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96101

National
Semiconductor

DM96101
Quad 2-Input Positive NAND Buffer
with Open-Collector Output

General Description

The DM96101 is similar to the 54/7439, except that the
outputs are specified at three levels of lgg; in the HIGH
state the lpy current is specified at two levels of Vop. Dur-
ing switching transitions, output current change rate is typi-
cally 4.0 mA/ns.

Connection Diagram

Dual-In-Line Package

1 R A (75
cc
2 13
3 GEB_
4 11
3] 10

Order Number DM96101N
Se NS Package Number N14A

TL/F/9799-1
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Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage N
Input Voltage 5.5V
Operating Free Air Temperature Range 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

10196

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4,75 5 5.25 Vv
ViH High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —0.05 mA
loL Low Level Output Current 16 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
Over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
Vi Input Clamp Voltage Vog = Min, ) = —12mA -1.5 v
Yo (I-)‘Lgt’;lli-te\‘;g:tage xﬁl thl:’ fon = Mex 24 34 v
VoL Low Level Vce = Min, loL = 48 mA 0.4
Output Voltage ViH = VIn loL = 60 mA 05 v
loL = 80 mA 0.6
I Input Current @ Max Vce = Max, V| = 6.5V 1 mA
Input Voltage
') High Level Input Current Vee = Max ViN = 2.4V 40 pA
Vin = 5.5V 1000
L Low Level Input Current Vce = Max, Viy = 0.4V —-1.6 mA
los g:(t);tutc(lgzlrl:tent zll\(l:;e 2)Max ~18 -57 mA
lccH Supply Current Voo = Max, Viy = 0V 85 mA
with Outputs High
locL Supply Current Vco = Max, Viy = Open 54 mA
with Outputs Low

SWitChing Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tpLH Propagation Delay Time CL = 45pF 29 ns
Low to High Level Output R = 1209

tPHL Propagation Delay Time 25 ns
High to Low Level Output

Note 1: All typicals are at Voc = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time.
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Section 5—TTL - Low Power
TTL (Low Power)—Mil/Aero
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National
Semiconductor

DM54L00
Quad 2-Input NAND Gates

General Description

This device contains four independent gates each of which
performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
Vee 84 A4 \Z B3 A3 v

14 13 Iu 1 10 9 Ia

=

1 |z |] a 5 6 1 7
81 1 A2 82 v2 GND

TL/F/6654-1
Order Number DM54L00J or DM54L00W
See NS Package Number J14A or W14B

Function Table

Y = AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L

High Logic Level

H=
L = Low Logic Level
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM57L —55°Cto +125°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS541.00 Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.7 \"
lon High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
TA Free Air Operating Temperature —55 125 °C

Electrical CharacteristiCS over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min Tvp Max  Units
(Note 1)
Vo High Level Ouput Ve = Min, loy = Max 24 33 v
Voltage ViL = Max
VoL Low Level Output Vcc = Min, oL = Max 0.15 03 v
Voltage ViH = Min
I Input Current @ Max Vecc = Max, V| = 5.5V 01 mA
Input Voltage
W1 High Level Input Vcc = Max, V) = 2.4V 10 A
Current i
o Low Level Input Vcc = Max, V) = 0.3V _
Current 018 mA
los Short Circuit Ve = Max _ _
Output Current (Note 2) 8 5 mA
lccH Supply Current with Vce = Max
Outputs High 0.44 08 mA
lcoL Supply Current with Ve = Max 1.16 204 mA
Outputs Low

Note 1: All typicals are at Vg = 5V, Ty = 25°C.
Note 2: Not more than one should be shorted at a time.

Switching Characteristics atvcc = 5vand T = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tPLH Propagation Delay RL = 4k 60 ns
Low to High Level Output CL = 50 pF

tPHL Propagation Delay 60 ns
High to Low Level Output
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Semiconductor

DM54L02 Quad 2-input NOR Gates

General Description

This device contains four independent gates each of which
performs the logic NOR function.

Connection Diagram

Dual-In-Line Package
Voo Y4 B4 Al Y3 B3 A3

14 13 12 n |10 I!l 8

1 2 3 4 ]5 6 17

Y1 Al B1 Y2 A2 B2 GND

Order Number DM54L02J or DM54L02W
See NS Package Number J14A or W14B

Function Table

Y=A+B

Inputs Output
A B Y
L L H
L H L
H L L
H H L
High Logic Level

H=
L = Low Logic Level

TL/F/6656-1
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Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMms4L02 Units
Min Nom Max

Ve Supply Voltage 4.5 5 55 \
Vin High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 Vv
loH High Level Output Current —-0.2 mA
loL Low Level Output Current 2 mA
TA Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

. . Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
VoH High Level Output Vce = Min, oy = Max 24 3.3 v
Voltage ViL = Max
VoL Low Level Output Voo = Min, loL = Max 015 0.3 v
Voltage Vig = Min
Iy Input Current @ Max Vce = Max, V| = 6.5V 0.1 mA
Input Voltage
i1 High Level Input Current Vce = Max, V| = 2.4V 10 pA
i Low Level Input Current Ve = Max, V) = 0.3V —0.18 mA
los Short Circuit Vce = Max _ _
Output Current (Note 2) 8 5 mA
lccH Supply Current with Vece = Max
Outputs High 08 16 mA
lcoL Supply Current with Vce = Max 1.4 26 mA
Outputs Low

Switching Characteristics atvcg = 5vand T = 25°G (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tPLH Propagation Delay Time RL = 4kQ 60 ns
Low to High Level Output CL = 50 pF

tpHL Propagation Delay Time 60 ns
High to Low Level Output

Note 1: Al typicals are at Vgg = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time.
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National
Semiconductor

DM54L04 Hex Inverting Gate

General Description

This device contains six independent gates each of which
performs the logic INVERT function.

Connection Diagram

Dual-In-Line Package
Vee AB Y6 A5 Y5 A4 Y4

Im lu |1z |n Im |9 |a

|1 Iz Is Ia |5 ls P
A A2

1 Y1

Order Number DM54L.04J or DM54L04W
See NS Package Number J14A or W14B

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level

Y2 A3 Y3 GND

TL/F/6616~1
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Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMmS4L.04 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 \"
loH High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
TA Free Air Operating Temperature —55 125 °C
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
VOoH High Level Output Vee = Min, loy = Max
Voltage VL = Max 24 83 v
VoL Low Level Output Vece = Min
Voitage loL = Max 0.15 0.3 \
ViH = Min
I Input Current @ Max Veg = Max, V| = 5.5V 0.1 mA
Input Voltage
1 High Level Input Current Voe = Max, V) = 2.4V 10 pA
L Low Level Input Current Ve = Max, V) = 0.3V —-0.18 mA
los Short Circuit Vce = Max _ _
Output Current (Note 2) 8 5 mA
lccH Supply Current with Veo = Max
Outputs High 0.6 1.2 mA
lcoL Supply Current with Vco = Max 17 3.06 mA
Outputs Low

Switching Characteristics at Ve = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tPLH Propagation Delay Time RL = 4kQ, 60 ns
Low to High Level Output Cp = 50pF

tPHL Propagation Delay Time 60 ns
High to Low Level Output

Note 1: All typicals are at Vec = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time.
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National
Semiconductor

DM54L10
Triple 3-Input NAND Gates

General Description

This device contains three independent gates each of which
performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
Vee c1 Y1 c3 83 A3

1 13 12 1 10 9

1 2 3 ) 5 6

Al 81 A2 B2 c2 Y2

Order Number DM54L.10J or DM54L10W
See NS Package Number J14A or W14B

Function Table
Y = ABC
Inputs Output
A B c Y
X X L H
X L X H
L X X H
H H H L

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level

GND

TL/F/6619-1

5-9
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8v
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics*
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4L 10 Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \"
Vi High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
Ta Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min Tvp Max Units
(Note 1)

Vou High Level Output Ve = Min, Ioy = Max
Voltage ViL = Max 24 8.8 v

VoL Low Level Output Vce = Min, lo = Max 015 03 v
Voltage ViH = Min : :

Iy Input Current @ Max Vce = Max, V| = 6.5V 04 mA
Input Voltage :

liH High Level Input Vcc = Max, V| = 2.4V 10 A
Current ”

o Low Level Input Vce = Max, V) = 0.3V —0.18 mA
Current ’

los Short Circuit Vcec = Max _ _

Output Current (Note 2) 3 15 mA
lcch Supply Current with Vce = Max 0.33 0.6 mA
Outputs High ’ :
lcoL Supply Current with Vce = Max 0.87 153 mA
Outputs Low ’ :

Switching Characteristics at v = 5V and T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units

tPLH Propagation Delay Time R = 4kq, 60 ns
Low to High Level Output CL = 50pF

tPHL Propagation Delay Time 60 ns

High to Low Level Output

Note 1: All typicals are at Voo = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time.
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National
Semiconductor

DM54L72 AND-Gated Master-Slave J-K Flip-Flop
with Preset, Clear and Complementary Outputs

General Description

This device contains a positive pulse triggered master-slave
J-K flip-flop with complementary outputs. Multiple J and K
inputs are ANDed together to produce the internal J and K
function for the flip-flop. The J and K data is processed by
the flip-flop after a complete clock pulse. While the clock is
low the slave is isolated from the master. On the positive
transition of the clock, the data from the AND gates is trans-
ferred to the master. While the clock is high the AND gate

inputs are disabled. On the negative transition of the clock
the data from the master is transferred to the slave. The
logic state of the J and K inputs must not be allowed to
change while the clock is in the high state. Data is trans-
ferred to the outputs on the falling edge of the clock pulse.
A low logic level on the preset or clear inputs sets or resets
the outputs regardless of the logic levels of the other inputs.

Connection Diagram

Dual-In-Line Package

Vee PR CLK K3 K2 K1 a

14 13 12 11 10 9 8

I 1 Iz 3 4 5 6 I 7
NC CLR n 2 3 1 GND

TL/F/6629-1
Order Number DM54L72J or DM54L72W
See NS Package Number J14A or W14B

Function Table

Inputs Outputs

J K —_

PR | CLR | CLK (Note 1) | (Note 1) Q Q
L H X X X H L
H L X X X L H
L L X X X H*  H*
H H I L L Q Qo
H H il H L H L
H H I L H L H

H H I H H Toggle

Note 1: J = (J1)(J2)(J3), K = (K1)(K2)(K3)

H = High Logic Level

X = Either Low or High Logic Level

L = Low Logic Level

JL = Positive pulse. The J and K inputs must be held constant while the
clock is high. Data is transferred to the outputs on the falling edge of the
clock pulse.

Q, = The output logic level before the indicated input conditions were es-
tablished.

* = This configuration is nonstable; that is, it will not persist when the preset
and/or clear inputs return to their inactive (high) level.

Toggle = Each output changes to the complement of its previous level on
each complete high level clock pulse.

¢4
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Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avalilability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guarateed.
The device should not be operated at these limits. The para-
metric values defined in the “Electrical Characteristics” ta-
ble are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMSatL72 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage Clock 0.6 v
Others 0.7
loH High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 2) 0 6 MHz
tw Pulse Width (Note 2) Clock High 100
Clock Low 100 ns
Preset Low 100
Clear Low 100
tsu Input Setup Time (Notes 1 & 2) ot ns
th Input Hold Time (Notes 1 & 2) ol ns
TA Free Air Operating Temperature —55 125 °C

Note 1: The symbols (T, ) indicate the edge of the clock pulse used for reference: T for rising edge, | for falling edge.

Note 2: Ty = 25°C and Vg = 5V.
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Electrical CharacteristiCs over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
VoH High Level Output Ve = Min, loy = Max 24 33 v
Voltage V)L = Max, Vj4 = Min i i
VoL Low Level Output Vce = Min, lgL = Max
Voltage ViL = Max, Viy = Min 018 03 v
I Input Current @ Max Vcc = Max J, K 100
Input Voltage V| =55V Clear 200 oA
Preset 200
Clock 200
IiH High Level Input Vce = Max J, K 10
Current Vi =24V Clear 20
rA
Preset 20
Clock —200
lie Low Level Input Ve = Max J, K —0.18
Current Vi = 0.3V Clear —~0.36
mA
Preset —0.36
Clock —0.36
los Short Circuit Ve = Max _ _
Output Current 8 15 mA
Icc Supply Current Vcc = Max (Note 2) 0.76 1.44 mA

Note 1: All typicals are at Vg = 5V, Ta = 25°C.
Note 2: With all outputs open, Icc is measured with the Q and Q outputs high in turn. At the time of measurement the clock input is grounded.

Switching Characteristics at Vg = 5vand Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) R = 4k, C = 50 pF
Symbol Parameter Units
Y To (Output) Min Max
fmMAX Maximum Clock Frequency 6 MHz
tpLH Propagation Delay Time Preset 75 ns
Low to High Level Output toQ
tPHL Propagation Delay Time Preset 150 ns
High to Low Level Output toQ
tPLH Propagation Delay Level Output Clear 75 ns
Low to High Level Output toQ
teHL Propagation Delay Time Clear 150 ns
High to Low Level Output toQ
tPLH Propagation Delay Time Clock to 10 75 ns
Low to High Level Output QorQ
tPHL Pl.'opagatlon Delay Time Clock io 10 150 ns
High to Low Level Output QorQ

5-13
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National
Semiconductor

DM54L73 Dual Master-Slave J-K Flip-Flops
with Clear and Complementary Outputs

General Description

This device contains two independent positive pulse trig-
gered J-K flip-flops with complementary outputs. The J and
K data is processed by the flip-flops after a complete clock
pulse. While the clock is low the slave is isolated from the
master. On the positive transition of the clock, the data from
the J and K inputs is transferred to the master. While the
clock is high, the data from the J and K inputs are

disabled. On the negative transition of the clock, the data
from the master is transferred to the slave. The logic states
of the J and K inputs must not be allowed to change while
the clock is high. Data is transferred to the outputs on the
falling edge of the clock pulse. A low logic level on the clear
input will reset the outputs regardless of the logic states of
the other inputs.

Connection Diagram

Function Table

Dual-In-Line Package
n a1 a1 GND K2 a2 a2
19 13 12 In 10 9 8
e
A A
1 2 ls |4 5 [ 7
CLK1  CLR1 K1 Vee CLk2  CLR2 2

Order Number DM54L.73J or DM54L73W
See NS Package Number J14A or W14B

Inputs Outputs

CLR

Il—glI ol

Q
L
Qo
H
L

IITIIr
Appnax|8
F
IrIr X|&
ITXTrr X|X

Toggle

H = High Logic Level

X = Either Low or High Logic Level

L = Low Logic Level

JL = Positive pulse data. The J and K inputs must be held constant while
the clock is high. Data is transferred to the outputs on the falling edge of the
clock pulse.

Qo = The output logic level before the indicated input conditions were
established.

Toggle = Each output changes to the complement of its previous level on
each complete high level clock pulse.

TL/F/6630-1
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Absolute Maximum Ratings (vote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage :\%
Input Voltage 5.5V
Storage Temperature Range —65°Cto +150°C
Operating Free Air Temperature Range

DM54L —55°Cto +125°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device can not be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS54L73 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage Clock 0.6 v
Others 0.7
loH High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 2) 0 6 MHz
tw Pulse Width (Note 2) Clock High 100
Clock Low 100 ns
Clear Low 100
tsy Input Setup Time (Notes 1 & 2) ot ns
ty Input Hold Time (Notes 1 & 2) 0l ns
Ta Free Air Operating Temperature —55 125 °C

Note 1: The symbols (T, l) indicate the edge of the clock pulse used for reference: T for rising edge, | for falling edge.

Note 2: To = 25°C and Vg = 5V.

5-15
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L73

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min (NI‘{: 1) Max Units
Von High Level Output Vce = Min, loy = Max 24 33 v
Voltage ViL = Max, Vi = Min ’ i
VoL Low Level Voltage Vce = Min, loL = Max
Voltage Vi = Max, Vi = Min 0.15 0.3 v
Iy Input Current @ Max Vcc = Max J, K 100
Input Voltage V| = 5.5V Clear 200 A
Clock 200
liH High Level input Ve = Max J, K 10
Current V| =24V Clear 20 iy
Clock —200
M Low Level Input Vcc = Max J, K —0.18
Current V= 0.3V Clear —0.36 mA
Clock —0.36
los Short Circuit Vce = Max _ _
Output Current 8 15 mA
lcc Supply Current Vcc = Max (Note 2) 1.5 2.88 mA

Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: With all outputs open, Ic is measured with the Q and Q outputs high in turn. At the time of measurement, the clock is grounded.

Switching Characteristics Ve = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter ?:?:)(t::::tt)) F,:;: 4kQ,CL = 5:' :: Units
fmax Maximum Clock Frequency 6 MHZ
o ﬁf;ﬁ?ﬁaffi 'LD:V'Z.YSLT,L Clearto Q 150 ns
o Lowis pigh Lovel Oupt Clear 00 7 s
tPLH Exfgztiig: II?::::/;LT; . Clock to QorQ 10 75 ns
tPHL i:gl':igal.‘fvrv] I?eevI:rg::T;Jt ClocktoQorQ 10 150 ns
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DM54L74 Dual Positive-Edge-Triggered D Flip-Flops
with Preset, Clear, and Complementary Outputs

General Description

This device contains two independent positive-edge-trig-
gered D flip-flops with complementary outputs. The informa-
tion on the D input is accepted by the flip-flops on the posi-
tive going edge of the clock pulse. The triggering occurs at a
voltage level and is not directly related to the transition time

may be changed while the clock is low or high without af-
fecting the outputs as long as the data setup and hold times
are not violated. A low logic level on the preset or clear
inputs will set or reset the outputs regardless of the logic
levels of the other inputs.

of the rising edge of the clock. The data on the D input

Connection Diagram

Dual-In-Line Package
Vee CLR2 D2 CLK2 PR2 a2 a2
14 13 12 1 10 9 8
~P -
Q
1 2 3 |1
CLR1 D1 CLK1 PRI a [i]] GND

TL/F/6631-1
Order Number DM54L74J or DM54L74W
See NS Package Number J14A or W14B

Function Table
Inputs Outputs
PR CLR CLK D Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H 1 H H L
H H 1 L L H
H H L X Qo Qo

H = High Logic Level
= Either Low or High Logic Level
L = Low Logic Level
T = Positive-going transition.
Qo = The output logic level of Q before the indicated input conditions were
established.
* = This configuration is nonstable; that is, it will not persist when either the
preset and/or clear inputs returned to their inactive (high) level.
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°C to +125°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4L74 Units
Min Nom Max

Vee Supply Voltage 45 5 55 v
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 )
loH High Level Output Current —-0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 2) 0 6 MHz
tw Pulse Width (Note 2) Clock High 75

Clock Low 75 ns

Preset Low 75

Clear Low 75
tsu Input Setup Time (Notes 1 & 2) 50T ns
tH Input Hold Time (Notes 1 & 2) 151 ns
TA Free Air Operating Temperature —55 125 °C

Note 1: The symbol ( T) indicates the rising edge of the clock pulse is used for reference.

Note 2: Tp = 25°C and Vg = 5V.
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Electrical Characteristics overrecommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min (NI‘{: 1) Max Units
VoH High Level Output Ve = Min, loy = Max 24 33 v
Voltage ViL = Max, Vi = Min ’ ’
VoL Low Level Output Vce = Min, lgL = Max
Voltage ViL = Max, Vit = Min 0.15 03 v
I Input Current @ Max Vee = Max D 100
Input Voltage V| =55V Clear 300
BA
Preset 200
Clock 200
I High Level Input Vcc = Max D 10
Current V| = 2.4V Clear 30
BA
Preset 20
Clock 20
TR Low Level Input Vcc = Max D —0.18
Current Vi = 0.3V Clear —0.36
mA
Preset —0.18
Clock —0.36
los Short Circuit Vce = Max _ _
Output Current 3 5 mA
Icc Supply Current Vcc = Max (Note 2) 1.6 3 mA

Note 1: All typicals are at Vcc = 5V, Ty = 25°C.
Note 2: With all outputs open, Icg is measured with the Q and Q outputs high in turn. At the time of measurement, the clock input is grounded.

Switching Characteristics atvcs = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) Ry = 4kQ, C, = 50 pF
Symbol Parameter Units
v To (Output) Min Max
fmAax Maximum Clock Frequency 6 MHz
tpLH Propagation Delay Time Preset 60 ns
Low to High Level Output toQ
tpHL Propagation Delay Time Preset 120 ns
High to Low Level Output toQ
tpLH Propagation Delay Time Clear 60 ns
Low to High Level Output toQ
tPHL Propagation Delay Time Clear 120 ns
High to Low Level Output toQ
tpLH ’ Propagation Delay Time Clock to 10 20 ns
Low to High Level Output QorQ
tpHL Propagation Delay Time Clock to 10 120 ns
High to Low Level Qutput QorQ
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DM54L93
Decade, Divide-by-12, and Binary Counters

General Description

Each of these monolithic counters contains four master-
slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the
count cycle length is divide-by-eight.
To use their maximum count length (decade, divide-by-
twelve, or four-bit binary), the B input is connected to the Qa
output. The input count pulses are applied to input A and the
outputs are as described in the appropriate truth table.

Features

m Typical power dissipation 16 mW
m Count frequency 15 MHz

Connection Diagram

Dual-In-Line Package

INPUT INPUT
A Qa Qp GND Q¢ Qg B
14 13 12 I 1 10 9 I 8
—ob
<
1 2 Is I a l 5 l 6 l 7
RO(1) RO(2) NC  Vgc NC NC NC

TL/F/6637-1

Order Number DM54L.93J or DM54L93W
See NS Package Number J14A or W14B

Function Tables
COUNT SEQUENCE
(See Note A)
Count Output
Qp Q¢ Qp Qa
0 L L L L
1 L L L H
2 L L H L
3 L L H H
4 L H L L
5 L H L H
6 L H H L
7 L H H H
8 H L L L
9 H L L H
10 H L H L
1" H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H

RESET/COUNT TRUTH TABLE (Note B)

Reset Inputs Output

RO(1) RO(2) Qp Qc Qp Qa
H H L L L L
L X COUNT
X L COUNT

Note A: Output Qp is connected to input B
Note B: H = High Level, L = Low Level, X = Don't Care.
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Absolute Maximum Ratings (Note) «
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings"” are those values
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage 8V parametric values defined in the “Electrical Characteristics”
Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings.
P . . . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54L —55°Gto +125°C
Storage Temperature Range —65°C to +150°C
Recommended Operating Conditions
Symbol Parameter DMS4L93 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \'
ViH High Level Input Voltage 2 \')
ViL Low Level Input Voltage 0.7 \']
loH High Level Output Current —0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 5) 0 6 MHz
tw Pulse Width (Note 5) A 90
B 90 ns
Reset 200
tREL Reset Release time (Note 5) 200 ns
TA Free Air Operating Temperature —55 125 °C
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Typ
Symbol Parameter Conditions Min (Note 1) Max Units
VoH High Level Output Ve = Min, Ioy = Max 24 34 v
Voltage VL = Max, Vi = Min i )
VoL Low Level Output Vcc = Min, g = Max
Voltage ViL = Max, Vi = Min 0.15 0.3 \
(Note 4)
h Input Current @ Max Vcc = Max Reset 0.1
Input Voltage V| = 5.5V A 0.2 mA
B 0.2
hiH High Level Input Vee = Max Reset 10
Current V| =24V A 20 pA
B 20
e Low Level Input Vcc = Max Reset —0.18
Current V] = 0.3V A —0.36 mA
B —0.36
los Short Circuit Voo = Max _ _

Output Current (Note 2) 3 5 mA
lcc Supply Current Vcc = Max (Note 3) 5.5 mA
Note 1: All typicals are at Vo = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time.

Note 3: icc is measured with all outputs open, RO inputs grounded foliowing momentary connection to 4.5V and all other inputs grounded.

Note 4: Qp outputs are tested at Ig,. = max plus the limit value of I_for the B input. This permits driving the B input while maintaining full fan-out capability.
Note 5: Tp = 25°C and Vcg = 5V.
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Swltching Characteristics at v = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) R = 4kQ, C, = 50 pF
Symbol Parameter Units
4 To (Output) Min Max
fMAX Maximum Clock Frequency AtoQp ] MHz
tPLH Propagation Delay Time
" Low to High Level Output AtoQp 400 ne
tPHL Propagation Delay Time
High to Low Level Output AtoQp 400 ns
Logic Diagram
13
J Q] Qa
14
INPUT A =eememeeme———C}> CLOCK
K
J a 2 Qg
INPUT B =t CLOCK
K
[
‘ 10
J aQ Qc
P cLoCK
K-
1
J Q 12 Qp
cLock

K
RO(2) >

TL/F/6637-2

The J and K inputs shown without connection are for reference only and are functionally at a high level.
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DM54L95 4-Bit Parallel Access Shift Registers

General Description

These 4-bit registers feature parallel and serial inputs, paral-
lel output, mode control, and two clock inputs. The registers
have three modes of operation.

Parallel (broadside) load

Shift right (the direction Qa toward Qp)

Shift left (the direction Qp toward Qp)
Parallel loading is accomplished by applying the four bits of
data and taking the mode control input high. The data is
loaded into the associated flip-flops and appears at the out-
puts after the high-to-low transition of the clock-2 input. Dur-
ing loading, the entry of serial data is inhibited.
Shift right is accomplished on the high-to-low transition of
clock 1 when the mode control is low; shift left is accom-
plished on the high-to-low transition of clock 2 when the

mode control is high by connecting the output of each flip-
flop to the parallel input of the previous flip-flop (Qp to input
C, etc.) and serial data is entered at input D. The clock input
may be applied simultaneously to clock 1 and clock 2 if both
modes can be clocked from the same source.

Changes at the mode control input should normally be
made while both clock inputs are low; however, conditions
described in the last three lines of the truth table will also
ensure that register contents are protected.

Features
m Typical maximum clock frequency 14 MHz
®m Typical power dissipation mW

Connection Diagram

Dual-In-Line Package
ouTPUTS OUTPUTS  CLOCK 2
r— e ——Ae——  L-SHIFT

INUTA Qn Qg GND Q¢ Qp (LOAD)

14 13 12 ln 10 [ 8

Order Number DM54L95J
<o or DM54L95W
See NS Package Number
J14A or W14B

— GO

1 2 3 |4 3 6 7
SERIAL INPUTB INPUTC Vgg  INPUTD . MODE  CLOCK 1
INPUT CONTROL R-SHIFT

TL/F/6638-1
Function Table
Inputs Outputs

Mode Clocks Serial Parallel Qa Qs Qc Op
Control | 2(L) 1(R) A B cC D

H H X X X X X X1 Qo Qo Qco Qpo

H 1 X X a b ¢ d| a b c d

H l X X Qet Qct Qpt d| Qs Qcn Qpn d

L L H X X X X X{Qao Qeo Qco Qpo

L X l H X X X X H Qan  QBn  Qcn

L X i L X X X X| L Qa Qsn Qcn

T L L X X X X X|Qa Q@sn Qco Qpo

J L L X X X X X| Qo Qo Qco Qoo

l L H X X X X X|Qawo Qs Qco Qoo

1 H L X X X X X |Qa QBo Qco Qoo

1T H H X X X X X [Qao Qo Qco Qoo

‘TShifting left requires external connection of Qg to A, Qg to B, Qp to C. Serial data is entered at input D.

H = High Level (Steady State), L = Low Level (Steady State), X = Don't Care (Any input, including transitions).
1 = Transition from high to low level. T = Transition from low to high level.
a, b, ¢, d, = The level of steady state input at inputs A, B, C, or D, respectively.

Qa0 Qso, Qco, Qpo = The level of Qa, Qg, Qg, or Qp, resp

ively, before the indi

d steady state input conditions were established.

Qan» Qeny Qons Qpn = The level of Qa, Qg, Qg, or Qp, respectively, before the most recent | transition of the clock.
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —55°Gto +125°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DM54L95 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
Vi High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 v
loH High Level Output Current —-0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 1) 0 6 MHz
tw(CLK) Pulse Width of Clock (Note 1) 90 ns
tsu Data Setup Time (Note 1) 50 ns
tEN Time to Enable Clock 1 120 ns
Clock (Note 1) Clock 2 100 ns
tH Data Hold Time (Note 1) 0 ns
N Time to Inhibit Clock 1 or Clock 2 (Note 1) 0 ns
Ta Free Air Operating Temperature —55 125 °C
Note 1: Tp = 25°C and Vg = 5V.
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
VoH High Level Output Ve = Min, loy = Max 24 a1 v
Voltage V|L = Max, V|4 = Min ’ )
VoL Low Level Output Vee = Min, loL = Max 0.13 03 v
Voltage ViL = Max, Vi = Min
I Input Current @ Max Voo = Max Mode 0.2 mA
Input Voltage V| = 5.5V Others 0.1
liH High Level Input Vec = Max Mode 20
nA
Current V| = 2.4V Others 10
e Low Level Input Ve = Max Mode —0.36
mA
Current V| = 0.3V Others —0.18
los Short Circuit Vee = Max _ _
Output Current (Note 2) 8 1 mA
lcc Supply Current Vcc = Max (Note 3) 48 8 mA

Note 1: All typicals are at Vg = 5V, Tp 25°C
Note 2: Not more than one output should be shorted at a time.

Note 3: Icc is measured with all outputs and serial input open; A, B, C, and D inputs grounded; mode control at 4.5V; and a momentary 3V, then ground, applied to

both clock inputs.
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Switching Characteristics at v = 5vand T 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) RL = 4Q,C = 50 pF
Symbol Parameter Units
Y To (Output) Min Max
fmax Maximum Clock Frequency 6 MHz
tPLH Propagation Delay Time Clock to 20 ns
Low to High Level Output Output
tPHL Propagation Delay Time Clock to 20 ns
High to Low Level Output Output
Logic Diagram
DATA INPUTS
“a B 3 [
MODE & 14 2 3 .5
controL —— - >04->0
seraL 1
INPUT L
cock 17|
RIGHT SHIFT
t}cwcx L cLocic Lc»cu.tx:x twwc«
E N |s op|—¢ |S  Qcl~—¢ 8 O
13 12 10 ,:|
9 Qg Qc Qp
OUTPUTS
TL/F/6638-2
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DM54L98 4-Bit Storage Register

General Description

This data selector/storage register is composed of four S-R
master-slave flip-flops, four AND-OR INVERT gates, one
buffer, and six inverter/drivers.

When the word select input is low, word 1 (A1, B1, C1, D1)
is applied to the flip-flops. A high level input to word select
will cause the selection of word 2 (A2, B2, C2, D2). The
selected word is shifted to the output terminals on the nega-
tive-going edge of the clock pulse.

Typical clock frequency is 12 MHz.

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 8V
Input Voltage 5.5V
Operating Free Air Temperature Range

DM54L —-55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Connection Diagram

A1
Dual-In-Line-Package seLeer
OUTPUTS
INPUT OUTPUT WORD A2
vee Oa Qg Qc D1 Qp CLOCK SELECT
16 15 |14 13 |12 |1 l1o |9
l B1
\'4
B2
ct
1 2 3 4 5 6 7 —la
A2 A1 B1 B2 C! C2 D2 GND c2
INPUTS

TL/F/6639-1

Order Number DM54L98J or DM54L98W
See NS Package Number J16A or W16A

D1

D2

CLOCK

Logic Diagram

(£}

15)
S OA(—I)OA

CLOCK

(]

cLockK

3 |

(L]

(5)

s acf®ac

(6) -0 CLOCK

(12)

(1)

— ap

s ap

@ p—q] cLock

(10)

TL/F/6639-2
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Recommended Operating Conditions

Symbol Parameter DMS541.98 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \'
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.7 v
loH High Level Output Current -0.2 mA
loL Low Level Output Current 2 mA
foLk Clock Frequency (Note 4) 0 : 6 MHz
tw Clock Pulse Width (Note 4) 100 65 ns
tsu Setup Time (Note 4) Data High 100
Data Low 120
ns
Select High 150
Select Low 100
TA Free Air Operating Temperature —55 125 °C
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
VoH High Level Output Voltage Ve = Min, loy = Max
. 24 \%
ViL = Max, Vi = Min
VoL Low Level Output Voltage Vee = Min, gL = M.ax, 015 03 v
ViL = Max, Vi = Min
Iy Input Current @ Max Input Voltage Vce = Max, V| = 6.5V 0.1 mA
IiH High Level Input Current Ve = Max, V) = 2.4V 10 rA
he Low Level Input Current Vce = Max, V) = 0.3V -0.18 mA
los Short Circuit Output Current Vce = Max (Note 3) -3 —-15 mA
lcc Supply Current Voo = Max (Note 2) 6 8 mA

Note 1: All typicals are at Vog = 5V, Tp = 25°C.

Note 2: Icc is measured with all outputs open and all inputs grounded.
Note 3: Not more than one output should be shorted at a time.

Note 4: T4 = 25°C and Ve = 5V.

Switching Characteristics at Vg = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) RL = 4kQ, C, = 50 pF
Symbol Parameter Units
Y! To (Output) Min Max
fMAX Maximum Clock Frequency 6 MHz
tPLH Propagation Delay Time Clock to 80 ns
Low to High Level Output Output
tPHL Propagation Delay Time Clock to 100 ns
High to Low Level Output Output

5-27



93L00

National

Semiconductor

93L.00

4-Bit Universal Shift Register

General Description

Features

The 93L00 is a 4-bit universal shift register. As a high speed B Asynchronous master reset
multifunctional sequential logic block, it is useful in a wide  m J, K inputs to first stage
variety of register and counter applications. It may be used

in serial-serial, shift left, shift right, serial-parallel, parallel-

serial, and parallel-parallel data register transfers.

Connection Diagram

Dual-In-Line Package

_ N\
WMR—{1
-2
K3
Po—4
P1—{5
P2—16
p3—7
GND—{8

16=Vee
15}=ao0
14~Q1
13f-q2
12}=-03
11jp~-a3
10f-cp
of-FE

Logic Symbol

9 4 5 6 7

PE PO P1 P2 P3

2=
10—{cp alo-11
3-0l«
MR Q0 Q1 Q2 Q3
115 14 13 12
Vec = Pin 16
GND = Pin8

TL/F/9576-1

Order Number 93LO0DMQB or 93LOOFMQB
See NS Package Number J16A or W16A

Pin Names Description

PE Parallel Enable Input (Active LOW)
PO-P3 Parallel Inputs

J First Stage J Input (Active HIGH)

K First Stage K Input (Active LOW)

CP Clock Pulse Input (Active Rising Edge)
MR Master Reset Input

Qo0-Q3 Parallel Outputs

Q3 Complementary Last Stage Output

TL/F/9576-2
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage ™
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —65°Cto +125°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L00 (Mi) Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \

ViH High Level Input Voltage 2 \"

ViL Low Level Input Voltage 0.7 \

loH High Level Output Voltage —-0.4 mA

loL Low Level Output Current 4.8 mA

TA Free Air Operating Temperature —55 125 °C

ts (H) Setup Time HIGH or LOW, 60 ns

ts (L) J, Kand PO-P3 to CP 60

th (H) Hold Time HIGH or LOW, 0 ns

th (L) J, K and PO-P3 to CP 0

ts (H) Setup Time HIGH or LOW, 68 ns

ts (L) PEtoCP 68

th (H) Hold Time HIGH or LOW, 0 ns

th (L) PEto CP 0

tw (H) CP Pulse Width 38 ns

tw (L) HIGH or LOW 38

tw (L) MR Pulse Width LOW 53 ns

trec Recovery Time, MR to CP 70 ns
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93L00

Electrical Characteristics

Over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vee = Min, [ = —10mA -1.5 \
VoH High Level Output Voltage Vee = Min, loy = Max,
. . 2.4 3.4 Vv
ViL = Max, Vi = Min
VoL Low Level Output Voltage Vce = Min, lgL = Max, 03 v
Vi = Min, V| = Max ’
I Input Current @ Max Vce = Max, V) = 5.5V
1 mA

Input Voltage

119} High Level Input Current Voo = Max, V) = 2.4V Inputs 20
CP 40 pA
PE 46

R Low Level Input Current Vce = Max, V| = 0.3V Inputs —400
CP —800 pA
PE -920

los Short Gircuit Ve = Max _ _

Output Current (Note 2) 25 2 mA
lcc Supply Current Vee = Max 23 mA
Note 1: All typicals are at Vg = 5V, T4 = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
Vee = +5.0V, Ta = +25°C (See Section 1 for waveforms and load configurations)
93L
Symbol Parameter CL = 15pF Units
Min Max
frax Maximum Shift Frequency 10 MHz
tPLH Propagation Delay 35 ns
tPHL CPto Qn 51
tPHL Propagation Delay, MR to Qp, 60 ns
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Functional Description

The Logic Diagrams and Truth Table indicate the functional
characteristics of the 93L00 4-bit shift register. The device is
useful in a wide variety of shifting, counting and storage
applications. It performs serial, parallel, serial-to-parallel, or
parallel-to-serial data transfers.

The 93L00 has two primary modes of operation, shift right
(Q0 — Q1) and parallel load, which are controlled by the
state of the Parallel Enable (PE) input. When the PE input is
HIGH, serial data enters the first flip-flop QO via the J and K
inputs and is shifted one bit in the direction
Q0 — Q1 — Q2 — Q3 following each LOW-to-HIGH
clock transition. The JK inputs provide the flexibility of the
JK type input for special applications, and the simple D-type
input for general applications by tying the two pins together.

When the PE input is LOW, the 93L00 appears as four com-
mon clocked D flip-flops. The data on the parallel inputs
P0-P3 is transferred to the respective Q0-Q3 outputs fol-
lowing the LOW-to-HIGH clock transition. Shift left opera-
tion (Q3 — Q2) can be achieved by tying the Qn outputs to
the Pn—1 inputs and holding the PE input LOW.

All serial and parallel data transfers are synchronous, occur-
ing after each LOW-to-HIGH clock transition. Since the
93L00 utilizes edge triggering, there is no restriction on the
activity of the J, K, Pn and PE inputs for logic operation—ex-
cept for the setup and release time requirements. A LOW on
the asynchronous Master Reset (MR) input sets all Q out-
puts LOW, independent of any other input condition.

Truth Table
Operating Inputs (MR = H) Outputs @ tp+ 4
Mode PE J K PO P1 P2 P3 Qo Q1 Q2 Q3 [¢)
H L L X X X X L Qo (o] Q2 Q2
: H L H X X X X Qo Qo at Q2 Q2
Shift Mode H H L X X X X G aq @ af Q@ a2
H H H X X X X H Qo Q1 Q2 Q2
Parallel L X X L L L L L L L L H
Entry Mode L X X H H H H H H H H L

th+1 = Indicates state after next LOW-to-HIGH clock transition.
H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial
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National
Semiconductor

93L01
1-0f-10 Decoder

General Description

The 93L01 multipurpose decoders are designed to accept
four inputs and provide ten mutually exclusive outputs.

Features

® Multifunction capability

m Mutually exclusive outputs

® Demultiplexing capability

| Typical power dissipation of 456 mW

Connection Diagram

Dual-In-Line Package

/
A2—1 16 |=Vee
A3 2 15 = A0
05—3 14 = At
06—4 13}~00
075 12|=01
08—6 11}=02
09—7 10 }~03
GND—8 9f—04

TL/F/9583-1
Order Number 93L01DMQB or 93L01FMQB
See Package Number J16A or W16A

Logic Symbol

15 14 1 2

A0 Al A2 A3

00 01 02 03 04 05 06 07 08 09

TITTTIYINTY

13121110 9 3 4 5 6 7

Vee = Pin 16
GND = Pin8

Pin Names

Description

A0-A3
G0-09

Address Inputs
Decoder Outputs (Active LOW)

TL/F/9583-2
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93L01

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —55°Cto +125°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L01 (MIL) Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \"
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current —400 pA
loL Low Level Output Current 4.8 mA
TaA Free Air Operating Temperature —-55 125 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = —10 mA -1.5 v
VoH High Level Output Vee = Min, lony = Max, 24 v
Voltage ViL = Max, Vg = Min :
VoL Low Level Output Vee = Min, lgL = Max, 0.3 v
Voltage Vi = Min, V) = Max
Iy Input Current @ Max Vee = Max, V) = 5.5V
1 mA
Input Voltage
i1 High Level Input Current Voo = Max, V) = 2.4V 20 BA
L Low Level Input Current Voo = Max, V) = 0.3V —400 pA
los Short Circuit Vee = Max _ _
Output Current (Note 2) 25 25 mA
lcc Supply Current Vcc = Max (Note 3) 13 mA
Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.
Switching Characteristics
Vee = +5.0V, Ty = +25°C (See Section 3 for waveforms and load configurations)
Symbol Parameter Co = 15pF Units
Min Max
tpLH Propagation Delay 36 ns
tPHL AntoOn 36




Functional Description

The 93L01 decoder accepts four active HIGH BCD inputs
and provides ten mutually exclusive active LOW outputs, as
shown by logic symbol or diagram. The active LOW outputs
facilitate addressing other MS| units with active LOW input
enables. The logic design of the 93L01 ensures that all out-

Truth Table

puts are HIGH when binary codes greater than nine are
applied to the inputs. The most significant input A3 produc-
es a useful inhibit function when the 93L01 is used as a
1-of-8 decoder.

Inputs Outputs
A0 At A2 A3 0o o1 02 03 04 05 06 o7 08 09
L L L L L H H H H H H H H H
H L L L H L H H H H H H H H
L H L L H H L H H H H H H H
H H L L H H H L H H H H H H
L L H L H H H H L H H H H H
H L H L H H H H H L H H H H
L H H L H H H H H H L H H H
H H H L H H H H H H H L H H
L L L H H H H H H H H H L H
H L L H H H H H H H H H H L
L H L H H H H H H H H H H H
H H L H H H H H H H H H H H
L L H H H H H H H H H H H H
H L H H H H H H H H H H H H
L H H H H H H H H H H H H H
H H H H H H H H H H H H H H
H = HIGH Voltage Level
L = LOW Voltage Level
Logic Diagram
A0 Al A2 A3
Wnngina i nn e na nn o nm e nige 1 | R AN A I
00 01 02 03 04 05 06 07 08 09

TL/F/9583-3
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93L08

National
Semiconductor

93L08
Dual 4-Bit Latch

General Description

The 93L08 is a dual 4-bit D-type latch designed for general
purpose storage applications in digital systems. Each latch
contains both an active LOW Master Reset input and active
LOW Enable inputs.

Connection Diagram Logic Symbol
Dual-In-Line Package 23 46 810 _ 1415 16 18 20 22
oa| [Eta oo} |Ew
_ -/
MR—{1 24 =V
£0a—]2 23=Q3b
Ela—]3 221—D3b DOa Dia D2a D3a DOb Dib D2b D3b
D0a~] 4 21}=Q2b
Q0a=15 20 f—D2b 4=BIT LATCH 1 4=BIT LATCH 2
Dla—{6 19f-atb
Qla—{7 18=D1b MR Q0a Qfa Q2a Q3a MRb QOb Q1b Q2b Q3b
o I STTT] STTT]
Q2a—{9 16 |—D0b 1t 57 91 13 17 19 21 23
D3a—{10 15—E1b TL/F/9594-2
p - Vcc = Pin 24
Qi 14 ,Eﬂb GND = Pin 12
GND~—12 13| WiRb
TL/F/9594-1
Order Number 93L08DMQB or 93L08FMQB
See NS Package Number J24A or W24C
Pin Names Description
D0a-D3a }
DOb-D3b Parallel Latch Inputs
E0a, E1a, EOb, E1b, | AND Enable Inputs (Active LOW)
MRa, MRb Master Reset Inputs (Active LOW)
QO0a-Q3a }
Qob-Q3b Parallel Latch Outputs
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage '
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

807€6

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current —400 pA
loL Low Level Output Current 4.8 mA
TA Free Air Operating Temperature —55 125 °C
ts (H) Setup Time HIGH, Dy, to E,, 8 ns
th (H) Hold Time HIGH, D, to E,, 1 ns
ts (L) Setup Time LOW, D, to E, 18 ns
th (L) Hold Time LOW, D, to Ep, 4 ns
tw (L) E,, Pulse Width LOW 32 ns
tw (L) MR Pulse Width LOW 30 ns
trec Recovery Time, MR to Ep, 10 ns

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

. Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Vee = Min, || = —10 mA —1.5 \
VoH High Level Output Voltage Vce = Min, loy = Max,
) 2.4 \
ViL = Max, Vi = Min
VoL Low Level Output Voltage Ve = Min, lgL = Max, 03 v
Vig = Min, V)L = Max i
Iy Input Current @ Max Vcg = Max, V| = 5.5V
1 mA
Input Voltage
lIH High Level Input Current Vce = Max, V| = 2.4V Inputs 20 A
Dn 30
I Low Level Input Current Ve = Max, V| = 0.3V Inputs —400 A
Dn —640
los Short Circuit Vcc = Max (Note 2) o5 —25 mA
Output Current
Icc Supply Current Ve = Max (Note 3) 29 mA

Note 1: All typicals are at Vcc = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.
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93L08

Switching Characteristics
Voc = +5.0V, Ta = +25°C (See Section 3 for waveforms and load configurations)

Symbol Parameter Co = 15pF Units
Min Max
tPLH Propagation Delay 45 ns
tPHL EntoQn 38
tPLH Propagation Delay 27 ns
tPHL DntoQn 29
tPHL Propagation Delay 30 ns
MRtoQn
Functional Description Truth Table
Data can be entered into the latch when both of the enable J— = = i
inputs are LOW. As long as this logic condition exists, the MR E0 E1 i Qn Operation
output of the latch will follow the input. If either of the enable H L L L L Data Entry
inputs goes HIGH, the data present in the latch at that time H L L H L Data Entry
is held in the latch and is no longer affected by data input. H L H X Qn—1 Hold
The master reset overrides all other input conditions and
forces the outputs of all the latches LOW when a LOW sig- H H L X Qn-1 Hold
nal is applied to the Master Reset input. H H H X Qn—1 Hold
L X X X L Reset
Q-1 = Previous Output State
Q,, = Present Output State
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Diagram
DO D1 D2 D3 E0 E1 MR
4 °
L
Q0 Qf Q2 Q3

TL/F/8594-3
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93L09
Dual 4-Input Multiplexer

General Description

The 93L09 monolithic dual 4-input digital multiplexers con-
sist of two multiplexing circuits with common input select
logic. Each circuit contains four inputs and fully buffered
complementary outputs. In addition to multiplexer operation,
the 93L09 can generate any two functions of three vari-
ables. Active pullups in the outputs ensure high drive and
high speed performance. Because of its high speed per-
formance and on-chip select decoding, the 93L09 may be
cascaded to multiple levels so that any number of lines can
be multiplexed onto a single output bus.

Features

® Multifunction capability

m On-chip select logic decoding

® Fully buffered complementary outputs

Connection Diagram

Dual-In-Line Package

Logic Symbol

12 1110 9 4 5 6 7

—/
Zb=—1 16 ~Vee |0a !1a 12a 132 10b 11b 12b 13b
Zb—{2 15f=7a 13 =450
S1=—3 14}=17
[~ Za 3 —si
:“’z ; ‘z 30 Za z2a 2 B
- 12 f~I0a
o] i T 1Y |
13b—7 10 =122 14 15 2 !
TL/F/9602-2
GND—{8 9l-13a Vog = Pin 16
GND = Pin8
TL/F/9602-1
Order Number 93L0SDMQB or 93L09FMQB
See NS Package Number J16A or W16A

Pin Names Description

S0, S1 Common Select Inputs

10a-13a Multiplexer A Inputs

Za Multiplexer A Output

Za Complementary Multiplexer A Output

10b-13b Multiplexer B Inputs

Zb Multiplexer B Output

Zb Complementary Multiplexer B Output
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93L.09

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage ™
Input Voltage 5.5V
Operating Free Air Temperature Range

MiL —55°Cto +125°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L09 (MiL) Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 Vv
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.7 \"
loH High Level Output Current —400 pA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vec = Min, Il = —10 mA -15 \
VoH High Level Output Voltage Vec = Min, loy = Max,
. 24 v
ViL = Max, Vip = Min
VoL Low Level Output Voltage Vce = Min, lgp. = Max, 03 v
Vi4 = Min, V| = Max ’
1] Input Current @ Max Vee = Max, V| = 5.5V
1 mA
Input Voltage
IIH High Level Input Current Vcoc = Max, V) = 2.4V 20 BA
I Low Level Input Current Voe = Max, V) = 0.3V —400 pA
los Short Circuit Vce = Max (Note 2) —10 —40 mA
Output Current
lcc Supply Current Vce = Max 11.5 mA

Note 1: All typicals are at Voo = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.




©
W
Switching Characteristics vec = +5.0v, T4 = +25°C S
©
Symbol Parameter C. = 15pF Units
Min Max
tPLH Propagation Delay 70 ns
tPHL SotoZy 60
tPLH Propagation Delay 55 ns
tPHL SptoZ, 50
tpLH Propagation Delay 70 ns
tPHL lotoZ4 65
tPLH Propagation Delay 40 ns
tPHL SptoZ, 60
Functional Description Truth Table
The 93L09 dual 4-input multiplexers are able to select two Select Input Outputs
bits of either HIGH or LOW data or control from up to four puts utpu
sources, in one package. The 93L09 is the logical imple- Inputs (aorb) (aorb)
mentation of two-pole, four-position switch, with the position S0 S1 10 11 12 13 Z Zz
of the switch being set by the logic levels supplied to the
two select inputs. Both assertion and negation outputs are L L L X X X L H
provided for both multiplexers. The logic equations for the L L H X X X H L
outputs are shown below: H L X L X X L H
Za=10a*S51¢50 + [1aeS1e50 + 12a¢S1050 + 132 S1 S0 H L X H X X H L
Zb = 10651050 + 11beS1 S0 + 12aS1 e 50 + I3b e S1 « SO
A -l ” L H{X X L X| L H
The 93L09 is frequently used to move data from a group of L H X X H X H L
registers to a common output bus. The particular register
from which the data came would be determined by the state H H X X X L L H
of the select inputs. A less obvious application is as a func- H H X X X H H L
tion generator. The 93L09 can generate two functions of H = HIGH voltage level
three variables. This is useful for implementing random gat- L = LOW voltage level
ing functions. X = Immaterial
Logic Diagram
10a Ita 12a 13a 10b b 12b 13b
50 —Do-l-oD
st —Do-l—oD j.. i o
Za Za b b
TL/F/9602-3
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93L10 » 93L16

National
Semiconductor

93L10/93L16

BCD Decade Counter/4-Bit Binary Counter

General Description

The 93L10 is a high speed synchronous BCD decade coun-
ter and the 93L16 is a high speed synchronous 4-bit binary
counter. They are synchronously presettable, multifunction-
al MSI building blocks useful in a large number of counting,
digital integration and conversion applications. Several
states of synchronous operation are obtainable with no ex-
ternal gating packages required through an internal carry
lookahead counting technique.

Features

| Synchronous counting and parallel entry

m Decoded terminal count
m Built-in Carry Circuitry

m Easy interfacing with DTL, LPDTL, and TTL families

Connection Diagram

Dual-In-Line Package

Logic Symbol

9 3 4 5 6

MR =1 ~ 16=Vec PE PO Pt P2 P3
cP=—12 15}-1c 7—qCeP
PO~13 14}=Qo0 10—]CET T
P1=—14 13=Qt 2 CP
pP2—15 12k=q2 MR_Q0 Q1 Q2 Q3
p3—{6 11}-a3
o 1 Fcn 1 141312 11
GND—{8 9|-PE Vog = Pin 16
GND = Pin8
TL/F/9603-1
Order Number 93L10DMQB, 93L10FMQB,
93L16DMQB or 93L16FMQB
See NS Package Number J16A or W16A
Pin Names Description
CEP Count Enable Parallel Input
CET Count Enable Trickle Input
CP Clock Pulse Input (Active Rising Edge)
MR Asynchronous Master
Reset Input (Active LOW)
PO-P3 Parallel Data Inputs
PE Parallel Enable Input (Active LOW)
Q0-Q3 Flip-Flop Outputs
TC Terminal Count Output

f—15

TL/F/9603-2
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —55°Cto +125°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L10/93L16 (MIL) Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \

VIH High Level Input Voltage 2 \"

ViL Low Level Input Voltage 0.7 \Y

loH High Level Output Voltage —400 LA

loL Low Level Output Current 4.8 mA

Ta Free Air Operating Temperature —55 125 °C

ts(H) Setup Time HIGH or LOW 75 ns

ts(L) Pn to CP 75

th(H) Hold Time HIGH or LOW 10 ns

th(L) Phto CP 10

ts(H) Setup Time HIGH or LOW (Note 2) ns

ts(L) PEto CP 53

th(H) Hold Time HIGH or LOW 7.0 ns

th(L) PE to CP (Note 2)

ts(H) Setup Time HIGH or LOW 26 ns

ts(L) CEP or CET to CP (Note 1)

th(H) Hold Time HIGH or LOW (Note 1) ns

th(L) CEP or CET to CP 10

tw(H) CP Pulse Width 25 ns

twil) 25

tw(l) MR Pulse Width LOW 65 ns

trec Recovery Time, MR to CP 30 ns

Note 1: The Setup Time “tg(L)" and Hold Time “tx(H)" between the Count Enable (CEP and CET) and the Clock (CP) indicate that the HIGH-to-LOW transition of
the CEP and CET must occur only while the Clock is HIGH for conventional operation.

Note 2: The Setup Time “tg(H)" and Hold Time “t(L)"” between the Parallel Enable (PE) and Clock (CP) indicate that the LOW-to-HIGH transition of the PE must

occur only while the Clock is HIGH for conventional operation.
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93L10  93L 16

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vee = Min, lj = —10mA -1.5 \
VoH High Level Odtput Voltage Vce = Min, loy = Max,
. 2.4 3.4 \%
ViL = Max, Vi = Min
VoL Low Level Output Voltage Vee = Min, loL = Max,
) 0.3 \"
Vig = Min, V). = Max
I Input Current @ Max Vce = Max, V| = 5.5V
1 mA
Input Voltage
iH High Level Input Current Vee = Max, V| = 2.4V Inputs 20
CET, CP, PE 40 pA
Pn 13.3
L Low Level Input Current Vce = Max, V| = 0.3V Inputs —400
CET, CP, PE —800 rA
Pn —267
los Short Circuit Vce = Max (Note 2) 25 _25 mA
Output Current
lcc Supply Current Vgc = Max 27.5 mA
Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
Voec = +5.0V, Tp = +25°C (See Section 1 for waveforms and load configurations)
Symbol Parameter Co = 15pF Units
Min Max
frmax Maximum Count Frequency 13 MHz
tpLH Propagation Delay 32 ns
tPHL CPtoQ 39
tPLH Propagation Delay 66 ns
tPHL CPtoTC 30
tPLH Propagation Delay 35 ns
tPHL CETto TC 30
tPHL Propagation Delay, MR to Q 72 ns
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Functional Description

The 93L10 counts modulo-10 in the BCD (8421) sequence.
From state 9 (HLLH) it increments to state 0 (LLLL). The
93L.16 counts modulo-16 in binary sequence. From state 15
(HHHH) it increments to state 0 (LLLL). The clock inputs of
all flip-flops are driven in parallel through a clock buffer.
Thus all changes of the Q outputs (except due to Master
Reset) occur as a result of, and synchronous with, the LOW-
to-HIGH transition of the CP input signal. The circuits have
four fundamental modes of operation, in order of prece-
dence: asynchronous reset, parallel load, count-up and
hold. Four control inputs—Master Reset (MR), Parallel En-
able (PE), Count Enable Parallel (CEP) and Count Enable
Trickle (CET)—determine the mode of operation, as shown
in the Mode Select Table. A LOW signal on MR overrides all
other inputs and asynchronously forces all outputs LOW. A
LOW signal on PE overrides counting and allows informa-
tion on the Parallel Data (Py) inputs to be loaded into the
flip-flops on the next rising edge of CP. With PE and MR
HIGH, CEP and CET permit counting when both are HIGH.
Conversely, a LOW signal on either CEP or CET inhibits
counting.

The 93L10 and 93L16 contain masterslave flip-flops which
are “next-state catching” because of the JK feedback. This
means that when CP is LOW, information that would change
the state of a flip-flop, whether from the counting logic or
the parallel entry logic if either mode is momentarily en-
abled, enters the master and is locked in. Thus to avoid
inadvertently changing the state of a master latch, and the
subsequent transfer of the erroneous information to the
slave when the clock rises, it is necessary to insure that
neither the counting mode, nor the parallel entry mode is
momentarily enabled while CP is LOW.

The Terminal Count (TC) output is HIGH when CET is HIGH
and the counter is in its maximum count state (9 for the
decade counters, 15 for the binary counters—fully decoded
in both types). To implement synchronous multistage coun-
ters, the TC outputs can be used with the CEP and CET
inputs in two different ways. These two schemes are shown
in Figures a and b. The TC output is subject to decoding

spikes due to internal race conditions and is therefore not
recommended for use as a clock or asynchronous reset for
flip-flops, counters or registers. If a decade counter is preset
to anillegal state, or assumes an illegal state when power is
applied, it will return to the normal sequence within two
counts, as shown in the state diagrams.

MULTISTAGE COUNTING

The ‘10/‘16 counters may be cascaded to provide multi-
stage synchronous counting. Two methods commonly used
to cascade these counters are shown in Figures a and b.

In multistage counting, all less significant stages must be at
their terminal count before the next more significant counter
is enabled. The ‘10/16 internally decodes the terminal
count condition and “ANDs" it with the CET input to gener-
ate the terminal count (TC) output. This arrangement allows
one to perform series enabling by connecting the TC output
(enable signal) to the CET input of the following stage, Fig-
ure a. The setup requires very few interconnections, but has
the following drawback: since it takes time for the enable to
ripple through the counter stages, there is a reduction in
maximum counting speed. To increase the counting rate, it
is necessary to decrease the propagation delay of the TC
signal, which is done in the second method.

The scheme illustrated in Figure b permits multistage count-
ing, limited by the fan-out of the terminal count. The CEP
input of the *10/*16 is internally “ANDed” with the CET input
and as a result, both must be HIGH for the counter to be
enabled. The CET inputs are connected as before except
for the second stage. There the CET input is left floating and
is therefore HIGH. Also, all CEP inputs are connected to the
terminal output of the first stage. The advantage of this
method is best seen by assuming all stages except the sec-
ond and last are in their terminal condition. As the second
stage advances to its terminal count, an enable is allowed
to trickle down to the last counter stage, but has the full
cycle time of the first counter to reach it. Then as the TC of
the first stage goes active (HIGH), all CEP inputs are activat-
ed, allowing all stages to count on the next clock.

5-45
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93L10 ¢ 93L16

Logic Diagrams
93L10
] g % &
"_"""°| >
O 0 [=
= = .
S S S
- Q - Q - oH-
CP_ CP_ CP
R R R
1 Cp 1 Cp L Cp

MR ,_q >o_______ v v v v
M Qo Qt Q2 Tc . Q3

TL/F/9603-3
93L16
4] P2 P2
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D
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n
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TL/F/9603-4
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©
Mode Select Table E
=3
— — Inputs Response hd
MR PE CEP CET CP 8
L X X X X Clear; All Outputs LOW g
H L X X e Parallel Load; P, — Qp
H H L X X Hold
H H X L X Hold; TC = LOW
H H H H e Count Up
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Equations
Count Enable = MR e PE e CEP ¢ CET
Terminal Count = CET ¢ Q0 * Q1 ® Q2 * Q3 (‘16)
Terminal Count = CET ¢ Q0 » Q1 Q2 * Q3 (*10)
State Diagrams
93L10
15| 5
13]
TL/F/9603-5

PE PO P1 P2 P3
CEP

CET 9310.9316 TC ]
cP
MR_Q0 Q1 Q2 Q3 g%m%?:im
STAGES
CLOCK >
TL/F/9603-7
FIGURE a. Synchronous Multistage Counting Scheme (Slow)
PE PO PI P2 P3 PE PO P1 P2 P3 PE PO P1 P2 P3 PE PO Pl P2 P3 PE PO P1 P2 P3
cep cep cep CEP CEP 70 MORE
CET 9310-9316 TCH ~|CET 9310.9316 TCl——{CET 9310.9316 TC|~—{CET 9310.9316 TC[—]CET 9310.9316 TC SIGNIFICANT
CP CcP cP cP CcP STAGES
MR_Q0 Q1 02 Q3 MR_Q0 Q1 Q2 Q3 MR_Q0 01 02 Q3 MR Q0 Q1 Q2 Q3 MR_Q0 Qi 02 03
cLocK >
TL/F/9603-8

FIGURE b. Synchronous Multistage Counting Scheme (Fast)
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93L12

National

Semiconductor

93L12

8-Input Multiplexer

General Description

The 93L12 is a monolithic, high speed, 8-input digital multi-
plexer circuit. It provides, in one package, the ability to se-
lect one bit of data from up to eight sources. The 93L12 can

Features

be used as a universal function generator to generate any
logic function of four variables. Both assertion and negation

outputs are provided.

® Multifunction capability
m On-chip select logic decoding
m Fully buffered complementary outputs

Connection Diagram Logic Symbol
Dual-In-Line Package
-, 10 4 7
0—41 16 =Vee 6 I I
=42 152 E 1011 1213141516 17
12—3 14}-2 "=
34 13f-s2 12=—=s1
_ N 13 —fs2
o .
67 10f~E ?4 |5
GND—{8 9f=17 f !
Vec = Pin 16
TL/F/9610-1 GND = Pin8
Order Number 93L12DMQB or 93L12FMQB
See NS Package Number J16A or W16A
Pin Names Description
S0-S2 Select Inputs
E Enable Input (Active LOW)
10-17 Multiplexer Inputs
4 Multiplexer Output
4 Complementary Multiplexer Output

TL/F/9610-2
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MiL —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L12 (MiL) Units
Min Nom Max

Vee Supply Voltage 4.5 5 55 \]
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current —400 pA
loL Low Level Output Current 4.8 mA
TA Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

: Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Vee = Min, [j = —10 mA -1.5 v
VoH High Level Output Voltage Vee = Min, oy = Max,
- 2.4 3.4 \%
V||_ = Max, VlH = Min
VoL Low Level Output Voltage Vee = Min, IgL = Max, 0.3 v
ViH = Min, V)L = Max ’
I Input Current @ Max Vce = Max, V| = 5.5V
; 1 mA
Input Voltage
H High Level Input Current Voo = Max, V| = 2.4V 20 pA
L Low Level Input Current Vce = Max, V) = 0.3V —400 BA
los Short Circuit Output Current Vce = Max (Note 2) —-25 —25 mA
lcc Supply Current Vce = Max (Note 3) 13.3 mA

Note 1: All typicals are at Vgg = 5V, T = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Icc is measured with all outputs open and all inputs grounded.
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93L12

Switching Characteristics

Vo = +5.0V, To = +25°C (See Section 1 for waveforms and load configurations)

Symbol Parameter C.=15pF Units
. Min Max

tPLH Propagation Delay 60 ns

tPHL S0toZ 75

tPLH Propagation Delay 70 ne

tPHL SO0toZ 50

tPLH Eropagatlon Delay 60 ns

tPHL EtoZ 75

tPLH Propagation Delay 70 o

tPHL EtoZ 45

tPLH Propagation Delay 70 ns

tPHL IntoZ 65

tPLH Propg_gation Delay 55 ns

tPHL IntoZ 55

Functional Description

The 93L12 is a logical implementation of a single pole, eight
position switch with the switch position controlled by the
state of three Select inputs, S0, S1, S2. Both assertion and
negation outputs are provided. The Enable input (E) is ac-
tive LOW. When it is not activated the negation output is
HIGH and the assertion output is LOW, regardless of all
other inputs. The logic function provided at the output is:
Z=Ee(l0eS0eS1652 + |1eS0eS1e32

+ 1205008152 + 13050051082

+ 14050051052 + 50805182

+ 16050081082

+ |7 ¢ S0 ¢ S1 @ S2),

The 93L12 provides the ability, in one package, to select
from eight sources of data or control information. By proper
manipulation of the inputs, the 93L12 can provide any logic
function of four variables and its negation. Thus any number
of random logic elements used to generate unusual truth
tables can be replaced by one 93L12.

Truth Table
Inputs Outputs
E S2 S1 SO0 10 " 12 13 14 15 16 17 Z z
H X X X X X X X X X X X H L
L L L L L X X X X X X X H L
L L L L H X X X X X X X L H
L L L H X L X X X X X X H L
L L L H X H X X X X X X L H
L L H L X X L X X X X X H L
L L H L X X H X X X X X L H
L L H H X X X L X X X X H L
L L H H X X X H X X X X L H
L H L L X X X X L X X X H L
L H L L X X X X H X X X L H
L H L H X X X X X L X X H L
L H L H X X X X X H X X L H
L H H L X X X X X X L X H L
L H H L X X X X X X H X L H
L H H H X X X X X X X L H L
L H H H X X X X X X X H L H

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
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Logic Diagram

S2

St

S0

et

NI

TL/F/9610-3
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93L14

National
Semiconductor

93L 14 Quad Latch

General Description

The 93L14 is a multifunctional 4-bit latch designed for gen-
eral purpose storage applications in high speed digital sys-
tems. All outputs have active pull-up circuitry to provide high
capacitance drive and to provide low impedance in both
logic states for good noise immunity.

Features

m Can be used as single input D latches or set/reset

latches
| Active low enable gate input
m Overriding master reset

Connection Diagram

Dual-In-Line Package

E—
50—
D0
D1
57 =
D2~
D3 —

GND =

0 N OO ;e -

-/

16 =Vec
1500
14 =51
13p-a1
12~-Q2
11}-53
10}—a3
9= MR

TL/F/9612-1

Order Number 93L14DMQB or 93L14FMQB
See NS Package Number J16A or W16A

Logic Symbol

4 14

py

LA

D0 SO

[%]
=

S

j=4
N

N
o
w
wv
w~

1]

Vee = Pin 16
GND = Pin8

Pin Names Description

E Enable Input (Active LOW)
D0-D3 Data Inputs

S0-83 Set Inputs (Active LOW)

MR Master Reset Input (Active LOW)
Qo0-Q3 Latch Outputs

TL/F/9612-2
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage A%
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L14 (MIL) Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
Vi High Level Input Voltage 2 \]
ViL Low Level Input Voltage 0.7 \
loH High Level Output Voltage —400 MA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —55 125 °C
ts (H) Setup_’_l'ime HIGH or LOW 10 ns
ts (L) DptoE 20
th (H) Hold T_ime HIGH or LOW 0 ns
th (L) DhtoE 10
ts (H) Setup Time HIGH, D to Sp, 15 ns
th (L) Hold Time LOW, Dpto S, 5 ns
tw (L) E Pulse Width LOW 30 ns
tw (L) MR Pulse Width LOW 25 ns
trec Recovery Time, MR to E 5 ns

5-53
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Electrical Characteristics

Over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vce = Min, ;= —10mA —1.5 \
VoH High Level Output Voltage Vce = Min, loy = Max, 2.4
) \"
ViL = Max, Vi = Min
VoL Low Level Output Voltage Vec = Min, loL = Max,
h 0.3 \
V4 = Min, V), = Max
Iy Input Current @ Max Vee = Max, V| = 5.5V
1 mA

Input Voltage

hH High Level Input Current Vece = Max, V) = 2.4V Inputs 20 pA
Dp 30

e Low Level Input Current Vce = Max, V) = 0.3V Inputs —400 pA
Dp —600

los Short Gircuit Vee = Max _ _

Output Current (Note 2) 25 25 mA
lcc Supply Current Vcc = Max (Note 3) 16.5 mA
Note 1: All typicals are at Vgg = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.
Switching Characteristics
Vee = +5.0V, Ta = +25°C (See Section 1 for waveforms and load configurations)
Symbol Parameter Co = 15pF Units
Min Max
tPLH Propagation Delay 45
tPHL EtoQp 36
tpLH Propagation Delay 30 ns
tPHL Dnto Qp 30
tpLH Propagation Delay, MR to Q,, 30 ns
tpHL Propagation Delay, Sy, to Q, 33 ns
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Functional Description

The 93L14 consists of four latches with a common active
LOW Enable input and active LOW Master Reset input.
When the Enable goes HIGH, data present in the latches is
stored and the state of the latch is no longer affected by the
S, and Dp, inputs. The Master Reset when activated over-
rides all other input conditions forcing all latch outputs LOW.
Each of the four latches can be operated in one of two
modes:

D-TYPE-LATCH—For D-type operation the S input of a
latch is held LOW. While the common Enable is active the
latch output follows the D input. Information present at the
latch output is stored in the latch when the Enable goes
HIGH.

SET/RESET LATCH—During set/reset operation when the
common Enable is LOW a latch is reset by a LOW on the D
input, and can be set by a LOW on the S input if the D input
is HIGH. If both S and D inputs are LOW, the D input will
dominate and the latch wil be reset. When the Enable goes
HIGH, the latch remains in the last state prior to disable-
ment. The two modes of latch operation are shown in the
Truth Table.

Logic Diagram
S0 Do 51 ot

ool ¢

Truth Table
MR E D B Qp Operation
H L L L L D Mode
H L H L L
H H X X | Qu-q
H L L L L R/S Mode
H L H L H
H L L H L
H L H H | Qu-1
H H X X | Qu-q
L X X X L RESET
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Qp-1 = Previous Output State
Qn = Present Output State
2 D2 S3 D3
1 T
tﬁ
Q1 Q2 Q3

TL/F/9612-3
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93L21

National
Semiconductor

93L21 ~
Dual 1-of-4 Decode

General Description Features

The 93L21 consists of two independent multipurpose de- B Multifunction capability
coders, each designed to accept two inputs and provide = ® Mutually exclusive outputs
four mutually exclusive outputs. In addition an active LOW  m Demultiplexing capability

enable input, which gives demultiplexing capability, is pro- g Agtive low enable for each decoder
vided for each decoder.

Connection Diagram Logic Symbol
1 2 3 15 14 13
Dual-In-Line Package ‘L l | & l l
) Y E A0 Al E A0 Al
fa=t 16f~Vee
ACa—{ 2 154=Eb DECODER a DECODER b
-3 4-am
Ala I 00 01 02 03 00 01 02 03
00a — 4 13f=Alb
Ola=—15 12=0ob ???? ????
02a—6 11k=a1b 4 5 6 7 12 11 10 9
638"' 7 10 -(_)Zb TL/F/10197-2
- Vce = Pin 16
GND—]8  m GND = Pin8

TL/F/10197-1
Order Number 93L21DMQB or 93L21FMQB
See NS Package Number J16A or W16A

Pin Names Description
Ea,Eb Enable Inputs (Active LOW)
AOa, Ala, AOb, A1b Address Inputs
00a-03a } .
G0b-03b Decoder Outputs (Active LOW)
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Supply Voltage v
Input Voltage 5.5V

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

Operating Free Air Temperature Range

MIL

Storage Temperature Range

the conditions for actual device operation.

—55°Cto +125°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter 93L12 (MiL) Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input
2 \
Voltage
ViL Low Level Input 0.7 Y
Voltage
loH High Level Output Current —400 RA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating —55 125 °C

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

. Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
\l Input Clamp Voltage Vee = Min, Il = —10 mA -15 \
VoH High Level Output Vce = Min, loy = Max, 24 Y
Voltage VL = Max, Vig = Min i
VoL Low Level Output Vce = Min, lgL = Max, 03 v
Voltage Vin = Min, V)L = Max :
] Input Current @ Max Vec = Max, V) = 5.5V
1 mA
Input Voltage
IH High Level Input Voo = Max, V| = 2.4V 20 pA
Current
Iie Low Level Input Vcc = Max, V| = 0.3V — 400 pA
Current
los Short Circuit Vee = Max _ _
Output Current (Note 2) 25 % mA
Icc Supply Current Vce = Max (Note 3) 13.2 mA

Note 1: All typicals are at Vgc = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.
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Functional Description

The 93L21 consists of two separate decoders each de-
signed to accept two binary weighted inputs and provide
four mutually exclusive active LOW outputs as shown in the
logic symbol. Each decoder can be used as a 4-output de-
multiplexer by using the enable as a data input.

Logic Diagram

ADa _DO_K‘

oo

Truth Table (Each Decoder)

Inputs Outputs
E A0 A1 00 o1 02 03
L L L L H H H
L H L H L H H
L L H H H L H
L H H H H H L
H X X H H H H

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

AOb

Atb

v

Ygi_l

YYY

00b

0O1b

02b

03b

TL/F/10197-3

SWitChing Characteristics vec = +5.0v, Ta = +25°C (See Section 1 for test waveforms and output load.)

Symbol Parameter C. = 15pF Units
Min Max

tPLH Propagation Delay 50 ns

tPHL AntoOn 65

tPLH Propagation Delay 40 ns

tPHL EntoOn 52
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National
Semiconductor

93L22
Quad 2-Input Multiplexer

General Description

The 93L22 quad 2-input digital multiplexers consist of four
multiplexing circuits with common select and enable logic;
each circuit contains two inputs and one output.

Features

® Multifunction capability

® On-chip select logic decoding
m Fully buffered outputs

Connection Diagram Logic Symbol
Dual-In-Line Package
s N 16}ve 152 3 5 6 14 14 11 10
10a =12 15~E 6 || I || I ll
a3 14}-10c £ 10a la (0b I1b 10¢ Itc 10d itd
Za— 4 13f-1te s
1ob—5 12f~1z¢ L
1b—{6 11}~lod a o  7c
b—{7 10f~11d
oND—{8 9}-2d ? ? ? ?
4 7 12 9
TL/F/10198-1 TL/F/10198-2
Order Number 93L22DMQB or 93L22FMQB Voc = Pin 16
See NS Package Number J16A or W16A GND = Fin 8
Truth Table
Inputs Output
Pin Names Description —
E S 10n In Zn
S Common Select Input
E Enable Input (Active LOW) H X X X L
10a-10d } Multiplexer Inputs g H x y -
a-Id P P L H X H H
Za-2d Multiplexer Outputs L L L X L
L L H X H

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
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93L22

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MIL —55°CGto +125°C

Storage Temperature Range —65°G to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L22 (MIL) Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current —400 LA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
V) Input Clamp Voltage Ve = Min, [j= —10mA -15 \J
Vou High Level Output Voltage Vce = Min, loy = Max,
- 24 A
ViL = Max, V| = Min
VoL Low Level Output Voltage Ve = Min, loL = Max,
. 0.3 \"
Vi = Min, Vj = Max
1] Input Current @ Max Vcc = Max, V) = 5.5V
1 mA
Input Voltage
IIH High Level Input Current Vco = Max, V| = 2.4V 20 pA
IR Low Level Input Current Vce = Max, V) = 0.3V —400 pA
los Short Circuit Vce = Max, (Note 2) 25 _25 mA
Output Current
lcc Supply Current Vec = Max 13.2 mA

Note 1: All typicals are at Vgc = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.




Switching Characteristics

Vgc = +5.0V, Tp = +25°C (See Section 1 for test waveforms and output load)

Symbol Parameter Co=15pF Units
Min Max

tPLH Propagation Delay 36 ns
tPHL StoZn 49

tPLH Propagation Delay 30 ns
tPHL 100ori1toZn 22

tPLH Propagation Delay 27 ns
tPHL EtoZn 27

Functional Description

The 93L22 quad 2-input multiplexer provides the ability to
select four bits of either data or control from two sources, in
one package. The Enable input (E) is active LOW. When not
activated all outputs (Z,) are LOW regardless of all other
inputs.

The 93L22 quad 2-input multiplexer is the logical implemen-
tation of a four-pole, two position switch, with the position of
the switch being set by the logic levels supplied to the one
select input. The logic equations for the outputs are shown
below:

Za=Eeo(1a®eS+10aeS) Zb=Ee(l1beS + [0beS)
Zc=Ee(1ceS +10ceS) Zd=Ee(lideS + 10de¥S)

Logic Diagram

A common use of the 93L22 is the moving of data from a
group of registers to four common output busses. The par-
ticular register from which the data comes is determined by
the state of the select input. A less obvious use is as a
function generator. The 93L22 can generate four functions
of two variables with one variable common. This is useful for
implementing random gating functions.

e 10c 11b 10b Ia 0a

o T o (o] o

m

_OD ° .

TL/F/10198-3
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93L24

National
Semiconductor

93L24

5-Bit Comparator

General Description

The 93L24 expandable comparator provides comparison
between two 5-bit words and gives three outputs—“less
than”, “greater than” and “equal to”. A HIGH on the active

LOW Enable Input forces all three outputs LOW.

Features

W Three separate outputs: A<B, A>B, A=B

m Easily expandable

m Active low enable input

Connection Diagram

Dual-In-Line Package

E-—
A<B—
80—
B1—
B2—
B3 =
B4 =
oND—]

1

2
3
4
5
6
7
8

-/
—Vee
15=A>8

14—=A=B
131—A0
12
1p=A2
10=A3
9—A4

TL/F/101989-1

Order Number 93L24DMQB or 93L24FMQB
See NS Package Number J16A or W16A

Logic Symbol

13121110 9 3 4 5

6 7
| |

1—Oft

A>B

A0 A1 A2 A3 A4 BO B1 B2 B3 B4

15

Truth Table

.
- —

TL/F/10199-2

Vcc = Pin16
GND = Pin8

Pin Names

Description

Inputs

Outputs

AO-A4

E Enable Input (Active LOW)

An

A<B A>B A=B

BO-B4
A<B
A>B

Word A Parallel Inputs

Word B Parallel Inputs

A Less than B Output (Active HIGH)

A Greater than B Output (Active HIGH)

rrrrIT|m

X X
Word A = Word B
Word A > Word B
Word B < Word A

L L L

L L H
L H L
H L L

A=B

A Equal to B Output (Active HIGH)

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

5-62




Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MiL —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L24 (MIL) Units
Min Nom Max

Vee Supply Voltage 45 5 5.5 \
VIH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.7 \
loH High Level Output Current —400 rA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —55 125 °C

Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = —10mA -15 v
VoH High Level Output Voltage Vcc = Min, Iopy = Max,
) 24 \"
ViL = Max, Viq = Min
VoL Low Level Output Voltage Vce = Min, IgL = Max, 03 Y
Vin = Min, V) = Max )
I Input Current @ Max Vce = Max, V| = 5.5V
1 mA
Input Voltage
H High Level Input Current Vce = Max, V| = 2.4V 40 pA
M Low Level Input Current Vce = Max, V) = 0.3V -0.8 mA
los Short Circuit Vcc = Max (Note 2) —25 —25 mA
Output Current
Icc Supply Current Vee = Max 21 mA

Note 1: All typicals are at Vog = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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93L24

Switching Characteristics

Vec = +5.0V, Ta = +25°C (See Section 1 for test waveforms and output load)

Symbol Parameter C. = 15pF Units
Min Max

tPLH Eropagatiorl Delay 32 ns

tPHL Eto A=B;Eto A<B,A>B 35

tpLH Propagation Delay 54 ns

tPHL Anto A>B;Bnto A>B 75

tPLH Propagation Delay 70 ns

tPHL Anto A<B;Bnto A<B 77

tPLH Propagation Delay 100 ns

tPHL AnorBnto A=B 102

Functional Description

The 93L24 5-bit comparators use combinational circuitry to
directly generate “A greater than B” and “A less than B”
outputs. As evident from the logic diagram, these ouptuts
are generated in only three gate delays. The “A equals B”
output is generated in one additional gate delay by decoding
the “A neither less than nor greater than B” condition with a
NOR gate. All three outputs are activated by the active LOW
Enable Input (E).

Logic Diagram

A

At

Tying the A>B output from one device into an A input on
another device and the A< B output into the corresponding
B input permits easy expansion.

The A4 and B4 inputs are the most significant inputs and
A0, BO the least significant. Thus if A4 is HIGH and B4 is
LOW, the A>B output will be HIGH regardless of all other
inputs except E.

A<B

A=B

TL/F/10199-3
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93L28
Dual 8-Bit Shift Register

General Description

The 93L28 is a high speed serial storage element providing
16 bits of storage in the form of two 8-bit registers. The
multifunctional capability of this device is provided by sever-
al features: 1) additional gating is provided at the input to
both shift registers so that the input is easily multiplexed
between two sources; 2) the clock of each register may be
provided separately or together; 3) both the true and com-
plementary outputs are provided from each 8-bit register,
and both registers may be master cleared from a common
input.

Features

m| 2-input multiplexer provided at data input of each
register

@ Gated clock input circuitry

m Both true and complementary outputs provided from
last bit of each register

m Asynchronous master reset common to both registers

Connection Diagram

Dual-In-Line Package

Logic Symbol

13 11 12
|

adi N~ by S 00 Df
cc Q7p—14
72 15=07 ‘2A‘ >cp
|07 ={3 14f=07] o i Q7jo—15
&) s+ 13}=s % L_’$L._
g | p1=5 12f=01 | %
Gl I 11f=po |~ ‘|‘ ? ?
CP=7 10 f=CP S DO D1
GND=]8 o=, _LD . a7f—3
TL/F/10200-1 7 Q7j0—2
Order Number 93L28DMQB or 93L28FMQB MR )
See NS Package Number J16A or W16A ___j
TL/F/10200-2
Vcc = Pin16
GND = Pin8
N:rl:es Description
S Data Select Input
DO, D1 Data Inputs
CP Clock Pulse Input (Active HIGH)
Common (Pin 9)
Separate (Pins 7 and 10)
MR Master Reset input (Active LOW)
Q7 Last Stage Output
Qr Complementary Output
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93L28

Absolute Maximum Ratings (Note)

It Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for avalilability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

MiL —55°Cto +1256°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L28 (MIL) Units
Min Nom Max

Vee Supply Voltage 45 5 5.5 \

ViH High Level Input Voltage 2 \

ViL Low Level Input Voltage 0.7 \

loH High Level Qutput Current —400 HA

loL Low Level Output Current 4.8 mA

TA Free Air Operating Temperature —55 125 °C

ts(H) Setup Time HIGH or LOW 30 ns

ts(L) Dp to CP 30

th(H) Hold Time HIGH or LOW 0 ns

th(L) Dy to CP 0

tw(H) Clock Pulse Width 55 ns

tw(l) HIGH or LOW 55

tw(l) MR Pulse Width with CP HIGH 60 ns

twll) MR Pulse Width with CP LOW 70 ns
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Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Voec = Min, I = —10 mA -1.5 \"
VoH High Level Output Voltage Ve = Min, loy = Max,
) 2.4 \
ViL = Max, Vi = Min
VoL Low Level Output Voltage Vce = Min, Ig. = Max, 03 v
Vi = Min, V)L = Max :
Iy Input Current @ Max Vcc = Max, V) = 5.5V
1 mA
Input Voltage
m HIGH Level Ve = Max, V) = 2.4V MR, Dx 20
Input Current
CP (7,10) 30 LA
S 40
CP Com 60
M LOW Level Vce = Max, v, = 0.3V MR, Dx —400
Input Current CP (7,10) —600
) LA
S —800
CP Com —1200
los Short Circuit Vcc = Max _ _
Output Current (Note 2) 25 25 mA
lec Supply Current Vce = Max 25.3 mA
Note 1: All typicals are at Voo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Switching Characteristics
Vec = +5.0V, Tp = +25°C (See Section 1 for test waveforms and output load)
Symbol Parameter C. = 15pF Units
Min Max
fmax Maximum Shift Right Frequency 5.0 MHz
tPLH Propagation Delay 45 ns
tPHL CPtoQ7orQy 80
tPHL Propagation Delay MR to Q7 110 ns
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Functional Description

The two 8-bit shift registers have a common clock input (pin
9) and separate clock inputs (pins 10 and 7). The clocking
of each register is controlled by the OR function of the sep-
arate and the common clock input. Each register is com-
posed of eight clocked RS master/slave flip-flops and a
number of gates. The clock OR gate drives the eight clock
inputs of the flip-flops in parallel. When the two clock inputs
(the separate and the common) to the OR gate are LOW,
the slave latches are steady, but data can enter the master
latches via the R and S input. During the first LOW-to-HIGH
transition of either, or both simultaneously, of the two clock
inputs, the data inputs (R and S) are inhibited so that a later
change in input data will not affect the master; then the now
trapped information in the master is transferred to the slave.
When the transfer is complete, both the master and the
slave are steady as long as either or both clock inputs re-
main HIGH. During the HIGH-to-LOW transition of the last
remaining HIGH clock input, the transfer path from master
to slave is inhibited first, leaving the slave steady in its pres-
ent state. The data inputs (R and S) are enabled so that new
data can enter the master. Either of the clock inputs can be
used as clock inhibit inputs by applying a logic HIGH signal.

Logic Diagram

Each 8-bit shift register has a 2-input multiplexer in front of
the serial data input. The two data inputs DO and D1 are
controlled by the data select input (S) following the Boolean
expression:

Serial data in: Sp = SD0O + SD1

An asynchronous master reset is provided which, when acti-

vated by a LOW logic level, will clear all 16 stages indepen-
dently of any other input signal.

Shift Select Table
Inputs Output
S Do D1 Q7 (tnh+8)
L L X L
L H X H
H X L L
H X H H

HIGH Voltage Level

Immaterial

H=

L = LOW Voltage Level

X =

n+8 = Indicates state after eight clock pulse

TL/F/10200-3
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93L.34
8-Bit Addressable Latch

General Description Features

The 93L34 is an 8-bit addressable latch designed for gener- Serial to parallel capability

al purpose storage applications in digital systems. It is a Eight bits of storage with output of each bit available
multifunctional device capable of storing single line data in Random (addressable) data entry

eight addressable latches, and being a one-of-eight decoder Active high demultiplexing or decoding capability
and demultiplexer with active level HIGH outputs. The de- Easily expandable

vice also incorporates an active LOW common clear for re- Common conditional clear

setting all latches, as well as, an active LOW enable.

Connection Diagram Logic Symbol
Dual-In-Line Package 14 13
- ¢ I
A0t 16 f=Veo E D
Al—2 15 Lc_v. 1 =40
A2—3 14—E 2 —A1l
00— 4 13§D 3 ——1A2
CL Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
01-45 12 =07
02—6 11f—06 ? I I
037 10l=0s 15 4 6 7 10 11 12
GND—8 al-o04 TL/F/10201-2
Vec = Pin 16
GND = Pin 8

TL/F/10201-1
Order Number 93L34DMQB or 93L34FMQB
See NS Package Number J16A or W16A

Pin Names Description
AO0-A3 Address Inputs

D Data Input

E Enable Input (Active LOW)
[e]N Clear Input (Active LOW)
Qo-Q7 Parallel Latch Outputs
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93L34

Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range

Military —55°Cto +125°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter 93L34 (Mil) Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \"
VIH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 \
loH High Level Output Voltage —400 RA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —565 125 °C
ts (H) Setup Time HIGH, Dto E 45 ns
th (H) Hold Time HIGH, D to E -5 ns
ts (L) Setup Time LOW, Dto E 45 ns
th (L) Hold Time LOW,Dto E -7 ns
ts (H) Setup_Time HIGH or LOW 10 ns
ts (L) AptoE 10
tw (L) E Pulse Width LOW 26 ns
tw (L) CL Pulse Width LOW 35 ns

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vee = Min, |j = =10 mA -1.5 \"
VoH High Level Output Voltage Vee = Min, loy = Max, 24 v
VL = Max, Viq = Min ’
VoL Low Level Output Voltage Vee = Min, lgL = Max, 0.3 v
ViH = Min, V)i = Max )
I Input Current @ Max Vco = Max, V| = 5.5V
1 mA
Input Voltage
1 High Level Input Current Vee = Max, V| = 2.4V Inputs 20 pA
E 30
e Low Level Input Current Vce = Max, V) = 0.3V Inputs —04 mA
E —-0.6
los Short Circuit Vce = Max (Note 2) —25 —25 mA
Output Current
lcc Supply Current Vcc = Max (Note 3) 21 mA

Note 1: All typicals are at Vgg = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.
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Switching Characteristics vec = +5.0v, Ta = +25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Co = 15pF Units
Min Max
tPLH Propagation Delay 45 ns
tpHL EtoQq 42
tPLH Propagation Delay 65 ns
tPHL DtoQp 45
tpLH Propagation Delay 66 ns
tPHL Apto Qn 66
tPHL Propagation Delay
TLtoQy 55 ns
Functional Description
The 93134 has four modes of operation which are shown in Mode Select Table
the Mode Select Table. In the addressable latch mode, data - p—
on the data line (D) is written into the addressed latch. The E|c Mode
addressed latch will follow the Data input with all non-ad- L H Addressable Latch
dressed latches remaining in their previous states. In the H H Memory
memory mode, all latches remain in their previous state and L L Active HIGH 8-Channel Demuitiplexer
are unaffected by the data or address inputs. To eliminate H L Clear
the possibility of entering erroneous data into the latches,

the Enable should be held HIGH while the Address lines are
changing. In the 1-of-8 decoding or demultiplexing mode,
the addressed output will follow the state of the D input with
all other outputs in the LOW state. In the clear mode all
outputs are LOW and unaffected by the address and data
inputs. When operating the 93L34 as an addressable latch,
changing more than one bit of the address could impose a
transient wrong address. Therefore, this should only be
done while in the memory mode.
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Truth Table

__ _ Inputs Outputs Mode
CL E A0 A1l A2 Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7

L H X X X L L L L L L L L Clear

L L L L L D L L L L L L L Demultiplex
L L H L L L D L L L L L L

L L L H L L L D L L L L L

() L] L] L] L] L] L] L] L L] L] L] L]

L] (] L] L] L] L J L] L ] L] L] L] L] L]

L L H H H L L L L L L L L

H H X X X Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Memory

H L L L L D Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Addressable
H L H L L Qt-1 D Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Latch

H L L H L Qt-1 Qt-1 D Qt-1 Qt-1 Qt-1 Qt-1 Qt-1

L] L] L] [ ] L[] L L] L] L] L] (] L] L]

L] [ ) () L] L] L] L] L[] L] L] L] L] L]

H L H H H Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 D

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Qt-1 = Previous Output State
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Logic Diagram

A2

Al

A0

I

b Q7

b Q6

)— Q5

—DorPo

— Q3

—Do11o

JI

b Q2

b— Q1

}— Q0

TL/F/10201-3
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93L38

8-Bit Multiple Port Register

General Description

The 93L38 is an 8-bit multiple port register designed for high

Features

speed random access memory applications where the abili- read without race problems

ty to simultaneously read and write is desirable. A common

use would be as a register bank in a three address comput- one of eight bit positions

er. Data can be written into any one of the eight bits and

read from any two of the eight bits simultaneously. The cir-
cuit uses TTL technology and is compatible with all TTL

families.

W Master/slave operation permitting simultaneous write/
m Simultaneously read two bits and write one bit in any

m Readily expandable to allow for larger word sizes

Connection Diagram Logic Symbol
Dual-In-Line Package
N
Bo—y1 161=Vec 151413 1 2 3 9 7 6
BI—2 15[=4o Lttt i1t
B2—3 141—At1 AO A1 A2 BO B1 B2 CO C1 C2
28— 4 13p=A2 12 =—1DA
=5 12=DA 11 =1 CP
C2—6 11f=CP 10 =QJSLE
c1—{7 10}=S5LE b e
GND=18 9p=Co I '
4 5
TL/F/10202-1 TL/F/10202-2
Order Number 93L.38DMQB or 93L38FMQB Vee = Pin16
See NS Package Number J16A or W16A GND = Pin8
Pin Names Description
AO0-A2 Write Address Inputs
DA Data Input
B0-B2 B Read Address Inputs
Co0-C2 C Read Address Inputs
CP Clock Pulse Input (Active Rising Edge)
SLE Slave Enable Input (Active LOW)
zB B Output
ZC C Output

5-74




©
W
Absolute Maximum Ratings (note) 9
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values b
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage 7v parametric values defined in the “Electrical Characteristics”
Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings.
P X g . . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
Military —55°Cto +125°C
Storage Temperature Range —65°Cto +150°C
Recommended Operating Conditions
Symbol Parameter 93138 (MIL) Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
VIH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 \"
loH High Level Output Current —400 rA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating _55 195 c
Temperature
ts (H) Setup Time HIGH or LOW 30 ns
ts (L) Da to CP 22
th (H) Hold Time HIGH or LOW 0 ns
th (L) Dato CP —4.0
ts (H) Setup Time HIGH or LOW 0 ns
ts (L) Anto CP 0
th (H) Hold Time HIGH or LOW 0 ns
th (L) AntoCP 0
tw (H) CP Pulse Width HIGH or LOW 40 ns
tw (L) 30
Electrical Characteristics overrecommended operating free air temperature (unless othewise noted)
Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
Vi Input Clamp Voltage Ve = Min, | = =10 mA -1.5 \"
VoH High Level Output Vee = Min, loy = Max, 24 v
Voltage ViL = Max, Vig = Min ’
VoL Low Level Output Vee = Min gL = Max 03 v
Voltage ViH = Min, V). = Max ’
I Input Current @ Max Vec = Max, V) = 5.5V
1 mA
Input Voltage
i High Level Input Current Vce = Max, V) = 2.4V 50 LA
i Low Level Input Current Vce = Max, V| = 0.3V -2 mA
los Short Circuit Voe = Max _ _
Output Current (Note 2) 25 25 mA
lcc Supply Current Ve = Max (Note 3) 70 mA
Note 1: All typicals are at Vgg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all input grounded.
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Switching Characteristics voc = +5.0v, Ta = +25°C (See Section 1 for Test Waveforms and Output Load

Symbol Parameter C. = 15pF Units
Min Max

tPLH Propagation Delay 68 ns
tPHL BnorCporZ, 95

tPLH Propagation Delay 70 ns
tpHL DatoZ, 92

tPLH Propagation Delay 65 s
tPHL CPtoZ, 57

Functional Description

The 93L38 8-bit multiple port register can be considered a
1-bit slice of eight high speed working registers. Data can be
written into any one and read from any two of the eight
locations simultaneously. Master/slave operation eliminates
all race problems associated with simultaneous read/write
activity from the same location. When the clock input (CP) is
LOW data applied to the data input line (Da) enters the
selected master. This selection is accomplished by coding
the three write input select lines (A0O-A2) appropriately.
Data is stored synchronously with the rising edge of the
clock pulse.

The information for each of the two slaved (output) latches
is selected by two sets of read address inputs (B0O-B2 and
C0-C2). The information enters the slave while the clock is
HIGH and is stored while the clock is LOW. If Slave Enable
is LOW (SLE), the slave latches are continuously enabled.

DA

The signals are available on the output pins (Zg and Zg).
The input bit selection and the two output bit selections can
be accomplished independently or simultaneously. The data
flows into the device, is demultiplexed according to the state
of the write address lines and is clocked into the selected
latch. The eight latches function as masters and store the
input data. The two output latches are slaves and hold the
data during the read operation. The state of each slave is
determined by the state of the master selected by its associ-
ated set of read address inputs.

The method of parallel expansion is shown in Figure A. One
93L38 is needed for each bit of the required word length.
The read and write input lines should be connected in com-
mon on all of the devices. This register configuration pro-
vides two words of n-bits each at one time, where n devices
are connected in parallel.

D1

CLOCK

A INPUT
SELECT

vVvYVvyvvw

)

&

L Da CP SLE Da CP SLE
A0 L1 a0
Al A Al B
A2 A2
B0 93L38 go  93L38
8-BIT 8-BIT
Bl MULTIPLE B MULTIPLE eoeo
g2 PORT p2  PORT
REGISTER REGISTER
co c0
c1 cl
—] c2 —] C2
B B
g ouTPUT >
SELECT —
»
¢ OUTPUT .
SELECT ”
>
Ba Bb Ca Cb
B WORD C WORD

TL/F/10202-4

FIGURE A. Parallel Expansion
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96L02

National
Semiconductor

96L02

Dual Retriggerable Resettable

Monostable Multivibrator

General Description

The 96L02 is a dual TTL monostable multivibrator with trig-
ger mode selection, reset capability, rapid recovery, inter-
nally compensated reference levels and high speed capabil-
ity. Output pulse duration and accuracy depend on external
timing components, and are therefore under user control for
each application. It is well suited for a broad variety of appli-
cations, including pulse delay generators, square wave gen-
erators, long delay timers, pulse absence detectors, fre-
quency detectors, clock pulse generators and fixed-frequen-
cy dividers. Each input is provided with a clamp diode to
limit undershoot and minimize ringing induced by fast fall
times acting on system wiring impedances.

Features

m Retriggerable, 0% to 100% duty cycle

m DC level triggering, insensitive to transition times
® Leading or trailing-edge triggering

m Complementary outputs with active pull-ups

m Pulse width compensation for AVgc and ATa

® 50 ns to o output pulse width range

m Optional retrigger lock-out capability

W Resettable, for interrupt operations

Connection Diagram

Dual-In-Line Package

cx1~{1 ~ 16=Vec
RX1=— 2 15}=cx2
th1—3 14 |=RX2
=4 13 }=CD2
To—5 12~11
Q1—16 11f=To
a7 10f~q2
GND—18 ] 373

TL/F/10203-1
Order Number 96L02DMQB or 96L.02FMQB
See NS Package Number J16A or W16A

Logic Symbol

X
RX Veo
(15) 1T-I iz (14) 16
(12 4 Q 6 (10)
(11) 5j >

-
f=l]

o—— 7 (9)
cD

(13) 3
TL/F/10203-2
Vec = Pin 16
GND = Pin8

Pin Names Description

[} Trigger Input (Active Falling Edge)
i} Trigger Input (Active Rising Edge)
Cp Direct Clear Input (Active LOW)

Q Positive Pulse Output

Q Complementary Pulse Output
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Absolute Maximum Ratings (ote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7V parametric values defined in the “Electrical Characteristics”
Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings.
X . ! The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
Military —55°Cto +125°C

Storage Temperature Range —65°C to +150°

Recommended Operating Conditions

Symbol Parameter Conditions 96L02 (MIh Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \"
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.7 "
IoH High Level Output Current 0.36 mA
loL Low Level Output Current 4.8 mA
Ta Free Air Operating Temperature —55 125 °C
tw (L) Minimum Input Pulse Vce = 5.0V 50 ns
tw (H) Width, 11,10
tw (min) Minimum Output Pulse Width at Q, Q Voo = 5.0V, Rx = 20 kQ
10 300 ns
Cx = 0,C_ = 15pF
tw Output Pulse Width, Q,Q Voe = 5.0V, Rx = 39kQ
Cx = 1000 pF 11.5. 14.2 s
Rx Timing Resistor Range 100 kQ
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vec = Min, I = —10 mA -1.5 \%
VoH High Level Output Voltage Vcc = Min, Ioy = Max,
" 2.4 '
VL = Max, Viq = Min
VoL Low Level Output Voltage Vce = Min, loL = Max, 03 v
ViL = Min, VL = Max :
I Input Current @ Max Vee = Max, V| = 5.5V
1 mA
Input Voltage
i1 High Level Input Current Vec = Max, V) = 2.4V 20 pA
R Low Level Input Current Vcec = Max, V) = 0.3V —-0.4 mA
los Short Circuit Output Current Vcec = Max (Note 2) -2.0 —13.0 mA
lcc Supply Current Vcc = Max (Note 3) 16 mA

Note 1: All typicals are at Vo = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and ali inputs grounded.
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96L02

Switching Characteristics vec = +5.0v, Ta = +25°C

Symbol Parameter Conditions Min Max Units

tpLH Propagation Delay 10 to Q, Voo = 5.0V, Rx = 20 kQ 75 ns
MtoQ Cx =0,C_ = 15pF

tpHL Propagation Delay 10 to Q, Vce = 5.0V, Rx = 20 kQ 62 ns
11t0Q Cx =0,C_ = 15pF g

tpLH Propagation Delay CD to Q, Vee = 5.0V, Rx = 39 kQ 100 ns

tPHL CDhtoQ Cx = 1000 pF

Functional Block Diagram

Operation Notes

1. TRIGGERING—can be accomplished by a positive-going
transition on pin 4 (12) or a negative-going transition on
pin 5 (11). Triggering begins as a signal crosses the input
ViL:ViH threshold region; this activates an internal latch
whose unbalanced cross-coupling causes it to assume a
preferred state. As the latch output goes LOW it disables
the gates leading to the Q output and, through an invert-
er, turns on the capacitor discharge transistor. The invert-
ed signal is also fed back to the latch input to change its
state and effectively end the triggering action; thus the
latch and its associated feed-back perform the function of
a differentiator.

The emitters of the latch transistors return to ground
through an enabling transistor which must be turned off
between successive triggers in order for the latch to pro-
ceed through the proper sequence when triggering is de-
sired. Pin 6 (11) must be HIGH in order to trigger at pin 4
(12); conversely, pin 4 (12) must be LOW in order to trig-
ger at pin 5 (11).

2. RETRIGGERING—In a normal cycle, triggering initiates a

rapid discharge of the external timing capacitor, followed
by a ramp voltage run-up at pin 2 (14). The delay will time
out when the ramp voltage reaches the upper trigger
point of a Schmitt circuit, causing the outputs to revert to
the quiescent state. If another trigger occurs before the
ramp voltage reaches the Schmitt threshold, the capaci-
tor will be discharged and the ramp will start again without
having disturbed the output. The delay period can there-

(]

>

TL/F/10203-3

fore be extended for an arbitrary length of time by insur-
ing that the interval between triggers is less than the de-
lay time, as determined by the external capacitor and re-
sistor.

NON-RETRIGGERABLE OPERATION—Retriggering can
be inhibited logically, by connecting pin 6 (10) back to pin
4 (12) or by connecting pin 7 (9) back to pin 5 (11). Either
hook-up has the effect of keeping the latch-enabling tran-
sistor turned on during the delay period, which prevents
the input latch from cycling as discussed above in the
section on triggering.

OUTPUT PULSE WIDTH—AnR external resistor Ry and an
external capacitor Cx are required, as shown in the func-
tional block diagram. To minimize stray capacitance and
noise pickup, Ry and Cx should be located as close as
possible to the circuit. In applications which require re-
mote trimming of the pulse width, as with a variable resis-
tor, Ry should consist of a fixed resistor in series with the
variable resistor; the fixed resistor should be located as
close as possible to the circuit. The output pulse width ty
is defined as follows, where Ry is in kQ, Cx is in pF and
tw is in ns.

tw = 0.33 RxCx (1 + 3/Ry) for Cx > 103 pF

20 k@ < Ry < 100 kQ for —55°C to +125°C

Cx may vary from 0 to any value. For pulse widths with Cx
less than 103 pF see Figure a.
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Operation Notes (Continued)

5. SETUP AND RELEASE TIMES—The setup times listed

below are necessary to allow the latch-enabling transistor

to turn off and the node voltages with

in the input latch to

stabilize, thus insuring proper cycling of the latch when
the next trigger occurs. The indicated release times
(equivalent to trigger duration) allow time for the input
latch to cycle and its signal to propagate.

t —-l |.,
25V 25v

7

s

=

PIN 6 (10) 7' 7'

Input to Pin 5 (11)
Pin4 (12) = L
Pin3(13) = H

ot

TL/F/10203-4

e

7' PIN 6 (10) ]l

t1,t4 = SETUP TIME > 60ns 12,3 = RELEASE TIME > 60ns

Input to Pin 4 (12)
Pins 5 (11) and 3 (13) = H

TL/F/10203-5

6. RESET OPERATION—A LOW signal on Cp, pin 3 (13),

will terminate an output pulse, causing Q to go LOW and
Q to go HIGH. As long as Cp is held LOW, a delay period
cannot be initiated nor will attempted triggering cause
spikes at the outputs. A reset pulse duration, in the LOW
state, of 25 ns is sufficient to insure resetting. If the reset
input goes LOW at the same time that a trigger transition
occurs, the reset will dominate and the outputs will not
respond to the trigger. If the reset input goes HIGH coin-
cident with a trigger transition, the circuit will respond to
the trigger.

96L.02 Pulse Width vs Ry and Cx

02
"8

“

: 7,

y

S 1 A4

L g_—_RX=200k.Q.- - ,//

2 4R = 120k~ LS,

g 25 A/

=) /|

E 1g . /

S ¢ ™S NRK = 80K

e N NRK = 30k
o b HRX = 20kQ

10 2 468y 2 458102 2 455103

CX = TIMING CAPACITANCE = pF

TL/F/10203-6
FIGURE a
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Typical Characteristics

twvsVce tw(min) VS T twvs Ta
2 150 102
E 12 [ ! RN g T
9 Ty = 25% E I 5 C Ve = 50¢
[T | RX = 39ka 125 }— ENTARY 101 RX = 39k
2 11— cx = 1000pF 4 ooy a ANELE IOODpF_(
; o PR S| b N
3 1w 100 — 2 10 LA
e . 8 e
3 Ve =50v g
z .| |R=20a
= 7 prodai § 099
g T
1]
x F ' I F 098
0 45 S50 55 60 5 =5 % 5 125 “T5 =50 =25 0 25 50 75 100 125
Vog = SUPPLY VOLTAGE = ¥ Tp = AMBIENT TEMPERATURE = °C To = AMBIENT TEMPERATURE = °C
TL/F/10203-7
rwo ns—+]
INPUT PULSE
1.5V f e 25 kHz
Vin Amp = 3.0V
Width = 100 ns
_..QPLH’._ =1t <10ns
1.5V
vQ
_ | tw
vQ
1.5V
— tPHL"_
TL/F/10203-8
FIGURE b
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National
Semiconductor

20 Terminal Ceramic Leadless Chip Carrier (E)
NS Package Number E20A

0.200£0.005
{5.080£0.127) 08010 127)

0 350 +0. ODB

< (8.09020.203) |
(1 11.600—1.905) MIN TYP

All dimensions are in inches (millimeters)

450 x 0.01520.010
™ {0.381£0.258)
0.015
e 0530075 0.381) _/ 0.007-0.011

(0 178-0.279)
N RTYP
%o:z 0.028
= {0.559—0.719)
0.077-0.093 Pm " = r TYP
(1.959—2.362) ‘ woex %
! = T l
0.045 - 0.055
. 143 1 397]J A T
nmn. A 0.067 -0.083 T_ 0.045-0.055
(1.702-2.108) l 1.143-1.307)
Top View Side View e e
450 % 0.04020.010
(1.016+0.254)
3PLCS
Bottom View
0.015
(::% {0.381)
MIN TYP MAX TYP
0022 A T
(ussg)—» | —— m
MAX TYP {0.152)
MIN TYP
Detail A
E20A (REV D)
14 Lead Ceramic Dual-In-Line Package (J)
NS Package Number J14A
0785
(19 939)
0025 [13]_[12] m [o] =] [41
‘0'::58 1.220-0.310
(5.588-7.878)
Ll 2f o] Laf Is] 1ef 2]
0.290-0.320 0005 _, 0.200
(7.366-8.128) 10-'1,5;‘) "emss 0.060 +0.008 {5.080)
j SEALANT fg24=012m) | MAX 9,020-0.060
0.180 — 1 (0.503;1.524)

wsm) " ]
95° 15° 26°94° TYP
10 max 0.008-0.012

i

(2.489)
MAX BOTH ENDS 0.100 +0.010

{2.540 x0.254)

0310-0410 | (©203-0.305)
l-"(um-umn"I 0.008 L_ (::;: i: :g:) |« | 0125-0200
- (3.175-5.080)

0.150

(3.81)
MIN J14A (REV G)

suoisuawiq jesisfyd
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Physical Dimensions

16 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J16A
| 0.785
{19.839)
| i
0025 fel [i5] (a] 3] [7] [i7] 6] [9]
{0.635)
RAD 0.220-0.310
{5.588—7.6874)
T T2y o7 e o) o] T B
0.005-0.020
0.127—0.508)
RAD TYP
GLASS
SEALANT 0200
5.080)
0.290~0.320 0.005__| 0.055 +0.005
{7.366-8.128) " o 1 {1397 £0.127) = "™ s
tr 1 N i — 0
f i TH, |
0.180 o 1o 0.008—0.012
57 /’/ 95045 {0.203—0.305) ]r 1’3’9 9°
MAX TYP
’J L (2"0_;'2'; ’ omainuna 0.125-0.200 0.0200.060
0.310 - 0.410 ! {0.957£0.076) 076) {3.175—5.080) (0.508—1.524)
{7.874—10.41) =]
ENDS 0.100:+0.010 0.037 +0.005
2.500%0.258) {0,940 £ 0.127)
J16A (REV K)
20 Lead Ceramic Dual-In-Line Package (J)
NS Package Number J20A
0985
0025 (25 g
{0.635)
RAD lﬂmlﬂﬁﬁﬂﬁﬂﬂlﬂl—lﬂ
0.220-0.310 \_\D__
(5.588—7.874) '
[T T2 Tol Te] U] Lo [f Lo L] Tof
0.005-0.020
{0.127-0.508)
RAD TYP 0.037+0.005
> t" {0.540£0.127)
0.005 0.055:+0.005
0480 0.290-0.320 1 vz {1397 £0.127) = p.020-0.050
s rm’l GLASS SEALANT l MIN {0508—1.524)

\
ju -] ™
& | B

i

95° +5° 86° 94° Aoiso
0.008—0.012 (3.810) 0.125-0.200
0.008-0.012 MIN  (3.175-5.080)
{0.203-0.305)
L_oaw 0.410 0.060 oow8x0.008 __ ||
eTa—10.47) {.520) {0.45720.076)
B0TH ENDS 0.100+0.010

(2.540£0.254)

J20A (REV M)
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24 Lead Ceramic Dual-In-Line Package (J)

NS Package Number J24A
1290
— 0.600
(3'3'}7‘?(5) _m
m@ﬁﬂrﬁlmmmmm s
~
0.025
{0:635)
HAD\§ 0.514-0.526
(13.06-13.36)
oﬂau_uossfuuuuuuuuuuuu
0.762-1.397)
RAD TYP
0.180
0.590-0.620 0.005 GLASS 0.055 +0.005 4572)
{14.986-16.748) (0.127) SEALANTY  {1357.0.020) | | "X 0.020-0.070
MIN T AN ] e
7 ) ; = (0.508'-1.775)
95" 15" 0.008-0.012 ! )
0585 +0.025 (0.203-0.305)
_M’_~.._.| UL R 0018 :0.003 g 125920 0.150
o 10635 {289 | 0.100 :0.010 J L "i (0457 +0.076) 94" (3175_5.080) et
1740 co MAX {2540 10.254) ™ MIN MIN
J24A (REV H)
24 Lead Ceramic Dual-In-Line Package (J)
NS Package Number J24F
0.025 1200
iws3s) A0 @z MAX
0315 max
(8.001) GLASS MAX
0.030-0.055
(0.762-1.397)
GLASS 00600005 . .y RADTY  hae0-0320
SEALANT {1528 20.127) 0.020-0.070 7.366-8.126)
@50-1.778)
0,180 A 0.225
{as12) H (6.715)
_M*AX \ MAX
Vi , £, 0.008-0.012
86° 04° | ¢ ET {0.203-0.305)
e e
oms MAX 0.100 0,010 0.018 +0.003 .l 0125 0.310-0410 .l
AT gyps {254 0254} R {0457 0,076 e @175) {874-10an

J2FREY G)
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Physical Dimensions

14 Lead (0.150"” Wide) Molded Small Outline Package (M)
NS Package Number M14A

0.335-0.344
{8.509—8.738)

14 13 12 11 10

FAAAAA D

0.228 ~0.244

(smlsmy ,O £
w4 T T T U/ L

t 2 3 4 5 6 7

0.010 yax
10.258)
0.150-0.157
> EE0-2.988
0.010-0.020 0.053-0.069
10.258-0.508) <"~ . 1346-1.753)
8° MAX TYP i 0.004 -0.010
ALLLEADS — (u 102-0.254)

f I T PLANE
0.008—0.010 n.lm ™ u a0z
{0.203-0.258) | 0.016-0.050 035 < =220 Tve
TYP ALL LEADS 0.004 = 0.406-1.270) {1.210) oom {0.356—0.508)
0y

(0.102) TYP ALL LEADS
ALL LEAD TIPS M14A (REV H)

14 Lead (0.300” Wide) Molded Small Outline Package (M)
NS Package Number M14B

0.346-0.362
(8.788-9. 195)

14 13 12 11 10

iEERREE:

0.01-10.64)
0 e — O
LilikiRikiki
12 3 4 5 6

7
0.027 l
o 1 I
0.291-0.208
{1:391-7.59) .
0.083-0.104
0.017 2083048
— o X45° 2.382~2.642
0.009-0.013 "‘ W) (2.362°-2.642) ——
{0.229-0.330) 0040,
8° MAXTYP T30
TYPALL LEADS ALL LEADS ] ¢ ‘ )
v e - v ) | 4 SEATING
\ “T- 0.037-0.044 T PLANE
0.960-1.118)
0008 0.030-0.050 0.050 00140018 e
0.102) > gaee—1.270) .21 > {0356 -0.483)
ALL LEAD TYP AL LEADS v
TIPS

M14B (REV D)
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16 Lead (0.150” Wide) Molded Small Outline Package (M)
NS Package Number M16A

0.386-0.384
{9.604-10.00)

16 15 14 13 12 1 10

AAAANDAD

suoisuawiq [eaisAud

0.228-0.244 a0°
{5.7916.199) Tvp
LEADNO.1 /71 2 3 4 5 6 1 8 }
IDENT 0.010 yay
{0.254)
0.150-0.157
Beto—agm |
0.010-0.020 0.053 -0.069
0.25a—0.508) *45° ™ {1:346-1.753) 0.004—0.010
8° MAX TYP (0.102-0.254)
ALL w\ns . —
-L—my ————————— SEATING
f } PLANE
0.008-0.010 LN 0.014-0.020 1y,
{0.203-0.254) %%2—2:% (0.336) {0,356 —0.508) g
TYP ALL LEADS { )
0 TYP ALL LEADS 0.008 o
10.102) (0.203) MI16A (REV H)
AL mn nps

16 Lead (0.300” Wide) Molded Smali Outline Package (M)

NS Package Number M16B
0.338-0.413
(1011 -10.50) ~
rAAAAAAEA
0.394-0.419
{10.01-10.64)
LEAD NO. 1 .
IDENT ™} O e Ti"’
1 2 3 4 5 6 7 8
0.010 yax
(0.258)
0.291-0.298
‘ (1381-7.5%3) 0.093-0.108
la— (:'_2152:::%3, xd5° {2.362-2.62)
0.009-0.013 * 0.004-0.012
{0.229-0.330) > i oadnd ST
TYP ALL LEADS A a,,._'fﬁssp {0.102-0.303)
SEATING |50 A _
* \+~ PLANE f I f
™ 0014,
|, 0.016-0.050 0.356) 0.050 onu-n 0.014-0.020 1yp
m‘&:ﬁm < 0405 -1.270) <_(1 2n) 0.356-0.508)
TP ALL LEADS 0008 1y
(0.203) M18B (REV £)
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Physical Dimensions

20 Lead (0.300" Wide) Molded Small Outline Package (M)
NS Package Number M20B

0.495-0.512
{12.598—13.005)

—_—

19 18 17 16 15 ¥4 13 12 1

AARARAMAGS

0.394-0.419
{10.008—10.643)

’O 30°TYP

tenono.1_L—1
DENT
v JUBUHYEE
1 2 3 4 5 6 7 8 § 10
0.010 gy
{0.254)
0.281-0.289
) {7.391-7.5%)
0.010-0.029 0.093-0.104
{0.254-0.737) ¥ %" "_ {2.362-2.642)

8° MAX TYP \ | 0.004-0.012

ALL LEADS -L (0.102-0.305)
v ] V

L—— —H=H=f= SEATING

'f T } PLANE
0.009-0.013 o004 / \F 001 }
20w (0.102) _,1 | 0:016 -0.050 0356 —>| e 2050 0.014-0.020 yyp
TV ALL LEADS ALL LEAD TIPS (‘n',;n“sL [ 15:& (l$) v (0.356 —0.508)

(0. 203]“’ M08 (REV F)
24 Lead (0.300” Wide) Molded Small Outline Package (M)
NS Package Number M24B
0.595-0.612
(15.14-15.54)
P ARARARARAAG
0.394-0.419 >
{10.01-10.64)
i —O
pouuununant
AN
0.686)
0.291-0.289
‘7‘”"1‘::’7 0.037-0.044  0.093-0.104

_— w:m)—»l - 0840-1.1%) (2.362—2.642)
2.009-0.013 x45°
0.229-0.330) 0.004-0.012
TYP ALL LEADS 0°-8° TYP ALL LEADS {0.102=0.305)

v ' f i

’ L Lt Pl -

0.004 (0.762-1.270) (1 270) (0.356—0.483)
0.102) TYP ALL LEADS e
ALL LEAD TIPS

M2¢8 (REV C1
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14 Lead Molded Dual-In-Line Package (N)

NS Package Number N14A
0.740-0.770
(18.80—19.56)
BT I
(2.286)

suoisuawiq [eaisAud

[14] [73] [f2] [7] [io] [5] g___T INDEX
A sztos e
./

{6.350£0.254)
i PINND. 1 _/’

PNNOY T
IDENT ] (2] (3] (4] i8] 11T IDENT 1] 2] 13

0.092 0.030 MAX
(2.337) (0.762) DEPTH
OPTION 1 OPTION 02
0.1350.005
0.13520.005 0.300-0.320
{3.429t0.121) m
0.145-0.200 0.060 . Ty s
{3.683—5.080) | e /\ 3,,‘,;:“ - (1.651)
T \
[ =} —
1
o S50 0.008-0.016
0.020 R 90° +4° TYP TS e om0
(0'.;:8) 0.125-0.150 T oomzoos
i | i o
014 —0.023 ; .
oa—osey — 0.100:£0.010 M
0.050:£0.010 {2.54020.254) I ——
> 11.270-0.258) 0.025 100
1016
('155 —0-331) NUA (REV F)
16 Lead Molded Dual-In-Line Package (N)
NS Package Number N16A
0.843-0.870
0.030
i 41-22.10
g [T e
DIANOM now [ _[[@ [ [W [6] [3]
2X) ¥ .
0.250 £0.008
PIN NO. 1 1DENT
° \:.@ @ {6.350 0.121)
0.280 1
e (120~ gg30 Gl 12 T el L] Te] 20 [e]
MIN Pt
oau-oz0 | (G162 0000
{7.620-8.128) 0065  0.060 50 0.130 :0.005
L {i651) “-524)_—] 'TVP_—I l‘_ 3302:0.127) i
i i f 1 =1 - 0.145-0.200
_’_ {3.683-6.080)
95°35° 009-0.015
1000 0.020

(0.229-0.381)

v !
I——-—— 0.075 :0.015 l_ ’“_ 0.018:0.003 0.25-0.140 “"flfu’”
+0.040 — 0.018:0003  D.325-0.119

0.325 {1905 20.381) | {0357 50078 13.175-3.556)
0015

1076 0.100 0,010

(1256 71018) [D.100:0.010

255 _p3g1 {2.530:0258)

N16A (REV E)




Physical Dimensions

16 Lead Molded Dual-In-Line Package (N)

NS Package Number N16E
0.740—0.780
18.80-19.81) >
0.090
g )
fie] [8] [13] [13] [12] [17] [7o}|[3] NOEX
AREA
ey 0.250:0.010
19 | Emozoza
PNND. 1 e PIN NO. 1
IDENT [0 (2] (3] [4] Ls] (e (7] (8l 1DENT
OPTION 01 OPTION 02
0.130:0.005
{3.30220.127) 3";—;'3‘2—'3%
0.145-0.200 0.080 o e 42 TYP 684z L‘:f‘.
{3.683-5.080) > '*—u.m) /'\ OPTONAL < > sy
1 | |
\ 3 Y A
] 0.008-0.016
X 95° £5° S UL
(g—.:% MIN 90° £4° TYP < —» (0.203 —0.406)
0.125-0.150 s
——— 0.030+0.015
(3.175-3.810) —» ‘_——(0.752:&0.351) 4_(23-_:)%_»
0.014-0.023 :
(o.ass—n.su)'_" I~ 0.100:£0.010 MIN
v 2540 20.250)
0.050+0.010 TYP +0.040
azm. ﬂ:.zsa) 0325 p s
+1.016'
(3'255 —0.381) N16E (REV F)
18 Lead Molded Dual-In-Line Package (N)
NS Package Number N18A
0.843-0.870
0092 0030 __(:':::) 2141-22.10)
(2.336) (0.762)
NOM  MAX NOM
DEEP (2 PLCS)
PIN NO. 1 IDENT  0.250 £0.005
\J\. @ (6.350 20.127)
0.280 ‘ I i
7412) O ™I E e
MIN
0.300-0.320 0040
|| T620-8.128) 0.065 . 0.060 0T6) 0.130 +0.005
l Ty 1528) I Tve r_ {3.302:0.127) Y
- } =10 ] [ 0.145-0.200
T_. . Y 13.683-5.080)
o,p0 / © 440 ‘
95°15 oo 0020 f
|<—“-—| 00250015 | l_ __“ 0.018 0,003 0.125-0.140 |("',,:',’f’
03z 1o {0635 20.381) [~ {0457 z0.076) {3.175-3.556)
— 0.100 +0.010
(uss j,g:f) {2,500 20.254)

TYP

N18A (REV E)
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20 Lead Molded Dual-In-Line Package (N)

NS Package Number N20A
| 1.013-1.040
0,082 X 0.030 ‘ {25.73-26.42)
{2337 X0.762) 0.032:+0.005
MAX DP ‘ {081320.127) —2ol (],
RAD
PIN NO. 1 IDENT 0.260 20,005 PN NO. 1 IDENT
0280 (6608 :0.127) - \\.
X OPTION 1 2
: L1]
MIN
0.300-0.320 OPTION 2
{7.620-8.128)
0.060 NOM Q080 ) | OPTION2 — 0.130 0.005
0065  (1528) {i.018) a2 ex {3302 0.127)
) VP VP 302 0.
! \ 0.145-0.200
T L H 7__J_J_ {3.683-5.080)
95%5°_ || 0.003-0.015 90°:0.004° { I
10220-0.381) ' 0020
l VP 0.100£0.010 __I '__ 0.125-0.140  (0.508)
' 0.050 £0.005 {2.500£0.258) 0.0180.003 3.175-3556) MIN
o325 *O0A0 (1524z002) | {0.45720.076)
-5
016
(azss. A JBI)
N20A (REV G)
24 Lead Molded Dual-In-Line Package (N)
NS Package Number N24A
12031270
{31.57-32.26)
281 231 f22| [21] jeof |ie] {8 [17} {16} (15| |[14] 13|
i
i
0.062 | :
s 1| 0.540 :0.005
: {13.716 20.127)
PINNO. 1 IDENT~_ | !
N !
1 2 3 4 5 [] 7 8 9 10 111 |12
DOTTED OUTLINES
REFLECT ALTERNATE
0580 MOLDED BODY CONFIGURATION
an)
- (:':::) 0075
0.600-0.620 MAX o) 0060 En‘_‘:ﬂ 0.160.£0.005
{i523-15.148) R i {1524) “'Tv‘;’*‘ I“ @a.86a:0.127) |
i - [ ] [ \
0.170-0210
’% f ) l / Jia3re-5334)
_/l 0,50 0.008-0.015 <oogse]
95°:5 0.009-0015 6794
o252\ @2-0380 e
| 0015 0.075:0.015 I"‘ bot0003— T o
! ('5 875 ig:?) (1.906 +0.381) ‘.l l‘ 0.100 0. mu (0.457 +0.076) —_(3.175—3.555)
{2540 £0.250)

N24A (REV £)

1a edisAyd

suoisusw
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Physical Dimensions

24 Lead (0.300” Wide) Dual-In-Line Package (N)

NS Package Number N24C
1 1.243-1.270
0.092 (31.57-32.26)
(2.337) MAX
(2PLS)

PIN NO. 1 . 0.260+0.005
IDENT RAD \— (6.604£0.127)

OPTION 2

EJECTOR PINS
OPTIONAL

0.300-0.320 (1.575)
{7.62—8.128)

(1 "‘5) 0.130::0.005
{3:302£0.127) |

K ’—-"-L 0.145-0.200
—

(0.508) ¢ ¢33 —5.080)

0.008—0.015 f .
(0:229-0.381) 0.065 |
s [ 0.125-0.145
+0.040 0.075:+0.015 L __l 0.018:£0.003 ‘“' B X T 3.550)
0325 15 | 4 dwn 1 {045720.076) o
(RS 0.100:0.010 90040 TYP
(2.540.250)
v
N24C (REV F)
28 Lead Plastic Chip Carrier (V)
NS Package Number V28A
6 SPACES AT
0050
1.zm) r—
DIA
VIEW A-A
0.045
ses [T
x45°
0.410-0.430
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Physical Dimensions

20 Lead Ceramic Package (W)
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