




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Operating Rules (Continued) 

B. Use with high inverse leakage current electrolytic ca­
pacitors: 

The diode in this configuration prevents high inverse 
leakage currents through the capacitor by preventing 
an inverse voltage across the capacitor. The use of 
this configuration is not recommended with retriggera­
ble operation. 

t �~� 0.3ACx 

�V�~�(�1�4�)� CC PIN 2 
R Cx 

L(IS) 
,PIN 1 

C. Use to obtain extended pulse widths: 

TL/F/6611-S 

This configuration can be used to obtain extended 
pulse widths, because of the larger timing resistor al­
lowed by beta multiplication. Electrolytics with high in­
verse leakage currents can be used. 

A < Ax (0.7) (hFE 01) or < 2.5 MO, whichever is the 
lesser 

Ax (min) < Ay < Ax (max) 

(5 kO s: Ay s: 10 kO is recommended) 

01: NPN silicon transistor with hFE requirements of 
above equations, such as 2N5961 or 2N5962. 

t �~� 0.3 ACx 

Ry 

vec 1&Ql (14) 

PIN 2 

�~�(�1�S�)� 
Cx PIN 1 

TUF/6611-6 

This configuration is not recommended with retriggera­
ble operation. 

5. To obtain variable pulse width by remote trimming, the 
following circuit is recommended: 

(14) Rx s: RX (Min) 

PIN 2 �~�C�i�.�O�S�E�A�S�- --Is 
...... POSSIBLE TO DEVICE R c: RX (Max) - RX 

(15) .:::r 
PIN 1 

Vee 0---------
TLlF/66"-7 

6. Under any operating condition, Cx and Ax (min) must be 
kept as close to the circuit as possible to minimize stray 
capacitance and reduce noise pickup. 

4-344 

7. Input Trigger Pulse Aules (See Triggering Truth Table) 

2.S v �-�-�+�~�- ...... I 
INPUT ov 

QOUTPUT 

Input to Pin 5(11), 

Pin 4(12) = LOW 

TL/F/6611-B 

(Pin 3(13) = HIGH) 

tl, ts = Min. Positive Input Pulse Width> 40 ns 

t2, 4 = Min. Negative Input Pulse Width > 40 ns 

2.SV 13- 2'sv=kk4 
INPUT 1.5 V 1.5 V ov OV-

--I �~� IpLH I::. 
QOUTPUT --'1.5V fU.v 

Input to Pin 4(12) 

Pin 5(11) = HIGH 

TL/F 16611-9 

(Pin 3(13) = HIGH) 

B. The retriggerable pulse width is calculated as shown be­
low: 

tw = t + tpLH = K Ax Cx (1 + �~�J� + tpLH 

INPUT JlI--_-!rl .... ...-_-..... __ _ 
I-·IW-I 

o OUTPUT �~� IL..-__ 
TL/F/66"-'0 

Th. roIrigg.r pulse width Is .quallo lho pulse width (t) plus a d.lay tim •. For 

pulse widths greater than 500 ns, tw can be approximated as t. Retriggering will 

not occur if the retrigger pulse comes within::::: 0.3 ex (ns) after the initial trigger 

puis. 0 .... during tho discharg. cycl.). 

9. Aeset Operation-An overriding clear (active LOW level) 
is provided on each one shot. By applying a LOW to the 
reset, any timing cycle can be terminated or any new cy­
cle inhibited until the LOW reset input is removed. Trigger 
inputs will not produce spikes in the output when the re­
set is held LOW. 

INPUT 

RESET 

QOUTPUT 

o OUTPUT 

TUF/6611-11 

10. Vee and Ground wiring should conform to good high 
frequency standards so that switching transients on Vee 
and Ground leads do not cause interaction between one 
shots. Use of a 0.01 to 0.1 ",F bypass capacitor be­
tween Vee and Ground located near the DM9602 is rec­
ommended. 

"'For further detailed device characteristics and output performance, please 
refer to the NSC one·shot application note, AN-366. 
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Typical Performance Characteristics 
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FIGURE 1. Output Pulse Width vs Timing Resistance 
and Capacitance for Cx < 103 pF 
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FIGURE 3. Pulse Width vs Timing Resistor 
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FIGURE 5. Minimum Output Pulse Width 
vs Ambient Temperature 
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FIGURE 2. Normalized Output Pulse Width 

:z: 1.10 

~ 
III 1.05 
oJ 
:::I 
I>. 

!:i 
~ 1.00 

o 
Q 

~ 0.95 

; 
i 0.90 

vs Ambient Temperature 

TA = 25'C 
RX = 10 k!l 
Cx = 103 pF ,. 

V 
/' 

, 
/' 

,,/ 
", 

4.0 4.5 5.0 5.5 6.0 

VCC • SUPPLY VOLTAGE (V) 

TLlF/6611-15 

FIGURE 4. Normalized Output Pulse Width 
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i ~National 
~ Semiconductor 
DM96101 
Quad 2-lnput 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 IOL; in the HIGH 
state the IOH current is specified at two levels of VOH. Dur­
ing switching transitions, output current change rate is typi­
cally 4.0 mAIns. 

Connection Diagram 
Dual-In-Llne Package 

GND 

Order Number DM96101N 
Se NS Package Number N14A 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range O'Cto +70'C the conditIons for actual device operation. 
Storage Temperature Range -65'C to + 150'C 

Recommended Operating Conditions 
Symbol Parameter Min Nom Max Units 

Vcc Supply Voltage 4.75 5 5.25 V 

VIH High Level Input Voltage 2 V 

Vil Low Level Input Voltage 0.8 V 

10H High Level Output Current -0.05 mA 

10L 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 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vcc = Min,ll = -12 mA -1.5 V 

VOH High Level Vcc = Min, 10H = Max 
2.4 3.4 V 

Output Voltage Vil = Max 

VOL Low Level Vcc = Min, 10l = 48mA 0.4 
Output Voltage VIH = VIN 10l = 60 mA 0.5 V 

10l = 80mA 0.6 

II Input Current @ Max Vcc = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vcc = Max VIN = 2.4V 40 
p.A 

VIN = 5.5V 1000 

IlL Low Level Input Current Vcc = Max, VIN = O.4V -1.6 mA 

los Short Circuit Vcc = Max -18 -57 mA 
Output Current (Note 2) 

ICCH Supply Current Vcc = Max, VIN = OV 
8.5 mA 

with Outputs High 

ICCl Supply Current Vcc = Max, VIN = Open 
54 mA 

with Outputs Low 

Switching Characteristics at Vcc = 5V and T A = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter Conditions Min Max Units 

tplH Propagation Delay Time Cl = 45pF 
22 ns 

Low to High Level Output Rl = 1200 

tpHL Propagation Delay Time 
25 ns 

High to Low Level Output 

Note 1: All typicals are at Vee = SV, TA = 2S'C. 

Note 2: Not more than one output should be shorted at a time. 
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TTL - Low Power 
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Section 5-TTL· Low Power 
TTL (Low Power)-Mill Aero 
DM54l00 Quad 2·lnput NAND Gate ........•.........•.......................••...... 5·3 
DM54l02 Quad 2·lnput NOR Gate. . . • . . . • . . • . . . . . . . . . • . . • . • • . . . . . • . • . . • . . . . . . . . . . . . . . 5·5 
DM54l04 Hex Inverter. . . . . . . . . . . . . • . . • . . . . • . • . . • . • . . . . • . . • . . . . . . . . . . . . • . . . . . . . . . . . . 5·7 
DM54l 10 Triple 3·lnput NAND Gate. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . 5·9 
DM54l72 AND·Gated Master·Slave J·K Flip·Flop with Preset, Clear, and Complementary 

Outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·11 
DM54l73 Dual J·K Flip·Flop with Clear and Complementary Outputs. ... ... .... . .... .... .. 5·14 
DM54l74 Dual Positive·Edge·Triggered 0 Flip·Flop with Preset, Clear, and Complementary 

Outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·17 
DM54l93 4·Bit Binary Counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·20 
DM54l95 4·Bit Parallel Access Shift Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·23 
DM54l98 4·Bit Data Selector/Storage Register...... ....... .. .. . .. . . .. . . ..... ... ... ... 5·26 
93100 4·Bit Universal Shift Register. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·28 
93101 1·of·10 Decoder ............................................................. 5·33 
93108 Dual 4·Bit latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 5·36 
93109 Dual 4·lnput Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·39 
93110 BCD Decade Counter /4·Bit Binary Counter. .. .. . . .. .. . .. .. . .. . .. .. .. . .. . .. .. .. . . 5·42 
93l 12 8·lnput Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 5·48 
93114 Quad latch. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·52 
93L16 BCD Decade Counter /4·Bit Binary Counter .. . .. .. .. .. .. .. .. . . .. .. .. . .. . .. .. .. .. . 5·42 
93121 Dual 1·of·4 Decoder. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·56 
93122 Quad 2·lnput Multiplexer ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·59 
93124 5·Bit Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·62 
93128 Dual 8·Bit Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·65 
93134 8·Bit Addressable latch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·69 
93138 8·Bit Multiple Port Register... ....... ... ....... .... ...... ... . ... . . . .. ..... ..... 5·74 
96102 Dual Retriggerable Resettable Monostable Multivibrator (One-Shot) ................ 5-78 



~National 
~ Semiconductor 
DM54LOO 
Quad 2-lnput NAND Gates 

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

Connection Diagram 

Dual·ln·Line Package 

Vee B4 A4 V4 B3 A3 V3 

14 13 

Al Bl VI A2 B2 V2 GND 
TL/F/6654-1 

Order Number DM54LOOJ or DM54LOOW 
See NS Package Number J14A or W14B 

5·3 

Function Table 

v = AB 

Inputs 

A B 

L L 
L H 
H L 
H H 

H ~ High Logic Level 

L ~ Low Logic Level 

b 
C) 

Output 

V 

H 
H 
H 
L 

• 



Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Note: The "Absolute Maximum Ratings" am those values 
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and spacHlcations. teed. The device should not be operated at these limits. The 

Supply Voltage 8V perametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table am not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM57L -55·C to + 125·C 

Storage Temperature Range -65·Cto + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
DM54LOO 

Units 
Min Nom Max 

Vec Supply Voltage 4.5 5 5.5 V 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.7 V 

10H High Level Output Current -0.2 rnA 

10L Low Level Output Current 2 rnA 

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 Ouput Vee = Min, 10H = Max 
2.4 3.3 V 

Voltage VIL = Max 

VOL Low Level Output Vee = Min. 10L = Max 0.15 0.3 V 
Voltage VIH = Min 

II Input Current @ Max Vee = Max. VI = 5.5V 
0.1 rnA 

Input Voltage 

IIH High Level Input Vee = Max. VI = 2.4V 
10 p.A 

Current 

IlL Low Level Input Vcc = Max. VI = 0.3V 
-0.18 rnA 

Current 

los Short Circuit Vee = Max -3 -15 rnA 
Output Current (Note 2) 

ICCH Supply Current with Vce = Max 
0.44 0.8 rnA 

Outputs High 

ICCL Supply Current with Vee = Max 
1.16 2.04 rnA 

Outputs Low 

Note 1: All typlcals are at Vee = 5V. TA = 25"C. 

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

Switching Characteristics at Vee = 5V and TA = 25·C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay RL = 4kO 
60 ns 

Low to High Level Output CL = 50pF 

tpHL Propagation Delay 
60 ns 

High to Low Level Output 
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~National 
~ Semiconductor 
DM54l02 Quad 2-lnput NOR Gates 

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

Connection Diagram 
Dual-In-Line Package 

V4 84 A4 V3 

14 13 12 11 10 

VI Al 81 V2 A2 

83 

82 

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

Function Table 
Y=A+B 

Inputs 

A B 

L L 
L H 
H L 
H H 

H ~ High Logic Level 

L ~ Low Logic Level 

5-5 

Output 

Y 

H 
L 
L 
L 

b 
N 

A3 

GNO 
TUF/6656-1 

• 
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9 Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Note: The "Absolute MSJdmum 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 BV parametric values defined in the "£Ieetrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L -55'Cto + 125'C 

Storage Temperature Range - 65'C to + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L02 

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 V 

10H High Level Output Current -0.2 mA 

10l 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) 

VOH High Level Output Vee = Min, 10H = Max 
2.4 3.3 V 

Voltage Vil = Max 

VOL Low Level Output Vee = Min, 10l = Max 
0.15 0.3 V 

Voltage VIH = Min 

II Input Current @ Max Vee = Max, VI = 5.5V 
0.1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 10 ,.,.A 

III Low Level Input Current Vee = Max, VI = 0.3V -0.18 rnA 

los Short Circuit Vee = Max -3 -15 mA 
Output Current (Note 2) 

ICCH Supply Current with Vcc = Max 
O.B 1.6 mA 

Outputs High 

leCL Supply Current with Vce = Max 
1.4 2.6 rnA 

Outputs Low 

Switching Characteristics at Vee = 5V and TA = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay Time RL = 4 kO 
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 Vee = SV. TA = 2s·e. 
Note 2: Not more than one output should be shorted at a time. 
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J?)I 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-Llne Package 

vee A6 V6 AS V5 

14 13 12 11 ID 

Al VI A2 V2 A3 

A4 

V3 

Order Number DM54L04J or DM54L04W 
See NS Package Number J14A or W14B 

Function Table 

Input 

A 

L 
H 

H = High Logic Level 

L = Low Logic Level 

Y=A 
Output 

Y 

H 
L 

5-7 

V4 

GND 
TL/F/6616-1 



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. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L -55'Cto + 125'C 

Storage Temperature Range - S5'C to + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L04 

Units 
Min Nom Max 

Vcc Supply Voltage 4.5 5 5.5 V 

VIH High Level Input Voltage 2 V 

VIL Low Level Input Voltage 0.7 V 

IOH High Level Output Current -0.2 mA 

IOL 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) 

VOH High Level Output Vee = Min, IOH = Max 
2.4 3.3 V 

Voltage VIL = Max 

VOL Low Level Output Vec = Min 
Voltage IOL = Max 0.15 0.3 V 

VIH = Min 

II Input Current @ Max Vcc = Max, VI = 5.5V 
0.1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 10 p.A 

IlL Low Level Input Current VCC = Max, VI = 0.3V -0.18 mA 

los Short Circuit VCC = Max -3 -15 mA 
Output Current (Note 2) 

ICCH Supply Current with Vcc = Max 
O.S 1.2 mA 

Outputs High 

ICCL Supply Current with Vcc = Max 
1.7 3.0S mA 

Outputs Low 

Switching Characteristics at Vcc = 5V and T A = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay Time RL = 4kfi, 
SO ns 

Low to High Level Output CL = 50pF 

tpHL Propagation Delay Time 
SO ns 

High to Low Level Output 

Note 1: All typicals are at Vee = sv, TA = 2S'C. 

Note 2: Not more than one output should be shorted at a time. 
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~National 
~ Semiconductor 
DM54L10 
Triple a-Input NAND Gates 

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

Connection Diagram 
Dual-In-Llne Package 

Bl 

]:4 
Cl VI Cl 

Il 12 11 10 

Al Vl 

-
~ 

Function Table 

1 

Al 

--
~ 

l . 

Bl A2 B2 C2 V2 

Order Number DM54L 10J or DM54L 10W 
See NS Package Number J 14A or W14B 

y= ABC 

Inputs 

A B 

X X 
X L 
L X 
H H 

H = High Logic Level 

L = Low Logic Level 

C 

L 
X 
X 
H 

Output 

Y 

H 
H 
H 
L 

X = Either Low or High Logic Level 
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-I 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. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L - 55'C to + 125'C 

Storage Temperature Range -65'Cto + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L10 

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 V 

10H High Level Output Current -0.2 mA 

10L 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) 

VOH High Level Output Vee = Min,lOH = Max 
2.4 3.3 V 

Voltage VIL = Max 

VOL Low Level Output Vee = Min, 10L = Max 
0.15 0.3 V 

Voltage VIH = Min 

II Input Current @ Max Vcc = Max, VI = 5.5V 
0.1 mA 

Input Voltage 

IIH High Level Input Vee = Max, VI = 2.4V 
10 /LA Current 

IlL Low Level Input Vee = Max, VI = 0.3V 
-0.18 mA 

Current 

los Short Circuit Vee = Max 
-3 -15 mA 

Output Current (Note 2) 

ICCH Supply Current with Vee = Max 
0.33 0.6 mA 

Outputs High 

leeL Supply Current with Vcc = Max 
0.87 1.53 mA 

Outputs Low 

Switching Characteristics at Vee = 5V and TA = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay Time RL = 4kO, 
60 ns 

Low to High Level Output CL=50pF 

tpHL Propagation Delay Time 
60 ns 

High to Low Level Output 

Note 1: All typical. are at Vee = 5V. TA = 25'0. 

Note 2: Not more than one output should be shorted at a time. 
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J?A 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 AN Oed 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 

Connection Diagram 

Vee 

NC 

Dual·ln·llne Package 

PR ClK K3 K2 Kl Q 

Jl J2 J3 GND 

TUF/6629-1 

Order Number DM54l72J or DM54l72W 
See NS Package Number J14A or W14B 

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. 

Function Table 
Inputs 

PR ClR ClK 
J 

(Note 1) 

L H X X 
H L X X 
L L X X 
H H .n.. L 
H H .n.. H 
H H .n.. L 
H H .n.. H 

Note 1: J ~ (Jl)(J2)(J3), K ~ (Kl)(K2)(K3) 

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

Outputs 

K 
Q Q 

(Note 1) 

X H L 
X L H 
X H* H* 
L 0 0 00 

L H L 
H L H 
H Toggle 

J'1.. ~ 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. 
0 0 ~ 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. 
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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 guarateed 
Office/Distributors for availability and specifications. The device should not be operated at these limits. The para· 

Supply Voltage BV metric values defined in the "Electrical Characteristics" tao 

Input Voltage 5.5V 
ble are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L - 55·C to + 125·C 

Storage Temperature Range -65·C to + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L72 

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 Clock 0.6 
V 

Others 0.7 

IOH High Level Output Current -0.2 mA 

IOl Low Level Output Current 2 mA 

felK 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) O,J.. ns 

TA Free Air Operating Temperature -55 125 ·C 

Nate 1: The symbols (t, ,J.) indicate the edge of the clock pulse used for reference: t for rising edge, ,J. for falling edge. 

Note 2: TA = 2S'C and Vee = SV. 
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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 Vee = Min, 10H = Max 
2.4 3.3 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min, 10L = Max 0.15 0.3 V 
Voltage VIL = Max, VIH = Min 

II Input Current @ Max Vee = Max J,K 100 
Input Voltage VI = 5.5V Clear 200 

p.A 
Preset 200 

Clock 200 

IIH High Level Input Vee = Max J,K 10 
Current VI = 2.4V Clear 20 

p.A 
Preset 20 

Clock -200 

IlL Low Level Input Vee = Max J,K -0.18 
Current VI = 0.3V Clear -0.36 

mA 
Preset -0.36 

Clock -0.36 

los Short Circuit Vee = Max -3 -15 mA 
Output Current 

lee Supply Current Vee = Max (Note 2) 0.76 1.44 mA 
Nole 1: All typical. are at Vee = SV, TA = 2S'C. 

Note 2: WHh all outputs open, Icc is measured wHh the a and a outputs high in tum. At the time of measurement the clock Input is grounded. 

Switching Characteristics at Vee = 5V and TA = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter 
From (Input) RL = 4kO,CL = 50pF 

Units 
To (Output) Min Max 

fMAX Maximum Clock Frequency 6 MHz 

tpLH Propagation Delay Time Preset 
75 

Low to High Level Output toO 
ns 

tpHL Propagation Delay Time Preset 
150 

High to Low Level Output toO 
ns 

tpLH Propagation Delay Level Output Clear 
75 

Low to High Level Output toO 
ns 

tpHL Propagation Delay Time Clear 
150 

High to Low Level Output toO 
ns 

tpLH Propagation Delay Time Clock to 
10 75 

Low to High Level Output OorO 
ns 

tpHL Propagation Delay Time Clock to 
10 150 

High to Low Level Output OorO 
ns 
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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 

Jl 

14 

ClK 1 

CLR 

L 

Dual-In-Llne Package 

iiI Ql GND K2 Q2 

13 12 10 

ClR 1 Kl Vee ClK2 ClR2 

Order Number DM54L73J or DM54L73W 
See NS Package Number J14A or W14B 

Inputs Outputs 

CLK J K Q Q 

X X X L H 

ii2 

J2 

H SL L L 00 00 
H SL H 
H SL L 
H SL H 

H = High Logic Level 

X = Either Low or High Logic Level 

L = Low Lagle Lavel 

L H L 
H L H 
H Toggle 

..n.. = 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. 

00 = The output logiC level before the indicated Input condijions were 
established. 

Toggle = Each output changes to the complement of Us previous level on 
each complete high level clock pulse. 
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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 can not 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. 
The "Recommended Operating Conditions" table will define 

Storage Temperature Range -65'C to + 150'C the conditions for actual device operation. 
Operating Free Air Temperature Range 

DM54L -55'C to + 125'C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L73 

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 Clock 0.6 
V 

Others 0.7 

IOH High Level Output Current -0.2 mA 

IOl Low Level Output Current 2 mA 

felK Clock Frequency (Note 2) 0 6 MHz 

tw Pulse Width (Note 2) CloekHigh 100 

Clock Low 100 ns 

Clear Low 100 

tsu Input Setup Time (Notes 1 & 2) ot ns 

tH Input Hold Time (Notes 1 & 2) oJ- ns 

TA Free Air Operating Temperature -55 125 'C 

Nate 1: The symbols (t, J.) Indicate the edge of the clock pulse used for reference: t for rising edge, J. for falling edge. 
Note 2: TA = 2S'C and Vee = SV. 

5-15 



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

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VOH High Level Output Vee = Min, 10H = Max 
2.4 3.3 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Voltage Vee = Min, 10L = Max 0.15 0.3 V 
Voltage VIL = Max, VIH = Min 

II Input Current @ Max Vee = Max J, K 100 
Input Voltage VI = 5.5V Clear 200 p.A 

Clock 200 

IIH High Level Input Vee = Max J,K 10 
Current VI = 2.4V Clear 20 p.A 

Clock -200 

IlL Low Level Input Vee = Max J, K -0.18 
Current VI = 0.3V Clear -0.36 mA 

Clock -0.36 

los Short Circuit Vee = Max -3 -15 mA 
Output Current 

Icc Supply Current Vee = Max (Note 2) 1.5 2.88 mA 
Note 1: All typlcals are at Vee = SV, TA = 2S'C. 

Note 2: With all outputs open, Icc Is measured wHh the Q and ti outputs high in tum. At the time of moasuromen~ tho clock Is grounded. 

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

Symbol Parameter 
From (Input) RL = 4 kfi, CL = 50 pF 

Units 
To (Output) Min Max 

fMAX Maximum Clock Frequency 6 MHz 

tpHL Propagation Delay Time 
CleartoQ 150 ns 

High to Low Level Output 

tpLH Propagation Delay Time 
Clear to Q 75 ns 

Low to High Level Output 

tpLH Propagation Delay Time 
Clock to Q or Q 10 75 ns 

Low to High Level Output 

tpHL Propagation Delay Time 
Clock to Q or Q 10 150 ns 

High to Low Level Output 
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~National 
~ Semiconductor 
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 
of the rising edge of the clock. The data on the D input 

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. 

Connection Diagram 

Function Table 

Oual-In-Llne Package 

CLR Z PR Z Q2 

13 10 

I 

> -
> 

I 

iiI 

Order Number OM54L74J or OM54L74W 
See NS Package Number J14A or W14B 

ilz 

Inputs Outputs 

PR CLR CLK 0 Q Q 

L H X X H L 
H L X X L H 
L L X X H" H" 
H H t H H L 
H H t L L H 
H H L X 00 00 

H = High Logic Level 

X = EHher Low or High Logic Level 

L = Low logic Level 

t = Positive-going transition. 

00 = The oulputloglc level of 0 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, 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. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54l -55'Cto + 125'C 

Storage Temperature Range - 65'C to + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L74 

Units 
Min Nom Max 

VCC Supply Voltage 4.5 5 5.5 V 

VIH High level Input Voltage 2 V 

VIL low level Input Voltage 0.7 V 

IOH High level Output Current -0.2 rnA 

IOl Low level Output Current 2 rnA 

fClK 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) 15t 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: TA ~ 2S'C and Vee ~ SV. 
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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 Vee = Min, 10H = Max 2.4 3.3 V 
Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min, 10L = Max 0.15 0.3 V 
Voltage VIL = Max, VIH = Min 

II Input Current @ Max Vee = Max D 100 
Input Voltage VI = 5.5V Clear 300 

Preset 200 
/loA 

Clock 200 

IIH High Level Input Vee = Max D 10 
Current VI = 2.4V Clear 30 

Preset 20 
/loA 

Clock 20 

IlL Low Level Input Vee = Max D -0.18 
Current VI = 0.3V Clear -0.36 

mA 
Preset -0.18 

Clock -0.36 

los Short Circuit Vee = Max -3 -15 mA 
Output Current 

lee Supply Current Vee = Max (Note 2) 1.6 3 mA 
Nate 1: All typlcals are at Vee = SV, TA = 2S·C. 

Nate 2: With all outputs open, Icc Is measured with the Q and (j outputs high in turn. At the time of measurement, the clock input Is grounded. 

Switching Characteristics at Vee = 5V and T A = 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter 
From (Input) RL = 4 kO, CL = 50pF 

Units To (Output) Min Max 

fMAX Maximum Clock Frequency 6 MHz 

tpLH Propagation Delay Time Preset 
60 

Low to High Level Output toO 
ns 

tpHL Propagation Delay Time Preset 
120 

High to Low Level Output toO 
ns 

IpLH Propagation Delay Time Clear 
60 

Low to High Level Output toO 
ns 

tpHL Propagation Delay Time Clear 
120 

High to Low Level Output toO 
ns 

tpLH Propagation Delay Time Clock to 
10 90 

Low 10 High Level Output OorO 
ns 

tpHL Propagation Delay Time Clock to 
10 120 

High 10 Low Level Oulput OorO 
ns 

• 
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~ ,----------------------------------------------------------------------------, 
~ 
~National 
~ Semiconductor 
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. 

Connection Diagram 

INPUT 
A 

14 

R0(1) 

2 

RO(2) 

Dual-In-Llne Package 

QD 

12 

GND 

111 
Qc 

10 

0 8 

9 

INPUT 
8 

8 

TL/F/6637-1 

Order Number DM54L93J or DM54L93W 
See NS Package Number J14A or W14B 

Features 
• Typical power dissipation 16 mW 
• Count frequency 15 MHz 

Function Tables 

Count 

o 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

COUNT SEQUENCE 
(See Note A) 

Output 

QD Qc Q8 

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

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

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

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

RESET/COUNTTRUTH TABLE (Note B) 

Reset Inputs 

RO(I) RO(2) 

H H 
L X 
X L 

L 

Output 

Qc Qs 

L L 
COUNT 
COUNT 

Note A: Output QA Is connected to Input 8 

Note B: H = High Level. L = Low Level. X = Don·t Cere. 
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Absolute Maximum Ratings (Note) 

If Military/Aerospace specified devices are required, Note: The "Abso/ute 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 "£Iectrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L - 55·C to + 125·C 

Storage Temperature Range - 65·C to + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L93 

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 V 

IOH High Level Output Current -0.2 mA 

IOL Low Level Output Current 2 mA 

feLK 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) 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VOH High Level Output Vee = Min, 10H = Max 
2.4 3.4 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min, 10L = Max 
Voltage VIL = Max, VIH = Min 0.15 0.3 V 

(Note 4) 

II Input Current @ Max Vee = Max Reset 0.1 
Input Voltage VI = 5.5V A 0.2 mA 

B 0.2 

IIH High Level Input Vee = Max Reset 10 
Current VI = 2.4V A 20 poP. 

B 20 

IlL Low Level Input Vee = Max Reset -0.18 
Current VI = 0.3V A -0.36 mA 

B -0.36 

los Short Circuit Vee = Max -3 -15 mA 
Output Current (Note 2) 

Icc Supply Current Vee = Max (Note 3) 5.5 mA 
Note 1: All typlcals are at Vee ~ SV, TA = 2S'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 following momentary connection to 4.SV and all other inputs grounded. 

Note 4: QA outputs are tested at IOL ~ max plus the limit value of IlL for the B input. This permits driving the B input while maintaining full fan..,ut capability. 

Note 5: TA = 2S'C and Vee ~ SV. 
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Switching Characteristics at Vee = 5V and TA = 25°C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter 
From (Input) RL = 4kO,CL = 50pF 
To (Output) Min Max 

fMAX Maximum Clock Frequency AtoOA 6 

tpLH Propagation Delay Time 
AtoOo 

Low to High Level Output 

tPHL Propagation Delay Time 
AtoQo High to Low Level Output 

Logic Diagram 
13 

O-OA 

INPUT A .;.14,;..... ____ -a>CLOCK 

K 

- 9 
J O~~Os 

INPUT B .;.8 ___ -+_-a>CLOCK 

RO(I).~ 
RO(2) 2 f 

K 

10 
J o_~OC 

1......0 CLOCK 

K 

- 12 
J Of-o-Oo 

--< CLOCK 

K 

The J and K Inputs shown without connection are lor rel.rence only and are lunctionally at a high level. 
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~National 
~ Semiconductor 
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 OA toward OD) 
Shift left (the direction OD toward 0A) 

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-Iow transition of the clock-2 input. Dur­
ing loading, the entry of serial data is inhibited. 

Shift right is accomplished on the high-to-Iow transition of 
clock 1 when the mode control is low; shift left is accom­
plished on the high-ta-Iow transition of clock 2 when the 

Connection Diagram 
Dual-In-Line Package 

mode control is high by connecting the output of each flip­
flop to the parallel input of the previous flip-flop (OD 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 
• Typical maximum clock frequency 14 MHz 
• Typical power dissipation mW 

INPUT A 

14 

OUTPUTS ...----.-... 
OA Os GND 

OUTPUTS ...----.-... 
Oc 00 

CLOCK 2 
L-SHlFT 
(LOAD) 

13 12 In 10 9 8 

<0-

<0-

3 14 6 

SERIAL INPUT 8 INPUT C Vee INPUT D . MODE CLOCK 1 
INPUT CONTROL R-SHIFT 

TLlF/6638-1 

Function Table 
Inputs 

Mode Clocks 
Serial 

Parallel QA 
Control 2 (L) 1 (R) A B C D 

H H X X X X X X OAO 
H J. X X a b c d a 
H J. X X OBt Oct ODt d OBn 
L L H X X X X X OAO 
L X J. H X X X X H 
L X J. L X X X X L 
t L L X X X X X OAO 
J. L L X X X X X OAO 
J. L H X X X X X OAO 
t H L X X X X X OAO 
t H H X X X X X OAO 

tShllling lell requires external conneclion of Os to A, Oc to B, 00 to C. Serial data Is entered at input D. 

Order Number DM54L95J 
orDM54L95W 

See NS Package Number 
J14AorW14B 

Outputs 

Qs Qc QD 

OBO OCO ODD 
b c d 

OCn ODn d 
OBO OCO ODO 
OAn OBn OCn 
OAn OBn OCn 
OBn OCO ODO 
OBO OCO ODO 
OBO OCO ODO 
OBO OCO ODO 
OBO OCO ODO 

H = High Level (Steady State), L = Low Level (Steady State), X = Don't Care (Any input, Including transitions). 
J. = Transition from high to low level. t = Transition from low to high level. 
a, b, c, d, = The level of steady state Input at Inpuls A, B, C, or D, respectively. 
OAO, Oso, Oco, 000 = The level of OA, Os, OC, or 00, respectively, before the indicated steady state input conditions were established. 
OAn, OSn, CCn, COn = The level of CA, Cs, Oc, or Co, respectively, before the most recent J. transition of the clock. 
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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. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
DM54L - 55·C to + 125·C 

Storage Temperature Range -65·Cto + 150"C 

Recommended Operating Conditions 

Symbol Parameter 
DM54L95 

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 V 

10H High Level Output Current -0.2 mA 

10l Low Level Output Current 2 mA 

fClK 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 I Clock 1 120 ns 
Clock (Note 1) I Clock 2 100 ns 

tH Data Hold Time (Note 1) 0 ns 

tiN TIme to Inhibit Clock 1 or Clock 2 (Note 1) 0 ns 

TA Free Air Operating Temperature -55 125 ·C 

Note 1: TA = 25"C and Vee = 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 VCC = Min,loH = Max 2.4 3.1 V 
Voltage VIL = Max, VIH = Min 

VOL Low Level Output VCC = Min, IOL = Max 
0.13 0.3 V Voltage VIL = Max, VIH = Min 

II Input Current @ Max VCC = Max Mode 0.2 
mA 

Input Voltage VI = 5.5V Others 0.1 

IIH High Level Input Vee = Max Mode 20 
p.A 

Current VI = 2.4V Others 10 

IlL Low Level Input VCC = Max Mode -0.36 
mA 

Current VI = 0.3V Others -0.18 

los Short Circuit Vcc = Max -3 -15 mA 
Output Current (Note 2) 

lee Supply Current Vcc = Max (Note 3) 4.8 8 mA 
Note 1: All typical. are at Vee = 5V. TA 25'C 
Note 2: Not more than one oulput should be shorted al a lime. 
Note 3: lee Is measured with all oulpuls and sBfiallnput open; A, B, C, and 0 Inpuls grounded; mode control at 4.5V; and a momentary 3V, then ground, applied to 
both clock Inputs. 
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Switching Characteristics at Vee = 5V and T A 25'C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter 
From (Input) RL = 40,CL = 50pF 

To (Output) Min Max 

fMAX Maximum Clock Frequency 6 

tpLH Propagation Delay Time Clock to 
90 

Low to High Level Output Output 

tpHL Propagation Delay Time Clock to 
90 

High to Low Level Output Output 

Logic Diagram 

DATA INPUTS 

A B c 
IIODE 8 

~OL---1~;~~.~~----';------------';------------';~--------~ 

~~--~----r---~ 

~c:'~ ___ 8 __ -L..J 
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OUTPUTS 

10 

Oc 

Units 

MHz 

ns 

ns 

CLOCK 
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~National 
~ Semiconductor 
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, 81, C1, D1) 
is applied to the flip-flops. A high level input to word select 
will cause the selection of word 2 (A2, 82, 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'C to + 150'C 
Note: The "Abso/ute 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 Logic Diagram 

Dual-In-Llne-Package 

~6 15 14 13 12 11 10 9 

-

1 2 3 4 5 6 7 16 
A2 AI Bl B2 Cl C2 D2 OND 

INPUTS 
TLlF/6639-1 

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

CLOCK ;...(1""0) _______ 1:>-___ .....1 

TL/F/6639-2 
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Recommended Operating Conditions 

Symbol Parameter 
DM54L98 

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 V 

10H High Level Output Current -0.2 mA 

10l Low Level Output Current 2 mA 

felK 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 Vee = Min, 10H = Max 2.4 V 
Vil = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, 10l = Max, 0.15 O.S V 
Vil = Max, VIH = Min 

II Input Current @ Max Input Voltage Vee = Max, VI = 5.5V 0.1 mA 

IIH High Level Input Current Vee = Max, VI = 2.4V 10 /LA 

IlL Low Level Input Current Vee = Max, VI = O.SV -0.18 mA 

los Short Circuit Output Current Vee = Max (Note S) -S -15 mA 

Icc Supply Current Vee = Max (Note 2) 6 8 mA 
Note 1: All typlcals are al Vee = 5V, TA = 25'C. 
Note 2: Icc Is measured wllh all oulpule open and all Inpuls grounded. 
Note 3: Not more than one output should be shorted at a time. 
Note 4: TA = 25'C and Vee = 5V. 

Switching Characteristics at Vee = 5V and TA = 25·C (See Section 1 for Test Waveforms and Output Load) 

Symbol Parameter 
From (Input) RL = 4kO,CL = 50pF 

Units 
To (Output) Min Max 

fMAX Maximum Clock Frequency 6 MHz 

tplH Propagation Delay Time Clock to 
80 

Low to High Level Output Output 
ns 

tpHL Propagation Delay Time Clock to 
100 

High to Low Level Output Output 
ns 
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~National 
~ Semiconductor 
93lDD 
4-Bit Universal Shift Register 

General Description Features 
The 93LOO is a 4-bit universal shift register. As a high speed 
multifunctional sequential logic block, it is useful in a wide 
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. 

• Asynchronous master reset 
• J, K inputs to first stage 

Connection Diagram 

Dual-In-Llne Package 

ijR-l 

J- 2 

R- 3 

PO- 4 

Pl- 5 

P2- 6 

P3- 7 

GND- 8 

16 r-Vcc 

15 r-QO 

141-Ql 

131-Q2 

12 -Q3 

11 -Q3 

10 -CP 

9-i'E 

Logic Symbol 

2- J 

10- CP 

3~K 

6 i i j J 
PE PO PI P2 P3 

MR QO Ql Q2 Q3 

vee = Pin 16 
GND = PinS 

TLlF/9576-1 

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

Pin Names 

PE 
PO-P3 
J 
K 
CP 
MR 
QO-Q3 
03 

Description 

Parallel Enable Input (Active LOW) 
Parallel Inputs 
First Stage J Input (Active HIGH) 
First Stage K Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Master Reset Input 
Parallel Outputs 
Complementary Last Stage Output 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -65'Cto + 125'C 

Recommended Operating Conditions 

Symbol Parameter 
93LOO(MIL) 

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 V 

IOH High Level Output Voltage -0.4 mA 

IOL Low Level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

ts (H) Setup Time HIGH or LOW, 60 
ts (L) J, K and PO-P3 to CP 60 

ns 

th (H) Hold Time HIGH or LOW, 0 
Ih (L) J, K and PO-P3 to CP 0 

ns 

Is (H) Setup Time HIGH or LOW, 68 
ts (L) PEtoCP 68 

ns 

th (H) Hold Time HIGH or LOW, 0 
th (L) PEtoCP 0 

ns 

tw(H) CP Pulse Width 38 
Iw(L) HIGH or LOW 38 

ns 

tw(L) MR Pulse Width LOW 53 ns 

tree Recovery Time, MR to CP 70 ns 

• 
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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 Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 2.4 3.4 V 
Vil = Max, VIH = Min 

Val Low Level Output Voltage Vee = Min, 10l = Max, 
0.3 V 

VIH = Min, Vil = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V Inputs 20 

CP 40 /kA 

PE 46 

III Low Level Input Current Vee = Max, VI = 0.3V Inputs -400 

CP -800 /kA 

PE -920 

los Short Circuit Vee = Max -2.5 -25 mA 
Output Current (Note 2) 

lee Supply Current Vee = Max 23 mA 
Note 1: All typical. are at Vee = SV. TA = 2s'e. 
Note 2: Not more Ihan one output should be shorted al a time, and the duration should nol 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 

fmax Maximum Shift Frequency 10 MHz 

tplH Propagation Delay 35 
tpHl CPtoQn 51 

ns 

tpHl Propagation Delay, MA to Qn 60 ns 
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r-------------------------------------------------------------------------------------~ U) 

Functional Description 
The logic Diagrams and Truth Table indicate the functional 
characteristics of the 93100 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 93100 has two primary modes of operation, shift right 
(00 - 01) 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 00 via the J and K 
inputs and is shifted one bit in the direction 
00 - 01 - 02 - 03 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. 

Truth Table 
Operating Inputs (MR = H) 

Mode PE J K PO P1 

H l l X X 

Shift Mode 
H l H X X 
H H l X X 
H H H X X 

Parallel l X X l l 
Entry Mode l X X H H 

'tn+1 ~ Indicates state after next LOW·to·HIGH clock transilion. 
H = HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 

When the PE input is lOW, the 93100 appears as four com­
mon clocked D flip-flops. The data on the parallel inputs 
PO-P3 is transferred to the respective 00-03 outputs fol­
lowing the lOW-to-HIGH clock transition. Shift left opera­
tion (03 - 02) can be achieved by tying the an 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-ta-HIGH clock transition. Since the 
93100 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 0 out­
puts lOW, independent of any other input condition. 

Outputs @ tn + 1 

P2 P3 QO Q1 Q2 Q3 Q3 

X X l 00 01 02 02 
X X 00 00 01 02 02 
X X 00 00 01 02 02 
X X H 00 01 02 02 

l l l l l l H 
H H H H H H l 
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~--------------------------------------------------------------------------~ U) 

~National 
~ Semiconductor 
93L01 
1-of-10 Decoder 

General Description 
The 93101 multipurpose decoders are designed to accept 
four inputs and provide ten mutually exclusive outputs. 

Connection Diagram 
Dual-In-llne Package 

'-' A2-1 16 I-Vcc 
A3- 2 15 I-AO 

05- 3 14 -AI 

06- 4 13 -00 

Features 
• Multifunction capability 
• Mutually exclusive outputs 
• Demultiplexing capability 
• Typical power dissipation of 45 mW 

Logic Symbol 

Ii i 
AD Al A2 A3 

07- 5 12 -01 
00 01 02 03 04 05 06 07 08 09 

08- 6 11-02 

09- 7 10 -03 

GND- 8 9 -04 

TLlF195B3-1 

Order Number 93L01DMQB or 93L01FMQB 
See Package Number J16A or W16A 

Pin Names Description 

Address Inputs 

vcc = Pin 16 
GND = Pin 8 

AO-AS 
50-59 Decoder Outputs (Active lOW) 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55·C to + 125·C 

Storage Temperature Range -65·Cto + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
93101 (Mil) 

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 V 

IOH High Level Output Current -400 p.A 

IOL 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 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Vee = Min, IOH = Max, 
2.4 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min, IOL = Max, 0.3 
V 

Voltage VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 20 p.A 

IlL Low Level Input Current Vee = Max, VI = 0.3V -400 p.A 

los Short Circuit Vee = Max 
-2.5 -25 mA 

Output Current (Note 2) 

lee Supply Current Vee = Max (Note 3) 13 mA 

Nol. 1: All typical. are at Vcc = 5V. TA = 25"C. 

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

Nol. 3: ICC is measured with all outputs open and all Inputs grounded. 

Switching Characteristics 
Vee = + 5.0V, T A = + 25·C (See Section 3 for waveforms and load configurations) 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

tpLH Propagation Delay 36 

tpHL An to On 36 
ns 
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r---------------------------------------------------------------------------------, U) 

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 MSI units with active LOW input 
enables. The logic design of the 93L01 ensures that all out-

Truth Table 
Inputs 

AO A1 A2 

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

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

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

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

H = HIGH Voltage Level 
L = LOW Voltage Level 

Logic Diagram 
AD 

)7 

I I 
I-

A3 00 01 02 

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

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

Al 

I I 
I I 

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-ot-8 decoder. 

outputs 

03 04 05 06 07 08 09 

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

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

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

A2 A3 

c C) 

l Jl 

II LI 

YYYYYYYYYY 
00 02 04 05 06 07 08 09 

TL/F/9593-3 
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~National 
~ Semiconductor 
93l0S 
Dual 4-Bit latch 

General Description 
The 93l0e 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 

Dual-In-Llne Package 

i.iR Vee 
EOa Q3b 

Ela D3b 

DDa Q2b 

QOa D2b 

Dla Qlb 

Qla Dlb 

D2a QOb 

Q2a DOb 

D3a [lb 

Q3a [Db 

GND i.iRb 

TUF/9594-1 

Order Number 93L08DMQB or 93L08FMQB 
See NS Package Number J24A or W24C 

Pin Names 

Logic Symbol 

3 " 6 8 10 

4-BIT LATCH 1 

1 5 7 9 11 

DeSCription 

DOa-D3a} 
DOb-D3b 

Parallel latch Inputs 

vee = Pin 24 

GND = Pin 12 

EOa, E1 a, EOb, E1 b, AND Enable Inputs (Active lOW) 
MRa,MRb Master Reset Inputs (Active lOW) 

OOa-03a} 
OOb-03b 

Parallel latch Outputs 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
Mil - 55·C to + 125·C 

Storage Temperature Range -65·Cto + 150·C 

Recommended Operating Conditions 
Symbol Parameter Min Nom Max Units 

Vee Supply Voltage 4.5 5 5.5 V 

VIH High level Input Voltage 2 V 

VIL low level Input Voltage 0.7 V 

10H High level Output Current -400 p.A 

IOL low level Output Current 4.8 rnA 

TA Free Air Operating Temperature -55 125 ·C 

ts(H) Setup Time HIGH, On to En 8 ns 

th(H) Hold Time HIGH, On to En 1 ns 

ts (l) Setup Time lOW, On to En 18 ns 

th (l) Hold Time lOW, On to En 4 ns 

tw(l) En Pulse Width lOW 32 ns 

tw(l) MR Pulse Width lOW 30 ns 

tree Recovery Time, MR to En 10 ns 

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, II = -10 rnA -1.5 V 

VOH High level Output Voltage Vee = Min, 10H = Max, 
2.4 V 

VIL = Max, VIH = Min 

VOL low level Output Voltage Vee = Min, 10L = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 rnA 

Input Voltage 

IIH High level Input Current Vee = Max, VI = 2.4V Inputs 20 
p.A 

On 30 

IlL low level Input Current Vee = Max, VI = 0.3V Inputs -400 
p.A 

On -640 

lOS Short Circuit Vee = Max (Note 2) 
-2.5 -25 rnA 

Output Current 

lee Supply Current Vee = Max (Note 3) 29 rnA 

Note 1: All typicals are at Vee ~ Sv. TA ~ 2S·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 
Vee = + 5.0V, T A = + 25°C (See Section 3 for waveforms and load configurations) 

Symbol Parameter 

tpLH Propagation Delay 

tpHL "EntoOn 

tpLH Propagation Delay 

tpHL DntoOn 

tpHL Propagation Delay 
MRtoOn 

Functional Description 
Data can be entered into the latch when both of the enable 
inputs are lOW. As long as this logic condition exists, the 
output of the latch will follow the input. If either of the enable 
inputs goes HIGH, the data present in the latch at that time 
is held in the latch and is no longer affected by data input. 
The master reset overrides all other input conditions and 
forces the outputs of all the latches lOW when a lOW sig­
nal is applied to the Master Reset input. 

Logic Diagram 

DO 01 02 

5-38 

CL = 15pF 

Min Max 

Truth Table 
MR EO E1 

H l l 
H l l 
H l H 

H H l 
H H H 
l X X 

On-1 ~ Previous Output State 
an ~ Present Output State 
H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X ~ Immaterial 

03 

45 
38 

27 
29 

30 

D 

l 
H 
X 

X 
X 
X 

Units 

ns 

ns 

ns 

On Operation 

l Data Entry 
l Data Entry 

On-1 Hold 

On-1 Hold 
On-1 Hold 

l Reset 

EO El 

TLlF/9594-3 



r--------------------------------------------------------------------------------,U) 
J?'A National 
~ Semiconductor 
93109 
Dual 4-lnput Multiplexer 

General Description Features 
• Multifunction capability The 93109 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 93109 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 93109 may be 
cascaded to multiple levels so that any number of lines can 
be multiplexed onto a single output bus. 

• On-chip select logic decoding 

Connection Diagram 

Dual·ln·Llne Package 

'-/ 
Zb- 1 16 I-Vcc 
Zb- 2 151-Za 

51- 3 14 I-Za 

10b- 4 13 1-50 

I1b- 5 121-IOa 

12b- 6 11i-l1a 

13b- 7 10 i-12a 

GND- 8 9i-13a 

• Fully buffered complementary outputs 

Logic Symbol 

13-50 

3-51 

IDa l1a 12a 13a lOb 11b 12b 13b 

Za Za Zb Zb 

vee = Pin 16 
GND = PinS 

TL/F/9602-1 

Order Number 93L09DMQB or 93L09FMQB 
See NS Package Number J16A or W16A 

Pin Names 

SO,S1 
IOa-13a 
Za 
Za 
IOb-13b 
Zb 
Zb 

Description 

Common Select Inputs 
Multiplexer A Inputs 
Multiplexer A Output 
Complementary Multiplexer A Output 
Multiplexer B Inputs 
Multiplexer B Output 
Complementary Multiplexer B Output 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL - 55·C to + 125·C 

Storage Temperature Range - 65·C to + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
93L09(MIL) 

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 V 

IOH High Level Output Current -400 /loA 

IOL 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 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min. II = -10mA -1.5 V 

VOH High Level Output Voltage Vee = Min, IOH = Max, 
2.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, IOL = Max, 0.3 V 
VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 20 /loA 

IlL Low Level Input Current Vcc = Max, VI = 0.3V -400 /loA 

loS Short Circuit Vee = Max (Note 2) -10 -40 mA 
Output Current 

Icc Supply Current Vee = Max 11.5 mA 
Nole 1: All typical. are at Vee = 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. 
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Switching Characteristics Vee = +5.0V, TA = +25°C 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

tpLH Propagation Delay 70 

tpHL So to z. 60 
ns 

tpLH Propagation Delay 55 

tpHL Sa toZ• 50 
ns 

tpLH Propagation Delay 70 

tpHL 10 to Z. 65 
ns 

tpLH Propagation Delay 40 

tpHL SatoZa 60 
ns 

Functional Description Truth Table 
The 93L09 dual 4-input multiplexers are able to select two 

Select Inputs Outputs bits of either HIGH or LOW data or control from up to four 
sources, in one package. The 93L09 is the logical imple- Inputs (a or b) (a or b) 

mentation of two-pole, four -position switch, with the pOSition 50 51 10 11 12 13 Z Z 
of the switch being set by the logic levels supplied to the 

L L L X X X L H two select inputs. Both assertion and negation outputs are 
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 ~ lOa 0 510 SO + 11aoSI 0 SO + 12a 0 51 - SO + 13aoSI - SO H L X H X X H L 
Zb ~ lOb-51 - SO + lib -SI -SO + 12a 0 51 - SO + 13bo 51 0 so 

The 93L09 is frequently used to move data from a group of 
L H X X L X L H 
L H X X H X H L 

registers to a common output bus. The particular register 
H H X X X L L H from which the data came would be determined by the state 

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 

IDa l1a 12a 13a lOb I1b 12b 13b 

SO 
I -

Sl 
I I I I I - -I 

I J (LLJ{ 11LL) I llLL)( 1 ILL) 

'L1P L¥ ,) \) 
c - -j 

Zs is Zb ib 
TL/F/9602-3 
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~National 
~ Semiconductor 
93L10/93L16 
BCD Decade Counter 14-Bit Binary Counter 

General Description Features 
• Synchronous counting and parallel entry 
• Decoded terminal count 
• Built-in Carry Circuitry 

The 9311 0 is a high speed synchronous BCD decade coun­
ter and the 93116 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. 

• Easy interfaCing with DTl. lPDTl. and TIL families 

Connection Diagram 

Dual-In-llne Package 

t.iR-l 
'-/ 

16 '-Vee 
CP- 2 15 r-TC 
po- 3 14 r-OO 

Pl- 4 13 r-Ol 

P2- 5 12 r-02 

P3- 6 111-03 

CEP- 7 10 I-CET 

GND- 8 91-iiE 

Logic Symbol 

! iii i 
PE PO PI P2 P3 

7- CEP 

10- CET 

2-CP 

TC r--15 

MR 00 01 02 03 

11~ ,~ ,~ ,1, 

Vee = Pin 16 
GND = PinS 

TLIFI9603-1 

Order Number 93l 10DMQB, 93l10FMQB, 
93l16DMQB or 93l16FMQB 

See NS Package Number J16A or W16A 

Pin Names 

CEP 
CET 
CP 
MR 

PO-P3 
PE 
00-03 
TC 

Description 

Count Enable Parallel Input 
Count Enable Trickle Input 
Clock Pulse Input (Active Rising Edge) 
Asynchronous Master 
Reset Input (Active lOW) 
Parallel Data Inputs 
Parallel Enable Input (Active lOW) 
Flip-Flop Outputs 
Terminal Count Output 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
Mil -55'Cto + 125'C 

Storage Temperature Range -65'Cto +150'C 

Recommended Operating Conditions 

Symbol Parameter 
93L 10/93L 16 (MIL) 

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 V 

IOH High level Output Voltage -400 p.A 

IOL low level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

ts(H) Setup Time HIGH or lOW 75 
taIL) PntoCP 75 

ns 

th(H) Hold Time HIGH or lOW 10 
th(l) Pnto CP 10 

ns 

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

ts(l) PEtoCP 53 

th(H) Hold Time HIGH or lOW 7.0 
th(l) PE to CP (Note 2) 

ns 

ts(H) Setup Time HIGH or lOW 26 
ts(l) CEP or CETto CP (Note 1) 

ns 

th(H) Hold Time HIGH or lOW (Note 1) 
th(l) CEP or CET to CP 10 

ns 

tw(H) CP Pulse Width 25 
twILl 25 

ns 

twILl MR Pulse Width lOW 65 ns 

tree Recovery Time, MR to CP 30 ns 
Nate 1: The Setup Time '"!s(l)'" and Hold Time '"",(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. 
Nate 2: The Setup Time '"!s(H)'" and Hold Time '"th(l)'" between the Parallel Enable (i5E) and Clock (CP) indicate that the lOW-Io-HIGH transition of the PE must 
occur only while the Clock is HIGH for conventional operation. 
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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 Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 
2.4 3.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, 10L = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V Inputs 20 

CET,CP,PE 40 ",A 

Pn 13.3 

IlL Low Level Input Current Vee = Max, VI = 0.3V Inputs -400 

CET,CP, PE -800 ",A 

Pn -267 

los Short Circuit Vee = Max (Note 2) 
-2.5 -25 mA 

Output Current 

Icc Supply Current Vee = Max 27.5 mA 

Nole 1: All typicals are at Vee = 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 
Vee = + 5.0V, T A = + 25°C (See Section 1 for waveforms and load configurations) 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

fmax Maximum Count Frequency 13 MHz 

IpLH Propagation Delay 32 

tpHL CPtoQ 39 
ns 

tpLH Propagation Delay 66 
tpHL CPtoTC 30 

ns 

tpLH Propagation Delay 35 

tpHL CETtoTC 30 
ns 

tpHL Propagation Delay, MR to Q 72 ns 
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Functional Description 
The 93L10 counts modul0-10 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 (MRI, Parallel En­
able (PE), Count Enable Parallel (CEP) and Count Enable 
Trickle (CEn-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 (Pn) inputs to be loaded into the 
flip-flops on the next rising edge of CPo 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 8 and b. The TC output is subject to decoding 
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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 an illegal 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 8 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 "AN Os" 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 8. 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. 
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Logic Diagrams 
93L10 

PO P1 P2 P2 

CEP 

CET 
CP 

MR QO Q1 Q2 

93L16 
PO P1 P2 P2 

Pi: 

CEP 

CET~~----------~~~~~~~----------~::::::::::::::::~====~--) 
CP 

QO Q1 Q2 
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MR PE 

L X 
H L 
H H 
H H 
H H 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Logic Equations 

Count Enable = MR • PE • CEP • CET 

Inputs 

CEP 

X 
X 
L 
X 
H 

Terminal Count = CET. 00 • 01 • 02 • 03 ('16) 

Terminal Count = CET • 00 • 01 • 02 • 03 (,10) 

State Diagrams 
93L10 

Mode Select Table 

CET CP 

X X 
X .f 
X X 
L X 
H .f 

TL/F/9603-5 

CEP 

CEI 9310 - 9316 TC 

CP 

CEP 
CET 9310-9316 TC 

CP 

CEP 

CET 9310-9316 TC 

CP 

Response 

Clear; All Outputs LOW 
Parallel Load; Pn - an 
Hold 
Hold; TC = LOW 
Count Up 

93L16 

CEP CEP 

CEI 9310 - 9316 TC 

CP 

CEI 9310 - 9316 TC 

CP 

CLOCK---------------+-------------+-------------+-------------+-------------+ 

CEP 

CET 9310-9316 TC 

FIGURE a_ Synchronous Multistage Counting Scheme (Slow) 

CET 9310 - 9316 TC 

CP 

CEP 

CEI 9310-9316 TC CEI 9310 -9316 TC CEI 9310 - 9316 TC 

TL/F/9603-6 

l ~~M~clNT 
STAGES 

TL/F/9603-7 

TO MORE 
SIGNIFICANT 
STAGES 

CLOCK-------------.... ------------.... ------------.... ------------.... -------------t.J 
TLlF/9603-8 

FIGURE b_ Synchronous Multistage Counting Scheme (Fast) 
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~ Semiconductor 
93L12 
a-Input Multiplexer 

General Description Features 
• Multifunction capability 
• On-chip select logic decoding 

The 93112 is a monolithic, high speed, 8-input digital multi­
plexer circuit. It provides, in one package, the ability to se­
lect qne bit of data from up to eight sources. The 93112 can 
be used as a universal function generator to generate any 
logic function of four variables. Both assertion and negation 
outputs are provided. 

• Fully buffered complementary outputs 

Connection Diagram Logic Symbol 

Dual-In-llne Package 

10- 1 
\J 

16 '-Vee blfiiiiIi 
11- 2 

12- 3 

13- 4 

14- 5 

15- 6 

16- 7 

GND- 8 

15 rZ 
14 ~Z 

13 ~S2 

12 ~SI 

11 ~SO 

10 rE 
9 ~17 

11-50 

12-51 

13-52 
Z 

! 
TL/F/9610-1 

Order Number 93l12DMQB or 93l12FMQB 

vee = Pin 16 

GND=PinB 

See NS Package Number J16A or W16A 

Pin Names 

SO-52 
E 
10-17 
Z 
Z 

Description 

Select Inputs 
Enable Input (Active lOW) 
Multiplexer Inputs 
Multiplexer Output 
Complementary Multiplexer Output 
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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 7V parametric values defined in the "£Iectrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55'Cto +125'C 

Storage Temperature Range - 65'C to + 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 Voltage 2 V 

VIL Low Level Input Voltage 0.7 V 

10H High Level Output Current -400 poA 

10L Low Level Output Current 4.6 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 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 
2.4 3.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, 10L = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 20 poA 

IlL Low Levell nput Current Vee = Max, VI = 0.3V -400 poA 

los Short Circuit Output Current Vee = Max (Note 2) -2.5 -25 mA 

ICC Supply Current Vee = Max (Note 3) 13.3 mA 
Note 1: All typlcals are at Vee = 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: lee Is measured with all outputs open and all inputs grounded. 
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Switching Characteristics 
Vee = +5.0V, TA = +25"C (See Section 1 for waveforms and load configurations) 

Symbol Parameter 
CL = 15pF 

Units 
. Min Max 

tpLH Propagation Delay 60 

tpHL SOtoZ 75 
ns 

tpLH Propagation Delay 70 

tpHL SOtoZ 50 
ns 

tpLH Propagation Delay 60 

tpHL EtoZ 75 
ns 

tpLH Propagation Delay 70 

tpHL "EtoZ 45 
ns 

tpLH Propagation Delay 70 

tpHL IntoZ 65 
ns 

tpLH Propagation Delay 55 

tpHL IntoZ 55 
ns 

Functional Description 
The 93L12 is a logical implementation of a single pole, eight The 93L12 provides the ability, in one package, to select 
position switch with the switch position controlled by the from eight sources of data or control information. By proper 
state of three Select inputs, SO, 51, 52. Both assertion and manipulation of the inputs, the 93L 12 can provide any logic 
negation outputs are provided. The Enable input (E) is ac- function of four variables and its negation. Thus any number 
tive LOW. When it is not activated the negation output is of random logic elements used to generate unusual truth 
HIGH and the assertion output is LOW, regardless of all tables can be replaced by one 93L 12. 
other inputs. The logic function provided at the output is: 

Z = E • (10 • SO • 51 .52 + 11 • SO • 51 • 52 

+ 12 • 50 • 51 • 52 + 13 • SO • 51 • 52 
+ 14 .50 • 51 • 52 + 15 • SO • 51 • 52 
+ 16. 50 • 51 • 52 
+ 17 • SO • 51 • 52). 

Truth Table 
Inputs Outputs 

E S2 S1 SO 10 11 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 Vollage Level 
L = LOW Vollage Level 
X = Immaterial 
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Logic Diagram 

10 11 12 

S2 -. -- I -
51 

I 
so ,., 1 -v 

- ~ - ~ . -
.'1"" 'I"" T 
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~ J?JI National 
~ Semiconductor 
93114 Quad latch 

General Description Features 
The 93114 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. 

• Can be used as single input 0 latches or set/reset 
latches 

Connection Diagram 
Dual-In-llne Package 

E- 1 '-" 16 -Vee 
50-2 15 -00 

00- 3 14 -s; 
01- 4 131-01 

52- 5 121-02 

02- 6 111-53 

03- 7 101-03 

GNO- 8 9~iiR 

• Active low enable gate input 
• Overriding master reset 

Logic Symbol 

Jili!ili~ 
E 00 50 01 51 02 52 03 53 

MR 00 01 02 03 

Y 1~ ,13 
I I 

9 12 10 

vee = Pin 16 
GND = PinS 

TLlF/9612-1 

Order Number 93l14DMQB or 93l14FMQB 
See NS Package Number J16A or W16A 

Pin Names 

E 
DO-03 
SO-S3 
MR 
00-03 

Description 

Enable Input (Active LOW) 
Data Inputs 
Set Inputs (Active LOW) 
Master Reset Input (Active LOW) 
Latch Outputs 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55'Cto + 125'C 

Storage Temperature Range -65'C to + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
93L14 (MIL) 

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 V 

IOH High Level Output Voltage -400 p.A 

IOL Low Level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

ts (H) Setup Time HIGH or LOW 10 
Is (L) On to 'E 20 

ns 

th(H) Hold Time HIGH or LOW 0 
th (L) onto'E 10 

ns 

ts (H) Setup Time HIGH, On to Sn 15 ns 

th (L) Hold Time LOW, On to Sn 5 ns 

tw(L) E Pulse Width LOW 30 ns 

tw(L) MR Pulse Width LOW 25 ns 

tree Recovery Time, MR to E 5 ns 
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I Electrical Characteristics 

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

Symbol Parameter Conditions Min 

VI Input Clamp Voltage Vee = Min, II = -10 mA 

VOH High Level Output Voltage Vee = Min, 10H = Max, 2.4 
VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, 10L = Max, 
VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V Inputs 

On 

IlL Low Level Input Current Vee = Max, VI = 0.3V Inputs 

On 

lOS Short Circuit Vee = Max -2.5 
Output Current (Note 2) 

lee Supply Current Vee = Max (Note 3) 
Note 1: All typicals are at Vee = 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: lee 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 
CL = 15pF 

Min 

tpLH Propagation Delay 
tpHL EtoOn 

tpLH Propagation Delay 
tpHL On to an 

tpLH Propagation Delay, MR to an 

tpHL Propagation Delay, Sn to an 
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Typ 
Max Units 

(Note 1) 

-1.5 V 

V 

0.3 V 

1 mA 

20 
poA 

30 

-400 
poA 

-600 

-25 mA 

16.5 mA 

Units 
Max 

45 
36 

ns 

30 
30 

ns 

30 ns 

33 ns 
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Functional Description Truth Table r-... 
The 93L 14 consists of four latches with a common active 01:00 

LOW Enable input and active LOW Master Reset input. MR E D S On Operation 

When the Enable goes HIGH, data present in the latches is H L L L L o Mode 
stored and the state of the latch is no longer affected by the H L H L L 
Sn and Dn inputs. The Master Reset when activated over· H H X X On-I 
rides all other input conditions forcing all latch outputs LOW. 
Each of the four latches can be operated in one of two H L L L L R/SMode 
modes: H L H L H 

O·TYPE·LATCH-For O·type operation the S input of a H L L H L 
latch is held LOW. While the common Enable is active the H L H H On-I 
latch output follows the 0 input. Information present at the H H X X On-I 
latch output Is stored in the latch when the Enable goes 

L X X X L RESET HIGH. 

SET/RESET LATCH-During set/reset operation when the H = HIGH Voltage Level 

common Enable is LOW a latch is reset by a LOW on the 0 L = LOW Voltage Level 

input, and can be set by a LOW on the S input if the D input 
x = Immaterial 
On-1 = Previous Output State 

is HIGH. If both Sand D inputs are LOW, the D input will on = Present Output State 
dominate and the latch wi! 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 
Mil E so 00 51 01 52 02 53 03 

QO Ql Q2 Q3 
TL/F/9612-3 
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~National 
~ Semiconductor 
93L21 
Dual 1-of-4 Decoder 

General Description Features 
• Multifunction capability 
• Mutually exclusive outputs 
• Demulliplexing capability 

The 93L21 consists of two independent multipurpose de­
coders, each designed to accept two inputs and provide 
four mutually exclusive outputs. In addition an active LOW 
enable input, which gives demultiplexing capability, is pro­
vided for each decoder. 

• Active low enable for each decoder 

Connection Diagram Logic Symbol 

2 3 
Dual-In-Llne Package 

Ea 16 Vee 
AOa 2 15 Eb DECODER a 

Ala AOb 

OOa Alb 

01a OOb 

02a 01b 4 5 6 7 

03a 02b 

GND 03b 

TUF/10197-1 

Order Number 93L21DMQB or 93L21FMQB 
See NS Package Number J16A or W16A 

Pin Names Description 

Ea,Eb Enable Inputs (Active LOW) 
AOa,A1a,AOb,Alb Address Inputs 

vee = Pin 16 

GND = Pin 8 

OOa-03a} 
COb-03b 

Decoder Outputs (Active LOW) 

5-56 

15 14 13 

DECODER b 

12 11 10 9 
TL/F/10197-2 



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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55'Cto + 125'C 

Storage Temperature Range -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 V 

Voltage 

VIL Low Level Input 
0.7 V 

Voltage 

10H High Level Output Current -400 p.A 

10L 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) 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min,lI = -10 mA -1.5 V 

VOH High Level Output Vee = Min,loH = Max, 
2.4 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min, 10L = Max, 
0.3 V 

Voltage VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Vee = Max, VI = 2.4V 
20 p.A 

Current 

IlL Low Level Input Vee = Max, VI = 0.3V 
-400 p.A 

Current 

los Short Circuit Vee = Max -2.5 -25 mA 
Output Current (Note 2) 

lee Supply Current Vee = Max (Note 3) 13.2 mA 

Note 1: All typlcals are at Vee = 5V, T A = 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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.- .-------------------------------------------------------------------------------~ 

~ 
I 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 

OOa 

ADa 01a 

Ala 02a 

03a 

fa 

Truth Table (Each Decoder) 

Inputs 

E AO A1 00 

L L L L 
L H L H 
L L H H 
L H H H 
H X X H 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

AOb 

Alb 

Eb 

Outputs 

01 02 03 

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

Oob 

01b 

02b 

03b 

TLlF/10197-3 

Switching Characteristics Vee = + 5.0V, T A = + 25'C (See Section 1 for test waveforms and output load.) 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

tPLH Propagation Delay 50 
tPHL AntoDn 65 

ns 

tPLH Propagation Delay 40 
tPHL 'EntoDn 52 

ns 
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r---------------------------------------------------------------------------~ U) 

~National 
~ Semiconductor 
93L22 
Quad 2-lnput 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. 

Connection Diagram 

Dual-In-Llne Package 

'-/ 
5- 1 16 I-Vcc 

10a- 2 15 H 
l1a- 3 14 I-i0e 

Za- 4 13 I-Ile 

10b- 5 12 I-Ze 

I1b- 6 lll-lOd 

Zb- 7 10 I-Ild 

GND- 8 91-Zd 

TL/F/1019B-1 

Order Number 93L22DMQB or 93L22FMQB 
See NS Package Number J16A or W16A 

Pin Names Description 

S Common Select Input 
E Enable Input (Active LOW) 
lOa-lad} 
11a-11d 

Multiplexer Inputs 

Za-Zd Multiplexer Outputs 

Features 
• Multifunction capability 
• On-chip select logic decoding 
• Fully buffered outputs 

Logic Symbol 

[ lOa l1a lOb I1b 10e l1e 10d I1d 

1-5 

Truth Table 

Za Zb Ze Zd 

4 7 12 

Vee = Pin 16 

GND = Pin 8 

9 

Inputs 

E S IOn 11n 

H X X X 
L H X L 
L H X H 
L L L X 
L L H X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55·Cto + 125·C 

Storage Temperature Range - 65·C to + 150·C 

Recommended Operating Conditions 

Symbol Parameter 
93L22 (MIL) 

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 V 

IOH High Level Output Current -400 /LA 

IOL 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 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min,loH = Max, 
2.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min. 10L = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 20 !LA 
IlL Low Level Input Current Vee = Max, VI = 0.3V -400 /LA 

los Short Circuit Vee = Max, (Note 2) 
-2.5 -25 mA 

Output Current 

lee Supply Current Vee = Max 13.2 mA 

Note 1: All typicals are at Vee = 5V, TA = 25'C. 

Note 2: Not more than one output should be shorted at a time, and the duration should not excesd one second. 
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r------------------------------------------------------------------------------------------, U) 

Switching Characteristics 
Vee = +5.0V, TA = + 25'C (See Section 1 for test waveforms and output load) 

Symbol Parameter 

tPLH Propagation Delay 
tPHL StoZn 

tPLH Propagation Delay 
tPHL 10 or 11 to Zn 

tPLH Propagation Delay 
tPHL EtoZn 

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 (Zn) 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 = E. (Ila. S + lOa 0 S) Zb = E. (llb. S + lOb. S) 
ZC = E. (Ilc· S + 10c. S) Zd = E. (Ild. S + 10d. S) 

Logic Diagram 
I1d 

Zd 

IOd 
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CL = 15pF 

Min Max 

36 
49 

30 
22 

27 
27 

Units 

ns 

ns 

ns 

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. 

l1e IOe I1b lOb l1a lOa 

Ze Zb Za 

TL/F/l0198-3 
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~National 
~ Semiconductor 
93L24 
5-Bit Comparator 

General Description 
The 93L24 expandable comparator provides comparison 
between two 5-bit words and gives three outputs-"Iess 
than", "greater than" and "equal to", A HIGH on the active 
LOW Enable Input forces all three outputs LOW, 

Connection Diagram 
Dual-In-Llne Package 

E- 1 
\..J 

16 -Vee 
A<B- 2 15 -A>B 

80- 3 14 -A=8 

B1- 4 13 -AO 

82- 5 12 :-Al 

83- 6 11 :-A2 

84- 7 10 i-A3 

GND- 8 9 r-A4 

TUF/l0199-1 

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

Pin Names Description 

E Enable Input (Active LOW) 
AO-A4 Word A Parallel Inputs 
BO-B4 Word B Parallel Inputs 
A<B A Less than B Output (Active HIGH) 
A>B A Greater than B Output (Active HIGH) 
A=B A Equal to B Output (Active HIGH) 

Features 
• Three separate outputs: A<B, A>B, A=B 

• Easily expandable 
• Active low enable input 

Logic Symbol 

y 112 111 T iii ii, 
AD A1 A2 A3· A4 80 81 82 83 84 

1-(l E 

A>8 A<8 A=8 

1~ ! 1~ 
TL/F/l0199-2 

vee = Pin 16 
GND = PinS 

Truth Table 
Inputs Outputs 

E An Bn A<B A>B A=B 

H X X L L L 
L Word A = Word B L L H 
L Word A > Word B L H L 
L Word B < Word A H L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immate~aI 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL -55'Cto + 125'C 

Storage Temperature Range -65'Cto + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
93L24 (MIL) 

Units 
Min Nom Max 

Vee Supply Voltage 4.5 5 5.5 V 

V,H High Level Input Voltage 2 V 

V,L Low Level Input Voltage 0.7 V 

10H High Level Output Current -400 p,A 

10L 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 
Typ 

Max Units 
(Note 1) 

V, Input Clamp Voltage Vee = Min, I, = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 
2.4 V 

V,L = Max, V,H = Min 

VOL Low Level Output Voltage Vee = Min, 10L = Max, 
0.3 V 

V,H = Min, V,L = Max 

I, Input Current @ Max Vee = Max, V, = 5.5V 
1 mA 

Input Voltage 

I'H High Level Input Current Vee = Max, V, = 2.4V 40 p,A 

I,L Low Level Input Current Vee = Max, V, = 0.3V -0.8 mA 

los Short Circuit Vee = Max (Note 2) 
-2.5 -25 mA 

Output Current 

Icc Supply Current Vcc = Max 21 mA 

Nole 1: All typicals ara al vee - 5V, TA - 25"C. 

Nole 2: Nol mora than ana output should ba shorted al a lima, and Iha duration should nol exceed ana second. 

II 
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Switching Characteristics 
Vee = + S.OV, T A = + 2SoC (See Section 1 for test waveforms and output load) 

Symbol Parameter 

tpLH Propagation Delay 

tpHL E toA=B; EtoA<B, A>B 

tpLH Propagation Delay 

tpHL AntoA>B; Bn toA>B 

tpLH Propagation Delay 

tpHL AntoA<B; Bn toA<B 

tpLH Propagation Delay 

tpHL An or Bn toA=B 

Functional Description 
The 93L24 S·bit comparators use combinational circuitry to 
directly generate "A greater than Bn and "A less than Bn 

outputs. As evident from the logic diagram, these ouptuts 
are generated in only three gate delays. The "A equals Bn 

output is generated in one additional gate delay by decoding 
the" A neither less than nor greater than Bn condition with a 
NOR gate. All three outputs are activated by the active LOW 
Enable Input (E). 

Logic Diagram 

.. D3 D2 " 

S·64 

CL = 15pF 
Units 

Min Max 

32 
3S 

ns 

S4 
7S 

ns 

70 
77 

ns 

100 
102 

ns 

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 84 inputs are the most significant inputs and 
AO, 80 the least significant Thus if A4 is HIGH and 84 is 
LOW, the A> 8 output will be HIGH regardless of all other 
inputs except E. 

JO-r----A<· 

A=D 

.;0-----A>. 

DO 

TL/F/10199-3 



r------------------------------------------------------------------------------------, U) 

~National 
~ Semiconductor 
93L28 
Dual 8-Bit Shift Register 

General Description Features 
The 93L2B is a high speed serial storage element providing 
16 bits of storage in the form of two B-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 B-bit register, 
and both registers may be master cleared from a common 
input. 

• 2-input multiplexer provided at data input of each 
register 

Connection Diagram 
Dual-In-Llne Package 

Vee 
Q7 

N Q7 
'" '" 5 ~ .., 

Iii *l 
iii Dl '" '" DO 

CP 
CP 
COM 

• Gated clock input circuitry 
II Both true and complementary outputs provided from 

last bit of each register 
II Asynchronous master reset common to both registers 

Logic Symbol 
13 11 12 

10 
14 

Q7 15 
MR 

4 5 

3 

7 
TUF/l0200-1 

Order Number 93L28DMQB or 93L28FMQB MR 
Q7 2 

See NS Package Number J16A or W16A 
TL/F/l0200-2 

Vee = Pin 16 
GND = PinS 

Pin 
Description 

Names 

S Data Select Input 
00,01 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 
Q7 Complementary Output 
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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-
Ottlce/Dlstrlbutors 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. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
MIL - 55'C to + 125'C 

Storage Temperature Range -65'Cto + 150"C 

Recommended Operating Conditions 

Symbol Parameter 
93L28 (MIL) 

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 V 

IOH High Level Output Current -400 /LA 

IOL Low Level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

ts(H) Setup Time HIGH or LOW 30 
ts(L) Dn toCP 30 

ns 

th(H) Hold Time HIGH or LOW 0 
ih(L) Dn toCP 0 

ns 

tw(H) Clock Pulse Width 55 
twILl HIGH or LOW 55 

ns 

!w(L) MR Pulse Width with CP HIGH 60 ns 

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

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min, 11= -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 
2.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, 10L = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH HIGH Level Vee = Max, VI = 2.4V MR,Dx 20 
Input Current CP (7,10) 30 

p.A 
S 40 

CPCom 60 

IlL LOW Level Vee = Max, VI = 0.3V MR,Dx -400 
Input Current CP (7,10) -600 

p.A 
S -800 

CPCom -1200 

los Short Circuit Vee = Max -2.5 -25 mA 
Output Current (Note 2) 

ICC Supply Current Vee = Max 25.3 mA 

Note 1: All typlcals are at Vce = SV, TA = 2S'C. 
Nole 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 test waveforms and output load) 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

fmax Maximum Shift Right Frequency 5.0 MHz 

tpLH Propagation Delay 45 

tpHL CPto Q7 or 07 80 
ns 

tpHL Propagation Delay MR to Or 110 ns 

II 
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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 Rand 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 

01 

DO 

01 

DO 

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: SD = SDO + 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. 

ShiH Select Table 

Inputs 

S DO 

L L 
L H 
H X 
H X 

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

01 

X 
X 
L 
H 

n+ 8 = Indicates slate after eight clock pulse 

Output 

Q7 (t"+8) 

L 
H 
L 
H 

~------------a;~----~------~----~------~-----+------~-----+------4---~ 
TLlF/l0200-3 
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~National 
~ Semiconductor 
93L34 
a-Bit Addressable latch 

General Description 
The 93L34 is an B-bit addressable latch designed for gener­
al purpose storage applications in digital systems. It is a 
multifunctional device capable of storing single line data in 
eight addressable latches, and being a one·of-eight decoder 
and demultiplexer with active level HIGH outputs. The de­
vice also incorporates an active LOW common clear for re­
setting all latches, as well as, an active LOW enable. 

Connection Diagram 
Dual-In-Line Package 

\J 
AO- 1 16 I-Vcc 
Al- 2 15 I-a:: 
A2- 3 14 I-E 
00- 4 13 1-0 
01- 5 12 1-07 

02- 6 111-06 

03- 7 10 1-05 

GNO- 8 91-04 

TUF/10201-1 

Order Number 93L34DMQB or 93L34FMQB 
See NS Package Number J16A or W16A 

Pin Names 

AO-A3 
D 
E 
CL 
00-07 

Features 
• Serial to parallel capability 
• Eight bits of storage with output of each bit available 
• Random (addressable) data entry 
• Active high demultiplexing or decoding capability 

• Easily expandable 
• Common conditional clear 

Logic Symbol 

1- AO 

2- Al 

3- A2 

~ 
E o 

Cl 00 01 02 03 04 05 06 07 

Description 

Address Inputs 
Data Input 
Enable Input (Active LOW) 
Clear Input (Active LOW) 
Parallel Latch Outputs 

vee ~ Pin 16 

GND ~ Pin 8 

TL/F/10201-2 
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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 speciflcatlons_ 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. 
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 
93L34 (Mil) 

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 V 

IOH High Level Output Voltage -400 /loA 

IOl low level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

ts (H) Setup Time HIGH, D to E 45 ns 

th (H) Hold Time HIGH, D to E -5 ns 

!s(l) Setup Time lOW, D to E 45 ns 

th (l) Hold Time lOW, D to E -7 ns 

!s (H) Setup Time HIGH or lOW 10 
ts (l) An toE 10 

ns 

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) 

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min, 11= -10 mA -1.5 V 

VOH High level Output Voltage Vee = Min, 10H = Max, 
2.4 V 

Vil = Max, VIH = Min 

VOL low level Output Voltage Vee = Min, 10l = Max, 
0.3 V 

VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 1 mA 
Input Voltage 

IIH High level Input Current Vee = Max, VI = 2.4V Inputs 20 
p.A 

E 30 

IlL low level Input Current Vee = Max, VI = 0.3V Inputs -0.4 
mA 

E -0.6 

los Short Circuit Vee = Max (Note 2) 
-2.5 -25 mA 

Output Current 

leo Supply Current Vee = Max (Note 3) 21 mA 

Note 1: All Iypicals are at Vee = 5V, TA = 25'0. 

Not. 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 Vee = + 5.0V, T A = + 25'C (See Section 1 for Test Waveforms and Output Load) t; 

~ 

Symbol Parameter 

tpLH Propagation Delay 

tpHL Etoon 

tpLH Propagation Delay 

tpHL Dtoon 

tpLH Propagation Delay 

tpHL An to an 

tpHL Propagation Delay 
rn: to an 

Functional Description 
The 93L34 has four modes of operation which are shown in 
the Mode Select Table. In the addressable latch mode, data 
on the data line (D) is written into the addressed latch. The 
addressed latch will follow the Data input with all non-ad­
dressed latches remaining in their previous states. In the 
memory mode, all latches remain in their previous state and 
are unaffected by the data or address inputs. To eliminate 
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. 

Min 

E 
L 
H 
L 
H 
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CL = 15pF 
Units 

Max 

45 
42 

ns 

65 
45 

ns 

66 
66 

ns 

55 ns 

Mode Select Table 

CL Mode 

H Addressable Latch 
H Memory 
L Active HIGH 8-Channel Demultiplexer 
L Clear 

II 



Truth Table 
Inputs Outputs 

Mode 
CL E AO A1 A2 00 01 02 03 04 05 06 07 

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 H H H L L L L L L L L 

H H X X X 01-1 01-1 01-1 01-1 01-1 01-1 01-1 01-1 Memory 

H L L L L D 01-1 01-1 01-1 01-1 01-1 Qt-1 01-1 Addressable 
H L H L L 01-1 D 01-1 01-1 01-1 Qt-1 01-1 01-1 Lalch 
H L L H L 01-1 01-1 D 01-1 01-1 Qt-1 01-1 01-1 

• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
H L H H H 01-1 01-1 Qt-1 Qt-1 01-1 01-1 01-1 D 
H = HIGH Voltage Level L = LOW Voltage Level X = Immaterial Ot-1 = Previous Output State 
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~National 
~ Semiconductor 
93138 
8-Bit Multiple Port Register 

General Description Features 
The 93L38 Is an 8·bit multiple port register designed for high 
speed random access memory applications where the ablll· 
ty to simultaneously read and write is desirable. A common 
use would be as a register bank in a three address comput· 
er. Data can be written into anyone of the eight bits and 
read from any two of the eight bits simultaneously. The cir· 
cult uses TTL technology and is compatible with all TTL 
families. 

• Master/slave operation permitting simultaneous write/ 
read without race problems 

Connection Diagram 
Dual·ln·Llne Package 

\",.../ 
80- 1 16 I-Vcc 
81- 2 15 I-AO 

82- 3 14 I-Al 

zs- " 13 1-A2 
ZC- 5 12 I-DA 

C2- 6 l11-CP 

Cl- 7 10 I-SLE 
GND- 8 91-CO 

• Simultaneously read two bits and write one bit in any 
one of eight bit positions 

• Readily expandable to allow for larger word sizes 

Logic Symbol 

AO AI A2 80 81 
12- DA 

11- CP 

10 -<I SLE 
Zb 

! 

82 CD Cl C2 

Ze 

TL/F/l0202-1 

Order Number 93L38DMQB or 93L38FMQB vee = Pin 16 
GND=Pln8 

TL/F/l0202-2 

See NS Package Number J16A or W16A 

Pin Names 

AO-A2 
DA 
BO-B2 
CO-C2 
CP 
SLE 
ZB 
ZC 

Description 

Write Address Inputs 
Data Input 
B Read Address Inputs 
C Read Address Inputs 
Clock Pulse Input (Active Rising Edge) 
Slave Enable Input (Active LOW) 
B Output 
COutput 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V 
table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
Military -55'C to + 125'C 

Storage Temperature Range -65'C to + 150'C 

Recommended Operating Conditions 

Symbol Parameter 
93L38 (MIL) 

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 V 

10H High Level Output Current -400 /LA 

10L Low Level Output Current 4.8 mA 

TA Free Air Operating 
-55 125 'C 

Temperature 

ts(H) Setup Time HIGH or LOW 30 

Is (L) DA toCP 22 
ns 

th(H) Hold Time HIGH or LOW 0 
th (L) DA toCP -4.0 

ns 

ts(H) Setup Time HIGH or LOW 0 
ts(L) An to CP 0 

ns 

th(H) Hold Time HIGH or LOW 0 
th (L) An to CP 0 

ns 

tw(H) CP Pulse Width HIGH or LOW 40 
tw(L) 30 

ns 

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

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min, 11= -10 mA -1.5 V 

VOH High Level Output Vee = Min, 10H = Max, 
2.4 V 

Voltage VIL = Max, VIH = Min 

VOL Low Level Output Vee = Min 10L = Max 
0.3 V 

Voltage VIH = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 50 /LA 

IlL Low Level Input Current Vee = Max, VI = 0.3V -2 mA 

los Short Circuit Vee = Max 
-2.5 -25 mA 

Output Current (Note 2) 

lee Supply Current Vee = Max (Note 3) 70 mA 

Note 1: All typicals are at Vee = 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: lee is measured with all outputs open and all input grounded. 
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Switching Characteristics Vee = + 5.0V, T A = + 25'C (See Section 1 for Test Waveforms and Output load 

Symbol Parameter 
CL = 15pF 

Units 
Min Max 

tpLH Propagation Delay 68 

tpHL Bn orCn orZn 95 
ns 

tpLH Propagation Delay 70 

tpHL DA toZn 92 
ns 

tpLH Propagation Delay 65 

tpHL CPtoZn 57 
ns 

Functional Description 
The 93138 8-bit multiple port register can be considered a The signals are available on the output pins (ZB and Zc). 
i-bit slice of eight high speed working registers. Data can be The input bit selection and the two output bit selections can 
written into anyone and read from any two of the eight be accomplished independently or simultaneously. The data 
locations simultaneously. Master/slave operation eliminates flows into the device, is demultiplexed according to the state 
all race problems associated with simultaneous read/write of the write address lines and is clocked into the selected 
activity from the same location. When the clock input (CP) is latch. The eight latches function as masters and store the 
lOW data applied to the data input line (DA) enters the input data. The two output latches are slaves and hold the 
selected master. This selection is accomplished by coding data during the read operation. The state of each slave is 
the three write input select lines (AO-A2) appropriately. determined by the state of the master selected by its associ-
Data is stored synchronously with the rising edge of the ated set of read address inputs. 
clock pulse. The method of parallel expansion is shown in Figure A. One 
The information for each of the two slaved (output) latches 93138 is needed for each bit of the required word length. 
is selected by two sets of read address inputs (BO-B2 and The read and write input lines should be connected in com-
CD-C2). The information enters the slave while the clock is mon on all of the devices. This register configuration pro-
HIGH and is stored while the clock is lOW. If Slave Enable vides two words of n-bits each at one time, where n devices 
is lOW (SlE), the slave latches are continuously enabled. are connected in parallel. 

DA 01 

CLOCK 

INPUT { 
A SELECT 

! ! 
Da CP SLE D. CP SLE 

"- AD '- AD 

- A1 A -A1 B 
'---- A2 '--- A2 

BD 93L38 BO 93L38 
8-BIT B-BIT 

B1 MULTIPLE B1 MULTIPLE ••• 
B2 PORT B2 PORT 

REGISTER REGISTER 

- CO ,....-- CO 

r-- C1 r-- C1 

-C2 -C2 
ZB ZC ZB ZC 

B OUTPUT { 
SELECT 

C OUTPUT { 
SELECT 

Sa Jb l~ 
B WORD C WORD 

TLlF1102D2-4 

FIGURE A. Parallel Expansion 
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Logic Diagram 
I~ 

---~ r--------------IF~~~~ ~ ",0- }---

-= -= H;:::t:t:~=I=~=r~'" 0 0- )--

=;:= -
- ii=l---I In 0 t--

HFI=I=~!3t::1r-"t1 '" 0 p-
=-
~",ot-

c ) 

8 

5-77 

r---
c o-~ 

W r w 
OC) 



J?A National 
~ Semiconductor 
96L02 
Dual Retriggerable Resettable 
Monostable Multivibrator 

General Description Features 
• Retriggerable, 0% to 100% duty cycle 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. 

• DC level triggering, Insensitive to transition times 

Connection Diagram 

Dual-In-Llne Package 

'-../ 
eXl- 1 16 -Vee 
RX1- 2 15 -eX2 

CDl- 3 14 -RX2 

11- " 13 -CO2 

To- 5 12 -11 

Ql- 6 II-To 
Ql- 7 10 -Q2 

GNO- 8 9 -Q2 

• Leading or trailing-edge triggering 
• Complementary outputs with active pull-ups 
• Pulse width compensation for I:!.Vcc and I:!.TA 
• 50 ns to 00 output pulse width range 
• Optional retrigger lock-out capability 
• Resettable, for interrupt operations 

Logic Symbol 

ex RX 
o-I L-",> ..... 

(15) 11 .. T 2 (14) 

Vee 
16 

(12)4~T 
(11) 5-<l..,...1 

Q -6(10) 

Q 0--7 (9) 
CD 

TL/F/10203-1 

Order Number 96L02DMQB or 96L02FMQB vee = Pin 16 
GND = PinS 

TLlF/10203-2 

See NS Package Number J16A or W16A 

Pin Names 

io 
11 
Co 
Q 

Q 

Description 

Trigger Input (Active Falling Edge) 
Trigger Input (Active Rising Edge) 
Direct Clear Input (Active LOW) 
Positive Pulse Output 
Complementary Pulse Output 
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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 7V parametric values defined in the "Electrical Characteristics" 

Input Voltage 5.5V table are not guaranteed at the absolute maximum ratings. 
The "Recommended Operating Conditions" table will define 

Operating Free Air Temperature Range the conditions for actual device operation. 
Military -55'C to + 125'C 

Storage Temperature Range -65'C to + 150' 

Recommended Operating Conditions 

Symbol Parameter Conditions 
96L02(MiI) 

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 V 

10H High Level Output Current 0.36 mA 

10L Low Level Output Current 4.8 mA 

TA Free Air Operating Temperature -55 125 'C 

twILl Minimum Input Pulse Vee = 5.0V 
50 ns 

Iw(H) Width, 11, io 

Iw(min) Minimum Output Pulse Width at 0, 0 Vee = 5.0V, Rx = 20 kO 
10 300 ns 

Cx = 0, CL = 15 pF 

tw Output Pulse Width, 0, 0 Vee = 5.0V, Rx = 39 kO 
11.5. 14.2 ",s 

Cx = 1000pF 

Rx Timing Resistor Range 100 kO 

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

Symbol Parameter Conditions Min 
Typ 

Max Units 
(Note 1) 

VI Input Clamp Voltage Vee = Min,ll = -10 mA -1.5 V 

VOH High Level Output Voltage Vee = Min, 10H = Max, 
2.4 V 

VIL = Max, VIH = Min 

VOL Low Level Output Voltage Vee = Min, IOL = Max, 
0.3 V 

VIL = Min, VIL = Max 

II Input Current @ Max Vee = Max, VI = 5.5V 
1 mA 

Input Voltage 

IIH High Level Input Current Vee = Max, VI = 2.4V 20 ",A 

IlL Low Level Input Current Vee = Max, VI = 0.3V -0.4 mA 

los Short Circuit Output Current Vee = Max (Note 2) -2.0 -13.0 mA 

lee Supply Current Vee = Max (Note 3) 16 mA 

Note 1: All typicals are at Vee = 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: lee Is measured with all outputs open and all inputs grounded. 
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SWitching Characteristics Vee = +5.0V, TA = +25'C 

Symbol Parameter Conditions Min Max Units 

tpLH Propagation Delay To to Q, Vee = 5.0V, Rx = 20 kG 
75 ns 

11 toQ Cx = 0, CL = 15 pF 

tpHL Propagation Delay To to a, vee = 5.0V, Rx = 20 kG 
62 ns 

11 toa Cx = O,CL = 15pF 

tpLH Propagation Delay CD to a, Vee = 5.0V, Rx = 39 kG 
100 ns 

tpHL CDtoQ Cx = 1000pF 

Functional Block Diagram 

POSITIVE 

• (12) TRIGGER 

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 5 (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-
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OND. 
3 (13) 

TL/F110203-3 

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. 

3. 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. 

4. OUTPUT PULSE WIDTH-An external resistor Rx and an 
external capaCitor Cx are required, as shown in the func­
tional block diagram. To minimize stray capaCitance and 
noise pickup, Rx 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, Rx 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 tw 
is defined as follows, where Rx is in kG, Cx is in pF and 
tw is in ns. 

tw = 0.33 RxCx (1 + 3/Rx) for Cx :<: 103 pF 

20 kG s: Rx s: 100 kG 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. 



,----------------------------------------------------------------------------, U) 

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 within 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. 

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

11.14 = SETUP TINE > 60 •• 

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

TUF/10203-4 

12. t.l = RELEASE nUE > 60 •• 

TL/F/10203-5 

6. RESET OPERATION-A LOW signal on Co, pin 3 (13), 
will terminate an output pulse, causing Q to go LOW and 
Q to go HIGH. As long as CD 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. 

1028 
6 
4 

2 

108 
6 
4 

2 

1.08 
6 
4 

2 

0.1 

96L02 Pulse Width vs Rx and ex 

'/ 
RX = 200k.o. 
RX = 120k.o. / 

~ ~ 
fI' V .... ./ 

..",. RX=80k.o. -~ I' V":\ RX = 39k.o. -- RX = 20k.o. 

1.0 2 4 6810 2 468102 2 468103 

CX - TIMING CAPACITANCE - pF 

TL/F/10203-6 

FIGURE a 
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9 
~ 

Typical Characteristics 

~ 1.2 

!!l 
i! 1.1 

liD 
I ~ 
,~ 

~ 

twvaVcc 

I I 
l-

TA = 25"C 
RX=3IkA~ 

r- ex = lGOOpI' -I""" ..... 
I""" 

40 4S 5.0 5.5 

Yee - SUPPLY VOLTAGE - Y 

tw(mln) va T A 
I! ISO 
I 

~ IZ5 r-

~ I 100 
'r-

I-
I 

1 
y so_75 

I I 
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II-~--
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ex = 0 

I I 
75 IZ5 

TA - AMBIENT IIMPERATURE - "C 
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1.5V 

i 1m 

~ 1.G1 

L.oo 
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Y~=~.DYL[ 
RX = 39kA 
ex = IDOOpF 

..... 1- i-"" 

-75 -so -25 0 25 50 75 100 125 

TA - AMBIENT IIMPERATURE - "C 

TL/F1I0203-7 

INPUT PULSE 
, .. 25kHz 
Amp" 3,OV 
Width .. 100 ns 
t, = It:s: IOns ~tPLHt= 

_~~ _______ I-J),l --------~~ 

: t-~-}. va 

-ItPHL~ 
TL/F 110203-B 

FIGUREb 
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r-----------------------------------------------------------------------------, ~ 
~National 
~ Semiconductor All dimensions are in inches (millimeters) 

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

~II-~ (1.600-1.905) 

~I 
LDETAILA 

Top View Side View 

0.003 ..!!:.!!!!. 
(0.076)-, ,r-(0.381) 

MIN TVP ~ MAX TVP 

0.022 + ! 

~f~ MAXTYP (0.152) 
MIN7YP 

Detail A 

0.015 
(0.381) 
MIN TVP 

14 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J14A 

0.025 

(0.635) 
RAD 

\' 

45" x 0.015tO.ol0 

~ 
(0,381 ±0.254) 

0.007-0.011 
(0.178-0.279) 

~""',,",I"H'*"'" n TYP 

8ottomVIew 

0.785 

(19.939)~ 
MAX 

12 11 10 I 8 

t 
0.220-0.310 

(5.588-7.874) 

t 0.045 -0.055 
(1.143-1.397) 

TYP 

E20AIREVOI 

'--T:-."T.:T"'I":T'T:'II"'T':T"1":'1"'r.1r-' ----.l 

0.098 
(U89) 

MAX BOTH ENDS 

6-3 

L 0.018t11.003 -11- 0.125-UOO 
(OA57 ±tJ.D76) (3.175-5.080) 

~ 0.150 
(2,540±0.254) (3,81) 

MIN J14AIR!VGj 

:::r 
':i 
~ 
c 
3' 
CD 
:I 
(I) 

0' 
:::I 
(I) 



16 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J16A 

0,025 
(0,635) 

RAD 

0,005-0,020 
(0,127 - 0,508) 
RAD TYP 

0,200 
(5,080) .--=l. 0,290-0,320 I 0,005--1 MAX 

~~J(7'3~_8'120) ~ ~~~~~~~~~~l~-_~~ __ ~-L 
0,180 95' ±5' 0,008-0,012 J 

(4,572) (0,203 - 0,305) 

MAX 0,080 -I 0,310-0,410 I (2,~~ 
(7,874 -10,41) I-- BOTH 

ENDS 

JI6A{AeVK) 

20 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J20A 

0,180 
(4,572) 

MAX 

0.280 - 0,320 

(7'386-8'120)~ 

k- 0,310-0.410 
(7.874-10.41) 

GLASS SEALANT 

0.008-0,012 
(0,203-0,305) 

0,985 
~------(25,019) ,------+1 

0,100±0,010 
(2,540 ± 0,254) 

6-4 

MAX 

0,055 ± 0,005 
(l,a97±0,127) 

0,018±0.003 _II~ 
(0.457±0,078) II 

0.200 
(5,080) 

MAX 

0.125-0.200 
(3.175-5,080) , 

J20A (REV MI 



~----------------------------------------------------------------------------,~ 

24 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J24A 

~-------------(32J66)------------~·- (15.2~) 
1.290 I 0.600 

MAX fMAX 

0.025 
(0.635) 

RAD 

1 GLASS 

0.514-0.526 

/"-..,n;~;rr.T",,,TT;;-r.,rrr-r.r-r:;-n-;;;;...,n;:;r-" '"i''''' 
0.030-0.055 

(0.762-1.397) 
RAD TVP 

~ 0.590-0.620 ~ 0.005 

~ "iT"' ~ .~~ 
95" l5" 0.008-0.012 .'" -- .,.--.. , J 

I _ 0.685 -0.060 _ I 0.098 

r---- ( tll.635) - .-~ (2.489) 
17.40 -1.524 MAX 

24 Lead Ceramic Dual-In-Line Package (J) 
NS Package Number J24F 

.!:!! RAD 
(8.835) 

I.29D 
1~"-------(32.77) MAX-------"1 

0.125-0.200 

(3.175-5.080) 
MIN 

0.150 
(3.810) 

MIN 

J24AtR!VHI 

t + f • 95' tJ;' 0.ODS-0.012 

!!-----0.1+2-5 - I ....... 0.310-DA10 1 ~:~-0.306) 
(3.175) I-- -l 

MIN (7.874-1DAll 

JI4I(IIEVGJ 
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14 Lead (0.150" Wide) Molded Small Outline Package (M) 
NS Package Number M 14A 

0.010-0.020 450 
(0.254-0.508) )( 

r-
0.008-0.010 

iDToi='D.i5i) 
TYP ALL LEADS 

0.150-0.157 
(3.810-3.988) -

r SOMAXTYP 
ALL LEADS 

IJC±~ 
0.1104 (0.406-1.270) 
(0.102) TYP ALL LEADS 

ALL LEAD TIPS 

0.053 - 0.069 
(1.34&-1.753) 

SEJ1IING 
PLANE 

t , 
f ot 

(0.35&) 

0.004-0.010 

~a (0.102-0.254) 

-~t4~ 

~J I JL-=I [J-0.020 TYP (1.270) - (0.356-0.50S) 
TYP .!:!!!!!. TYP 

(0.203) 
M14A(REVHI 

14 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M 148 

r 0.291-0.299 ~ (7.391-7.&95) -

1 ~)(45° 
0.009-0.013 (0.432) 

(0.229-0.330) ""--'=:::1'"-'" 8° MAX TYP 
TYP ALL LEADS , ~ ALL LEADS 

LJ1 ~-+ 
r .!:.2!!!. J [ 0.030-0.050 

(0.102) (0.7&2-1.270) 
ALL LEAD TYP ALL LEADS 

TIPS 

Ii 0.34&-0.3&2 I 
- (8.788-9.195)-

14 13 12 11 10 9 8 

0.394 - 0.419 
(10.01-10.&4) 

6·6 

.!:!!ll._ 
(0.686) 

0.093-0.104 
(2.3&2-2.842) 

* * 0.004-0.012 

~ 
(0.102-0.306) 

f ---*- SEJ1IIN8 
0.037-0.044 ~ t PlANE 
(0.940-1.118) T ~J JL~TYp 

(1.270) (0.358-0.483) 
TYP 



r--------------------------------------------------------------------------.~ 

16 Lead (0.150" Wide) Molded Small Outline Package (M) 
NS Package Number M 16A 

10.254-0.508) 
80 MAX TVP 

~ X451Ir~:~~:=~::) r 
L All LEADS 

."oF }\h. + 
o.ooC -r-j L-=:J0.050 

10.203-0.254) I --1>0 (0.406-1.270) 
TYP All lEADS 0.004 TYP ALL LEADS 

(0.102) 
ALL LEAD TIPS 

LEAD NO.1 
IDENT 

0.053-0.069 
(1.346-1.753) 

* 

30' 

~~:;:;:::::;::;::~ 

O.050J 
(1.270) 

TYP 

8~ 

J 
0.008 

(0.203) TYP 

..!!:!!!!!.MAX 
(0.254) 

0.004-0.010 

~ 

~ SEAliNG f PLANE 

0.014-0.020 TYP 
(0.356 -0.508) 

M16ACReVH) 

16 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M16B 

0.1114 
(0.102) 

ALL lEAD TIPS 

~~~~~~~R=~~ 
2 3 4 5 & 7 8---, 

..!!:!!!!!.MAX 
(0.254) 

~ 
12.362-2.642) 

SEIITING 
PlANE 

6·7 

t 0.004-0.012 

~ iG.iOi=ffii ~~ 

f I::~) I I ~ JlJ L~-0'020TYP 
- -11.270) 10.356-0.508) 

TYP .!mTYP 
10.203) Mt88(REVE,I 

~ 
~ 
S2 
:I 
CD 

i o· 
::I en 
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20 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M20B 

t 0.211-0.219 

i7.391-71ii 
0.010-0.829 05" r 

(0.2&4-0.737) x 

----.I 

LEAD NO.1 
IDENT 

0.496-0.512 
(12.698-13.1JIJS) 

12345&78 

.. 

0.093-0.101 
(2.362-2.842) 

• L Jiii m (::~:::::) 
_~. JJ£JrltlIlG1::~ &ERr1HG 

tf II JL II tPlANE (:.~::) _ _~ __ .!.!!!!=W!m 
. (1.270) (0.356-0.508) 

m 
..!!!!!!.TYP 
(0.203) M20B(R[Vf) 

24 Lead (0.300" Wide) Molded Small Outline Package (M) 
NS Package Number M24B 

0.l1li9-0.013 
10.2211-0.3301 
TYPALLWOI 

~ 
(7.391-7.5941 

L -t r:::::!)J=,==;=t ==..!~~ 
0.004 
iIToii 

ALL LEAD npg 

~ 
10.76Z-1·2701 
TYP ALL LEADS 

0.037-0.044 
10.940-1.1181 

+ 

1& 15 14 13 "I 

5 6 7 8 9 10 11 12 

0.D93-0.104 
i2.iiH.iiii 

t 

t~J~ 
11.2701 10.356-0.4831 

TYP 
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14 Lead Molded Dual-In-Line Package (N) 
NS Package Number N14A 

~DIA ~MAX 
(2.3371 (0.7621 DEPTH 

~ 

0.13510.005 
(3.42910.1271 

MIN 0.125-0.150 
(3.175-3.8101 

(~:~!~I II 
0.014-0.023 TYP- _ 

(0.355 -0.584) --

OPTION 1 

4'lYP 
OPTIONAL 

Ir Iso,L lYP 

I' .... I~ 0.07510.015 
(1.90510.3811 

_ ..... 0.10010.010 lYP 
(2.54010.2541 

.. 0.05010.010 TYP 
(1.270 -0.2541 

16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16A 

0.092 
(2.337) 

DIANDM 
(2XI 

I· +0040.1 
0.325 -0:016 

0.009-0.015 tJ 
(0.229-0.3811 

0.075 to.015 

(1.905 '0.381) I- J 
0.100 to.Ol0 

(2.640 '0.264) (8255 .1.016) 
. -0.381 

6·9 

OPTION 02 

0.300-0.320 

h~~1 
~ ol8-0.016 lYP ~!;'J ~~ (0.203-0.4081 

Lo.280 
(7.1121___ . 

MIN 

0.325 ~~:~~ 
/8255 +1.015) 
~ • -0.381 

N1BAtREVEI 

N,.4A.IREYfl 

." 
:r 
l. 
fl 
c 
3' 
CD ::s 
!!. o ::s 
(I) 
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16 Lead Molded Dual-In-Line Package (N) 
NS Package Number N16E 

0.130±0.01l5 
(3.302 ±0.127) 

OPTION 01 

INDEX 
AREA 

PIN NO. 1 
IDENT 

OPTION 02 

0.300-0.320 

III 90' ±4' TYP 

C-"U' 
I§3F"L~'m ~!s'J ~~ (0.203-0.406) 

0'125-0~150 L (3.175-3.810) 

0.014-0.023 
(0.356 0.584) 

TYP 

JIL~ 0.030±0.015 
(0.762±0.381) 

0.100±0.010 
(2.54D±0.254) 

0.050 ±0.010 TYP 
(1.27D ±0.254) 

TVP 

18 Lead Molded Dual-In-Line Package (N) 
NS Package Number N18A 

J!:!!!! X 0.030 
IZ.33&) (0.76Z) 

NOM MAX 
DEEP (2 PLCS) 

0.843-0.810 -::-j 
(21Al-ZZ.l0) 

15 14 13 12 11 D 

I 0.280 
_(7.112) __ 

MIN 

f 

0.325 ~~::~ 
f8 255 +1.016) 
~ . -0.381 

0.250 ±o.oos 
(6.35D±0.127) 

(7.112) ~ O'210~ 1ffi=i::;::::;:;:;n;:;=:r.;:::;:::;:=;::;:;n;:;=r.rI~ 
MIN 

0.300-0.320 

Ir:O~':;1 

~ 
I· +0.040 .. I 

0.325 ... 1.015 

/8.255 +1.018) 
~ -0.311 

0.100 ±OJlIO 
12.540 ±O.254) 

TVP 

6·10 

90' ±4'~ 
TVP 

(0.501) 
0.125-0.140 I MIN 

13.175-3.556) 

N18AIREVE) 

N16e!REVF) 



,-----------------------------------------------------------------------------, ~ 
20 Lead Molded Dual-In-Line Package (N) 
NS Package Number N20A 

0.092 X 0.030 
(2.337 X 0.762) 

MAXOP 

1.013-1.040 =:1 
125.73-26.42) 

~==~====±:17==1=6~1=.~14~=I3~I=Z=='~I~~ 

PIN NO. 110ENT""",,-1 ~ + 0.260 ±0.005 
1'. 16.604 ±0.127) 

rl~~11 om" jR=;I;1 ffimffi=rrr;:fi=rn=r.T'T7:r=r.=r;:;;;=I-.l 

0.032±0.005~D 19 
10.813±0.127) 

RAO 

PIN NO.lI0ENT~ 

I 

0.130 0.005 
0.065 

11.651) ------r-----------~ 
~.~~++~~~~~~~ 

0.325 :~~~ 
fU55 +1.016) 
~ -O.3Bl 

0.009_0.01JJ 
10.229-O.3Bl ) 
TYP 

0.060.0.005 

11.524.0.127) 

24 Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 

-90"0.004°1 
0.125-0.140 

(3.175 3.556) 

t 
0.020 

(0.50B) 
MIN 

1--___________ 1.243-1.270 ------------0--1 
(31.57-32.26) 

0.062 
11.676) 

RAO 

PIN NO.1 IDENT 

I Z 

DOTTED OUTLINES 
REFLECT ALTERNATE 

114.73) 0.030 
MIN -(0.-762-) 0.015 

N20AjREVGj 

OPTION 2 

r:
~:J MOLDED BODY CONFIGURATION 

0.600-0.620 MAX 11.905) 

!F115.24-15.148) L . ..,..,,.-__ ++-____ --=-:.:....-++-_..,,._+-___ .... 

0.009-0.015 ~ 
iD.2ii=ffiii 

0.075 ±0.015 
(1.906 ±0.381) I--

~ t t TYP 0.015 

~ ;-11-- 0.018 ±o.o -__ • __ ~ (0.381) 
0.100 to.Ol0 (OA57 _0.076) 13.175-3.556) MIN 

(2.640 '0.264) 

N24AIREvet 
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24 Lead (0.300" Wide) Dual-In-Line Package (N) 
NS Package Number N24C 

0.D92 
i2.337i 
(2 PLS) 

0.300-0.320 

r:'~'1 
~J 0.065 

(1.651) 

0.076±0.015 I 
(1.905±0.311) I-

28 Lead Plastic Chip Carrier (V) 
NS Package Number V28A 

D •• 
(1.2TO) 

1+--+1--;"- 0.130 l 68MCHAT r 
I (3:2) 

NOM 
16 PEDmAL 

0.1"-0.1111 
(4.111-4.m) 

!:!!!!=l!:m. 
(0.6111-0.113) 

TYP 

+ t 

t f 0.104-0.111 
(2.842-2.197) 

6-12 

f 
0.28D±0.DD5 

(6.&D4±0.127) 

I 

N24C(REVF) 

VIEW A-A 

~JB 
x4/i' 

--., 



14 Lead Ceramic Package (W) 
NS Package Number W14B 

0.026 -0.035 
(0.660 -0.889) 

TYP 

-

0.004-0.006 Jl 
(0.102 -0.152) 

TYP 
J ~.(~:~:) MAX TYP 

TVP 

16 Lead Ceramic Package (W) 
NS Package Number W16A 

0.050-0.0BO 1 
(1.270 - 2.032) 

0.004 -0.006 TYP-I 
(0.102-0.152) 

0.026-0.040 TYP~ I 
(0.660-1.016) r -- f.-

0.007 -0.018 
10.178-0.457) 

TYP 

0.371-0.390 
(9.423 -9.906) 

1 t 0.050±0.005 TYP 
(1.270±0.127) 

~I_O.OOOMINTYP 

.t. 
0.250 - 0.370 

(6.350-9.39B) 

I 
.- 16151413121110 9 f 

0.300 0.245 -0.275 
(7.620) 

MAX GLASS (6.223 -6.985) 

f --~2 3 4 5 6 7 8 -t 
' , 

DETAIL A ---"'1 I 
, 'J. 

PIN NO. ! ...J 0.250 -0.370 
10ENT (6.350 -9.398) 

~ 
II 0.015-0.019 

-.j I- (0.381- 0.482) 
TYP 

6-13 

W16A(REV HI 

t ~L .. o-o~· 
(0.203-0.305) 

DETAIL A 

W14BIREV H} 

T ,"-u" JL (0.203-0.305) 

DETAIL A 
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j 
is 

~ 
~ .c a. 

20 Lead Ceramic Package (W) 
NS Package Number W20A 

-
0.030 -0.040 ._ 

(0.762-1.016) TYP - -

(1.624-2.288) (13.72)'-r- 0.060-0.090 L 0.540 MAX~ 

'--,.. ~TYP-;"'+I r _11-...-. 0.005 MINTVP 1- (1.270±0.127) 1~-(0.127) 

r 
0.250-0.320 

(6.350-8.128) 

~ 20 19 1817 1616 14 13 12 11 ---- ~-
0.215 r 

(7.239) D 0.260-0.270 -r h, .... , ... ~"" 
SEE j I 0.2&0-0.320 

DETAIL A "- (6.3501-8.128) 

PIN '1 
IDENT 

0.004-0.006 m-IL 
(0.102-0.152) 

JL O.015-0.019 ~ -.(~::)MAXTYP 
(D.381-0.483) TYP 

24 Lead Ceramic Package (W) 
NS Package Number W24C 

-
0.030-0.040 __ 

(0.762-1.016j~ 

I- 0.080-0.090 0.590-0.625 M- (2.032-2~~::!±O'005 1 ... 11~14.99-15.88) 
I I (1.270±0.127) 

_1_ 0.005 MIN TVP 
(0.127) 

1 
0.250-0.3Z0 

(6.350-8.1Z8) 

~ 24 23 ZZ ZI ZO 19 18 17 16 15 14 13 -t 
D.400 

(10.16) 0.365-0.380 
MAXGLASS ) (9.Z71-9.65Z) 

(~::~!~~::~:) ! n z 1 
'<I / 0.250-0.320 

OPTIONAL I / (6.350-8.128) 

~'1 I 
10ENT t 

'- r 3 4 5 6 7 8 9 10 11 121 

0.004-0.009 _ _ _ 0.015-0.019 TVP l-..-_0.045 MAX IL (REFER O~~I~~:'~ ~ j 
(0.102-0.229) I (0.381-0.483) 1- (1.143) 

_ 0.008-0.015 

(0.203-0.381) 

6-14 

1 'L 0.008-0.012 --l (0.203-0.305) 

DETAIL A 

W2OAIRI:VD! 

0.011-0.025 

.mF~ 
JI 0.008-0.015 

I-- (0.203 -0.381) 

DETAIL ··A·· PIN #IIDENT OPTION 2 

W.'4C.REVDl 



NOTES 
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