

I

PCOE9 Rectangular Area: 4x4cells

Number of Cells: 12

Truth Table

Input Output
A...I EVEN ODD                                                                 

even parity 1 0
odd parity 0 1



PCOE9 - 9-Bit Parity Checker Odd/Even

ML - 374

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
B → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
C → ODD.BUS 3.81 6.64 9.57 3.91 6.84 9.77
D → ODD.BUS 3.81 6.64 9.57 3.91 6.84 9.77
...................................................................................................................................................................................................................................................................................

E → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
F → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
G → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
H → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
...................................................................................................................................................................................................................................................................................

I → ODD.BUS 1.20 1.90 2.70 1.30 2.10 2.90
A → ODD 3.95 7.00 10.25 3.95 7.10 10.35
B → ODD 3.95 7.00 10.25 3.95 7.10 10.35
C → ODD 3.48 6.22 9.06 3.48 6.32 9.16
...................................................................................................................................................................................................................................................................................

D → ODD 3.48 6.22 9.06 3.48 6.32 9.16
E → ODD 3.95 7.00 10.25 3.95 7.10 10.35
F → ODD 3.95 7.00 10.25 3.95 7.10 10.35
G → ODD 4.42 7.78 11.44 4.42 7.88 11.54
...................................................................................................................................................................................................................................................................................

H → ODD 4.42 7.78 11.44 4.42 7.88 11.54
I → ODD 0.87 1.48 2.19 0.87 1.58 2.29
A → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
B → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
...................................................................................................................................................................................................................................................................................

C → EVEN.BUS 4.68 8.42 12.06 4.68 8.22 11.86
D → EVEN.BUS 4.68 8.42 12.06 4.68 8.22 11.86
E → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
F → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
...................................................................................................................................................................................................................................................................................

G → EVEN.BUS 5.62 9.98 14.44 5.62 9.78 14.24
H → EVEN.BUS 5.62 9.98 14.44 5.62 9.78 14.24
I → EVEN.BUS 2.07 3.68 5.19 2.07 3.48 4.99
A → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
...................................................................................................................................................................................................................................................................................



PCOE9 - 9-Bit Parity Checker Odd/Even

ML - 375

B → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
C → EVEN 4.28 7.92 11.46 4.18 7.62 11.16
D → EVEN 4.28 7.92 11.46 4.18 7.62 11.16
E → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
...................................................................................................................................................................................................................................................................................

F → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
G → EVEN 5.22 9.48 13.84 5.12 9.18 13.54
H → EVEN 5.22 9.48 13.84 5.12 9.18 13.54
I → EVEN 1.67 3.18 4.59 1.57 2.88 4.29



PCOE9 - 9-Bit Parity Checker Odd/Even

ML - 376

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
B → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
C → ODD.BUS 8.12 12.74 17.46 9.12 13.84 18.96
D → ODD.BUS 8.12 12.74 17.46 9.12 13.84 18.96
...................................................................................................................................................................................................................................................................................

E → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
F → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
G → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
H → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
...................................................................................................................................................................................................................................................................................

I → ODD.BUS 2.50 3.20 4.50 3.50 4.30 6.00
A → ODD 8.56 13.22 17.90 9.25 14.01 19.02
B → ODD 8.56 13.22 17.90 9.25 14.01 19.02
C → ODD 7.49 11.93 16.17 8.18 12.72 17.28
...................................................................................................................................................................................................................................................................................

D → ODD 7.49 11.93 16.17 8.18 12.72 17.28
E → ODD 8.56 13.22 17.90 9.25 14.01 19.02
F → ODD 8.56 13.22 17.90 9.25 14.01 19.02
G → ODD 9.63 14.51 19.64 10.32 15.30 20.75
...................................................................................................................................................................................................................................................................................

H → ODD 9.63 14.51 19.64 10.32 15.30 20.75
I → ODD 1.87 2.39 3.21 2.56 3.18 4.32
A → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
B → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
...................................................................................................................................................................................................................................................................................

C → EVEN.BUS 10.78 15.92 21.78 10.49 15.63 21.27
D → EVEN.BUS 10.78 15.92 21.78 10.49 15.63 21.27
E → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
F → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
...................................................................................................................................................................................................................................................................................

G → EVEN.BUS 12.92 18.50 25.25 12.63 18.21 24.74
H → EVEN.BUS 12.92 18.50 25.25 12.63 18.21 24.74
I → EVEN.BUS 5.16 6.38 8.82 4.87 6.09 8.31
A → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
...................................................................................................................................................................................................................................................................................



PCOE9 - 9-Bit Parity Checker Odd/Even
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B → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
C → EVEN 10.08 15.02 20.38 9.49 14.43 19.47
D → EVEN 10.08 15.02 20.38 9.49 14.43 19.47
E → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
...................................................................................................................................................................................................................................................................................

F → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
G → EVEN 12.22 17.60 23.85 11.63 17.01 22.94
H → EVEN 12.22 17.60 23.85 11.63 17.01 22.94
I → EVEN 4.46 5.48 7.42 3.87 4.89 6.51



PCOE9 - 9-Bit Parity Checker Odd/Even

ML - 378

Schematic
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PCOE13 - 13-Bit Parity Checker Odd/Even

Symbol

M

L

K

J

H

G

F

E

C

B

A ODD

EVEN

D

PCOE13

I

Rectangular Area: 5x4cells

Number of Cells: 19

Truth Table

Input Output
A...M EVEN ODD                                                               

even parity 1 0
odd parity 0 1



PCOE13 - 13-Bit Parity Checker Odd/Even
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Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → ODD.BUS 4.68 8.22 11.86 4.78 8.42 12.06
B → ODD.BUS 4.68 8.22 11.86 4.78 8.42 12.06
C → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
D → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
...................................................................................................................................................................................................................................................................................

E → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
F → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
G → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
H → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
...................................................................................................................................................................................................................................................................................

I → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
J → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
K → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
L → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
...................................................................................................................................................................................................................................................................................

M → ODD.BUS 1.20 1.90 2.70 1.30 2.10 2.90
A → ODD 4.35 7.80 11.35 4.35 7.90 11.45
B → ODD 4.35 7.80 11.35 4.35 7.90 11.45
C → ODD 4.82 8.58 12.54 4.82 8.68 12.64
...................................................................................................................................................................................................................................................................................

D → ODD 4.82 8.58 12.54 4.82 8.68 12.64
E → ODD 5.29 9.36 13.73 5.29 9.46 13.83
F → ODD 5.29 9.36 13.73 5.29 9.46 13.83
G → ODD 5.29 9.36 13.73 5.29 9.46 13.83
...................................................................................................................................................................................................................................................................................

H → ODD 5.29 9.36 13.73 5.29 9.46 13.83
I → ODD 4.42 7.78 11.44 4.42 7.88 11.54
J → ODD 4.42 7.78 11.44 4.42 7.88 11.54
K → ODD 3.95 7.00 10.25 3.95 7.10 10.35
...................................................................................................................................................................................................................................................................................

L → ODD 3.95 7.00 10.25 3.95 7.10 10.35
M → ODD 0.87 1.48 2.19 0.87 1.58 2.29
A → EVEN.BUS 5.55 10.00 14.35 5.55 9.80 14.15
B → EVEN.BUS 5.55 10.00 14.35 5.55 9.80 14.15
...................................................................................................................................................................................................................................................................................
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C → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
D → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
E → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
F → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
...................................................................................................................................................................................................................................................................................

G → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
H → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
I → EVEN.BUS 5.62 9.98 14.44 5.62 9.78 14.24
J → EVEN.BUS 5.62 9.98 14.44 5.62 9.78 14.24
...................................................................................................................................................................................................................................................................................

K → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
L → EVEN.BUS 5.15 9.20 13.25 5.15 9.00 13.05
M → EVEN.BUS 2.07 3.68 5.19 2.07 3.48 4.99
A → EVEN 5.15 9.50 13.75 5.05 9.20 13.45
...................................................................................................................................................................................................................................................................................

B → EVEN 5.15 9.50 13.75 5.05 9.20 13.45
C → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
D → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
E → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
...................................................................................................................................................................................................................................................................................

F → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
G → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
H → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
I → EVEN 5.22 9.48 13.84 5.12 9.18 13.54
...................................................................................................................................................................................................................................................................................

J → EVEN 5.22 9.48 13.84 5.12 9.18 13.54
K → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
L → EVEN 4.75 8.70 12.65 4.65 8.40 12.35
M → EVEN 1.67 3.18 4.59 1.57 2.88 4.29



PCOE13 - 13-Bit Parity Checker Odd/Even
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → ODD.BUS 9.99 15.92 21.78 10.99 17.02 23.28
B → ODD.BUS 9.99 15.92 21.78 10.99 17.02 23.28
C → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
D → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
...................................................................................................................................................................................................................................................................................

E → ODD.BUS 12.13 18.50 25.35 13.13 19.60 26.85
F → ODD.BUS 12.13 18.50 25.35 13.13 19.60 26.85
G → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
H → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
...................................................................................................................................................................................................................................................................................

I → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
J → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
K → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
L → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
...................................................................................................................................................................................................................................................................................

M → ODD.BUS 2.50 3.20 4.50 3.50 4.30 6.00
A → ODD 9.36 15.11 20.49 10.05 15.90 21.60
B → ODD 9.36 15.11 20.49 10.05 15.90 21.60
C → ODD 10.43 16.40 22.22 11.12 17.19 23.34
...................................................................................................................................................................................................................................................................................

D → ODD 10.43 16.40 22.22 11.12 17.19 23.34
E → ODD 11.50 17.69 24.06 12.20 18.48 25.17
F → ODD 11.50 17.69 24.06 12.20 18.48 25.17
G → ODD 11.50 17.69 23.96 12.20 18.48 25.07
...................................................................................................................................................................................................................................................................................

H → ODD 11.50 17.69 23.96 12.20 18.48 25.07
I → ODD 9.63 14.51 19.64 10.32 15.30 20.75
J → ODD 9.63 14.51 19.64 10.32 15.30 20.75
K → ODD 8.56 13.22 17.90 9.25 14.01 19.02
...................................................................................................................................................................................................................................................................................

L → ODD 8.56 13.22 17.90 9.25 14.01 19.02
M → ODD 1.87 2.39 3.21 2.56 3.18 4.32
A → EVEN.BUS 12.65 19.10 26.10 12.36 18.81 25.59
B → EVEN.BUS 12.65 19.10 26.10 12.36 18.81 25.59
...................................................................................................................................................................................................................................................................................
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C → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
D → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
E → EVEN.BUS 14.80 21.68 29.67 14.50 21.39 29.16
F → EVEN.BUS 14.80 21.68 29.67 14.50 21.39 29.16
...................................................................................................................................................................................................................................................................................

G → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
H → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
I → EVEN.BUS 12.92 18.50 25.25 12.63 18.21 24.74
J → EVEN.BUS 12.92 18.50 25.25 12.63 18.21 24.74
...................................................................................................................................................................................................................................................................................

K → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
L → EVEN.BUS 11.85 17.21 23.52 11.56 16.92 23.00
M → EVEN.BUS 5.16 6.38 8.82 4.87 6.09 8.31
A → EVEN 11.95 18.20 24.70 11.36 17.61 23.79
...................................................................................................................................................................................................................................................................................

B → EVEN 11.95 18.20 24.70 11.36 17.61 23.79
C → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
D → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
E → EVEN 14.10 20.78 28.27 13.50 20.19 27.36
...................................................................................................................................................................................................................................................................................

F → EVEN 14.10 20.78 28.27 13.50 20.19 27.36
G → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
H → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
I → EVEN 12.22 17.60 23.85 11.63 17.01 22.94
...................................................................................................................................................................................................................................................................................

J → EVEN 12.22 17.60 23.85 11.63 17.01 22.94
K → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
L → EVEN 11.15 16.31 22.12 10.56 15.72 21.20
M → EVEN 4.46 5.48 7.42 3.87 4.89 6.51
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Schematic
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PCOE16 - 16-Bit Parity Checker Odd/Even

Symbol

P

O

N

L

K

J

H

G

F

E

C

B

A ODD

EVEN

D

I

PCOE16

M

Rectangular Area: 6x5cells

Number of Cells: 24

Truth Table

Input Output
A...P EVEN ODD                                                                 

even parity 1 0
odd parity 0 1



PCOE16 - 16-Bit Parity Checker Odd/Even
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Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

P → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
O → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
N → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
M → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
...................................................................................................................................................................................................................................................................................

L → EVEN.BUS 5.15 9.20 13.25 5.16 9.01 13.06
K → EVEN.BUS 5.15 9.20 13.25 5.16 9.01 13.0
J → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
I → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
...................................................................................................................................................................................................................................................................................

H → EVEN.BUS 6.56 11.54 16.82 6.57 11.35 16.63
G → EVEN.BUS 6.56 11.54 16.82 6.57 11.35 16.63
F → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
E → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
C → EVEN.BUS 5.62 9.98 14.44 5.63 9.79 14.25
B → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
A → EVEN.BUS 6.09 10.76 15.63 6.10 10.57 15.44
...................................................................................................................................................................................................................................................................................

P → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
O → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
N → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
M → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
...................................................................................................................................................................................................................................................................................

L → EVEN 4.75 8.70 12.65 4.66 8.41 12.36
K → EVEN 4.75 8.70 12.65 4.66 8.41 12.36
J → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
I → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
...................................................................................................................................................................................................................................................................................

H → EVEN 6.16 11.04 16.22 6.07 10.75 15.93
G → EVEN 6.16 11.04 16.22 6.07 10.75 15.93
F → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
E → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
...................................................................................................................................................................................................................................................................................
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D → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
C → EVEN 5.22 9.48 13.84 5.13 9.19 13.55
B → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
A → EVEN 5.69 10.26 15.03 5.60 9.97 14.74
...................................................................................................................................................................................................................................................................................

P → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
O → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
N → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
M → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
...................................................................................................................................................................................................................................................................................

L → ODD.BUS 3.81 6.64 9.57 3.91 6.84 9.77
K → ODD.BUS 3.81 6.64 9.57 3.91 6.84 9.77
J → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
I → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
...................................................................................................................................................................................................................................................................................

H → ODD.BUS 5.22 8.98 13.14 5.32 9.18 13.34
G → ODD.BUS 5.22 8.98 13.14 5.32 9.18 13.34
F → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
E → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
...................................................................................................................................................................................................................................................................................

D → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
C → ODD.BUS 4.28 7.42 10.76 4.38 7.62 10.96
B → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
A → ODD.BUS 4.75 8.20 11.95 4.85 8.40 12.15
...................................................................................................................................................................................................................................................................................

P → ODD 4.42 7.78 11.44 4.42 7.88 11.54
O → ODD 4.42 7.78 11.44 4.42 7.88 11.54
N → ODD 3.95 7.00 10.25 3.95 7.10 10.35
M → ODD 3.95 7.00 10.25 3.95 7.10 10.35
...................................................................................................................................................................................................................................................................................

L → ODD 3.48 6.22 9.06 3.48 6.32 9.16
K → ODD 3.48 6.22 9.06 3.48 6.32 9.16
J → ODD 3.95 7.00 10.25 3.95 7.10 10.35
I → ODD 3.95 7.00 10.25 3.95 7.10 10.35
...................................................................................................................................................................................................................................................................................

H → ODD 4.89 8.56 12.63 4.89 8.66 12.73
G → ODD 4.89 8.56 12.63 4.89 8.66 12.73
F → ODD 4.42 7.78 11.44 4.42 7.88 11.54
E → ODD 4.42 7.78 11.44 4.42 7.88 11.54
...................................................................................................................................................................................................................................................................................
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D → ODD 3.95 7.00 10.25 3.95 7.10 10.35
C → ODD 3.95 7.00 10.25 3.95 7.10 10.35
B → ODD 4.42 7.78 11.44 4.42 7.88 11.54
A → ODD 4.42 7.78 11.44 4.42 7.88 11.54
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Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

P → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
O → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
N → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
M → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
...................................................................................................................................................................................................................................................................................

L → EVEN.BUS 11.85 17.21 23.62 11.56 17.02 23.09
K → EVEN.BUS 11.85 17.21 23.62 11.56 17.02 23.09
J → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
I → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
...................................................................................................................................................................................................................................................................................

H → EVEN.BUS 15.07 21.08 28.81 14.78 20.89 28.29
G → EVEN.BUS 15.07 21.08 28.81 14.78 20.89 28.29
F → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
E → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
C → EVEN.BUS 12.92 18.50 25.35 12.63 18.31 24.82
B → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
A → EVEN.BUS 14.00 19.79 27.08 13.70 19.60 26.56
...................................................................................................................................................................................................................................................................................

P → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
O → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
N → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
M → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
...................................................................................................................................................................................................................................................................................

L → EVEN 11.15 16.31 22.22 10.56 15.82 21.29
K → EVEN 11.15 16.31 22.22 10.56 15.82 21.29
J → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
I → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
...................................................................................................................................................................................................................................................................................

H → EVEN 14.37 20.18 27.41 13.78 19.69 26.49
G → EVEN 14.37 20.18 27.41 13.78 19.69 26.49
F → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
E → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
...................................................................................................................................................................................................................................................................................
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D → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
C → EVEN 12.22 17.60 23.95 11.63 17.11 23.02
B → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
A → EVEN 13.30 18.89 25.68 12.70 18.40 24.76
...................................................................................................................................................................................................................................................................................

P → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
O → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
N → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
M → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
...................................................................................................................................................................................................................................................................................

L → ODD.BUS 8.12 12.74 17.46 9.12 13.84 18.96
K → ODD.BUS 8.12 12.74 17.46 9.12 13.84 18.96
J → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
I → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
...................................................................................................................................................................................................................................................................................

H → ODD.BUS 11.33 16.61 22.66 12.33 17.71 24.16
G → ODD.BUS 11.33 16.61 22.66 12.33 17.71 24.16
F → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
E → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
...................................................................................................................................................................................................................................................................................

D → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
C → ODD.BUS 9.19 14.03 19.19 10.19 15.13 20.69
B → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
A → ODD.BUS 10.26 15.32 20.93 11.26 16.42 22.43
...................................................................................................................................................................................................................................................................................

P → ODD 9.63 14.51 19.64 10.32 15.30 20.75
O → ODD 9.63 14.51 19.64 10.32 15.30 20.75
N → ODD 8.56 13.22 17.90 9.25 14.01 19.02
M → ODD 8.56 13.22 17.90 9.25 14.01 19.02
...................................................................................................................................................................................................................................................................................

L → ODD 7.49 11.93 16.17 8.18 12.72 17.28
K → ODD 7.49 11.93 16.17 8.18 12.72 17.28
J → ODD 8.56 13.22 17.90 9.25 14.01 19.02
I → ODD 8.56 13.22 17.90 9.25 14.01 19.02
...................................................................................................................................................................................................................................................................................

H → ODD 10.70 15.80 21.37 11.40 16.59 22.48
G → ODD 10.70 15.80 21.37 11.40 16.59 22.48
F → ODD 9.63 14.51 19.64 10.32 15.30 20.75
E → ODD 9.63 14.51 19.64 10.32 15.30 20.75
...................................................................................................................................................................................................................................................................................
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D → ODD 8.56 13.22 17.90 9.25 14.01 19.02
C → ODD 8.56 13.22 17.90 9.25 14.01 19.02
B → ODD 9.63 14.51 19.64 10.32 15.30 20.75
A → ODD 9.63 14.51 19.64 10.32 15.30 20.75



PCOE16 - 16-Bit Parity Checker Odd/Even

ML - 392

Schematic

A

B

C

D

E

EVEN

F

G

H

I

J

K

L

M

N

O

ODD

P

PXO2

PXO2
PXO2

PXO2
PXO2

PXO2

PXO2

PXO2

PXO2

PXO2

PXO2

PXO2

PINV

PXO2
PXO2

PXO2



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 393

PCOE17 - 17-Bit Parity Checker Odd/Even

Symbol

Q

O

N

L

K

J

H

G

F

E

C

B

A ODD

EVEN

D

I

M

PCOE17

P

Rectangular Area: 6x5cells

Number of Cells: 24

Truth Table

Input Output
A...Q EVEN ODD                                                                 

even parity 1 0
odd parity 0 1



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 394

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

O → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
P → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
N → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
M → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
...................................................................................................................................................................................................................................................................................

L → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
K → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
J → EVEN.BUS 6.96 12.34 17.92 6.96 12.14 17.72
I → EVEN.BUS 6.96 12.34 17.92 6.96 12.14 17.72
...................................................................................................................................................................................................................................................................................

H → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
G → EVEN.BUS 6.49 11.56 16.73 6.49 11.36 16.53
F → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
E → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 5.55 10.00 14.35 5.55 9.80 14.15
C → EVEN.BUS 5.55 10.00 14.35 5.55 9.80 14.15
B → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
A → EVEN.BUS 6.02 10.78 15.54 6.02 10.58 15.34
...................................................................................................................................................................................................................................................................................

Q → EVEN.BUS 2.07 3.68 5.19 2.07 3.48 4.99
O → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
P → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
N → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
...................................................................................................................................................................................................................................................................................

M → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
L → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
K → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
J → EVEN 6.56 11.84 17.32 6.46 11.54 17.02
...................................................................................................................................................................................................................................................................................

I → EVEN 6.56 11.84 17.32 6.46 11.54 17.02
H → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
G → EVEN 6.09 11.06 16.13 5.99 10.76 15.83
F → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
...................................................................................................................................................................................................................................................................................



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 395

E → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
D → EVEN 5.15 9.50 13.75 5.05 9.20 13.45
C → EVEN 5.15 9.50 13.75 5.05 9.20 13.45
B → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
...................................................................................................................................................................................................................................................................................

A → EVEN 5.62 10.28 14.94 5.52 9.98 14.64
Q → EVEN 1.67 3.18 4.59 1.57 2.88 4.29
O → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
P → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
...................................................................................................................................................................................................................................................................................

N → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
M → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
L → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
K → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
...................................................................................................................................................................................................................................................................................

J → ODD.BUS 6.09 10.56 15.43 6.19 10.76 15.63
I → ODD.BUS 6.09 10.56 15.43 6.19 10.76 15.63
H → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
G → ODD.BUS 5.62 9.78 14.24 5.72 9.98 14.44
...................................................................................................................................................................................................................................................................................

F → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
E → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
D → ODD.BUS 4.68 8.22 11.86 4.78 8.42 12.06
C → ODD.BUS 4.68 8.22 11.86 4.78 8.42 12.06
...................................................................................................................................................................................................................................................................................

B → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
A → ODD.BUS 5.15 9.00 13.05 5.25 9.20 13.25
Q → ODD.BUS 1.20 1.90 2.70 1.30 2.10 2.90
O → ODD 5.29 9.36 13.73 5.29 9.46 13.83
...................................................................................................................................................................................................................................................................................

P → ODD 5.29 9.36 13.73 5.29 9.46 13.83
N → ODD 4.82 8.58 12.54 4.82 8.68 12.64
M → ODD 4.82 8.58 12.54 4.82 8.68 12.64
L → ODD 5.29 9.36 13.73 5.29 9.46 13.83
...................................................................................................................................................................................................................................................................................

K → ODD 5.29 9.36 13.73 5.29 9.46 13.83
J → ODD 5.76 10.14 14.92 5.76 10.24 15.02
I → ODD 5.76 10.14 14.92 5.76 10.24 15.02
H → ODD 5.29 9.36 13.73 5.29 9.46 13.83
...................................................................................................................................................................................................................................................................................



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 396

G → ODD 5.29 9.36 13.73 5.29 9.46 13.8
F → ODD 4.82 8.58 12.54 4.82 8.68 12.64
E → ODD 4.82 8.58 12.54 4.82 8.68 12.64
D → ODD 4.35 7.80 11.35 4.35 7.90 11.45
...................................................................................................................................................................................................................................................................................

C → ODD 4.35 7.80 11.35 4.35 7.90 11.45
B → ODD 4.82 8.58 12.54 4.82 8.68 12.64
A → ODD 4.82 8.58 12.54 4.82 8.68 12.64
Q → ODD 0.87 1.48 2.19 0.87 1.58 2.29



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 397

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

O → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
P → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
N → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
M → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
...................................................................................................................................................................................................................................................................................

L → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
K → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
J → EVEN.BUS 15.87 22.97 31.30 15.58 22.68 30.79
I → EVEN.BUS 15.87 22.97 31.30 15.58 22.68 30.79
...................................................................................................................................................................................................................................................................................

H → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
G → EVEN.BUS 14.80 21.68 29.57 14.50 21.39 29.06
F → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
E → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
...................................................................................................................................................................................................................................................................................

D → EVEN.BUS 12.65 19.10 26.10 12.36 18.81 25.59
C → EVEN.BUS 12.65 19.10 26.10 12.36 18.81 25.59
B → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
A → EVEN.BUS 13.72 20.39 27.84 13.43 20.10 27.32
...................................................................................................................................................................................................................................................................................

Q → EVEN.BUS 5.16 6.38 8.82 4.87 6.09 8.31
O → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
P → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
N → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
...................................................................................................................................................................................................................................................................................

M → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
L → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
K → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
J → EVEN 15.17 22.07 29.90 14.58 21.48 28.99
...................................................................................................................................................................................................................................................................................

I → EVEN 15.17 22.07 29.90 14.58 21.48 28.99
H → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
G → EVEN 14.10 20.78 28.17 13.50 20.19 27.26
F → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
...................................................................................................................................................................................................................................................................................



PCOE17 - 17-Bit Parity Checker Odd/Even
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E → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
D → EVEN 11.95 18.20 24.70 11.36 17.61 23.79
C → EVEN 11.95 18.20 24.70 11.36 17.61 23.79
B → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
...................................................................................................................................................................................................................................................................................

A → EVEN 13.02 19.49 26.44 12.43 18.90 25.52
Q → EVEN 4.46 5.48 7.42 3.87 4.89 6.51
O → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
P → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
...................................................................................................................................................................................................................................................................................

N → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
M → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
L → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
K → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
...................................................................................................................................................................................................................................................................................

J → ODD.BUS 13.20 19.79 26.98 14.20 20.89 28.48
I → ODD.BUS 13.20 19.79 26.98 14.20 20.89 28.48
H → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
G → ODD.BUS 12.13 18.50 25.25 13.13 19.60 26.75
...................................................................................................................................................................................................................................................................................

F → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
E → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
D → ODD.BUS 9.99 15.92 21.78 10.99 17.02 23.28
C → ODD.BUS 9.99 15.92 21.78 10.99 17.02 23.28
...................................................................................................................................................................................................................................................................................

B → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
A → ODD.BUS 11.06 17.21 23.52 12.06 18.31 25.02
Q → ODD.BUS 2.50 3.20 4.50 3.50 4.30 6.00
O → ODD 11.50 17.69 23.96 12.20 18.48 25.07
...................................................................................................................................................................................................................................................................................

P → ODD 11.50 17.69 23.96 12.20 18.48 25.07
N → ODD 10.43 16.40 22.22 11.12 17.19 23.34
M → ODD 10.43 16.40 22.22 11.12 17.19 23.34
L → ODD 11.50 17.69 23.96 12.20 18.48 25.07
...................................................................................................................................................................................................................................................................................

K → ODD 11.50 17.69 23.96 12.20 18.48 25.07
J → ODD 12.58 18.98 25.69 13.27 19.77 26.80
I → ODD 12.58 18.98 25.69 13.27 19.77 26.80
H → ODD 11.50 17.69 23.96 12.20 18.48 25.07
...................................................................................................................................................................................................................................................................................



PCOE17 - 17-Bit Parity Checker Odd/Even
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G → ODD 11.50 17.69 23.96 12.20 18.48 25.07
F → ODD 10.43 16.40 22.22 11.12 17.19 23.34
E → ODD 10.43 16.40 22.22 11.12 17.19 23.34
D → ODD 9.36 15.11 20.49 10.05 15.90 21.60
...................................................................................................................................................................................................................................................................................

C → ODD 9.36 15.11 20.49 10.05 15.90 21.60
B → ODD 10.43 16.40 22.22 11.12 17.19 23.34
A → ODD 10.43 16.40 22.22 11.12 17.19 23.34
Q → ODD 1.87 2.39 3.21 2.56 3.18 4.32



PCOE17 - 17-Bit Parity Checker Odd/Even

ML - 400

Schematic

A

B

C

D

E

EVEN

F

G

H

I

J

K

L

M

N

O

ODD

P

Q

PXO2

PXO2
PXO2

PXO2
PXO2

PXO2

PXO2

PXO2

PXO2
PXO2

PXO2
PXO2

PXO2
PINV

PXO2
PXO2

PXO2



PSC1 - 1-Bit Parallel-to-Serial Converter

ML - 401

PSC1 - 1-Bit Parallel-to-Serial Converter

Symbol

R

SI

D

S

Q

PSC1

Rectangular Area: 1x1cells

Number of Cells: 1

Schematic

CLK

D
Q

R

S

SI

D Q
1

0

R

PFDMUX



PSC1 - 1-Bit Parallel-to-Serial Converter

ML - 402

Truth Table

Input Output
R CLK S SI D Q                                                                               

0 x x x x 0
1 r 1 si x si
1 r 0 x d d

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.90 4.10 4.30 0.00 0.00 0.00
SI 3.90 4.10 4.30 0.00 0.00 0.00
S 3.80 4.00 4.30 0.00 0.00 0.00



PSC1 - 1-Bit Parallel-to-Serial Converter

ML - 403

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 6.30 6.60 6.90 0.00 0.00 0.00
SI 6.30 6.60 6.90 0.00 0.00 0.00
S 6.10 6.40 6.70 0.00 0.00 0.00   



PSC8 - 8-Bit Parallel-to-Serial Converter

ML - 404

PSC8 - 8-Bit Parallel-to-Serial Converter

Symbol

Q0

PSC8

D0

D2

D1

D6

D7

D5

D4

D3

SI

Q1

Q2

Q3

Q4

Q5

Q6

Q7

S

R

Rectangular Area: 1x8cells

Number of Cells: 8

Truth Table

Input Output
R CLK S SI D7...D0 Q7...Q0                                                                                            

0 x x x x...x 0...0
1 r 0 x d7...d0 d7...d0
1 r 1 si x...x q6...si



PSC8 - 8-Bit Parallel-to-Serial Converter

ML - 405

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 1.40 1.60 1.80
CLK → Q7 1.40 1.60 1.80 1.80 2.00 2.20
R → Q6 - - - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

S 3.80 4.00 4.30 0.00 0.00 0.00
D7 3.90 4.10 4.30 0.00 0.00 0.00
D6 3.90 4.10 4.30 0.00 0.00 0.00
D5 3.90 4.10 4.30 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D4 3.90 4.10 4.30 0.00 0.00 0.00
D3 3.90 4.10 4.30 0.00 0.00 0.00
D2 3.90 4.10 4.30 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D0 3.90 4.10 4.30 0.00 0.00 0.00
SI 3.90 4.10 4.30 0.00 0.00 0.00



PSC8 - 8-Bit Parallel-to-Serial Converter

ML - 406

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 2.40 2.70 3.00
CLK → Q7 2.40 2.70 3.00 3.00 3.30 3.60
R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

S 6.10 6.40 6.70 0.00 0.00 0.00
D7 6.30 6.60 6.90 0.00 0.00 0.00
D6 6.30 6.60 6.90 0.00 0.00 0.00
D5 6.30 6.60 6.90 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D4 6.30 6.60 6.90 0.00 0.00 0.00
D3 6.30 6.60 6.90 0.00 0.00 0.00
D2 6.30 6.60 6.90 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D0 6.30 6.60 6.90 0.00 0.00 0.00
SI 6.30 6.60 6.90 0.00 0.00 0.00



PSC8 - 8-Bit Parallel-to-Serial Converter

ML - 407

Schematic

CLK

D0

D1

D2

D3

D4

D5

D6

D7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

S

SI

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX



R2 - 2-Bit Register File

ML - 408

R2 - 2-Bit Register File

Symbol

D1

D0

R2

Q0

Q1

R

Rectangular Area: 1x2cells

Number of Cells: 2

Schematic

QD

R

PFD

CLK

D0

D1

Q0

Q1

R

QD

R

PFD



R2 - 2-Bit Register File

ML - 409

Truth Table

Input Output
R CLK D1 D0 Q1 Q0                                                                               

0 x x x 0 0
1 r d1 d0 d1 d0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R2 - 2-Bit Register File

ML - 410

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 3.50 3.50 3.50 0.00 0.00 0.00
D0 3.50 3.50 3.50 0.00 0.00 0.00   



R2Z - 2-Bit Register File with Tristate Out
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R2Z - 2-Bit Register File with Tristate Out

Symbol

D1

D0

R

OE

R2Z

Q1

Q0

Rectangular Area: 1x2cells

Number of Cells: 2

Schematic

CLK

D0

D1

OE

Q0

Q1

R

PFDZ

D

R

Q

PFDZ

D

R

Q



R2Z - 2-Bit Register File with Tristate Out

ML - 412

Truth Table

Input Output
R CLK OE D1 D0 Q1 Q0                                                                                        

0 x x x x 0 0
1 r 0 x x z z
1 r 1 d1 d0 d1 d0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q0 1.40 1.51 1.68 1.34 1.47 1.63
R → Q0 - - - 2.04 2.37 2.73
CLK → Q0 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q1 1.40 1.51 1.68 1.34 1.47 1.63
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.04 2.37 2.73
CLK → Q1 2.10 2.41 2.78 2.44 2.77 3.13

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R2Z - 2-Bit Register File with Tristate Out

ML - 413

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q0 2.07 2.31 2.60 2.02 2.27 2.57
R → Q0 - - - 3.52 3.97 4.47
CLK → Q0 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q1 2.07 2.31 2.60 2.02 2.27 2.57
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 3.52 3.97 4.47
CLK → Q1 3.67 4.11 4.60 4.12 4.57 5.07

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D1 3.70 3.70 3.70 0.00 0.00 0.00
D0 3.70 3.70 3.70 0.00 0.00 0.00   



R3 - 2-Bit Register File

ML - 414

R3 - 2-Bit Register File

Symbol

D2

D1

D0 Q0

Q1

Q2

R

R3

Rectangular Area: 1x3cells

Number of Cells: 3

Schematic

CLK

D0

D1

D2

Q0

Q1

Q2

R

QD

R

PFD

QD

R

PFD

QD

R

PFD



R3 - 2-Bit Register File

ML - 415

Truth Table

Input Output
R CLK D2 D1 D0 Q2 Q1 Q0                                                                                                        

0 x x x x 0 0 0
1 r d2 d1 d0 d2 d1 d0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D2 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R3 - 2-Bit Register File

ML - 416

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.40 2.70 3.00
CLK → Q2 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D2 3.50 3.50 3.50 0.00 0.00 0.00
D1 3.50 3.50 3.50 0.00 0.00 0.00
D0 3.50 3.50 3.50 0.00 0.00 0.00   



R3Z - 3-Bit Register File with Tristate Out

ML - 417

R3Z - 3-Bit Register File with Tristate Out

Symbol

R

D0

D1

D2

OE

R3Z
Q0

Q1

Q2

Rectangular Area: 1x3cells

Number of Cells: 3

Schematic

CLK

D0

D1

D2

OE

Q0

Q1

Q2

R

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q



R3Z - 3-Bit Register File with Tristate Out

ML - 418

Truth Table

Input Output
R OE CLK D2 D1 D0 Q2 Q1 Q0                                                                                                                     

0 x x x x x 0 0 0
1 0 r x x x z z z
1 r r d2 d1 d0 d2 d1 d0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q2 1.40 1.51 1.68 1.34 1.47 1.63
R → Q2 - - - 2.04 2.37 2.73
CLK → Q2 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q1 1.40 1.51 1.68 1.34 1.47 1.63
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.04 2.37 2.73
CLK → Q1 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q0 1.40 1.51 1.68 1.34 1.47 1.63
R → Q0 - - - 2.04 2.37 2.73
...................................................................................................................................................................................................................................................................................

CLK → Q0 2.10 2.41 2.78 2.44 2.77 3.13

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D2 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R3Z - 3-Bit Register File with Tristate Out

ML - 419

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q2 2.07 2.31 2.60 2.02 2.27 2.57
R → Q2 - - - 3.52 3.97 4.47
CLK → Q2 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q1 2.07 2.31 2.60 2.02 2.27 2.57
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 3.52 3.97 4.47
CLK → Q1 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q0 2.07 2.31 2.60 2.02 2.27 2.57
R → Q0 - - - 3.52 3.97 4.47
...................................................................................................................................................................................................................................................................................

CLK → Q0 3.67 4.11 4.60 4.12 4.57 5.07

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D2 3.70 3.70 3.70 0.00 0.00 0.00
D1 3.70 3.70 3.70 0.00 0.00 0.00
D0 3.70 3.70 3.70 0.00 0.00 0.00   



R4 - 4-Bit Register File

ML - 420

R4 - 4-Bit Register File

Symbol

R

Q3

Q2

Q1

Q0

R4

D3

D2

D1

D0

Rectangular Area: 1x4cells

Number of Cells: 4

Truth Table

Input Output
R CLK D3 D2 D1 D0 Q3 Q2 Q1 Q0                                                                                                                               

0 x x x x x 0 0 0 0
1 r d3 d2 d1 d0 d3 d2 d1 d0



R4 - 4-Bit Register File

ML - 421

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.40 1.60 1.80
CLK → Q3 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D2 2.10 2.10 2.10 0.00 0.00 0.00
D3 2.10 2.10 2.10 0.00 0.00 0.00



R4 - 4-Bit Register File

ML - 422

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.40 2.70 3.00
CLK → Q2 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 3.50 3.50 3.50 0.00 0.00 0.00
D1 3.50 3.50 3.50 0.00 0.00 0.00
D2 3.50 3.50 3.50 0.00 0.00 0.00
D3 3.50 3.50 3.50 0.00 0.00 0.00



R4 - 4-Bit Register File

ML - 423

Schematic

CLK

D0

D1

D2

D3

Q0

Q1

Q2

Q3

R

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD



R4X2 - 4 Word x 2 Bit Register File

ML - 424

R4X2 - 4 Word x 2 Bit Register File

Symbol

R4X2

Q1

Q0

D1

D0

R

Rectangular Area: 4x2cells

Number of Cells: 8

Truth Table

Input Output
R CLK D1 D0 Q1 Q0                                                                           

0 x x x 0 0
1 r1 d1a d0a x x
1 r2 d1b d0b x x
1 r3 d1c d0c x x
..............................................................................................................................................................

1 r4 d1d d0d d1a d0a
1 r5 d1e d0e d1b d0b



R4X2 - 4 Word x 2 Bit Register File

ML - 425

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00



R4X2 - 4 Word x 2 Bit Register File

ML - 426

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 3.50 3.50 3.50 0.00 0.00 0.00
D1 3.50 3.50 3.50 0.00 0.00 0.00



R4X2 - 4 Word x 2 Bit Register File

ML - 427

Schematic

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

R

Q1

Q0

D1

D0

CLK



R4X4 - 4 Word x 4 Bit Register File

ML - 428

R4X4 - 4 Word x 4 Bit Register File

Symbol

D3

D2

D0

D1

Q0

Q1

Q2

Q3

R

R4X4
Rectangular Area: 4x4cells

Number of Cells: 16

Truth Table

Input Output
R CLK D3 D2 D1 D0 Q3 Q2 Q1 Q0                                                                                                                               

0 x x x x x 0 0 0 0
1 r1 d3a d2a d1a d0a x x x x
1 r2 d3b d2b d1b d0b x x x x
1 r3 d3c d2c d1c d0c x x x x
...................................................................................................................................................................................................................................................................................

1 r4 d3d d2d d1d d0d d3a d2a d1a d0a
1 r5 d3e d2e d1e d0e d3b d2b d1b d0b



R4X4 - 4 Word x 4 Bit Register File

ML - 429

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.40 1.60 1.80
CLK → Q3 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D2 2.10 2.10 2.10 0.00 0.00 0.00
D3 2.10 2.10 2.10 0.00 0.00 0.00



R4X4 - 4 Word x 4 Bit Register File

ML - 430

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.40 2.70 3.00
CLK → Q2 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 3.50 3.50 3.50 0.00 0.00 0.00
D1 3.50 3.50 3.50 0.00 0.00 0.00
D2 3.50 3.50 3.50 0.00 0.00 0.00
D3 3.50 3.50 3.50 0.00 0.00 0.00



R4X4 - 4 Word x 4 Bit Register File

ML - 431

Schematic

QD

R

PFD
QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

R

Q3

Q2

Q1

Q0

D3

D2

D1

D0

CLK



R4Z - 4 Bit Register File with Tristate Out

ML - 432

R4Z - 4 Bit Register File with Tristate Out

Symbol

D0

D1

D2

D3

R

OE

R4Z

Q2

Q1

Q0

Q3

Rectangular Area: 1x4cells

Number of Cells: 4

Truth Table

Input Output
R CLKOE D3 D2 D1 D0 Q3 Q2 Q1 Q0                                                                                                                               

0 x x x x x x 0 0 0 0
1 r 0 x x x x z z z z
1 r1 1 d3 d2 d1 d0 d3 d2 d1 d0



R4Z - 4 Bit Register File with Tristate Out

ML - 433

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q3 1.40 1.51 1.68 1.34 1.47 1.63
R → Q3 - - - 2.04 2.37 2.73
CLK → Q3 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q2 1.40 1.51 1.68 1.34 1.47 1.63
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.04 2.37 2.73
CLK → Q2 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q1 1.40 1.51 1.68 1.34 1.47 1.63
R → Q1 - - - 2.04 2.37 2.73
...................................................................................................................................................................................................................................................................................

CLK → Q1 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q0 1.40 1.51 1.68 1.34 1.47 1.63
R → Q0 - - - 2.04 2.37 2.73
CLK → Q0 2.10 2.41 2.78 2.44 2.77 3.13

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D3 2.10 2.10 2.10 0.00 0.00 0.00
D2 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R4Z - 4 Bit Register File with Tristate Out

ML - 434

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q3 2.07 2.31 2.60 2.02 2.27 2.57
R → Q3 - - - 3.52 3.97 4.47
CLK → Q3 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q2 2.07 2.31 2.60 2.02 2.27 2.57
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 3.52 3.97 4.47
CLK → Q2 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q1 2.07 2.31 2.60 2.02 2.27 2.57
R → Q1 - - - 3.52 3.97 4.47
...................................................................................................................................................................................................................................................................................

CLK → Q1 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q0 2.07 2.31 2.60 2.02 2.27 2.57
R → Q0 - - - 3.52 3.97 4.47
CLK → Q0 3.67 4.11 4.60 4.12 4.57 5.07

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D3 3.70 3.70 3.70 0.00 0.00 0.00
D2 3.70 3.70 3.70 0.00 0.00 0.00
D1 3.70 3.70 3.70 0.00 0.00 0.00
D0 3.70 3.70 3.70 0.00 0.00 0.00



R4Z - 4 Bit Register File with Tristate Out

ML - 435

Schematic

CLK

D0

D1

D2

D3

OE

Q0

Q1

Q2

Q3

R

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q



R8 - 8-Bit Register File

ML - 436

R8 - 8-Bit Register File

Symbol

D0

D1

D2

D3

D7

D6

D5

D4

R8

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

Rectangular Area: 1x8cells

Number of Cells: 8

Truth Table

Input Output
R CLK D7...D0 Q7...Q0                                                                       

0 x x...x 0...0
1 r d7...d0 d7...d0



R8 - 8-Bit Register File

ML - 437

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS - - - 1.90 2.20 2.50
CLK → Q7.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q7 - - - 1.40 1.60 1.80
CLK → Q7 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 1.90 2.20 2.50
CLK → Q6.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q6 - - - 1.40 1.60 1.80
CLK → Q6 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q5.BUS - - - 1.90 2.20 2.50
CLK → Q5.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q5 - - - 1.40 1.60 1.80
CLK → Q5 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 - - - 1.40 1.60 1.80
CLK → Q4 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.40 1.60 1.80
CLK → Q3 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................



R8 - 8-Bit Register File

ML - 438

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.40 1.60 1.80
CLK → Q0 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D7 2.10 2.10 2.10 0.00 0.00 0.00
D6 2.10 2.10 2.10 0.00 0.00 0.00
D5 2.10 2.10 2.10 0.00 0.00 0.00
D4 2.10 2.10 2.10 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D3 2.10 2.10 2.10 0.00 0.00 0.00
D2 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R8 - 8-Bit Register File

ML - 439

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS - - - 3.40 3.90 4.80
CLK → Q7.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q7 - - - 2.40 2.70 3.00
CLK → Q7 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 3.40 3.90 4.80
CLK → Q6.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q6 - - - 2.40 2.70 3.00
CLK → Q6 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q5.BUS - - - 3.40 3.90 4.80
CLK → Q5.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q5 - - - 2.40 2.70 3.00
CLK → Q5 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.40 2.70 3.00
CLK → Q4 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.40 2.70 3.00
CLK → Q2 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................



R8 - 8-Bit Register File

ML - 440

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.40 2.70 3.00
CLK → Q0 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D7 3.50 3.50 3.50 0.00 0.00 0.00
D6 3.50 3.50 3.50 0.00 0.00 0.00
D5 3.50 3.50 3.50 0.00 0.00 0.00
D4 3.50 3.50 3.50 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D3 3.50 3.50 3.50 0.00 0.00 0.00
D2 3.50 3.50 3.50 0.00 0.00 0.00
D1 3.50 3.50 3.50 0.00 0.00 0.00
D0 3.50 3.50 3.50 0.00 0.00 0.00



R8 - 8-Bit Register File

ML - 441

Schematic

CLK

D0

D1

D2

D3

D4

D5

D6

D7

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD



R8Z - 8 Bit Register File with Tristate Out

ML - 442

R8Z - 8 Bit Register File with Tristate Out

Symbol

D0

D1

D2

D3

D7

D6

D5

D4

R

OE

R8Z

Q0

Q1

Q5

Q6

Q7

Q2

Q3

Q4

Rectangular Area: 1x8cells

Number of Cells: 8

Truth Table

Input Output
R OE CLK D7...D0 Q7...Q0                                                                                    

0 x x x...x 0
1 0 x x...x z...z
1 1 r d7...d0 d7...d0



R8Z - 8 Bit Register File with Tristate Out

ML - 443

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q7 1.40 1.51 1.68 1.34 1.47 1.63
R → Q7 - - - 2.04 2.37 2.73
CLK → Q7 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q6 1.40 1.51 1.68 1.34 1.47 1.63
...................................................................................................................................................................................................................................................................................

R → Q6 - - - 2.04 2.37 2.73
CLK → Q6 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q5 1.40 1.51 1.68 1.34 1.47 1.63
R → Q5 - - - 2.04 2.37 2.73
...................................................................................................................................................................................................................................................................................

CLK → Q5 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q4 1.40 1.51 1.68 1.34 1.47 1.63
R → Q4 - - - 2.04 2.37 2.73
CLK → Q4 2.10 2.41 2.78 2.44 2.77 3.13
...................................................................................................................................................................................................................................................................................

OE → Q3 1.40 1.51 1.68 1.34 1.47 1.63
R → Q3 - - - 2.04 2.37 2.73
CLK → Q3 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q2 1.40 1.51 1.68 1.34 1.47 1.63
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.04 2.37 2.73
CLK → Q2 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q1 1.40 1.51 1.68 1.34 1.47 1.63
R → Q1 - - - 2.04 2.37 2.73
...................................................................................................................................................................................................................................................................................

CLK → Q1 2.10 2.41 2.78 2.44 2.77 3.13
OE → Q0 1.40 1.51 1.68 1.34 1.47 1.63
R → Q0 - - - 2.04 2.37 2.73
CLK → Q0 2.10 2.41 2.78 2.44 2.77 3.13



R8Z - 8 Bit Register File with Tristate Out

ML - 444

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D7 2.10 2.10 2.10 0.00 0.00 0.00
D6 2.10 2.10 2.10 0.00 0.00 0.00
D5 2.10 2.10 2.10 0.00 0.00 0.00
D4 2.10 2.10 2.10 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D3 2.10 2.10 2.10 0.00 0.00 0.00
D2 2.10 2.10 2.10 0.00 0.00 0.00
D1 2.10 2.10 2.10 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



R8Z - 8 Bit Register File with Tristate Out

ML - 445

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

OE → Q7 2.07 2.31 2.60 2.02 2.27 2.57
R → Q7 - - - 3.52 3.97 4.47
CLK → Q7 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q6 2.07 2.31 2.60 2.02 2.27 2.57
...................................................................................................................................................................................................................................................................................

R → Q6 - - - 3.52 3.97 4.47
CLK → Q6 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q5 2.07 2.31 2.60 2.02 2.27 2.57
R → Q5 - - - 3.52 3.97 4.47
...................................................................................................................................................................................................................................................................................

CLK → Q5 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q4 2.07 2.31 2.60 2.02 2.27 2.57
R → Q4 - - - 3.52 3.97 4.47
CLK → Q4 3.67 4.11 4.60 4.12 4.57 5.07
...................................................................................................................................................................................................................................................................................

OE → Q3 2.07 2.31 2.60 2.02 2.27 2.57
R → Q3 - - - 3.52 3.97 4.47
CLK → Q3 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q2 2.07 2.31 2.60 2.02 2.27 2.57
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 3.52 3.97 4.47
CLK → Q2 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q1 2.07 2.31 2.60 2.02 2.27 2.57
R → Q1 - - - 3.52 3.97 4.47
...................................................................................................................................................................................................................................................................................

CLK → Q1 3.67 4.11 4.60 4.12 4.57 5.07
OE → Q0 2.07 2.31 2.60 2.02 2.27 2.57
R → Q0 - - - 3.52 3.97 4.47
CLK → Q0 3.67 4.11 4.60 4.12 4.57 5.07



R8Z - 8 Bit Register File with Tristate Out

ML - 446

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D7 3.70 3.70 3.70 0.00 0.00 0.00
D6 3.70 3.70 3.70 0.00 0.00 0.00
D5 3.70 3.70 3.70 0.00 0.00 0.00
D4 3.70 3.70 3.70 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D3 3.70 3.70 3.70 0.00 0.00 0.00
D2 3.70 3.70 3.70 0.00 0.00 0.00
D1 3.70 3.70 3.70 0.00 0.00 0.00
D0 3.70 3.70 3.70 0.00 0.00 0.00



R8Z - 8 Bit Register File with Tristate Out

ML - 447

Schematic

CLK

D0

D1

D2

D3

D4

D5

D6

D7

OE

Q0

Q1

Q2

Q3

Q4

Q5

Q6

R

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

PFDZ

D

R

Q

Q7



SELBUFS - Select Buffer

ML - 448

SELBUFS - Select Buffer

Symbol

SELBUFS

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

C
Q1

Q2

PSELBUFS



SELBUFS - Select Buffer

ML - 449

Truth Table

Input Output
A B C Q1 Q2                                                               

x b 0 0 b
a x 1 a 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q1 0.40 0.70 1.10 0.40 0.70 1.10
C → Q1 0.40 0.70 1.10 0.50 0.80 1.20
B → Q2 0.40 0.70 1.10 0.40 0.70 1.10
C → Q2 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q1 1.00 1.30 1.70 1.00 1.20 1.70
C → Q1 1.00 1.30 1.70 1.40 1.60 2.10
B → Q2 1.00 1.20 1.70 0.90 1.20 1.60
C → Q2 1.50 1.80 2.40 1.60 2.00 2.50   



SELBUFX - Select Buffer

ML - 450

SELBUFX - Select Buffer

Symbol

SELBUFX

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PSELBUFX

Q2

Q1

C

B

A



SELBUFX - Select Buffer

ML - 451

Truth Table

Input Output
A B C Q1 Q2                                                               

x b 0 b 0
a x 1 0 a

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q2 0.40 0.70 1.10 0.40 0.70 1.10
C → Q2 0.40 0.70 1.10 0.50 0.80 1.20
B → Q1 0.40 0.70 1.10 0.40 0.70 1.10
C → Q1 0.80 1.10 1.50 0.90 1.30 1.80

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q2 1.00 1.30 1.70 1.00 1.20 1.60
C → Q2 1.00 1.30 1.70 1.40 1.60 2.00
B → Q1 1.00 1.30 1.70 1.00 1.20 1.60
C → Q1 1.50 1.90 2.40 1.70 2.00 2.50   



SPC1 - 1-Bit Serial-to-Parallel Converter

ML - 452

SPC1 - 1-Bit Serial-to-Parallel Converter

Symbol

R

Q

SPC1

SI

SO

SEN

PEN

Rectangular Area: 2x2 cells

Number of Cells: 4

Schematic

CLK

PEN

Q

R

SEN

SI

SO
D Q

1

0

R

PFDMUX

D Q
1

0

R

PFDMUX



SPC1 - 1-Bit Serial-to-Parallel Converter

ML - 453

Truth Table

Input Output
R CLK SEN PEN SI Q SO                                                                                        

0 x x x x 0 0
1 x 0 0 x q so
1 r 1 0 si q si
1 r 0 1 x so so
...............................................................................................................................................................................................

1 r 1 1 si so si

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 1.48 1.71 1.93
CLK → Q 1.49 1.71 1.92 1.88 2.11 2.33
R → SO - - - 1.56 1.82 2.06
CLK → SO 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.90 4.10 4.30 0.00 0.00 0.00
PEN 3.80 4.00 4.30 0.00 0.00 0.00
SEN 3.80 4.00 4.30 0.00 0.00 0.00



SPC1 - 1-Bit Serial-to-Parallel Converter

ML - 454

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q - - - 2.48 2.81 3.15
CLK → Q 2.47 2.79 3.12 3.08 3.41 3.75
R → SO - - - 2.56 2.92 3.31
CLK → SO 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 6.30 6.60 6.90 0.00 0.00 0.00
PEN 6.10 6.40 6.70 0.00 0.00 0.00
SEN 6.10 6.40 6.70 0.00 0.00 0.00   



SPC8 - 8-Bit Serial-to-Parallel Converter

ML - 455

SPC8 - 8-Bit Serial-to-Parallel Converter

Symbol

R

Q0

Q2

Q1

Q3

Q4

Q5

Q6

Q7

SPC8

SO

SI

SEN

PEN

Rectangular Area: 4x8 cells

Number of Cells: 32



SPC8 - 8-Bit Serial-to-Parallel Converter

ML - 456

Truth Table

Input Output
A CLK SEN PEN SI Q7...Q0 SO                                                                                                    

0 x x x x 0...0 0
1 r 0 0 si q7...q0 so
1 r 0 1 x si7...si1 so
1 r1 1 0 si q7...q0 so
................................................................................................................................................................................................................................

1 r2 1 0 si q7...q0 si7
1 r3 1 0 si q7...q0 si6
1 r4 1 0 si q7...q0 si5
1 r5 1 0 si q7...q0 si4
................................................................................................................................................................................................................................

1 r6 1 0 si q7...q0 si3
1 r7 1 0 si q7...q0 si2
1 r8 1 0 si q7...q0 si1
1 r1 1 1 si q6...q0si7 si7
................................................................................................................................................................................................................................

1 r2 1 1 si q5...si6 si6
1 r3 1 1 si q4...si5 si5
1 r4 1 1 si q3...si4 si4
1 r5 1 1 si q2...si3 si3
................................................................................................................................................................................................................................

1 r6 1 1 si q1...si2 si2
1 r7 1 1 si q1...si1 si1



SPC8 - 8-Bit Serial-to-Parallel Converter

ML - 457

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
R → Q5 - - - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q6 - - - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
R → Q7 - - - 1.48 1.71 1.93
CLK → Q7 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → SO - - - 1.56 1.82 2.06
CLK → SO 1.58 1.81 2.04 1.96 2.22 2.46

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.90 4.10 4.30 0.00 0.00 0.00
PEN 3.80 4.00 4.30 0.00 0.00 0.00
SEN 3.80 4.00 4.30 0.00 0.00 0.00



SPC8 - 8-Bit Serial-to-Parallel Converter

ML - 458

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
R → Q7 - - - 2.48 2.81 3.15
CLK → Q7 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → SO - - - 2.56 2.92 3.31
CLK → SO 2.54 2.88 3.24 3.16 3.52 3.91

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 6.30 6.60 6.90 0.00 0.00 0.00
PEN 6.10 6.40 6.70 0.00 0.00 0.00
SEN 6.10 6.40 6.70 0.00 0.00 0.00



SPC8 - 8-Bit Serial-to-Parallel Converter

ML - 459

Schematic
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SR2 - 2-Bit Shift Register

ML - 460

SR2 - 2-Bit Shift Register

Symbol

SR2

SI Q0

Q1

R

Rectangular Area: 1x2 cells

Number of Cells: 2

Schematic

CLK

Q0

Q1

R

SI QD

R

PFD

QD

R

PFD



SR2 - 2-Bit Shift Register

ML - 461

Truth Table

Input Output
A CLK SI Q1 Q0                                                               

0 x x 0 0
1 r si q0 si

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 2.10 2.10 2.10 0.00 0.00 0.00



SR2 - 2-Bit Shift Register

ML - 462

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.50 3.50 3.50 0.00 0.00 0.00   



SR3 - 3-Bit Shift Register

ML - 463

SR3 - 3-Bit Shift Register

Symbol

SR3

SI

Q1

Q2

Q0

R

Rectangular Area: 1x3 cells

Number of Cells: 3

Schematic

CLK

Q0

Q1

Q2

R

SI

QD

R

PFD

QD

R

PFD

QD

R

PFD



SR3 - 3-Bit Shift Register

ML - 464

Truth Table

Input Output
A CLK SI Q2 Q1 Q0                                                                           

0 x x 0 0 0
1 r si q1 q0 si

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 2.10 2.10 2.10 0.00 0.00 0.00



SR3 - 3-Bit Shift Register

ML - 465

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.50 3.50 3.50 0.00 0.00 0.00   



SR4 - 4-Bit Shift Register

ML - 466

SR4 - 4-Bit Shift Register

Symbol

SR4

SI

Q1

Q2

Q3

Q0

R

Rectangular Area: 1x4 cells

Number of Cells: 4

Truth Table

Input Output
A CLK SI Q3 Q2 Q1 Q0                                                                                        

0 x x 0 0 0 0
1 r si q2 q1 q0 si



SR4 - 4-Bit Shift Register

ML - 467

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.40 1.60 1.80
CLK → Q3 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 2.10 2.10 2.10 0.00 0.00 0.00



SR4 - 4-Bit Shift Register

ML - 468

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.50 3.50 3.50 0.00 0.00 0.00



SR4 - 4-Bit Shift Register

ML - 469

Schematic

CLK

Q0

Q1

Q2

Q3

R

SI

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD



SR8 - 8-Bit Shift Register

ML - 470

SR8 - 8-Bit Shift Register

Symbol

SR8

SI

Q5

Q6

Q7

Q4

Q0

Q3

Q2

Q1

R

Rectangular Area: 1x8 cells

Number of Cells: 8

Truth Table

Input Output
A CLKSI Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0                                                                                                                               

0 x x 0 0 0 0 0 0 0 0
1 r si q6 q5 q4 q3 q2 q1 q0 si



SR8 - 8-Bit Shift Register

ML - 471

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS - - - 1.90 2.20 2.50
CLK → Q7.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q7 - - - 1.40 1.60 1.80
CLK → Q7 1.40 1.60 1.80 1.80 2.00 2.20
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 1.90 2.20 2.50
CLK → Q6.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q6 - - - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q5.BUS - - - 1.90 2.20 2.50
CLK → Q5.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q5 - - - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 1.90 2.20 2.50
CLK → Q4.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 1.90 2.20 2.50
CLK → Q3.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 1.90 2.20 2.50
CLK → Q2.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 1.90 2.20 2.50
CLK → Q1.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................



SR8 - 8-Bit Shift Register

ML - 472

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 2.10 2.10 2.10 0.00 0.00 0.00



SR8 - 8-Bit Shift Register

ML - 473

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7.BUS - - - 3.40 3.90 4.80
CLK → Q7.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q7 - - - 2.40 2.70 3.00
CLK → Q7 2.40 2.70 3.00 3.00 3.30 3.60
...................................................................................................................................................................................................................................................................................

R → Q6.BUS - - - 3.40 3.90 4.80
CLK → Q6.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q5.BUS - - - 3.40 3.90 4.80
CLK → Q5.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q4.BUS - - - 3.40 3.90 4.80
CLK → Q4.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3.BUS - - - 3.40 3.90 4.80
CLK → Q3.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q2.BUS - - - 3.40 3.90 4.80
CLK → Q2.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1.BUS - - - 3.40 3.90 4.80
CLK → Q1.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................



SR8 - 8-Bit Shift Register

ML - 474

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

SI 3.50 3.50 3.50 0.00 0.00 0.00



SR8 - 8-Bit Shift Register

ML - 475

Schematic

CLK

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

SI

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD

QD

R

PFD



SRP2 - 2-Bit Shift Register with Parallel Load

ML - 476

SRP2 - 2-Bit Shift Register with Parallel Load

Symbol

LD

R

SRP2

D0

D1

Q0

Q1

Rectangular Area: 1x2 cells

Number of Cells: 2

Schematic

CLK

D0

D1

LD

Q0

Q1

R

D Q
1

0

R

PFDMUX

QD

R

PFD



SRP2 - 2-Bit Shift Register with Parallel Load

ML - 477

Truth Table

Input Output
R CLK LD D1 D0 Q1 Q0                                                                                        

0 x x x x 0 0
1 r 0 d1 d0 d1 d0
1 r 1 x d0 q0 d0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.40 1.60 1.80
CLK → Q1 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 3.80 4.00 4.30 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



SRP2 - 2-Bit Shift Register with Parallel Load

ML - 478

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.40 2.70 3.00
CLK → Q1 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 6.10 6.40 6.70 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
D0 3.50 3.50 3.50 0.00 0.00 0.00   



SRP3 - 3-Bit Shift Register with Parallel Load

ML - 479

SRP3 - 3-Bit Shift Register with Parallel Load

Symbol

LD

Q2

Q1

Q0D0

D1

D2

SRP3

R

Rectangular Area: 1x3 cells

Number of Cells: 3

Truth Table

Input Output
A CLK LD D2 D1 D0 Q2 Q1 Q0                                                                                                                   

0 x x x x x 0 0 0
1 r 0 d2 d1 d0 d2 d1 d0
1 r 1 x x d0 q1 q0 d0



SRP3 - 3-Bit Shift Register with Parallel Load

ML - 480

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q2 - - - 1.40 1.60 1.80
CLK → Q2 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 3.80 4.00 4.30 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
D2 3.90 4.10 4.30 0.00 0.00 0.00
D0 2.10 2.10 2.10 0.00 0.00 0.00



SRP3 - 3-Bit Shift Register with Parallel Load

ML - 481

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q2 - - - 2.40 2.70 3.00
CLK → Q2 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 6.10 6.40 6.70 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
D2 6.30 6.60 6.90 0.00 0.00 0.00
D0 3.50 3.50 3.50 0.00 0.00 0.00



SRP3 - 3-Bit Shift Register with Parallel Load

ML - 482

Schematic

CLK

D0

D1

D2

LD

Q0

Q1

Q2

R

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

QD

R

PFD



SRP4 - 4-Bit Shift Register with Parallel Load

ML - 483

SRP4 - 4-Bit Shift Register with Parallel Load

Symbol

LD

Q3

Q2

Q1

Q0D0

D1

D2

D3

SRP4

R

Rectangular Area: 1x4 cells

Number of Cells: 4

Truth Table

Input Output
A CLKLD D3 D2 D1 D0 Q3 Q2 Q1 Q0                                                                                                                               

0 x x x x x x 0 0 0 0
1 r 0 d3 d2 d1 d0 d3 d2 d1 d0
1 r 1 x x x d0 q2 q1 q0 d0



SRP4 - 4-Bit Shift Register with Parallel Load

ML - 484

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.40 1.60 1.80
CLK → Q3 1.40 1.60 1.80 1.80 2.00 2.20

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 2.10 2.10 2.10 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
D2 3.90 4.10 4.30 0.00 0.00 0.00
D3 3.90 4.10 4.30 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

LD 3.80 4.00 4.30 0.00 0.00 0.00



SRP4 - 4-Bit Shift Register with Parallel Load

ML - 485

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.40 2.70 3.00
CLK → Q3 2.40 2.70 3.00 3.00 3.30 3.60

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D0 3.50 3.50 3.50 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
D2 6.30 6.60 6.90 0.00 0.00 0.00
D3 6.30 6.60 6.90 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

LD 6.10 6.40 6.70 0.00 0.00 0.00



SRP4 - 4-Bit Shift Register with Parallel Load

ML - 486

Schematic

CLK

D0

D1

D2

D3

LD
Q0

Q1

Q2

Q3

R

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX

QD

R

PFD



SRP8 - 8-Bit Shift Register with Parallel Load

ML - 487

SRP8 - 8-Bit Shift Register with Parallel Load

Symbol

LD

R

SRP8

D0

D1

D2

D3

D4

D5

D6

D7 Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0

Rectangular Area: 1x8 cells

Number of Cells: 8

Truth Table

Input Output
A CLK LD D7...D0 Q7...Q0                                                                               

0 x x x...x 0...0
1 r 0 d7...d0 d7...d0
1 r 1 d7...d0 q6,q5,q4...d0



SRP8 - 8-Bit Shift Register with Parallel Load

ML - 488

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 1.40 1.60 1.80
CLK → Q7 1.40 1.60 1.80 1.80 2.00 2.20
R → Q6 - - - 1.48 1.71 1.93
CLK → Q6 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 1.48 1.71 1.93
CLK → Q5 1.49 1.71 1.92 1.88 2.11 2.33
R → Q4 - - - 1.48 1.71 1.93
CLK → Q4 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 1.48 1.71 1.93
CLK → Q3 1.49 1.71 1.92 1.88 2.11 2.33
R → Q2 - - - 1.48 1.71 1.93
CLK → Q2 1.49 1.71 1.92 1.88 2.11 2.33
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 1.48 1.71 1.93
CLK → Q1 1.49 1.71 1.92 1.88 2.11 2.33
R → Q0.BUS - - - 1.90 2.20 2.50
CLK → Q0.BUS 1.80 2.10 2.40 2.30 2.60 2.90
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 1.48 1.71 1.93
CLK → Q0 1.49 1.71 1.92 1.88 2.11 2.33

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 3.80 4.00 4.30 0.00 0.00 0.00
D7 3.90 4.10 4.30 0.00 0.00 0.00
D6 3.90 4.10 4.30 0.00 0.00 0.00
D5 3.90 4.10 4.30 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D4 3.90 4.10 4.30 0.00 0.00 0.00
D3 3.90 4.10 4.30 0.00 0.00 0.00
D2 3.90 4.10 4.30 0.00 0.00 0.00
D1 3.90 4.10 4.30 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D0 2.10 2.10 2.10 0.00 0.00 0.00



SRP8 - 8-Bit Shift Register with Parallel Load

ML - 489

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

R → Q7 - - - 2.40 2.70 3.00
CLK → Q7 2.40 2.70 3.00 3.00 3.30 3.60
R → Q6 - - - 2.48 2.81 3.15
CLK → Q6 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q5 - - - 2.48 2.81 3.15
CLK → Q5 2.47 2.79 3.12 3.08 3.41 3.75
R → Q4 - - - 2.48 2.81 3.15
CLK → Q4 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q3 - - - 2.48 2.81 3.15
CLK → Q3 2.47 2.79 3.12 3.08 3.41 3.75
R → Q2 - - - 2.48 2.81 3.15
CLK → Q2 2.47 2.79 3.12 3.08 3.41 3.75
...................................................................................................................................................................................................................................................................................

R → Q1 - - - 2.48 2.81 3.15
CLK → Q1 2.47 2.79 3.12 3.08 3.41 3.75
R → Q0.BUS - - - 3.40 3.90 4.80
CLK → Q0.BUS 3.10 3.60 4.40 4.00 4.50 5.40
...................................................................................................................................................................................................................................................................................

R → Q0 - - - 2.48 2.81 3.15
CLK → Q0 2.47 2.79 3.12 3.08 3.41 3.75

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

LD 6.10 6.40 6.70 0.00 0.00 0.00
D7 6.30 6.60 6.90 0.00 0.00 0.00
D6 6.30 6.60 6.90 0.00 0.00 0.00
D5 6.30 6.60 6.90 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D4 6.30 6.60 6.90 0.00 0.00 0.00
D3 6.30 6.60 6.90 0.00 0.00 0.00
D2 6.30 6.60 6.90 0.00 0.00 0.00
D1 6.30 6.60 6.90 0.00 0.00 0.00
...................................................................................................................................................................................................................................................................................

D0 3.50 3.50 3.50 0.00 0.00 0.00



SRP8 - 8-Bit Shift Register with Parallel Load

ML - 490

Schematic

CLK

D0

D1

D2

D3

D4

D5

D6

D7

LD

Q0

Q1

Q2

Q3

Q4

Q5

Q6

Q7

R

D Q
1

0

R

PFDMUX

D Q
1

0

R

PFDMUX
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D Q
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R
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R
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SRPST - Bit Stage Shift Register w/ Parallel Load

ML - 491

SRPST - Bit Stage Shift Register w/ Parallel Load

Symbol

RQ

LD

D

SRPST

SI

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

D Q
1

0

R

PFDMUX

R

Q

LD

CLK

SI

D



SRPST - Bit Stage Shift Register w/ Parallel Load

ML - 492

Truth Table

Input Output
A CLK LD SI D Q                                                                                    

0 x x x x 0
1 r 0 x d d
1 r 1 si x si

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 1.40 1.60 1.80 1.80 2.00 2.20
R → Q 0.00 0.00 0.00 1.40 1.60 1.80

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 3.90 4.10 4.30 0.00 0.00 0.00
SI 3.90 4.10 4.30 0.00 0.00 0.00
LD 3.80 4.00 4.30 0.00 0.00 0.00



SRPST - Bit Stage Shift Register w/ Parallel Load

ML - 493

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

CLK → Q 2.40 2.70 3.00 3.00 3.30 3.60
R → Q 0.00 0.00 0.00 2.40 2.70 3.00

Setup Hold
Pin Min Typ Max Min Typ Max                                                                                                                         

D 6.30 6.60 6.90 0.00 0.00 0.00
SI 6.30 6.60 6.90 0.00 0.00 0.00
LD 6.10 6.40 6.70 0.00 0.00 0.00   



XN2 - 2-Input XNOR

ML - 494

XN2 - 2-Input XNOR

Symbol

XN2

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

A

B
QN

PXO2
PINV



XN2 - 2-Input XNOR

ML - 495

Truth Table

Input Output
A B QN                                            

0 0 1
0 1 0
1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN.BUS 2.07 3.68 5.19 2.07 3.68 5.19
B → QN.BUS 1.97 3.58 5.09 2.07 3.68 5.19
A → QN 1.67 3.18 4.59 1.57 3.08 4.49
B → QN 1.57 3.08 4.49 1.57 3.08 4.49

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → QN.BUS 5.06 6.18 8.32 4.97 6.09 8.31
B → QN.BUS 4.66 5.78 7.92 4.97 6.09 8.31
A → QN 4.36 5.28 6.92 3.97 4.89 6.51
B → QN 3.96 4.88 6.52 3.97 4.89 6.51   



XN3 - 3-Input XNOR

ML - 496

XN3 - 3-Input XNOR

Symbol

XN3

Rectangular Area: 3x1 cells

Number of Cells: 3

Schematic

A

B

C
QN

PXO2

PXO2

PINV



XN3 - 3-Input XNOR

ML - 497

Truth Table

Input Output
A B C QN                                                           

0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 1
.................................................................................................

1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

C → QN.BUS 2.07 3.68 5.19 2.07 3.48 4.99
B → QN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
A → QN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
C → QN 1.67 3.18 4.59 1.57 2.88 4.29
........................................................................................................................................................................................................................................................................................

B → QN 2.54 4.76 6.88 2.44 4.46 6.58
A → QN 2.54 4.76 6.88 2.44 4.46 6.58



XN3 - 3-Input XNOR

ML - 498

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

C → QN.BUS 5.16 6.38 8.82 4.87 6.09 8.31
B → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
A → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
C → QN 4.46 5.48 7.42 3.87 4.89 6.51
........................................................................................................................................................................................................................................................................................

B → QN 6.34 8.66 11.74 5.74 8.07 10.83
A → QN 6.34 8.66 11.74 5.74 8.07 10.83   



XN4 - 4-Input XNOR

ML - 499

XN4 - 4-Input XNOR

Symbol

XN4

Rectangular Area: 3x2 cells

Number of Cells: 5

Schematic

A

B

C

D

QN

PXO2
PXO2

PXO2

PINV



XN4 - 4-Input XNOR

ML - 500

Truth Table

Input Output
A B C D QN                                                                       

0 0 0 0 1
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
.............................................................................................................................

0 1 0 0 0
0 1 0 1 1
0 1 1 0 1
0 1 1 1 0
.............................................................................................................................

1 0 0 0 0
1 0 0 1 1
1 0 1 0 1
1 0 1 1 0
.............................................................................................................................

1 1 0 0 1
1 1 0 1 0
1 1 1 0 0
1 1 1 1 1



XN4 - 4-Input XNOR

ML - 501

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → QN.BUS 3.41 6.04 8.67 3.41 5.84 8.47
C → QN.BUS 3.41 6.04 8.67 3.41 5.84 8.47
B → QN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
A → QN.BUS 2.94 5.26 7.48 2.94 5.06 7.28
........................................................................................................................................................................................................................................................................................

D → QN 3.01 5.54 8.07 2.91 5.24 7.77
C → QN 3.01 5.54 8.07 2.91 5.24 7.77
B → QN 2.54 4.76 6.88 2.44 4.46 6.58
A → QN 2.54 4.76 6.88 2.44 4.46 6.58

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → QN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
C → QN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
B → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
A → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
........................................................................................................................................................................................................................................................................................

D → QN 7.41 9.95 13.47 6.82 9.36 12.56
C → QN 7.41 9.95 13.47 6.82 9.36 12.56
B → QN 6.34 8.66 11.74 5.74 8.07 10.83
A → QN 6.34 8.66 11.74 5.74 8.07 10.83   



XO2 - 2-Input XOR

ML - 502

XO2 - 2-Input XOR

Symbol

XO2

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

Q

PXO2



XO2 - 2-Input XOR

ML - 503

Truth Table

Input Output
A B Q                                            

0 0 0
0 1 1
1 0 1
1 1 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 0.80 1.60 2.30 0.70 1.40 2.10
B → Q 0.80 1.60 2.30 0.80 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q 1.90 2.30 3.10 2.00 2.50 3.30
B → Q 1.90 2.30 3.10 2.40 2.90 3.70   



XO3 - 3-Input XOR

ML - 504

XO3 - 3-Input XOR

Symbol

XO3

Rectangular Area: 2x1 cells

Number of Cells: 2

Schematic

A

B

C
Q

PXO2

PXO2



XO3 - 3-Input XOR

ML - 505

Truth Table

Input Output
A B C Q                                                         

0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
.................................................................................................

1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

C → Q.BUS 1.20 1.90 2.70 1.30 2.10 2.90
B → Q.BUS 2.07 3.48 4.99 2.17 3.68 5.19
A → Q.BUS 2.07 3.48 4.99 2.17 3.68 5.19
C → Q 0.80 1.40 2.10 0.80 1.50 2.20
........................................................................................................................................................................................................................................................................................

B → Q 1.67 2.98 4.39 1.67 3.08 4.49
A → Q 1.67 2.98 4.39 1.67 3.08 4.49



XO3 - 3-Input XOR

ML - 506

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

C → Q.BUS 2.50 3.20 4.50 3.50 4.30 6.00
B → Q.BUS 4.37 6.38 8.82 5.37 7.48 10.32
A → Q.BUS 4.37 6.38 8.82 5.37 7.48 10.32
C → Q 1.80 2.30 3.10 2.50 3.10 4.20
........................................................................................................................................................................................................................................................................................

B → Q 3.67 5.48 7.42 4.37 6.28 8.52
A → Q 3.67 5.48 7.42 4.37 6.28 8.52   



XO4 - 4-Input XOR

ML - 507

XO4 - 4-Input XOR

Symbol

XO4

Rectangular Area: 2x2 cells

Number of Cells: 4

Schematic

A

B

C

D

Q

PXO2
PXO2

PXO2



XO4 - 4-Input XOR

ML - 508

Truth Table

Input Output
A B C D Q                                                                       

0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
..................................................................................................................................

0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
..................................................................................................................................

1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
..................................................................................................................................

1 1 0 0 0
1 1 0 1 1
1 1 1 1 0



XO4 - 4-Input XOR

ML - 509

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → Q.BUS 2.54 4.26 6.18 2.64 4.46 6.38
C → Q.BUS 2.54 4.26 6.18 2.64 4.46 6.38
B → Q.BUS 2.07 3.48 4.99 2.17 3.68 5.19
A → Q.BUS 2.07 3.48 4.99 2.17 3.68 5.19
........................................................................................................................................................................................................................................................................................

D → Q 2.14 3.76 5.58 2.14 3.86 5.68
C → Q 2.14 3.76 5.58 2.14 3.86 5.68
B → Q 1.67 2.98 4.39 1.67 3.08 4.49
A → Q 1.67 2.98 4.39 1.67 3.08 4.49

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

D → QN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
C → QN.BUS 8.11 10.85 14.87 7.82 10.56 14.36
B → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
A → QN.BUS 7.04 9.56 13.14 6.74 9.27 12.63
........................................................................................................................................................................................................................................................................................

D → QN 7.41 9.95 13.47 6.82 9.36 12.56
C → QN 7.41 9.95 13.47 6.82 9.36 12.56
B → QN 6.34 8.66 11.74 5.74 8.07 10.83
A → QN 6.34 8.66 11.74 5.74 8.07 10.83   



XOND - 2-Input XOR/NAND

ML - 510

XOND - 2-Input XOR/NAND

Symbol

XOND

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

Q0

Q1N

PXOND



XOND - 2-Input XOR/NAND

ML - 511

Truth Table

Input Output
A B Q0 Q1N                                                    

0 0 0 1
0 1 1 1
1 0 1 1
1 1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0 0.80 1.60 2.30 0.70 1.40 2.10
B → Q0 0.80 1.60 2.30 0.80 1.50 2.20
A → Q1N 0.80 1.40 2.10 0.80 1.40 2.10
B → Q1N 0.80 1.40 2.10 0.90 1.50 2.20

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q0 1.90 2.30 3.10 2.00 2.50 3.30
B → Q0 1.90 2.30 3.10 2.40 2.90 3.70
A → Q1N 1.80 2.20 3.00 1.80 2.20 3.00
B → Q1N 2.20 2.60 3.40 1.80 2.20 3.00   



XOND3 - 2-Input XOR with 3-Input NAND

ML - 512

XOND3 - 2-Input XOR with 3-Input NAND

Symbol

XOND3

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

A

B

C
Q1

Q2N

PXOND3



XOND3 - 2-Input XOR with 3-Input NAND

ML - 513

Truth Table

Input Output
A B C Q1 Q2N                                                                 

0 0 0 0 1
0 0 1 0 1
0 1 0 1 1
0 1 1 1 1
..................................................................................................................................

1 0 0 0 1
1 0 1 1 1
1 1 0 1 1
1 1 1 0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q1 0.80 1.40 2.10 0.80 1.50 2.20
B → Q1 0.80 1.40 2.10 0.80 1.50 2.20
C → Q1 0.80 1.40 2.10 0.90 1.60 2.30
A → Q2N 0.80 1.40 2.20 0.70 1.40 2.10
...................................................................................................................................................................................................................................................................................

B → Q2N 0.80 1.40 2.20 0.70 1.40 2.10
C → Q2N 0.90 1.50 2.30 0.70 1.40 2.10



XOND3 - 2-Input XOR with 3-Input NAND

ML - 514

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

A → Q1 1.80 2.30 3.10 2.50 3.10 4.20
B → Q1 1.80 2.30 3.10 2.50 3.10 4.20
C → Q1 1.80 2.30 3.10 2.90 3.50 4.60
A → Q2N 1.70 2.10 2.90 1.80 2.30 3.00
...................................................................................................................................................................................................................................................................................

B → Q2N 1.70 2.10 2.90 1.80 2.30 3.00
C → Q2N 1.70 2.10 2.90 2.20 2.70 3.40   



ZERO/ZEROB - Logic Zero

ML - 515

ZERO/ZEROB - Logic Zero

Symbol

ZERO

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

PZERO

OUT



ZERO/ZEROB - Logic Zero

ML - 516

Truth Table

Output
OUT/OUTB                      

0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         



ZEROONE - Logic One and Logic Zero

ML - 517

ZEROONE - Logic One and Logic Zero

Symbol

ONE

ZERO

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

P01

ONE

LO

HI



ZEROONE - Logic One and Logic Zero

ML - 518

Truth Table

Output
LO HI                     

0 1

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         



ZEROZERO - Twin Logic Zeros

ML - 519

ZEROZERO - Twin Logic Zeros

Symbol

ZEROZERO

Rectangular Area: 1x1 cells

Number of Cells: 1

Schematic

P00

OUT1

OUT0



ZEROZERO - Twin Logic Zeros

ML - 520

Truth Table

Output
OUT0 OUT1                                  

0 0

Switching Speeds for -2ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         

Switching Speeds for -4ns Parts

Rise Fall
Pin Min Typ Max Min Typ Max                                                                                                                         
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