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TTL/MSI9300 
4-81T UNIVERSAL SHIFT REGISTER 

DESCRIPTION - The 9300 is a TTL/MSI 4-Bit Universal Shift Register. As a high speed multi­
functional 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. This new 9300 replaces the earlier 9300 device in all applications. All require­
ments of the original 9300 specification are satisified with the minimum shift rate of 15 MHz being 
improved to 30 MHz. 

• 38 MHz TYPICAL SHIFT FREQUENCY 
• ASYNCHRONOUS COMMON RESET 
• J, K INPUTS TO FIRST STAGE 
• SYNCHRONOUSPARALLELENTRY 
• TYPICAL POWER DISSIPATION OF 300 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• TTL COMPATIBLE 

PIN NAMES 

PE 
PO,P1,P2,P3 

J 

K 

CP 
MR 

~O, 01, 02, 03 

03 

NOTES: 

Parallel Enable (Active LOW) Input 

Parallel Inputs 

First Stage J (Active HIGH) Input 

First Stage K (Active LOW) Input 

Clock (Active HIGH) Going Edge Input 

Master Reset (Active LOW) Input 

Parallel Outputs (Note b) 

Complementary Last Stage Output (Note c) 

a. 1 Unit Load (U.L.) = 40 J.1A HIGH/1.6 mA LOW 

LOADING (Note a) 

2.3 U.L. 

1 U.L. 

1 U.L. 

1 U.L. 

2 U.L. 

1 U.L. 

6 U.L. 

8 U.L. 

b. 6 U.L. is the output LOW drive factor and 12 U.L. is the output HIGH drive factor. 

c. 8 U.L. is the output LOW drive factor and 16 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

o = Pin Numbers 

8-1 

10 

LOGIC SYMBOL 

9 4 5 6 1 

CP 

1 15 14 13 12 

VCC = Pin 16 

GND = Pin 8 

11 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

. 
Vcc 16 MR 

15 

° 1 14 

Po °2 13 

P1 °3 12 

P2 03 
11 

P3 CP 10 

GND PE 

I 



FAIRCHILD TTL/MSI • 9300 

FUNCTIONAL DESCRIPTION - The logic diagram indicates the functional characteristics of the 9300 4-bit shift register. Several special 
logic features of the 9300 design which increase the range of useful application are: 

1. A iR input is provided to the first flip-flop in the register. This type of input is the same as the more common JK input except that the 
LOW voltage level activates the K input. This provides the greater power of the JK type input for most general applications. At the same 
time the simple D type input most appropriate for a shift register can be'easily obtained by tying the two inputs together. 

2. There is no restriction on the activity of the J or K inputs for logic operation-except for the set up and release time requirements. 

3. Parallel inputs for all four stages are provided. These will determine the next condition of the shift register synchronous with the clock 
input, whenever the parallel enable input is LOW. With the parallel enable input LOW, the element appears as four common clocked D 
flip-flops. When the parallel enable is HIGH, or not connected, the shift register performs a one bit shift for each clock input. In both cases 
the next state of the flip-flops occurs after the LOW to HIGH transition of the clock input. 

4. An internal clock buffer provides both reduced clock input loading, and the ability to gate the clock with only a single NAND gate. 

5. The active HIGH output is provided for all four stages and an active LOW output is provided for the last stage. 

6. A master asynchronous reset input allows the setting to zero of all stages independent of any other input condition. 

TABLE I-SERIAL ENTRY 
- -

(PE = HIGH, MR = HIGH) 

TRUTH TABLES 

TABLE III-PARALLEL ENTRY 

(PE = LOW,!VIR = HIGH) 

J K 00 at tn+1 
H 
L 
X 

HIGH Voltage Level 
LOW Voltage Level 
Don't Care 

D-Input Output 0 at tn+1 

L L L 
(PO, P1, P2 or P3) (00, 01, 02 or 03) 

L H 00 at tn (no change) L L 

H L '00 at tn (toggles) H H 

H H H 

TABLE IV-MODE SELECTION 
TABLE II-SERIAL ENTRY 

- - PE Po P1 P2 P3 J K MR 
(PE = HIGH MR = HIGH) Serial Entry H X X X X Refer to H 

J&K 
00 at tn+1 Connected 

Table I & II 
Parallel Entry L Refer to Table III X ·X H 

L L 
H H 

(n+ 1) = I hd icates state after nex t cl oc k 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUTS INPUT CURRENT VERSUS INPUT VOLTAGE 

EOUIVALENT CIRCUIT 

OUTPUTS 

-0.4 ----

~ 1-- .. --- --r----LJ·--I--·------­
~ug;-O.8 

. --j---+----I- --r-----~/ 
~-1.2 V 
;z --Ie- .-- -.- -1---+---1----1 

-1.6 I--H--I---+--I---+--I----f-------l 

----- - --- ---

1.0 2.0 3.0 

VI N - INPUT VOLTAG( - VOLTS 

EOUIVALENT CIRCUIT 

Vee 

Vcc' s.ov 
TA' 25°C I 

J 
-\.O 

/ < 
E 

V -- .---f---r 

r-I--- --f---

..:--2.0 

i 
8 -3.0 

~ 
f-- _.- -1----

j4.0 
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-6.0 
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E 
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, -1.0 

~ 
8-1.5 
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-2.5 
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TA" 25°C 
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/"" 

"" { 
I 

CP 
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I 
J 
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o 

VIN - INPUT VOLTAG(-VOLTS VI N - I NPUT VOLTAGE' VOLTS 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 
(°0,0,,°2,°3 AND 03) 

LOW STATE HIGH STATE 
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FAIRCHILD TTL/MSI • 9300 
--

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature -65°C to +1 50°C 

Temperature (Ambient) Under Bias -55°C to +1 25"C 

VCC Pin Potential to Ground Pin -0.5 V to + 7.0V 
*Input Voltage (dc) -0.5 V to + 5.5 V 
*Input Current (dc) -30 mA to +5. OmA 
Voltage Applied to Outputs (Output HIGH) -0.5 V to +VCC value 
Output Current (dc) (Output LOW) +3 OmA 

*Either I nput Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) AMBlE NT 

MIN. TYP. MAX. TEMPERA TURE 

9300XM 4.5 V 5.0 V 5.5 V -55"C to 1 25°C 

9300XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this pro duct. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

SYMBOL PARAMETERS 
MIN. 

LIMITS 

TYP. MAX. 
UNITS CONDITIONS 

(Note 4) 

V,H Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage for All Inputs 

V,L I nput LOW Voltage 0.8 Volts Guaranteed I nput LOW Voltage for All Inputs 

VCD I nput Clamp Diode Voltage -1.5 Volts VCC = MIN., "N = -12 mA, TA = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., IOH = -640 /J.A 

for 03, and -480 /J.A for 00-03 

V,N = V,H or V, L per Truth Table' 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 12.8 mA 
for 03 and 9.6 mA for 00-03 

V,N = V,H or V,L per Truth Table 

"H Input H IG H Current 

J, K, MR, PO, P1. P2 & P3 10 40 

CP 20 80 /J.A VCC = MAX., V,N = 2.4 V -
PE 23 92 

Input HIGH Current, all inputs 1.0 mA VCC = MAX., V,N = 5.5 V 
I 

I,L Input LOW Current 

J, K, MR, PO, P1, P2 & P3 -0.96 -1.6 

CP -1.92 --3.2 mA VCC = MAX., V,N = 0.4 V -
PE -2.21 -3.7 

ISC Output Short Circuit Current -20 -40 -80 mA VCC = MAX., VOUT = 0 V 

(lOS) (Note 5) 

ICC Power Supply Current 60 86 mA 9300XM I VCC = MAX. 
60 92 mA 9300XC !Inputs HIGH 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specificati on. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur a t the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the alia wable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

--
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FAIRCHILD TTL/MSI • 9300 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
CONDITIONS SYMBOL PARAMETER UNITS 

MIN. TYP. MAX. 

fsr Shift Right Frequency 30 38 MHz 

tPLH Turn Off Delay from Clock to Output 12 22 ns See Fig . .1. VCC = 5.0 V 

tPHL Turn On Delay from Clock to Output 19 26 ns CL = 15 pF 

tPHL (rv1R) Turn On Delay from MR to OUTPUT 26 37 ns See Fig. 2. 
(Except 03) 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

SYMBOL 
LIMITS 

PARAMETER UNITS CONDITIONS 
MIN. TYP. MAX. 

tpw (CP) Clock Pulse Width 17 11 ns See Fig. 1 

ts (Data) Set-up Time Data to Clock 20 13 ns 

th (Data) Hold Time Data to Clock 0 -11 
See Fig. 3. 

ns 

ts (PE) Set-up Time PE to Clock 
VCC = 5.0 V 

39 24 ns 

th (PE) 
See Fig. 4 

Hold Time PE to Clock -10 -20 ns 

tpw (MR) Master Reset Pulse Width 25 13 ns 

trec (MR) Recovery Time Master Reset to Clock 25 12 
See Fig. 2. 

ns 

DEFINITION OF TERMS 
SET-UP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 
HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TI ME indicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 
RECOVERY TIME (tree) is defined as the minimum time required between the end of the Reset pulse and the clock transistion from LOW to 
HIGH in order to recognize and transfer HIGH Data to the 0 outputs. 

SWITCHING TIME WAVEFORMS 

Clock to Output Delays and Clock Pulse Width. 

OTHER CONDITIONS: J = PE = MR'= H 

K= L 

Fig. 1. 

8-4 

Master Reset Pulse Width, Master Reset to Output Delay 
and Master Reset to Clock Recovery Time. 

"" -r-'>~~,.-----­
L,"" 

_ ______________ --J~rl-.5-V----------
CLOCK -

OUTPUT 
l-~L:j 

\ ... :_.5_V __ ..J! 

OTHER CONDITIONS: PE = L 

Po = P, = P2 = P3 = H 

Fig. 2. 



FAI RCHI LD TTL/MSI • 9300 

SWITCHING TIME WAVEFORMS 
(Cont't) 

Set-up h s) and Hold hh) Time for Serial Data (J and K) 
and Parallel Data (PO, P" P2 and P3) 

Set-up (ts ) and Hold hh) Time for PE Input. 

PE ________________ -J/ 

PE 

CLOCK ,\,, __ -.1 

OUTPUT 
___ -..II ''---

OUTPUT' ___ ~\\,, ____ ..I/ 

OTHER CONDITIONS: MR = H OTHER CONDITIONS: MR = H, J =K= L 
*J & KSET-UP TIME AFFECTS QO ONLY Po = P1 = P2 = P3 = H 

Fig. 3. Fig. 4. 

Note: The shaded areas indicate when the input is permitted to change for predictable output performance. 

TYPICAL SWITCHING CHARACTERISTICS 

SWITCHING PERFORMANCE 
CLOCK TO OUTPUT (Q3) DELAY 

AND MASTER RESET TO OUTPUT DELAY 
VERSUS TEMPERATURE 

34 

31 

2B 
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19 

16 

13 

10 
·55 

-

I 
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I ...... V 
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25 75 125 

TA . AMBIENT TEMPERATURE 'C 
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TTL/MSI 93HOO 
HIGH SPEED UNIVERSAL 4-81T SHIFT REGISTER 

DESCRIPTION - The 93HOO is a TTL/MSI 4-Bit Universal Shift Register offering a typical shift 
frequency to 55 MHz and guaranteed minimum value of 45 MHz. These features make the 93HOO 
useful in a wide range of high speed register and counter applications. These include serial-serial, shift 
left, shift right, serial-parallel, parallel-serial and parallel-parallel data registers. 

The 93HOO is pin compatible with the 9300 and 93LOO shift registers. Major electrical differences are 
the speed of operation and resulting power dissipation. 

• 55 MHz TYPICAL SHIFT FREQUENCY 
• ASYNCH RONOUS COMMON RESET 
• J, K INPUTS TO FIRST STAGE 
• SYNCHRONOUSPARALLELENTRY 
• TYPICAL POWER DISSIPATION OF 350 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• PIN FOR PIN COMPATIBLE WITH 9300A AND 93LOO DEVICES 

PIN NAMES 

PE 
PO, P1, P2, P3 
J 
K 
CP 
MR 

QO, Q1, Q2, Q3 
03 

NOTES 

Parallel Enable (Active LOW) Input 
Parallel Inputs 
First Stage J (Active HIGH) Input 
First Stage K (Active LOW) Input 
Clock (Active HIGH) Going Edge Input 
Master Reset (Active LOW) Input 
Parallel Outputs (Note b) 
Complementary Last Stage Output (Note b) 

a. 1 Unit Load (U.L.) = 40 J..LA HIGH/l.6 rnA LOW 

LOADING 
(Note a) 

1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 
2 U.L. 
1 U.L. 
8 U.L. 

10 U. L. 

b. lOU. L. is the output LOW drive factor and 20 U. L. is the output HI G H drive factor 

LOGIC DIAGRAM 

o = Pin Numbers 

8-6 

10 CP 

LOGIC SYMBOL 

93HOO 

15 13 

VCC = Pin 16 
GND = Pin 8 

12 

CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

11 



FAIRCHILD TTL/MSI • 93HOO 

FUNCTIONAL DESCRIPTION - The logic diagram indicates the functional characteristics of the 93HOO 4-bit shift register. Special logic 
features of the 93HOO design which increase the range of application are described below: 

1. A JK input is provided to the first flip-flop in the register. This type of input is the same as the more common JK input except that the 
LOW voltage level activates the K input. This provides the greater power of the JK type input for most general applications. At the same 
time the simple D type input most appropriate for a shift register can be easily obtained by tying the two inputs together. 

2. There is no r~striction on the activity of the J or K inputs for logic operation-except for the set up and release time requirements. 

3. Parallel inputs for all four stages are provided. These will determine the next condition of the shift register synchronous with the clock 
input, whenever the Parallel Enable input is LOW. With the Parallel Enable input LOW, the element appears as four common clocked D 
flip-flops. When the Parallel Enable is HIGH, or not connected, the shift register performs a one bit shift for each clock input. In both cases 
the next state of the flip-flops occurs after the LOW to HIGH transition of the clock input. 

4. An internal clock buffer provides both reduced clock input loading, and the ability to gate the clock with only a single NAND gate. 

5. The active HIGH output is provided for all four stages and an active LOW output is provided for the last stage. 

6. A master asynchronous reset input allows the setting to zero of all stages independent of any other input condition. 

TABLE I - SERIAL ENTRY 

(PE = HIGH, MR = HIGH) 

-
J K 00 at tn+1 

L L L 

L H 00 at tn (no change) 

H L 6.0 at tn (toggles) 

H H H 

TRUTH TABLES 
TABLE" - SERIAL ENTRY 

(fiE = HIGH, MR = HIGH) 

J&K 
Connected 

L 

H 

00 at tn+1 

L 

H 

TABLE IV - MODE SELECTION 

--
TABLE III - PARALLEL ENTRY 

(PE = LOW, MR = HIGH) 

PE Po P1 P2 P3 J K MR 

D-Input 
(PO, P1, P2 or P3) 

L 

H 

Output 0 at tn+1 
(00, 01. 02 or 03) 

L 

H 

(n+1) = Indicates state after next clock 

Serial Entry H 

Parallel Entry L 

H =HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Refer to 
X X X X 

Table I & II 

Refer to Table III X X 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUTS 
EQUIVALENT CIRCUIT 

.., 
INPUT 

Fig. 1 
INPUT CURRENT VERSUS 

INPUT VOLTAGE 
0r--'--r--'--r-~~r--'-. 

-~~;:~"gv ..,/ /7 
-1.0 ,, __ 

~ I 4,1--+-----+-- --

~ -2.0 1-f--+--l---+--hH-/S __ _ 

G -3.0 1-+-f-----tf---f-----tnJ~I_: ""OR~Pg ---
~ .,'/ 
., -4.0 H-+---h.c-/+"'~f--+---+---+~ 
Z /" 

/'" -5.0 1-H,£.f----1f---+---1f---+---1'--+--I 

-6.0 u..........L...---JL-......L...---JL--'-~':-......L...--!-
-1.0 0 1.0 2.0 3.0 

V IN - INPUT VOLTAGE - VOL TS 

OUTPUTS 
EQUIVALENT CIRCUIT 

Fr°UTPUT 

-'11 r 
LOW 

Fig. 2 
OUTPUT CURRENT VERSUS 

OUTPUT VOLTAGE 
LOW STATE 

0.4 0.8 1.2 1,6 

VOUT - OUTPUT VOLTAGE - VOLTS 
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FAIRCHILD TTL/MSI • 93HOO 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93HOOXM 4.5V 5.0 V 

93HOOXC 4.75 V 5.0V 

MAX. 

5.5 V 

5.25 V 

_65° C to +150° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

AMBI ENT TEMPERATURE 

-55°C to 125°C 

0°Cto75°C 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 
MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.64 mA (-0.8 mA, Pin 11) 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., IOL = 12.8 mA (16 mA, Pin 11) 
VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD I nput Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12 mA, T A = 25°C 

IlL Input LOW Current mA VCC = MAX., VIN = 0.4 V 
J, K, MR, PO, P1, P2 & P3,PE -0.96 -1.6 
CP -1.92 -3.2 

IIH Input HIGH Current /-LA VCC = MAX., VIN = 2.4 V 
J, K, MR, PO, Pl, P2 & P3, PE 40 
CP 80 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

ISC 
Output Short Circuit Current 

-30 -75 -100 mA VCC = MAX., VOUT = 0 V (Note 5) 

ICC 
Power Supply I 93HOOXM 65 102 

mA VCC = MAX. Current I 93HOOXC 65 112 
--

NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical I.imits are at VCC = 5.0-V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 
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FAIRCHILD TTL/MSI • 93HOO 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN. TYP. MAX. 

fsr Shift Right Frequency 45 55 MHz 

tPLH Turn Off Delay from Clock to Output 10 16 Fig.4 
VCC = 5.0 V 

ns 
CL=15pF 

tPHL Turn on Delay from Clock to Output 14.5 21 ns 

tPHL (MR) Turn on Delay from M R to Output (Except 03) 21 28 ns Fig.5 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS 

tpw (CP) Clock Pulse Width 12 9.0 ns Fig.4 

ts (Data) Set-Up Time Data to Clock 12 6.0 ns 
Fig.6 

th (Data) Hold Time Data to Clock 0 -5.0 ns 

ts (PE) Set-Up Time PE to Clock 15 8.0 ns 
Fig.7 VCC = 5.0 V 

th (PE) Hold Time PE to Clock 0 -7.0 ns 

tpw (MR) Master Reset Pulse Width 19 11 ns 

trec (M R) Recovery Time Master Reset to Clock 
Fig.5 

7.0 3.0 ns 

SET-UP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock transi­
tion from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME (trec) is defined as the minimum time required between the end of the reset pulse and the clock transition from LOW to 
HIGH in order to recognize and transfe'r HIGH data to the 0 outputs. 

SWITCHING TIME WAVEFORMS 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

CLOCK 

OUTPUT ---------

Other Conditions: J = PE = M R = H 

K=L 

Fig. 4 - CLOCK TO OUTPUT DELAYS & 
CLOCK PULSE WIDTH 

PE ________ --11 

OUTPUT' ----~\'_ ___ -II,.-----.\'_ ___ ___JI 
Other Conditions: M R = H 

*J&K Set-Up Time Affects 00 Only 

Fig. 6 - SET-UP (ts) AND HOLD (th) TIME FOR SERIAL 
DATA (J&1<) AND PARALLEL DATA (PO, Pl, P2, P3) 
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f--- tpw-----l 

MR 4 ,,-------
L",,! 

_______________ --Jjt~1-,5-V----------
CLOCK -

OUTPUT 

Other Conditions: PE = L 

Po = P, = P2 = P3 = H 

Fig. 5 - MASTER RESET PULSE WIDTH, 

PE 

MASTER RESET TO OUTPUT DELAY & 
MASTER RESET TO CLOCK RECOVERY TIME 

CLOCK ,'-____ --' 

OUTPUT. __________ .11 '---
Other Conditions: MR = H, J = K = L 

Po = P, = P2 = P3 = H 
*ts(H) and th(H) Affects 00 Only 

Fig. 7 -.SET-UP (ts) AND HOLD (th) TIME FOR PE INPUT 
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lPTTl/MSI 93100 
LOW POWER 4-81T SHIFT REGISTER 

DESCRIPTION - The LPTTL/MSI 93LOO 4-Bit Shift Register is a medium speed multi-functional 
sequential logic block, useful in a wide variety of register and counter applications. As a register it may 
be used in serial-serial, shift left, shift right, serial-parallel, parallel-serial, and parallel-parallel data 
transfers. The circuit uses TTL technology for high speed and high fanout capability, and is 
compatible with the Fairchild TTL family. 

• 15 MHz TYPICAL SHIFT FREQUENCY 
• ASYNCHRONOUS COMMON RESET 
• J, K INPUTS TO FIRST STAGE 
• SYNCHRONOUSPARALLELENTRY 
• TYPICAL POWER DISSIPATION OF 75 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 

• TTL COMPATIBLE 

PIN NAMES 

PE 
PO,P1,P2,P3 
J 
K 
CP 
MR 

00, Ql ' Q2, 03 
03 

Parallel Enable (Active LOW) Input 
Parallel Inputs 
First Stage J (Active HIGH) Input 
First Stage K (Active LOW) Input 
Clock (Active HIGH Going Edge) Input 
Master Reset (Active LOW) Input 
Parallel Outputs 
Complementary Last Stage Output 

1 Unit Load (U.L.) = 40 J.1.A HIGH/l.6 mA LOW. 

LOGIC DIAGRAM 

P'G) P'G) 

LOADING 
HIGH LOW 

1.15 U.L. 0.575 U.L. 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
0.5 U.L. 0.25 U.L. 
1.0 U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 
8.0 U.L. 2.0U.L. 
8.0 U.L. 2.0 U.L. 

~--~>r~----~----r---+-----~--+---~-----r--~---+----~ 
@ 

OJ 

K @ 

0) 

~------------~--~----------~-+----------~-4-----------J 
CD o,@ 0, @ 0J@ 

0= PIN NUMBERS 
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LOGIC SYMBOL 

9 

2 J PE 
CP 

10 

Vee = Pin 16 
GND = Pin 8 

11 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

4 

6 

8 

8 

16 

15 

14 

13 

12 

11 

10 

9 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAI RCHI LD LPTTL/MSI • 93LOO 

FUNCTIONAL DESCRIPTION - The logic diagram indicates the functional characteristics of the 93LOO 4-bit shift register. Special logic 
features of the 93LOO design increase the versatility of this shift register. 

1. A JK input is provided to the first flip-flop in the register. This type of input is the same as the more common JK input except that the 
LOW voltage level activates the K input. This provides the greater power of the JK type input for most general applications. At the same 
time the simple D type input most appropriate for a shift register can be easily obtained by tying the two inputs together. 

2. There is no restriction on the activity of the J or K inputs for logic operation-except for the set up and release time requirements. 

3. Parallel inputs for all four stages are provided. These will determine the next condition of the shift register synchronous with the clock 
input, whenever the parallel enable input is LOW. With the parallel enable input LOW, the element appears as four common clocked D 
flip-flops. When the parallel enable is HIGH, or not connected, the shift register performs a one bit shift for each clock input. In both cases 
the next state of the flip-flops occurs after the LOW to HIGH transition of the clock input. 

4. An internal clock buffer provides both reduced clock input loading, and the ability to gate the clock with only a single NAND gate. 

5. The active HIGH output is provided for all four stages and an active LOW output is provided for the last stage. 

6. An asynchronous master reset input allows the setting to zero of all stages independent of any other input condition. 

J 

L 

L 

H 

H 

TABLE I - SERIAL ENTRY 

(PE'" HIGH, MR '" HIGH) 

K 00 at tn+1 

L L 

H 00 at tn (no change) 

L 00 at tn (toggles) 

H H 

TABLE /I - SERIAL ENTRY 

(PE'" HIGH, MR = HIGH) 

J&K 
Connected °Oattn+1 

L L 

H H 

TRUTH TABLES 

TABLE III - PARALLEL ENTRY 

(PE'" LOW, MR "'HIGH) 

D-Input Output 0 at tn+1 
(PO, P1, P2 or P3) (00, 01, 02 or 03) 

L L 

H H 

(n+1 = Indicates state'after next clock) 

TABLE IV - MODE SELECTION 

PE Po P1 P2 P3 J R 

Refer to 
Serial Entry H 

Parallel Entry L 

H 

L 

X 

HIGH Voltage Level 

LOW Voltage Level 

Don't Care 

X X X X 
Table I & II 

Refer to Table III X X 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUTS EQUIVALENT CIRCUIT 

INO---...... --' 

TYPICAL RESISTORS 

RO'" 16 kn 
R1 '" 6 kn 
R2'" 240 n 
R3'" 5 kn 

OUTPUTS EQUIVALENT CIRCUIT 

r-------------4---VCC 

MR. 

H 

H 

""---_----0 OUT 
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FAIRCHILD LPTTL/MSI • 93LOO 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*.Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93LOOXM 4.5 V 5.0 V 

93LOOXC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

_65° C to +150° C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 
-30 mA to +5.0 mA 

-0.5 V to +VCC value 
+30mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.32 mA 
V,N = V,H or VIL per Truth Table 

VOL Output LOW Voltage 0.1 0.3 Volts 
VCC = MIN., IOL = 3.2 mA 
V,N = V,H or VIL per Truth Table 

V,H Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

V,L Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

',L Input LOW Current mA VCC = MAX., V,N = 0.3 V 

J, K. MR, PO,P1 ,P2 & P3 -0.25 -0040 
CP -0.50 -0.80 

PE -0.58 -0.92 

'IH Input HIGH Current !J.A VCC = MAX., V,N = 2.4 V 

J, K, MR, PO,P1 ,P2 & P3 2.0 20 

CP 4.0 40 
PE 5.0 46 

Input HIGH Current 1.0 mA VCC == MAX., V,N = 5.5 V 

ISC Output Short Circuit Current -2.5 -16 -25 mA VCC == MAX., VOUT = 0 V 
(Note 5) 

ICC Power Supply Current 15 23 mA VCC == MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 
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FAI RCHI LD LPTTL/MSI • 93LOO 

SWITCHING CHARACTERISTICS (TA = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN TYP MAX 

fsr Shift Right Frequency 10 17 MHz 
VCC = 5.0 V, CL = 15 pF 

(See Fig. 1c) 

tpLH Turn Off Delay 23 35 ns VCC=5.0V, CL = 15pF 

tpHL Turn On Delay 34 51 ns (See Fig. 1a) 

tpHL (MR) Reset Time for 1iiiR 55 83 ns 

SWITCHING SET-UP REQUIREMENTS (TA = 25°C) 

LIMITS 
CONDITIONS SYMBOL PARAMETER UNITS 

MIN TYP MAX 

tpw CP Clock Pulse Width 38 25 ns Fig.1c 

ts Set-up Time 60 35 ns 

th Hold Time 0 ns 
Fig.1a 

-22 VCC = 5.0 V 
ts (PE) Set-up Time for PE 68 45 ns 

CL = 15 pF Fig.1b 
th (PE) Hold Time for PE -20 -39 ns 

trec (MR) Recovery Time for MR ;0 45 ns 
Fig. 1a 

tpwMR Min Reset Pulse Width 53 35 ns 

SET-UP TIME: ts is defined as the minimum time required for the logic level to be present at the logic input prior to the clock transition from 
LOW to HIGH in order for the flip-flop(s) to respond. 

HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 

RECOVERY TIME FOR MR: trecfl\ii'R) is defined as the minimum time required between the end of the reset pulse and the clock transition 
from LOW to HIGH in order for the flip-flop(s) to respond to the clock. 

Fig.1a 

DATA SERIAL 4: V'" __ \J V'" __ 
ORPARALELL T ~------- T 

~------------------~ 
~ I, f-- -I I, r- ----j 'h r- ----jlhl--

IPHLIMRI~ f.o--
,r-~~---------------

Fig.1b 

DATA ~ _______________________ _ 
SERIAL --- ~'_ _____________________________________________ _ 

DATA + _______________________ _ 
PARAlELl ---

1 \ '--____ ---11 
Fig.1c 

I OUTPUT - ____ ..... \ I \ 
v 0 UT Frequency = 112 X V IN Frequency 

J = HIGH, K = LOW, PE = HIGH, MR = HIGH 

Fig. 1 SWITCHING TIME Be SHIFT RIGHT FREQUENCY WAVEFORM 
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TTL/M5193500 
4-81T UNIVERSAL SHIFT REGISTER 

DESCRIPTION - The 93S00 is a TTL/MSI super high speed 4-Bit Universal Shift Register. It 
utilizes Schottky clamped diode technology to achieve its super high speeds. As a high speed multi­
functional 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. 

• TVPICAL SHIFT RIGHT FREQUENCY OF 100 MHz 
• ASVNCHRONOUS COMMON RESET 
• J, K INPUTS TO FIRST STAGE 
• SVNCHRONOUSPARALLELENTRV 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

PE 

PO,P1,P2, P3 
J 

K 

CP 

MR 

~O, 01, 02, 03 

03 

LOGIC DIAGRAM 

Parallel Enable (Active LOW) Input 

Parallel I npu ts 

First Stage J (Active HIGH) Input 

First Stage K (Active LOW) Input 

Clock (Active HIGH) Going Edge Input 

Master Reset (Active LOW) Input 

Parallel Outputs 

Complementary Last Stage Output 

P,® P2 ® PJCD 

ii3@ 

02 @ 0J@ 

0= Pin Numbers 

8-14 
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LOGIC SYMBOL 

9 4 5 6 7 

1 15 14 13 12 

VCC = Pin 16 
GND = Pin 8 

11 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



TTL/MSI 9301 
ONE-Of-TEN DECODER 

DESCRIPTION - The 9301 is a Multipurpose Decoder designed to accept four inputs and provide 
10 mutually exclusive outputs. The circuit uses TTL for high speed and high fan out capability, and is 
compatible with all members of the Fairchild TTL family. 

• MULTI-FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• GUARANTEED FANOUT OF 10 TTL LOADS OVER THE FULL TEMPERATURE RANGE 

AND SUPPLY VOLTAGE RANGES 
• HIGH CAPACITIVE DRIVE CAPABILITY 
• DEMUL TIPLEXING CAPABILITY 
• TYPICAL POWE R DISSIPATION OF 145 mW 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL. LPDTL AND TTL FAMILIES 
• ALL CERAMIC "HERMETIC" 16 LEAD DUAL IN-LINE PACKAGE 
• INPUT CLAMP DIODES LIMIT .-,IGH SPEED LINE TERMINATION EFFECTS 

PIN NAMES 

AO, A1, A2, A3 
Oto9 

NOTES: 

Address Inputs 
Outputs, Active LOW (Note b) 

a. Unit Load (U.L.) = 40J.,tA HIGH/1.6mA LOW 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

LOADING 

(Note a) 
1 U.l. 

10 U.L. 

0= PIN NUMBER 

8-15 

LOGIC SYMBOL 

15 14 

0123456789 

13121110934567 

VCC=Pin16 
GND= Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

1;> 

11 

10 

GND -4 

I 



FAIRCHILD TTL/MSI • 9301 

FUNCTIONAL DESCRIPTION - The 9301 decoder accepts four active HIGH BCD inputs and provides ten mutuallv exclusive active LOW 

outputs, as shown by the logic symbol. The active LOW outputs facilitate addressing other MSI units with active LOW enables. 

The logic design of the. 9301 ensures that a" outputs are HIGH when binary codes greater than nine are applied to the inputs. 

The most significant A3 input produces a useful inhibit function when the 9301 is used as a 1 of 8 decoder. 

TRUTH TABLE SWITCHING PERFORMANCE 

AO A1 A2 A3 0 1 2 3 4 5 6 7 8 9 TYPICAL TURN ON DELAY TYPICAL TURN OFF DELAY 

L L 
VERSUS TEMPERATURE VERSUS TEMPERATURE 

L L L H H H H H H H H H 56 70 

H L L L H H H H 
f- Vee' 5.0V vee· -5.0V J 

L H H H H H eL • 15 pF eL' 15 pF / 4B eo 
L H L L H H L H H H H H H H 

~ L I!! 
I V I / H H L L H H H L H H H H H H >- 40 

>-
50 

L L H L H H H H L H H H H H 
~ .,t,.",-+-L g / 
0 

32~ /' ,/ z 
~~ H H L H 

0 

""'"",----...... 
0 40 

L H H H H L H H H H z Z 0: 0: / 
::;) ::;) 

L H H L H H H H H H L H H H 
>- >-
I 24 I 30 
...J J: 

H H H L H H H H H H H L H H 
J: g. 

L L L H H H H H H H H H L H 1e 20 

MIN 
H L H H L H H H H H H H H L 8 10 

MIN 

-55 0 25 75 125 -55 0 25 75 125 
L H L H H H H H H H H H H H 

T A - AMBIENT TEMPERATURE -' e TA - AMBIENT TEMPERATURE -"e 

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

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

H L H H H H H H H H H H H H '''::f '" f L H H H H H H H H H H H H H 

H ":2)- -~c H H H H H H H H H H H H H 
vOUT 

-1.5V-

H = HIGH Voltage Level 

L = LOW Voltage Level Fig. 1 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT EaUIVALENT CIRCUIT OUTPUT EaUIVALENT CIRCUIT 

OUTPUT HIGH OUTPUT LOW 
Vee Vee 

~ ,~ 
i 

.:5~ .. nt .:52:: 

-4:- ~ 

OUTPUT CURRENT VERSUS OUTPUT CURRENT VERSUS 
INPUT CURRENT VERSUS OUTPUT VOLTAGE OUTPUT VOLTAGE 

INPUT VOL TAGE OUTPUT HIGH OUTPUT LOW 
0.5 

Vcc" 5.5V 
0 I I / 

«J 

_~CC"14.75~ 
0 TA" 25°C. ~ Vee' 5.0V 

/ 
-5.0 TA • 25°e / 

TA " 25°C 
30 

.., -0.5 '" '" f 
V 

E -10 E 

~ z I z -- z 

~ V ~ -15 f-- ~ 
20 

-1.5 r 7 
::::I f => 

-20 => I CL / 10 z ---, -- --. 0 ::::I I 0 

z -25 
-2.5 

0 

~ 
0 / 0 

-30 / I 
L

r 
-M -35 -10 

-1.0 0 1.0 2.0 3.0 4.0 -1.0 0 1.0 3.0 5.0 7.0 9.0 -1.0 -0.5 0 0.5 1.0 1.5 

VIN - INPUT VOLTAGE - VOLTS VOUT - OUTPUT VOLTAGE - VOlfS 
VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2 Fig. 3 Fig. 4 
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FAI RCH I LD TTL/MSI • 9301 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage(de) 

*Input Current (de) 

Voltage Applied to Outputs (Output HI G H) 

Output Current (de) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

930lXM 4.5 V 5.0 V 

930lXC 4.75 V 5.0 V 

-65°C to +150°C 

-55°C to +125°C 

-D.5V to +7.0V 

-O.5V to +5.5V 
-30 mA to +5.0 mA 

-O.5V to +VCC value 
+30 mA 

TEMPERATURE 
MAX. 

5.5 V -55°C to 125°C 

5.25 V 0°Ct075°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER CONDITIONS 

MIN. TYP. MAX. UNITS 
(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed input HIGH Threshold 
Voltage for all Inputs 

VIL Input LOW Voltage O.S Volts Guaranteed input LOW Threshold 
Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC= MIN,IIN = -12mA,TA = 25°C 

VOH Output HI GH Voltag::! 2.4 3.6 Volts VCC = MIN., IOH = -SOOJ..tA 
VIN = VIH or VIL per Truth Table 

-

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 16mA 

VIN = VIH or VI L per Truth Table 

IIH Input HIG~ Current 10 40 J..tA VCC = MAX., VIN = 2.4 V 

1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current -20 -40 -70 mA VCC = MAX., VOUT = 0.0 V 
(lOS) (Note 5) 

--
ICC Power Supply Current 29 44 mA VCC = MAX. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LI MITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0V, 25°C, and maximum loading. 
(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25"C) 

SYMBOL PARAMETER 
MIN. 

tpLH Turn Off Delay I nput to Output 

tpHL Turn On Delay I nput to Output 

LIMITS 

TYP. 

23 

20 

8-17 

MAX. 
UNITS TEST CONDITIONS 

35 ns VCC = 5.0V 

30 ns CL = 15pF (See Fig. 1) 
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lPTTl/MSI 93l0l 
LOW POWER ONE-OF-TEN DECODER 

DESCRIPTION - The LPTTLIMSI 93L01 is a MUltipurpose Decoder designed to accept four inputs 
and provide 10 mutually exclusive outputs. The circuit uses TTL technology and is compatible with 
the Fairchild TTL family. 

• MULTI-FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• DEMULTIPLEXING CAPABILITY 
• TYPICAL PROPAGATION DELAY OF 63 ns 
• TYPICAL POWER DISSIPATION OF 45 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

LOADING 
PIN NAMES 

AO. A1. A2. A3 
(5 to "9 

Address Inputs 
Outputs (Active LOW) 

1 Unit Load (U.L.) = 40 p.A HIGH/1.6 rnA LOW 

LOGIC DIAGRAM 

T 

HIGH LOW 

0.5 U.L. 0.25 U.L. 
10 U.L. 2.5 U.L. 

8 8 

o = Pin Numbers 
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LOGIC SYMBOL 

1514 1 2 

93LOI 

13121110934567 

Vee = PIN 16 
GND = PIN 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

8 9 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAIRCHilD lPTTl/MSI • 93101 

FUNCTIONAL DESCRIPTION - The 93LOl 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 outputs are HIGH when binary codes greater than nine are applied to the inputs. 

The most significant input A3 produces a useful inhibit function when the 93L01 is used as a 1-of-8 decoder. 

INPUTS 
EQUIVALENT CIRCUIT 

TRUTH TABLE 

A3 0 -
AO A1 A2 1 

L L L L L H 

H L L L H L 

L H L L H H 

H H L L H H 

L L H L H H 

H L H L H H 

L H H L H H 

H H H L H H 

L L L H H H 

H L L H H H 

L H L H H H 

H H L H H H 

L L H H H H 

H L H H H H 

L H H H H H 

H H H H H H 

H = HIGH Voltage Level 

L = LOW Voltage Level 

- "3 -
2 4 

H H H 

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 

- - - 8 -
5 6 7 9 

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 

L H H H H 

H L H H H 

H H L H H 

H H H L 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 

TYPICAL INPUT AND OUTPUT CIRCUITS 

OUTPUTS 
EQUIVALENT CIRCUITS 

OUTPUT LOW OUTPUT HIGH 

~-"",,-oOUT 

I N O---tl>--..J 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

6.0kn 

VCC 

240n 

»-~..---o 0 UT 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

L *Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
----------------------------------------------------------------------~ 
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FAIRCHI lD lPTTl/MSI • 93101 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L01XM 4.5 V 5.0 V 5.5 V -55°c to 125°C 

93LOl XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 

V,N = V,H or V,L per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 4.0 mA 

V,N = V,H or V,L per Truth Table 

V,H Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold Voltage 

for All Inputs 

V,L I nput LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold Voltage 

for All Inputs 

',L Input LOW Current -0.25 -0.4 mA VCC = MAX., V,N = 0.3 V 

2.0 20 /-LA VCC = MAX., V,N = 2.4 V 
"H Input HIGH Current 

1.0 VCC = MAX., V,N = 5.5 V rnA 

ISC Output Short Circuit Current -2.5 -16 -25 mA VCC = MAX., VOUT = 0.0 V (Note 5) 

ICC Power Supply Current 9.0 13 rnA VCC = MAX., Inputs at GND 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditi'ons for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn Off Delay Input to Output 32 50 ns VCC= 5.0V See Fig. 1 

tpHL Turn On Delay Input to Output 36 55 ns CL = 15 pF 

SWITCHING TIME WAVEFORMS 

Fig. 1 
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TTL/MSI 9302 
ONE-Of-TEN DECODER WITH OPEN COLLECTOR OUTPUT 

DESCRIPTION - The 9302 is a mUltipurpose Decoder designed to accept four inputs and provide 10 
mutually exclusive outputs. The open collector outputs provide wired-OR capability which can be 
used for numerous summing, decoding and demultiplexing operations. The circuit uses TTL for high 
speed and high fan out capability, and is compatible with all members of the Fairchild TTL family. 

• OUTPUTS HAVE WIRED-OR CAPABILITY 
• PROVIDES CAPABILITY TO GENERATE AND SUM MINTERMS OF 3 OR 4 VARIABLES 
• ACTIVE LOW OUTPUTS ARE USEFUL FOR DRIVING LOW VOLTAGE LAMPS AND 

RELAYS 
• MULTI·FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• DEMULTIPLEXING CAPABILITY 
• TYPICAL POWER DISSIPATION OF 145 mW 
• INPUT CLAMP DIODES LIMIT HiGH SPEED LINE TERMINATION EFFECTS 

PIN NAMES 

AO, A1 , A2, A3 
-Oto9 

NOTES: 

Address Inputs 
Outputs, Active LOW (Note b) 

a. Unit Load (U.L.) = 40#LA HIGH/1.6mA LOW 

LOADING 

(Note a) 
1 U.L. 

10 U.L. 

b. An external pull-up resistor is needed to pro.vide HIGH level drive capability. The outputs will 

sink a maximum of 16mA at VOUT = 0.4 V. 

LOGIC DIAGRAM 

0= PIN NUMBER 
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LOGIC SYMBOL 

15 14 

0123456789 

131211 10 9 3 4 5 6 7 

Vee = Pin 16 
GND= Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

lh 

15 

14 

13 

12 

11 

10 

I 



FAIRCHILD TTL/MSI • 9302 

FUNCTIONAL DESCRIPTION - The 9302 decoder accepts four active HIGH BCD inputs and provides ten mutually exclusive active LOW 
outputs, as shown by the logic symbol. The open collector outputs provide easy summing of input terms. The 9302 provides the capability in 
one package to generate and sum any or all of the minterms of three variables, or the first 10-of-16 minterms of four variables. 

The logic design of the 9302 ensures that all outputs are HIGH when binary codes greater than nine are applied to the inputs. 

The most significant input (A3) produces a useful inhibit function when the 9302 is used as a 1-of-8 decoder. 

TRUTH TABLE 

AO A1 A2 A3 0 2 3 4 5 

L L L L 

H L L L 

L H L L 

H H L L 

L L H L 

H L H L 

L H H L 

H H H L 

L L L H 

H L L H 

L H L H 

H H L H 

L L H H 

H L H H 

L H H H 

H H H H 

L H H H H H 

H L H H H H 

H H L H H H 

H H H L H H 

H H H H L 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 

H H H H H H 

H H H H H H 

H H H H H H 

H = HI G H Voltage Level 

L = LOW Voltage Level 

6 7 8 9 

H H H 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 L H H 

H H L 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 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT EaUIVALENT CIRCUIT 

INPUT CURRENT VERSUS 
INPUT VOL TAGE 

0.5 r-~~._---.--,-----.-.__.--_r_-, 
Vec' 5.0V 

o 'A' 25°C ---1-t-+---:. ....... -+--+ ........ ---1 
/ 

: ~5 f--+-+--+--+/--J.---4~f--+--+----l 

~ V ................... 
: -1.5 1----1{~+_-+--+-+---t-f___+_-+----j 

z 
..: -2.5 H-+-+--+--+-+---4-.-I----+--+----l 

-3. 5 L.L.....1...---L.....--L---'---1..---'~L-.1...---'----I 
-1.0 o 1.0 2.0 3.0 4.0 

VIN - INPUT VOLTAGE VOllS 
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... 
E 

z 

OUTPUT EaUIVALENT CIRCUIT 

'=IT 
OUTPUT CURRENT VERSUS 

OUTPUT VOLTAGE 
OUTPUT LOW 

~r-r-ITI-.-.--r-.-~.-._~ 

- vee' 5.0V -t---l--t-+-+--+----l 
'A' 25°e 

~~~-+-+~f~~*=~ 

I 

~ 20 r---+-+-+---+-+---1-I--+----+----l 

~ \Or-~+_-+--+~/~-+--+-+-4---l 
o / 

/r 
-10 L-L..1...-...L-....I--1...--1..---L __ L--L-...l.---I 

-1.0 ~.5 0 0.5 1.0 
VOU ' - OUTPUT VOLTAGE - VOllS 



FAIRCHILD TTL/MSI • 9302 
r-------------------------------------------------------,.~' ---------------------------------------------------------

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage(dc) 
*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER SUPPl Y VOLTAGE (VCC) 

MIN. TYP. 

9302XM 4.5 V 5.0 V 

9302XC 4.75 V 5.0 \( 

MAX. 

5.5 V 
-----~~ - .-" f-. 

5.25 V 

-65°C to +1.50°C 
_55° C to +125° C 

-O.5V to +7.0V 
-O.5V to +5.5 V 

-30 mA to +5.0 mA 
-O.5V to +VCC value 

+30 mA 

-.-

TEMPERATU RE 

-55°C to 125 

O°C to 7 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER CONDITIONS 

MIN. TYP. MAX. UNITS 
(Note 4) 

.~~ .. ~--

VIH Input HIGH Voltage 2.0 Volts Guaranteed input HIGH Threshold 

---r Volt~.ge..!~r_a.!.!.J.nputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed input lOW Threshold 
Voltage for all Inputs 
---_. ------------~- ~-- -- -

VCD Input Clamp Diode Voltage -1.5 Volts VCC= MIN,IIN = -12mA,TA = 25° C 
-- . 

ICEX Output HIGH Leakage Current 250 IJ.A VCC = MIN., VCEX = 5.5 V 
VIN = VIH or Vil per Truth Table 

~--.---

VOL Output lOW Voltage 0.2 0.4 Volts VCC = MIN., IOl = 16mA 
VIN = VIH or Vil per Truth Table 

---------_.- . __ .. _-_._ .. --- - --

IIH Input HI G H Current 10 40 IJ.A VCC = MAX., VIN = 2.4 V 

--1--------- -------~-------- ---- ----------
1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input lOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

... --- f-- ---- ---------

ICC Power Supply Current 29 mA VCC = MAX. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0V, 25°C, and maximum loading. 
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TTL/MSI 9304 
DUAL FULL ADDER 

DESCRIPTION - The 9304 consists of two independent, high speed, binary Full Adders. The adders 
are useful in a wide variety of applications including multiple bit parallel add/serial carry addition, 
parity generation and checking, code conversion and majority gating. The circuit uses TTL for high 
speed, high fanout operation and is compatible with all members of the Fairchild TTL family. 

• MULTI-FUNCTION CAPABILITY 
• 8ns CARRY PROPAGATION DELAY 
• COMPLEMENTARY INPUTS AND OUTPUTS AVAILABLE 
• TYPICAL POWER DISSIPATION OF 150 mW 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL, LPDTL AND TTL FAMILIES 

• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE PACKAGE 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

FULL ADDER 1 
A,B 
C 
S 
S 
CO 
FULL ADDER 2 
A1, B1 
A2,82 
C 
S 
S 
Co 

NOTES: 

Operand Inputs 
Carry Input 
Sum Output (Note c) 
Complementary Sum Output (Note c) 
Carry (Active LOW) Output (Note b) 

OR Operand (Active HIGH) Input 
OR Operand (Active LOW) Input 
Carry (Active LOW) Input 
Sum Output (Note c) 
Complementary Sum Output (Note c) 
Carry (Active HIGH) Output (Note b) 

a. 1 Unit Load (U.L.) = 40}.LA HIGH/1.6mA LOW. 

b. 7 U.L. is the output LOW drive factor and 14 U.L. is the output HIGH drive factor. 

c. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

@A 

(3) (]) 
s@ 

LOADING 
(Note a) 

4 U.L. 
4 U.L. 

10 U.L. 
10 U.L. 

7 U.L. 

1 U.L. 
4 U.L. 
4 U.L. 

10 U.L. 
10 U.L. 

7 U.L. 

0= Pin Numbers 

® 
s@ 

----------------------~oco ~ 
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LOGIC SYMBOL 

15 13 1 14 

9304 9304 
FULL ADDER 1 FULL ADDER 2 

10 

Vee = Pin 16 

GND=Pin8 

11 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

16 

15 

FULL 
13 

FULL 
ADDER 1 

12 ADDER 2 

11 

10 

FLATPAK (TOP VIEW) 



FAI RCH I LD TTL/MSI • 9304 

FUNCTIONAL DESCRIPTION - The Fairchild 9304 logic block consists of two separate high speed carry dependent sum full adders. This 
design allows a minimum carry propagation time when the adders are used in ripple carry applications. The adders are identical except that add­
er 2 has provision for either active HIGH or active LOW inputs at the A and 8 terminals. The adders produce a LOW carry and both LOW and 
HIGH sum with active HIGH inputs, a HIGH carry and both HIGH and LOW sum when active LOW inputs are used. This principle of duality is 
shown below, where the adders are drawn as functional blocks. 

ADDER 1 

INPUTS OUTPUTS 

C 8 A Co S 

L L L H H 

L L H H L 

L H L H L 

L H H L H 

H L L H L 

H L H L H 

H H L L H 

H H H L L 

TRUTH TABLES 

ADDER 2 

S 

L 

H 

H 

L 

H 

L 

L 

H 

INPUTS 

C 8 1 A1 8 2 
L L L L 

L L L L 

L L L H 

L L L H 

L L H L 

L L H L 

L L H H 

L L H H 

L H L L 

'- H L L 

L H L H 

L H L H 

L H H L 

L H H L 

L H H H 

L H H H 

H L L L 

H L L L 

H L L H 

H L L H 

H L H L 

H L H L 

H L H H 

H L H H 

H H L L 

H H L L 

H H L H 

H H L H 

H H H L 

H H H L 

H H H H 

H H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

FUNCTIONAL BLOCK REPRESENTATION 

---- OR ----

A2 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

OUTPUTS 

Co S S 

H H L 

H L H 

H L H 

L H L 

H H L 

H H L 

H L H 

H L H 

H H L 

H L H 

H H L 

H L H 

H H L 

H H L 

H H L 

H H L 

H L H 

L H L 

L H L 

L L H 

H L H 

H L H 

L H L 

L H L 

H L H 

L H L 

H L H 

L H L 

H L H 

H L H 

H L H 

H L H 

L ________________________________________________________________________________________________________ ---
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FAIRCHILD TTL/MSI • 9304 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
* I nput Voltage (dc) 
*Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage Limit o'r Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

SUPPLY VOLTAGE 
PART NUMBERS 

MIN. TYP. 

9304XM 4.5 V 5.0 V 

9304XC 4.75 V 5.0 V 

-65°C to +150°C 
-55°C to +125°C 

-O.5V to +7.0V 
-O.5V to +5.5V 

-30mA to +5.0mA 
-0.5V to +VCC value 

+30mA 

TEMPERATURE 
MAX. 

5.5 V -55°C to 125°C 

5.25 V 0°Ct075°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
~YMBOL PARAMETER UNITS CONDITIONS 

MIN TYP MAX 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage 
For All Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold Voltage 
For All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12 mA, TA = 25°C 

VOH Output HIGH Voltage 2'.4 3.6 Volts 10H = -560J,lA (Pins 5 & 11) 
VCC = MIN., 10H = -800J,lA 
VIN = VIH or VI L per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 10L = 11.2mA (Pins 5 & 11 ) 
VCC = MIN., 10L = 16mA 
VIN = VIH or VIL per Truth Table 

Input HIGH Current J,lA VCC = MAX., VIN = 2.4 V 
A1 &B1 (Pins14&13) 10 40 

IIH Other Inputs 40 160 

Input HIGH Current: 1.0 mA VCC = MAX., VIN = 5.0 V 
All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.4 V 
A1 & B1 (Pins 14 & 13) -0.96 -1.6 
Other Inputs -3.84 -6.4 

ISC Output Short Circuit Current -30 -60 -100 mA VCC = MAX., VOUT = 0.0 V 
(lOS) (Note 5) 

ICC Power Supply Current 55 mA VCC = MAX., Pins 13 & 14 = 0.0 V 

NOTES: 

(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California 

(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0V, 25°C, and maximum loading. 

(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETERS 
9304XM 

MIN. TYP. MAX. 

tpLH Turn Off Delay I nput to Output 28 40 
A1 to S 

tpHL Turn On Delay Input to Output 25 35 
A1 to S 
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9304XC 

MIN. TYP. MAX. UNITS 
TEST CONDITIONS 

28 45 ns VCC = 5.0 V 

25 40 ns 
CL = 15pF 

See Fig. B 



FAIRCHILD TTL/MSI • 9304 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUTS 
EaUIVALENT CI RCUIT 

INPUT CURRENT VERSUS INPUT VOLTAGE 
PINS 1,2,3,4,12, 15 PINS 13, 14 

0.5 
VCC ·5.0V 

0.5 
Vcc' 5.0V 

TA' 25°C 

-0.5 

~ -1.5 

~ -2.5 

V 
J 

( 
-3.5 

-4.5 
-1.0 

) 

I( 
,./ 

-

1.0 2.0 3.0 

VIN - INPUT VOLTAGE - VOLTS 

-

---

-

'"' -0.5 
E 

z 

~ 
13 -1.5 

~ 
z 

---2.5 

4.0 -3.5_
1
.
0 

TA' 25°C 

V 
/ --r- --~ --

~ 
V ...... 

( 
--c-- f-- f--

-~ 

1.0 2.0 3.0 4.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. A 

OUTPUTS 
EaUIVALENT CIRCUIT 

OUTPUT HIGH OUTPUT LOW 

Vee 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 

~ -10 

=> 
u 
~ -30 

~ 

-70 

HIGH STATE 
Vce' s.ov 1_ 
TA' 25°C 

! I 

----+-
- ~ I ~- ---t II 
f-- -I ~ 

L 
v 

V j ; 

I 
I 

~ 

I----f--

-

1-

i 
I 

« 
E 

70 

50 

~ 30 

§ 10 

~ 0 

-10 

-30 

LOW STATE 
Vcc' 5.0V 

TA" 25°C 

r---r- c-- --V' --

I - -

/ 
'-- ,./ 

~~r --

~ 

--

--

-1.0 C 1.0 3.0 5.0 7.0 9.0 -1.0 -0.6 -0.200.2 0.6 1.0 1.4 

VOUT - OUTPUT VOLTAGE - VOLTS VOUT - ouT PUT VOLTAGE - VOLTS 

SWITCHING CHARACTERISTICS 

Note: 0 = PIN NUMBER 

TYPICAL CARRY TURN ON TYPICAL CARRY TURN OFF 
DELAY TIME DELAY TIME 

VERSUS TEMPERATURE VERSUS TEMPERATURE 
N N 

20 f--If--I--t--+--+-- r---r---- ~ 20 -----

':!i 
;:: 16r---1f--1--t--+---1C -

'" V' 
f-- V V 

1--1-

1 f--

f--
Vee'S'OV 
eL'15~ 

i 12 f--f-t-......---"","<-...o-tr--.---+--

~ 8.0 __ _ 

J 4.0 f--II---t--+---+-+-+- +--+-V
e
+-
e 

.-s-.l-ov-1 

eL • ISpi' 

-r 

-55 -35 -155.025 456585105125 -55 -35 -155.025 456585105125 

TA - AMBIENT TEMPERATURE - -e TA - AMBIENT TEMPERATURE - 'c 

Fig, B 
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AIN@~ 
,'PLH[ 

1.5vf 

TYPICAL ADD TURN ON 
DELAY TIME 

VERSUS TEMPERATURE 

1----

+-1---1-.+-+---

~ 16 t-t--t--t--Hf--I--jHHHH 
- -I--- --f--I--

-"- 8.0 t-t--t--t---HI----HH~~-:c-I 
-f--f--- vee' 5.0V 

-I-r- ---f-- \'15~ 

-55 -35 -155.025 4565 85 lOS 125 

TA - AMBIENT TEMPERATURE -"C 

~ 4C 

,., 
;:0-

32 g 
1$ 24 

I~ 

I~ 16 

~8.0 

TYPICAL ADD TURN OFF 
DELAY TIME 

VERSUS TEMPERATURE 

r - r-

- ,..,. V ~ r-
r--~ j"-... 

~ I--- r- --f--

.--- f--

- --f-- - f--

I--- I--f---

- - 1---- f--
Vee'S_OV 
eL'lSpF 

-55 -35 -15 5.02S 45 65 85 lOS 125 

TA - AMBIENT TEMPERATURE - "e 

I 



TTL/MSI 9305 
VARIABLE MODULO COUNTER 

DESCRIPTION - The TTL/MSI 9305 is a monolithic, high speed, Variable Modulo Counter circuit, 
constructed with the Fairchild Planar* epitaxial process. It is a semisynchronous counter which can 
be programmed without extra logic to provide division or counting by either 2 and 4, 5, 6, 7, 8, or 
10, 12, 14, 16. A binary count sequence can be obtained for all of the preceding counter modulos as 
well as 50%"duty cycle output for dividers of 8,10,12,14,16. The device also features asynchronous 
overriding master reset and set inputs and the negation output of the final flip-flop output which 
allows the cascading of stages. The circuit uses TTL for high speed, high fanout operation and is 
compatible with all other members of the TTL family of digital integrated circuits. 

• VARIOUS BINARY COUNTING MODES 
-MODULO 2 AND MODULO 5, 6, 7, 8 
-MODULO 10 (8421 BCD), 12, 14, 16 

• VARIOUS FREQUENCY DIVISION MODES WITH 50% DUTY CYCLE OUTPUT 
-MODULO 8, 10, 12, 14, 16 

• LOGIC SELECTION OF COUNTING MODE 
• ASYNCHRONOUS MASTER RESET AND SET INPUTS 
• MULTISTAGE COUNTING OPERATION 
• TTL COMPATIBLE 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

NOTES: 

Select Inputs 
First Stage Clock Active HIGH Going Edge Input 
Three Stage Clock Active HIGH Going Edge Input 
Master Set (Active LOW) Input 
Master Reset (Active LOW) Input 
First Stage Output (Note b) 
Complementary First Stage Output (Note b) 
Three Stage Counter Outputs (Note b) 
Complementary Last Stage Output (Note c) 

(a) 1 Unit Load (U. L.) = 40,uA H IGH/1.6 rnA LOW. 
(b) 8 U.L. is the output LOW drive factor and 16 U.L. is the output HIGH drive factor. 
(c) 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

LOADING 
(Note a) 

1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 
8 U.L. 
8 U.L. 
8 U.L. 

10 U.L. 

a, o = Pin Numbers 
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LOGIC SYMBOL 

3 4 

M5 50 51 

13 11 12 9 6 5 

VCC = Pin 14 

GND;;: Pin 7 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

FLATPAK (TOP VIEW) 

14 

13 

12 

11 

10 

*Planar is a patented Fairchild process. 



FAIRCHILD TTL/MSI • 9305 

FUNCTIONAL DESCRIPTION - The MSI 9305 consists of four master-slave flip-flops which are separated into two functional units - a single 
toggle stage and a three stage synchronous counter. All four flip-flops change state on the LOW to HIGH transition of the clock. The three stage 
counter can be programmed with external connections as shown in the table below to provide modulo of either 5, 6, 7 or 8. This basic configu­
ration allows synchronous binary counting by the last three stages and independent modulo 2 operation with the first single stage. 

A four stage binary counter with a modulo of 10,12,14 or 16 is obtained by applying the incoming clock to the single toggle stage and feeding 
its negation output to the clock input of the three stage counter. A 4-stage divider with 50% duty cycle output is produced by feeding the in­
coming clockto the three stage counter and clocking the single stage with the 0.3 output. In either the binary or 50% division mode the modulo 
(10; 12, 14, 16) is determined by the external programming connections for the three stage counter. These 4-stage counters or dividers are not 
fully synchronous (semisynchronous) but have only one flip-flop ripple delay in either configuration. Counter modulos other than 10, 12, 14, 
16 can be formed with a few extra gates. 

Several 9305 variable modulo counters programmed in any modulo can be connected together without extra logic to form asynchronous (ripple) 
type multistage counters. This is done by connecting the 03 output of the less significant counter to the clock input of the following counter. 

The Master Set and Reset will asynchronously set or reset all four stages when activated. The active LOW Reset input when LOW will clear the 
counter, overriding the clock and forcing the outputs (00:-3) LOW and outputs 50, 0.3 HIGH. The active LOW Set input when LOW will preset 
the counter, overriding the clock and forcing the outputs 00-3 HIGH and outputs· QO, Q3 LOW. The master set provides a synchronous clear, 
since the first clock pulse following the asynchronous master set will reset all stages. This action is independent of the modulo programmed. 

COUNTING MODE 

The following are rules specifying the external connections required for various counter and divider modulos. 

ASYNCHRONOUS MODE 

MS MR 00 00 01 °2 03 03 

L H H L H H H L 

H L L H L L L H 

H H COUNT* 

*As determined by programming connections. 

PROGRAMMING CONNECTIONS 
FOR LAST THREE STAGES 

So S1 MOD'ULO 

NC NC 5 

01 NC 6 

NC 01 6 

°2 NC 7 

NC °2 7 

°1 °2 8 

°2 01 8 

NC = Not Connected 

CONNECTIONS FOR MODULO 10, 12, 14, 16 
BINARY COUNTERS AND 

50% DUTY CYCLE DIVIDERS 

For Binary Counting 

50 connected to CP1 

Incoming clock to CPO 

For 50% Duty Cycle Output 

03 connected to CPO 

Incoming Clock to CP1 

AL TERNATE** 
PROGRAMMING CONNECTIONS 

FOR LAST THREE STAGES 

So S1 MODULO 

03 03 5 

°1 01 6 

°2 °2 7 

°1 °2 8 

°2 °1 8 

* *The alternate programming connections program the counter and 
conveniently terminate unused select inputs (NC). Since these inputs 
form the inputs to a single NAN 0 gate (see logic diagram), their 
connection to the counter outputs for the various count modulos 
provides the following output drive: 

AVAILABLE 
MODULO OUTPUT OUTPUT 

FANOUT 

5 03 14/8 

6 °1 14/7 

7 °2 14/7 

8 °1 15/7 

8 °2 15/7 
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FAIRCHILD TTL/MSI • 9305 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 
*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

·Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9305XM 4.5 V 5.0 V 

9305XC 4.75 V 5.0 V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 rnA 
-0;5 V to +VCC value 

+30 rnA 

MAX. 
TEMPERATURE 

5.5 V _55° C· to 125° C 

5.25 V O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input lOW Threshold 

Voltage for All Inputs 

VCD 
I nput Clamp Diode 

-1.5 Volts 
VCC = MIN.,IIN = -12mA, 

Voltage TA = 25°C 

10H = -800 JJA (Pin 2) 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., 10H = -640 JJA 

VIN = VIH or Vil per Mode Table 

10l = 16 mA (Pin 2) 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., 10l = 12.8 mA 

VIN = VIH or VIL per Mode Table 

10 40 JJA VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX., VIN = 5.0 V 

III Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current 
-30 -65 -100 mA VCC = MAX., VOUT = 0.0 V 

(lOS) (Note 5) 

ICC Power Supply Current 42 66 rnA VCC= MAX. 
---

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS ITA = 25°C) 

SYMBOL PARAMETER 
9305XM 

MIN. TYP. 

fCOUNT Input Count Frequency 20 26 

Turn-Off Delay Input to Output 

tPLH (CPO to Q3, Modulo 48 

16 Connection) 

Turn-On Delay Input to Output 

tPHL (CPO to Q3, Modulo 44 

16 Connection) 

9305XC 
UNITS TEST CONDITIONS 

MAX. MIN. TYP. MAX. 

20 26 MHz 

57 48 62 ns VCC=5.0V, CL = 15 pF 

Modulo 16 (SO to Q1, 

Sl to Q2, 00 to CP1) 

53 44 58 ns Input CPO 
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FAIRCHILD TTL/MSI • 9305 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 
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FAIRCHILD TTL/MSI • 9305 

SWITCHING CHARACTERISTICS (Continued) 

TYPICAL PROPAGATION DELAY 
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ts is the time required that So must go HIGH before CP 1 clock goes HIGH, such that the circu it recognizes the So as being H IG H. The graph 
above indicates that times greater than ts will result in Modulo 5 operation, and that values less than ts will result in Modulo 6 operation. The 
shaded area indicates when the input is permitted to change for predictable output performance. 

tree is the time that the MR (or MS) must go HIGH before the clock (CP1) goes HIGH such that the circuit recognizes the clock (CP,) pulse. 

'--_____________________ .. _______________ • ______________ • ___________ ....J 
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TTL/M51 93505 
VARIABLE MODULO COUNTER 

DESCRIPTION - The TTL/MSI 93S05 is a monolithic, high speed, Variable Modulo Counter circuit, 
constructed with the TTL Schottky Barrier Diode process. It is a semisynchronous counter which can 
be programmed without extra logic to provide division or counting by either 2 and 4, 5, 6, 7, 8, or 
10, 12, 14, 16. A binary count sequence can be obtained for all of the preceding counter modulos as 
well as 50% duty cycle output for dividers of 8,10,12,14,16. The device also features asynchronous 
overriding master reset and set inputs and the negation output of the final flip-flop output which 
allows the cascading of stages. The circuit uses Schottky TTL for super high speed, high fanout 
operation and is compatible with all other members of the TTL family of digital integrated circuits. 

• VARIOUS BINARY COUNTING MODES 
-MODULO 2 AND MODULO 5, 6, 7, 8 
-MODULO 10 (8421 BCD), 12, 14, 16 

• VARIOUS FREQUENCY DIVISION MODES WITH 50% DUTY CYCLE OUTPUT 
-MODULO 8, 10, 12, 14, 16 

• LOGIC SELECTION OF COUNTING MODE 
• ASYNCHRONOUS MASTER RESET AND SET INPUTS 
• MULTISTAGE COUNTiNG OPERATION 
• TYPICAL COUNTING FREQUENCY OF 100 MHz 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

SO,Sl 
CPO 
CP1 
MS 
1\IfR 
00 
00 
01,02,03 
03 

LOGIC DIAGRAM 

Select Inputs 
First Stage Clock Active HIGH Going Edge Input 
Three Stage Clock Active HIGH Going Edge Input 
Master Set (Active LOW) Input 
Master Reset (Active LOW) Input 
First Stage Output 
Complementary First Stage Output 
Three Stage Counter Outputs 
Complementary Last Stage Output 

0, 
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o = Pin Numbers 

LOGIC SYMBOL 

CPo 
93S05 

CP I 

MH U o 0001U 2
Q 3 

VCC ~Pin14 

GND = Pin 7 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

H 

13 

1;> 

11 

10 

FLATPAK (TOP VIEW) 
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TTL/MSI 9307 
SEVEN SEGMENT DECODER 

DESCRIPTION - The 9307 is a Seven Segment Decoder designed to accept four inputs in 8421 BCD 
code and provide the appropriate outputs to drive a seven segment numerical display. The decoder can 
be used with seven segment incandescent lamp, neon, electro-luminescent, or CRT numeric displays. 
The 9307 is compatible with all other Fairchild TTL devices. 

• TTL COMPATIBLE 
• AUTOMATIC RIPPLE BLANKING FOR SUPPRESSION OF LEADING EDGE ZEROES 
• LAMP INTENSITY MODULATION CAPABILITY 
• LAMP TEST FACILITY 
• BLANKING INPUT 
• ACTIVE HIGH OUTPUTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE PACKAGE 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
Voltage Applied to Outputs for HIGH Output State 
Input Voltage (de) 

LOGIC DIAGRAM 
® 
RBI 

RBO 

@) ® 

-55°C to +125°C 
-0.5 V to +7 V 

-0.5 V to +V CC value 
-0.5 V to +5.5 V 

o = Pin Numbers 

9 

9 
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LOGIC SYMBOL 

7 1 2 6 3 5 

9307 

4 13 12 11 10 9 15 14 

VCC=PIN 16 
GND=PIN 8 

CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAIRCHILD TTL/MSI • 9307 

The 9307 seven segment decoder accepts a 4-bit BCD 8421 code input and produces the appropriate outputs for selection of segments in a seven 
segment matrix display used for representing the decimal numbers 0-9. The seven outputs (a, b, c, d, e, f, g) of the decoder select the corres­
ponding segments in the matrix shown in Figure 1. The numeric designations chosen to represent the decimal numbers are shown in Figure 3, 
together with the resulting displays for input code configurations in excess of binary nine. 

The decoder has active H ISH outputs so that a buffer transistor may be used directly to provide the high currents required for incandescent 
displays. If addition~1 base d'rive current is required external resistors may be added from the supply voltage to the seven segment outputs of 
the decoders. The value of this resistor is constrained by the 10 mA current sinking capability of the output transistors of the circuit. 

The device has provision for automatic blanking of the leading and/or trailing edge zeroes in a multidigit decimal number, resulting in an easily 
readable decimal display conforming to normal writing practice. In an eight digit mixed integer fraction decimal representation, using the auto­
matic blanking capability, 0060.0300 would be displayed as 60.03. Leading edge zero suppression is obtained by connecting the Ripple 
Blanking Output (RBO) of a decoder to the Ripple Blanking Input (RBI) of the next lower stage device. The most significant decoder stage 
should have the RBI input grounded;and, since suppression of the least significant integer zero in a number is not usually desired, the Ri3I input 
of this decoder stage should be left open. A similar procedure for the fractional part of a display will provide automatic suppression of trailing 
edge zeroes. 

The decoder has an active LOW input Lamp Test which overrides all other input combinations and enables a check to be made on possible dis­
play malfunctions. The RBO terminal of the decoder can be OR-tied with a modulating signal via an isolating buffer to achieve pulse duration 
intensity modulation. A suitable signal can be generated for this purpose by forming a variable frequency multivibrator with a cross coupled 
pair of DTL gates. 

0 1 

I-I I 
I I I --

SEGMENT DESIGNATION 

a 

d 

Fig. 1 

TRUTH TABLE 

-RB -
LT IN AO Al A2 A3 
L X X X X 

H L L L L 

H H L L L 
X 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 X H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

X 

L 

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

a b c d e f 9 

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

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

X = Either HIGH or LOW Voltage Level 

Fig. 2 

NUMERICAL DESIGNATIONS 

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

-I -I I_I 1- -I -I -I I -II I I I---
I I I I I I I I I ! I I I -- -- -- -- -- -- -- -- --

Fig. 3 

Table 1 - LOADING RULES (1 U.L. = 1 DTL GATE INPUT LOAD) 

Loading (MIL & IND) 
Inputs 

HIGH State LOW State 

Fan Out 
Outputs 

MIL IND 

AO, A1, A2, A3 1 1 a, b, c, d, e, f, g 8 7 

RB(IN) 1 1/2 RS(OUT) 2.0 1.5 

LT 5 4.3 

8-35 

-
RB 

OUT 

H 
L 0 

H 0 
H 1 
H 2 
H 3 
H 4 
H 5 
H 6 
H 7 

H 8 
H 9 
H 10 
H 11 
H 12 
H 13 
H 14 
H 15 

14 15 

I 
I I --
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FAIRCHILD TTL/MSI • 9307 

TABLE II - ELECTRICAL CHARACTERISTICS (T A = -55°C to +125°C, VCC = 5.0 V ±10%) (Part No. 9307XM, see note) 

LIMITS 
SYMBOL PARAMETER -55°C +25°C +125°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

4.3 4.3 4.4 4.3 VCC =~.5 V 10H = 0.0 rnA (Pins 9-15) 

VOH Output HIGH Voltage 3.0 3.0 4.0 3.0 Volts VCC = 4.5 V 10H = -70}.LA (Pin 4) 

Inputs at Threshold Voltages (Vll or VIH) 

VCC = 5.5 V 10l = 12.5 rnA (Pins 9-15) 

10l = 3.1 rnA (Pin 4) 

VOL Output lOW Voltage 0.4 0.21 0.4 0.4 Volts VCC = 4.5 V 10l = 10 rnA (Pins 9-15) 

10l = 2.4 rnA (Pin 4) 

Inputs at Threshold Voltages (Vll or VIH) 

VIH Input HIGH Voltage 2.1 1.9 1.7 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

Vil Input lOW Voltage 1.4 1.1 0.8 Volts 
Guaranteed I nput lOW Threshold Voltage 

for All Inputs 
_ .. _---

(Pin 3) -6.4 -6.4 -6.4 VCC = 5.5 V VIN = 0.4 V 

II l (Pins 1,2, 6, 7) Input LOW Current -1.5 -1.5 -1.5 rnA 

(Pin 5) -0.75 -0.75 -0.75 Other Inputs = 5.5 V 

(Pin 3) 10 25 VCC = 5.5 V VIN = 4.5 V 
IIH Input HIGH Current }.LA 

(Pins 1, 2, 5, 6, 7) 2.0 5.0 Ground on Other Inputs 

IA (Pins9-15) Available Output Current -1.4 -1.4 -1.0 rnA 
VOUT = 0.85 V Vec = 4.5 V 

Inputs at Threshold Voltages (Vll or VI H) 

ISC (Pins 9-15) Short Circuit Current -3.7 rnA VOUT = 0.0 V VCC=5.5V 

ICC Supply Current 73 73 73 rnA VCC = 5.5 V 

tPLH Turn Off Delay 500 ns 

tpHl Turn On Delay 500 ns 
VCC = 5.0 V, See Fig. 5 

TABLE III -- ELECTRICAL CHARACTERISTICS IT A = O°C to +75°C, VCC = 5.0 V ±5%) (Part No. 9307X C, see note) 

LIMITS 
SYMBOL PARAMETER O°C +25'C +75°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

4.3 4.3 4.6 4.3 VCC = 4.75 V 10H = 0.0 rnA (Pins 9-15) 

VOH Output HIGH Voltage 2.7 2.7 4.0 2.7 Volts VCC = 4.75 V 10H = -70}.LA (Pin 4) 

Inputs at Threshold Voltages (VI lor VIH) 

VCC = 5.25 V 10l = 11.5rnA (Pins9-15) 

10l = 2.75 rnA (Pin 4) 

VOL Output lOW Voltage 0.45 0.21 0.45 0.45 Volts VCC = 4.75 V 10l = lOrnA (Pins 9-15) 

10l = 2.4 rnA (Pin 4) 

Inputs at Threshold Voltages (Vll or VIH) 

VIH Input HIGH Voltage 2.0 2.0 2.0 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

Vil Input lOW Voltage 0.85 0.85 0.85 Volts 
Guaranteed I nput lOW Threshold 

Voltage for All Inputs 

(Pin 3) -6.4 -6.4 -6.4 

I,l (Pins 1, 2, 6,7) I nput LOW Current -1.5 -1.5 -1.5 rnA 
VCC = 5.25 V VIN = 0.45 V 

(Pin 5) -0.75 -0.75 -0.75 
Other Inputs = 5.25 V 

(Pin 3) 
Input HIGH Current 

25 50 VCC = 5.25 V VIN = 4.5 V 
IIH }.LA 

(Pins 1, 2, 5, 6, 7) 5.0 10 Ground on Other Inputs 

IA (Pins9-15) Available Output Current -1.4 -1.4 -1.1 rnA 
VOUT = 0.75 V VCC = 4.75 V 

Inputs at Threshold Voltages (Vll or VIH) 

ISC (Pins 9-15) Short Circuit Current -4.0 rnA VOUT = 0.0 V VCC = 5.25 V 

ICC Supply Current 82 82 82 rnA Vec = 5.25 V 

tplH Turn Off Delay 500 ns 

tpHl Turn On Delay 500 ns 
VCC = 5.0 V, See Fig. 5 

Note: 
X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 
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FAIRCHILD TTL/MSI • 9307 

INPUTS 

TYPICAL INPUT AND OUTPUT CHARACTER ISTICS 
INPUT CURRENT VERSUS INPUT VOLTAGE 

EQUIVALENT CIRCUIT LTINPUT RBON) INPUT 

« 
E 

s.O 

::::> 
o 

-S.O 

R 

-=-

ct 
E 

-0.4 

~ -0.8 

~ 
~ -1.2 

-l.6 

2.0 

.I J r _ vcc '5.0V 

_TA '25°C I 
I 

V 
V 

V 
r -

,./" 

i 
V 

- -- --

---
_L_ 

--

-Z.O -1.0 1.0 2.0 3.0 

VIN - INPUT VOLTAGE - VOLTS 

ct 
E 

o I .! f 
f- vcc '5.0V -t-----t--t+---+---- e-

TA ' 25~C V 
-2.0 I / -

1----+--------+ --- VfL- --- f f-

lu -4.0 .----./' . 

-,L---­
~ -6.0 1--- --e-r--- I----

f----

-8.0 t-t---t--t-----t---t----t 

-1.0 1.0 2.0 

V IN - I NPUT VOLTAGE - VOLTS 

ct 
E 

_~,d.ov I 

-O.z 
VCC '5.0V 

--
f-----TA' 25°C V' - -- f---

----

V 
./' 

,/ 

V 
( 

-f---

I 
-0.8 

-1.0 
-Z.O -1.0 1.0 z.O 3.0 

VIN - INPUT VOLTAGE - VOLTS 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 

9307XM (-55°C to +125°C) 
OUTPUT IN HIGH STATE 

a, b, c, d, e, f, 9 
OUTPUTS RB(OUT) OUTPUT 

9307XC lO°C to +75°C) 
OUTPUT IN HIGH STATE 

a, b, c, d, e, f, 9 
OUTPUTS RB(OUT) OUTPUT 

_ vc~ , s.o~ I 
s.O ....----.--....----.--,------,--.------,-----, s.O 

Vee'S.OV 
-TA '25°e -

S.O I _I 1 _ vcc' 5.0V 

TA ' zsOe r/-
-;; ---

~ 
~ 

~ 
--

~ 
.,.-/ 

( --t---- f-------

« 
E 

::::> 
o 

« 
E 

::::> 
o 

-s.O '-----'--_'-----'--_L---L_'----'----' -s.O 

TA ' zsOe 

- ----

r---
~ 

~ --

- -- ---

- --

V V 
~ -

V-c---r----

,;-
V 

--

-

----

ct 
E 

-~ 

-S.O 

,.-

i J 

1// 
/V 

I 

.-

-- -

-- - .. - - -- --

-, -
Ao.AI .AZ.A3 ' v lH ..I 

h c-.-r"l _ --
/- Ao.AI .AZ.A3 ' v lL 

----
/ 

- - --

-1.0 0 1.0 3.0 s.O 7.0 -1.0 1.0 3.0 S.O 7.0 -1.0 0 1.0 3.0 s.O 7.0 -1.0 1.0 3.0 5.0 7.0 

so 

40 

z I 30 

§ 20 

::::> 
o 

10 

VOUT - OUTPUT VOLTAGE - VOLTS VOUT - OUTPUT VOLTAGE - VOLTS 

OUTPUT IN LOW STATE 

a,b,c,d,e,f,g 
OUTPUTS 

INPUTS ATTHRESHOLD VOLTAGES IVIL or VI HI 

f 1-
V TA ' 2S0C r--

,/ vee's.ov 
--- - --

7 
/ 

I 
-- f----

I 
I --- - - --

i '/ ___ T
A

' -ssOe r--y I \

VCr4r 
0.2 0.4 0.6 0.8 1.0 1.2 

VOUT - OUTPUT VOLTAGE - VOLTS 

16 

1 12 

z 

'" ::::> 
u 8.0 

~ 
5 

o 

-

--

f---

o 

RB(OUT) OUTPUT 

-

1111~t~ '.".'" 
I--Vcc's.ov, TA'~r--

V _ 
/ 

V 
/ vee' 4.S V, TA ' -ssOe 

V 
7 ---f--

0.2 0.4 0.6 0.8 1.0 1.2 

vOUT - OUT PUT VOLT AGE - VOLTS 

40 

1 30 

o 

OUTPUT EQUIVALENT CIRCUIT 

Fig, 4 
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-
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f--

J 
I 

VOUT - OUTPUT VOLTAGE - VOLTS VOUT - OUTPUT VOlTAGE - VOLTS 

OUTPUT IN LOW STATE 

a,b,c,d,e,f,g 
OUTPUTS 

INPUTS AT THRESHOLD 
- 1- - VOLTAGES IVI L or VIH) 

I \ \ -, , 
TA '2Soe Vec' S.OV 

V I 11 li--
TA ' oOe Vec' 4.7~V 

~ r- -- c -
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r-- -- -- -

« 
E 
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10 
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I 
~ 6.0 
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2.0 
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/ I-"" T ~ I 
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/ 
\1 
V_ Vee' 4.75V, TA ' O°c-

JI 
-- f--

I-----V 
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I 
O.Z 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 

VOUT - OUTPUT VOLTAGE - VOLTS VOUT - OUTPUT VOLTAGE - VOLTS 

SWITCHING WAVEFORMS 

VIN~ 
: tpHL I I 

----"" I I tPLH:r---

vOUT \. 1.3V I t 1.3V 

Fig, 5 
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TTL/MSI 9308 
DUAL FOUR-BIT LATCH 

DESCRIPTION - The MSI 9308 is a dual 4-Bit Latch designed for general purpose storage applica­
tions in high speed digital systems. The 9308 uses TTL technology and is compatible with DTL, TTL, 
and MSI families. All inputs incorporate diode clamps to ground to reduce negative line transients. All 
outputs have active pull-up circuitry to provide high capacitive drive and low impedance outputs in 
both logic states to provide good ac noise immunity. 

• ACTIVE LEVEL LOW ENABLE GATE INPUTS 
• OVERRIDING MASTER RESET 
• 25 ns THROUGH DELAY 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE DIRECT INTERFACING WITH 

FAIRCHILD DTL, LPDTL, TTL, AND MSI FAMILIES 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• HIGH CAPACITIVE DRIVE CAPABILITY 
• ALL CERAMIC HERMETIC 24-LEAD DUAL IN-LINE PACKAGE 

PIN NAMES 

NOTES: 

Parallel Latch Inputs 
AND Enable (Active LOW) Inputs 
Master Reset (Active LOW) Input 
Parallel Latch Outputs (Note b) 

a. 1 unit load (U.L.) = 40 J.l.A HIGH/1.6 mA LOW. 
b. 9 U.L. is the output LOW drive factor and 18 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM (ONE 4·BIT LATCH) 

00 01 

8-38 

LOADING 

(Note a) 
1.5 U.L. 

1 U.L. 
1 U.L. 
9 U.L. 

LOGIC SYMBOL 

2 3 4 6 8 10 20 22 

9308 9308 

1 5 7 9 11 13 17 19 21 23 

Vee = Pin 24 
GND = Pin 12 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

24 

23 

22 

21 

20 

19 
LATCH LATCH 

1 2 
18 

17 

16 

10 15 

11 14 

12 13 

FLATPAK (TOP VIEW) 

24 

n 

22 

21 

20 

19 
LATCH 

18 

17 

16 

10 15 

11 14 

12 13 

LATCH 
2 



FAIRCHILD TTL/MSI • 9308 
,-----------------------------------------------------------------------------------------------------------------------

FUNCTIONAL DESCRIPTION 
LATCH OPERA TlO N - Data can be entered into the latch when both of tl:!e 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 signal is applied to the master 
reset input. 

1.11 1..1 
~I"I 1"1 

TRUTH TABLE 

MR EO E1 0 Q n OPERATION 

H L L L L Data Entry 

H L L H H Data Entry 

H L H X Q n-1 Hold 

H H L X Q n-1 Hold 

H H H X Q n-1 Hold 

L X X X L Reset 

X = Don't Care 
L = LOW Voltage Level 
H = HIGH Voltage Level 
Q n -1 = Previous Output State 
Q n = Present Output State 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUTS 

EQUIVALENT CIRCUIT 
Vee 

'0 

'"n-
PU

_
T _----fl\ 1\.1 1\.1 

V' VI VI 

OUTPUTS 

EQUIVALENT CIRCUIT 

J 
Vee 

" 

~ OUTPUT 

Vee 

I-
2~ "0 

~ 

", 
';:' ';:' 

';:' 

INPUT CURRENT VERSUS INPUT VOLTAGE 

ENABLE. MASTER RESET 

v e~· 50~ -t--+--~V--+-_+_---l 
, -0.61-----+--1-----+--1---./-1+---1-----+----1 

---- ----+----c:i;~+---_+-t----

-1.0 _V 
--I~ 

-1.61--1-+--1----+--1----+--1----+------1 

I--- ---l- ----- ---

-2.0 

-- -

-2.5 

-3.0 
-1.0 0 1.0 2.0 3.0 

VIN - INPUT VOLTAGE - VOLTS 

DATA 
o I J. ( .". 

OUTP0T LOW /- -

06 WITH ENABLEf---..,......-""'l.-------j -1-----+-------4--j 
-. OPEN If ~~ 

~ po \\ OUTPUT HIGH WITH 
~ -1.0 \ ~NABLE OPEN 

~ r------ - \1 I I 
a: ... OUTPUT LOW WITH a -1.5 ~ \,ENABLE GROUND 

~ I-j I 
~ -2.0 , ~~!~t~ ~~"oHu~~H 
z _2.51--- - -J 

Vee' 5.0V 

H- - I 
-3.0 L.....L-'-_L--'-_-'-----"-_-'-----"-----' 

-1.0 0 1.0 2.0 3.0 

VIN - INPUT VOLTAGE - VOLTS 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 

LOW STATE 

60 v~e _ ~.OVI -r-I---~"'" 
50l--l---t-I---~~/~-+-_+__+__+__+_~ 

40l--1---1---1---~1/_+__+__+__+__~_+__+_~ 
30l-1----r--r--H/-+--r--+--+--+--+-_+__+_~ 

I---

20l--l--h/~_+_--+---+-_+__+_-~_+__+_~ 
V 

10l--~~/--+-_+_--+---+-_+_-+--~_+__+_~ 
/ 

VOUT - OUTPUT VOLTAGE -- VOLTS 
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HIGH STATE 

o v~e-50V\ _ I I A ! 
-B-I---r--j 1---1- /r-j , 

V~ I 
-16 

-24l--t---t---t---l---7'\---~t--~+---t__-t --I 

r- v/ 
-32l--t---+---'1'--1---1---~t--+--

I--- / 

-401---~+--+--+-+-+--

-

-48 / 

-1.0 0 1.0 2.0 3.0 4.0 5.0 

VOUT - OUTPUT VOLTAGE - VOLTS 
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FAIRCHILD TTL/MSI • 9308 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 

* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (de) (Output LOW) 
*Either I nput Voltage Limit or I nput Current Is sufficient to protect the Inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9308XM 4.5V 5.0V 

9308XC 4.75 V 5.0V 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 rnA to +5.0 rnA 

-0.5 V to +VCC value 

+30 rnA 

TEMPERATURE 
MAX. 

5.5 V -55° C to' 125° C 

5.25 V O°C to 75°C 

X = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS (Note 4) 

V IH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 
Voltage for all Inputs 

V IL Input LOW Voltage 0.8 Volts Guaranteed I nput LOW Threshold 
Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC=MIN.,I'N=-12mA, TA =25°C 

V
OH Output HIGH Voltage 2.4 3.6 Volts VCC=MIN.,IOH=-720 p,A 

Y'N = V IH or V ,L per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 14.4 mA 

~ 

V ,N = V ,H or V ,L per Truth Table 

'IH 
~ 

Input HIGH Current VCC - MAX., V IN - 2.4V 

Eo,E1 
& MR 10 40 p,A 

0
0
,01, O

2 
& 0

3 
15 60 p,A 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.0 V 
All Inputs 

IlL Input LOW Current V CC = MAX., V ,N - 0.4V 

EO'E, & MR -0.96 -1.6 mA 

0
0
,0

1
, O

2 
& 0

3 
-1.44 -2.4* mA * Max I nstantaneous Current Out 

of The ° Inputs 

ISC (lOS) Output Short Circuit Current -20 -40 -70 mA VCC = MAX. VOUT = 0.0 V 
(Note 5) 

ICC Power Supply Current 62 100 mA VCC - MAX. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at V CC = 5.0 V, 25° C, and max imum loading. 
(5) Not more than one output should be shorted at a time. 
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FAIRCHILD TTL/MSI • 9308 

SWITCHING CHARACTERISTICS (TA = 25°C) 

9308XM(MIL) 9308XC(IND) 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX MIN. TYP. MAX. 

tPLH Turn off Delay Enable to Output 30 35 ns 

Turn on Delay Enable to Output 18 22 
Fig. 1 

tpHL ns 

tpLH Turn off Delay Data to Output 20 23 ns VCC = 5.0 V 

Turn on Delay Data To Output 18 
Fig. 2 

CL = 15pF tPHL 20 ns 

tpHL Turn on Delay MR to Output 20 22 ns Fig.5 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

9308XM(MI L) 9308XC(lND) 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 

ts(H) Set-up Time HIGH Data to Enable 6.0 1.0 10 1.0 ns 

th(H) Hold Time HIGH Data to Enable -4.0 -7.0 -2.0 -7.0 ns 

ts(L) Set-up Time LOW Data to Enable 7.0 7.0 
Fig.3 

10 12 ns 

th(L) Hold Time LOW Data to Enable 4.0 -1.0 8.0 -1.0 ns VCC = 5.0 V 

tpw E Enable Pulse Width 15 18 ns Fig. 4 

tpwMR Master Reset Pulse Width 15 18 ns Fig. 5 

trec Recovery Time Master 10 12 ns Fig. 6 
Reset to Enable 

SET UP TIME: ts is defined as the time required for the logic level to be present at the Data Input prior to the enable transition from LOW to 
HIGH in order for the latch to recognize and store the new data. 

HOLD TIME: th is defined as the minimum time following the Enable transition from LOW to HIGH that the logic level must be maintained at 
the data input in order to insure continued recognition. A negative Hold Time indicates that the correct logic level may be released prior to 
the Enable transition from LOW to HIGH and still be recognized. 

RECOVERY TIME: trec is defined as the time that the Enable must remain LOW after the Master Reset transition from LOW to HIGH in order 
for the latch to recognize and store HIGH data. 

SWITCHING CHARACTERISTICS 

All delays are measured with V CC = 5.0 V applied to Pin 24 and Pin 12 grounded. Outputs under test are loaded with 15 pF (includes jig and 
probe). Pins not referenced are not connected. 

Fig. 1 - tPLH/tpHL (ENABLE TO OUTPUT) Fig. 2 - tPLH/tpHL (DATA TO OUTPUT) 

J \ D 

-=\ 1 E 
I I I 

1.5Y-- - Q I--f - tPHL 1- -r- tpLH 

I I \----15Y~--r 1--f-tPLH 1-r-tPHL 

""---1 \ Q 

OTHER CONDITIONS: MR = H OTHE R CONDITIONS t = L, MTf = H 

60 1 / 
50 

I ! I I 50 I V 
J ~+' h?-+ +-~-t-1--- - ~\)\~ II'" .... ~.- 40--

~~¥v 40 Y-~ "-I-- 11* ,qv ./ .s.v~ --

30 

l./f --

tPHL11INDliMAX V 
30 _~;~~v 

-1..1_ .......... V - ",\)\~2 ,~v 
20 - - ~~HLlINDlt/lAX 

tPHLllMILltAX - )---1--' 20 """" ~ 
10 

1 rLrL1r

x 

- -- -- ---

0 I 10 
-55 0 25 75 125 -55 0 25 75 125 

TA - AMBIENT TEMPERATURE _ °c TA - AMBIENT TEMPERATURE - °c 
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FAIRCHILD TTL/MSI- 9308 

SWITCHING CHARACTERISTICS 

Fig. 3 - SET·UP TIME (t.) AND HOLD TIME Cth) DATA TO ENABLE Fig. 4 - tpw (MIN. ENABLE PULSE WIDTH) 

UJ 
:;; 
;:: 

34 

B 

9 20 

~ 
oll 

:::J 12 

~ 
I 
::; 4.0 
"5 

~ -4.0 

-12 
-55 

l1/li 
OTHER CONDITIONS: 1iiiA. H 

The shaded lIreas Indicate when the Data Input Is permitted 
to change for predictable output performance. 

1.5V 

NOTE: The polarities of the thlH) and thlL) valueo ere inverted on 
the graphs. This representation allows the graphs to show the true 
distribution of the t( set-up) parameters. 
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Fig. 5 - tpw (MIN. MASTER RESET PULSE WIDTH) 
tpHL (MASTER RESET TO OUTPUT) 
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Q RESPONSE 
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OTHER CONDITION: MR = H 
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Fig. 6 - tree (MASTER RESET RECOVERY TIME) 
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LPTTL/MSI 93L08 
LOW POWER DUAL FOUR-BIT LATCH 

DESCRIPTION The LPTTL/MSI 93L08 is a Dual 4-Bit Latch designed for general purpose storage 
applications in medium speed digital systems. The 93L08 uses TTL technology and is TTL compatible. 
All inputs incorporate diode clamps to ground to reduce negative line transients. All outputs have 
active pull-up circuitry to provide high capacitive drive and low impedance outputs in both logic states 
to provide good ac noise immunity. 

• ACTIVE LEVEL LOW ENABLE GATE INPUTS 
• OVERRIDING MASTER RESET 
• TYPICAL PROPAGATION DELAY OF 53 ns 
• TYPICAL POWER DISSIPATION OF 100 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 24-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES LOADING 

Parallel Latch Inputs 
AND Enable (Active LOW) Inputs 
Master Reset (Active LOW) Input 

Qo, Q1, Q2, Q3 Parallel Latch Outputs 

1 Unit Load (U.L.) = 40 J.lA HIGH/l.6 mA LOW 

LOGIC DIAGRAM 

NOTE: Only one 4-Bit Latch shown. 

HIGH LOW 

0.75 U.L. 0.375 U.L. 
0.5 U.L. 0.25 U.L. 
0,5 U.L. 0.25 U.L. 
9.0 U.L. 2.25 U.L. 
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LOGIC SYMBOL 

2 3 4 6 8 10 14 15 16 18 20 22 

1 5 7 9 11 13 17 19 21 23 

Vee = Pin 24 
GND = Pin 12 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

24 

23 

22 

21 

20 

LATCH 19 
LATCH 

1 2 

18 

17 

16 

10 15 

11 14 

12 13 

FLATPAK (TOP VI EW) 

24 

23 

22 

?l 

20 
LATCH 

19 
LATCH 

I 2 

18 

17 

16 

10 15 

II 14 

12 13 

I 



FAIRCHilD lPTTl/MSI • 93l0S 

LATCH OPERATION - 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 signal is applied to the master 
reset input. 

TRUTH TABLE 

MR EO E1 D 00 OPERATION 

H L L L L Data Entry 

H L L H H Data Entry 

H L H X On-1 Hold 

H H L X On-1 Hold 

H H H X On-1 Hold 

L X X X L Reset 

X 

L 
H 

Don't Care 
LOW Voltage Level 
HIGH Voltage Level 

Previous Output State 
Present Output State 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93L08XM 4.5 V 5.0 V 

93L08XC 4.75 V 5.0V 

MAX. 

5.5 V 

5.25 V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 5) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.36 mA 
VIN = VIH or VIL per Truth Tabie 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 3.6 mA 
VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Voltage for All INputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.3 V 
EO, E1 & MR -0.25 -0.4 

I nput LOW Cu rrent mA VCC = MAX., VIN = 0 V 
00,01,02 & 03 -0.38 -0.64 (See N'ote 4) 

IIH Input HIGH Current p,A VCC = MAX., VIN = 2.4 V 
EO, E1 & MR 2.0 20 

00,01,02 & 03 3.0 30 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

ISC Output Short Circuit Current -2.5 -16 -25 mA VCC = MAX., VOUT = 0 V 
(Note 6) 

ICC Power Supply Current 20 33 mA VCC = MAX., All Outputs LOW, 

Pins 2 & 14 GND, Other 
Inputs Open 
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FAIRCHILD LPTTL/MSI • 93108 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. This current is measured at VIN = 0 V to insure that no current is being absorbed by the device internally. The maximum value given 
guarantees that the maximum instantaneous current that can flow out of the input at V I N = 0.3 V is 0.6 mAo 

5. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
6. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERtSTICS (TA = 25°C) 

SYMBOL CHARACTER ISTIC 
LIMITS 

UNITS CONDITIONS 
MIN. TYP. MAX. 

tPLH Enable to Output 35 60 
Fig. 1 ns 

tpHL Enable to Output 30 50 VCC = 5.0 V 

tpLH Data to Output 30 50 
Fig.2 

CL = 15 pF 
ns 

tpHL Data to Output 35 55 

tpHL Master Reset to Output 31 55 ns Fig.5 

SWITCHING SET-UP REQUIREMENTS(TA = 25°C) 

ts (H) HIGH Data to Enable 25 15 
ns Fig.3 

ts (L) LOW Data to Enable 35 22 
VCC = 5.0 V 

th (H) HIGH Data to Enable 0 
ns Fig.3 

th (L) LOW Data to Enable 0 

tpwE Enable Pulse Width 45 30 ns Fig.4 

tpwMR Master Reset Pulse Width 40 25 ns Fig.5 

trec Master Reset Recovery Time 30 ns Fig.6 

SET UP TIME: ts is defined as the time required for t,he logic level to be present at the data input prior to the enable transition from LOW to 
HIGH in order for the latch to recognize and store the new data. 

HOLD TIME: th is defined as the minimum time following the Enable transition from LOW to HIGH that the logic level must be maintained at 
the data input in order to insure continued recognition. A negative Hold Time indicates that the correct logic level may be released prior 
to the Enable transition from LOW to HIGH and still be recognized. 

RECOVERY TIME: trec is defined as the time that the enable must remain LOW after the master reset transition from LOW to HIGH in order 
for the latch to recognize and store HIGH data. 

SWITCHING WAVEFORMS 

tpLH/tpHL (ENABLE TO OUTPUT) tpLH/tpHL (DATA TO OUTPUT) 

J \_-
D 

~ } 
Q I-~- tpHL I~---~ -tPLH 

\----'''---t 
I I 
1---f-tpLH i-f-tPHL 

Q '''----lr-----"""'\'-____ _ 
OTHER CONDITIONS:l.'m = H 

OTHER CONDITIONS: MR = H - -OTHER CONDITIONS: E = L, MR = H 

Fig. 1 Fig. 2 
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SWITCHING WAVEFORMS (Cant'd) 

SETUP TIME (ts) AND HOLD TIME (th) DATA TO ENABLE 

1 __ ts,:l.I--th'H) 

'------Il" 
a 

OTHER CONDITIONS: MR = H 

The shaded areas indicate when the Data input is 
permitted to change to predictable output performance. 

Fig. 3 

tpw (MIN. MASTER RESET PULSE WIDTH) 

tpHL (MASTER RESET TO OUTPUT) 

Wi 

'''4\ 
tpw 

7 
a 1~-r-tpHL 

1.5V-\ 

OTHER CONDITIONS: D = H, E = L 

Fig. 5 

tpw (MIN. ENABLE PULSE WIDTH) 

a RESPONSE 

\'---------J/ 
OTHER CONDITIONS: MR = H 

Fig. 4 

tree (MASTER RESET RECOVERY TIME) 

MR 

\ I" I-I-t,oc 

F 
Q RESPONSE 

\ ( 

OTHER CONDITIONS: D = H 

Fig. 6 
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TTL/MSI 9309 
DUAL FOUR-INPUT MULTIPLEXER 

DESCRIPTION - The 9309 is a monolithic, high speed, Dual Four-Input digital Multiplexer circuit, 
consisting 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 9309 can 
generate any two function of three variables. Active pullups in the outputs ensure high drive and high 
speed performance. Because of its high speed performance and on-chip select decoding, the 9309 may 
be cascaded to multiple levels so that any number of lines can be multiplexed onto a single output buss. 
The circuit uses TTL for high speed, high fan out operation and is compatible with all other members 
of the Fairchild TTL family. 

• MULTIFUNCTION CAPABILITY 
• 25 ns THROUGH DELAY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED COMPLEMENTARY OUTPUTS 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL, LPDTL, TTL, AND MSI FAMILIES 
• INPUT CLAMP DIODES LIMIT HIGH SPE!=D TERMINATION EFFECTS 

PIN NAMES 

So' S1 
Multiplexer A 

lOa, 11a, 12a, 13a 
Za 
Za 
Multiplexer B 

lOb, 11b, 12b, 13b 
Zb 
Zb 

NOTES: 

Common Select Inputs 

Multiplexer Inputs 
Multiplexer Output (Note b) 
Complementary Multiplexer Output (Note c) 

Multiplexer Inputs 
Multiplexer Output (Note b) 
Complementary Multiplexer Output (Note c) 

a. 1 Unit Load (U.L.) = 40,uA HIGH/1.6mA LOW. 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

c. 9 U.L. is the output LOW drive factor and 18 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

o = PIN NUMBER 

8-47 

LOADING 
(Note a) 

1 U.L. 

U.L. 
10 U.L. 

9 U.L. 

1 U.L. 
10 U.L. 
9 U.L. 

l3 

LOGIC SYMBOL 

12 11 10 9 4 5 6 

14 

9309 

Za I Zb 

15 2 

Vee = Pin 16 
GND=Pin8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

FLATPAK (TOP VIEW) 

Zb· Vee 16 

Zd 15 

'Ob 

',b 12 

'
2b 

'3b 10 

GND 

I 



FAIRCHILD TTL/MSI • 9309 

FUNCTIONAL DESCRIPTION - The 9309 dual four-input multiplexer is a member of the Fairchild family of compatible medium scale inte­
grated (MSI) digital building blocks. It provides this family with the ability to select two bits of either data or control from up to four sources, 

in one package. 

The 9309 dual four-input .multiplexer is the logical implementation of a two-pole four-position switch, with the position of the switch being set 
by the logic levels supplied to the two select inputs. Both assertion and negation outputs are provided for both multiplexers. The logic equations 
for the outputs are shown below: 

Za=IOa 'S1'SO+11 a 'S1'SO+12a'S1'SO+13a'S1'SO 
Zb = lOb' S1 ,SO + 11 b • S 1 ' So + 12b ' S 1 ,SO + 13b ' S 1 ,SO 
A common use of the 9309 would be the moving of data from a group of registers to a common output buss. The particular register from which 
the data came would be determined by the state of the select inputs. A less obvious use is as a function generator. The 9309 can generate any 
two functions of three variables. This is useful for implementing random gating functions. 

TRUTH TABLE 

SELECT INPUTS INPUTS OUTPUTS 

So S1 lOa 
---- -----

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

So S1 

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

L = LOW Voltage Level 

H = HIGH Voltage Level 

L 
H 
X 

X 

X 

X 

X 

X 

lOb 

L 
H 
X 

X 

X 

X 

X 

X 

11a 
_. __ ._----

X 

X 

L 
H 
X 

X 

X 

X 

11b 

X 

X 

L 
H 
X 

X 

X 

X 

X = Either HIGH or LOW Logic Level 

12a 13a Za 

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

12b 13b Zb 

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

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 
vee 

INPUT 
EQUIVALENT 

CIRCUIT 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

2.0 

Vee .s.oy 
25°C -111 

il 15°C r~ ~:ooe J __ 125°e 

'(II' -5h~ I.- - -r--- f-- -r 

'",-6.0 

----- ._--

-8.0 

-Ie J 
-2.0 2.0 4.0 6.0 8.0 

VIN - INPU1 VOl1AGE VOLTS 

Fig. 1 

OUTPUT 
EQUIVALENT 

CI RCUIT 
(Output HIGH) 

OUTPUT CURRENT VERSUS 
OUTPUT VOL TAGE 

(OUTPUT HIGH) 

~ -20 

~ -40 f---+---I"~-+--+---+-+---l 

-60 f---::'II!!!'-:I--'---"---t---+--+---+-+---l 

1.0 3.0 5.0 1.0 

v (jUI - (lin Pin VO! 1 AGI - V0L15 

Fig. 2 
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Za 

H 
L 
H 
L 
H 
L 
H 
L 

Zb 

H 
L 
H 
L 
H 
L 
H 
L 

OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output LOW) 

OUTPUT CURRENT VERSUS 
OUTPUT VOL T AGE 

(OUTPUT LOW) 

« 
E 

'Z 

100 

80 

~ 60 

§ 40 

20 

o 

Vee' 5.0 V 

V ~ --~- ---

~ / 

I 
V 1:L --

~ DoC , r --

~- -55°C 

-J -- -- ---

I 
o 0.5 1.0 0.5 2.0 

VOUT - OUTPUT VOLTAGE VOLTS 

Fig, 3 



FAI RCH I LD TTl/MSI • 9309 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Tem perature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

* I nput Voltage (de) 
* I nput Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9309XM 4.5 V 5.0V 

9309XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65°C to +150°C 
_55°C to +125°C 

-0.5V to +7.0V 
-0.5V to +5.5V 

-30mA to +5.0m A 
-0.5V to +VCC value 

+30 mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 
(Note4) -

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 
Voltage for all Inputs 

VIL I nput LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold 
Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN =-12mA,TA =25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., IOH = -800J.,LA 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 16 mA 
V!N = VIH or VI L per Truth Table 

IIH Input HIGH Current 10 40 J.,LA VCC = MAX., VIN = 2.4 V 

1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current -20 -40 -70 mA VCC = MAX., VOUT = 0.0 V 
(lOS) (Note 5) 

ICC Power Supply Current 30 44 mA VCC = MAX. 

NOTES: 

(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system opera­

ting ranges. 

(4) Typical limits are at VCC = 5.0V, 25°C and maximum loading. 

(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 

tpLH Turn Off Delay I nput to Output 
(SO to Za) 

tpHL Turn On Delay I nput to Output 

(SO to Za) 

MIN. 

8-49 

LIMITS 
UNITS TEST CONDITIONS 

TYP. MAX. 

24 32 ns VCC=5.0V 
CL=15pF 

24 32 
(See Fig. 4) 

ns 
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Fig. 4 
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SWITCHING CHARACTERISTICS 

Fig. 5 
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Fig. 6 
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LPTTL/MSI93L09 
LOW POWER DUAL FOUR-INPUT MULTIPLEXER 

DESCRIPTION - The LPTTL/MSI 93L09 is a Monolithic. Medium Speed. Dual 4-lnput Digital 
Multiplexer. It consists of two multiplexing circuits with common input select logic. Each circuit 
contains four inputs and fully buffered complementary outputs. In addition to operating as a multi­
plexer. the 93L09 can generate two functions of three variables. Active pull ups in the outputs ensure 
good drive and speed performance. The 93L09 may be cascaded to multiple levels so that any number 
of lines can be multiplexed onto a single output buss. The circuit uses TTL technology and is com­
patible with all other members of the TTL family. 

• MULTIFUNCTION CAPABILITY 
• ON-CHIP SELECT LOGIC DECODING 
• TYPICAL PROPAGATION DELAY OF48 ns 
• TYPICAL POWER DISSIPATION OF 40 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES 

So. S1 

Multiplexer A 

lOa. 11 a. 12a. 13a 
Za 
Za 

Multiplexer B 

Common Select Inputs 

Multiplexer Inputs 
Multiplexer Output 
Complementary Multiplexer Output 

lOb. 11b. 12b. 13b Multiplexer Inputs 
Zb Multiplexer Output 
Zb Complementary Multiplexer Output 

1 Unit Load (U.L.> = 40 /.LA HIGH/1.6 mA LOW 

LOGIC DIAGRAM 

LOADING 

HIGH LOW 
0.5 U.L. 0.25 U.L. 

0.5 U.L. 0.25 U.L. 
10 U.L. 2.5 U.L. 
10 U.L. 2.25 U.L. 

0.5 U.L. 0.25 U.L. 
10 U.L. 2.5 U.L. 
10 U.L. 2.25 U.L. 

® 
Zb 
0= PIN NUMBERS 
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LOG IC SYMBOL 

12 11 10 9 4 5 6 

14 15 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP V lEW) 

4 

6 

8 

4 

8 

16 

15 

14 

13 

12 

11 

10 

9 

FLATPAK (TOP VIEW 

16 

15 

14 

13 

12 

11 

10 

I 



FAIRCHILD LPTTL/MSI e 93L09 

FUNCTIONAL DESCRIPTION - The 93L09 dual 4-input multiplexer is a member of the Fairchild family of compatible low power medium 
scale integrated digital building blocks. It provides this family with the ability to select two bits of either data or control from up to four 
sources, in one package. 

The 93L09 is the logical implementation of two-pole, four-position switch, with the position of the switch being set by the logic levels supplied 
to the two select inputs. Both assertion and negation outputs are provided for both multiplexers. The logic equations for the outputs are shown 
below: 

Za =1 Oa e S 1 e So + 11 a e S 1 e So + 12a e S 1 e So + 13a e S 1 e So 

Zb= IOb eS1 eSO+ 11b eS1 eSO+ 12b eS 1 eSO+ 13b eS1 eSO 

The 93L09 is frequently used to move data from a group of registers to a common output buss. The particular register from which the data 
came would be determined by the state of the select inputs. A less obvious application is as a function generator. The 93L09 can generate two 
functions of three variables. This is useful for implementing random gating functions. 

INPUT 
EQUIVALENT 

CIRCUIT 

Vee 

INo-...... -J 

TRUTH TABLE 

SELECT INPUTS INPUTS OUTPUTS 

So S1 lOa 11a 12a 13a Za Za 

L L L X X X L H 

L L H X X X H L 

H L X L X X L H 

H L X H X X H L 

L H X X L X L H 

L H X X H X H L 

H H X X X L L H 

H H X X X H H L 

So S1 lOb 11b 12b 13b Zb Zb 

L L L X X X L H 

L L H X X X H L 

H L X L X X L H 

H L X H X X H L 

L H X X L X L H 

L H X X H X H L 

H H X X X L L H 

H H X X X H H L 

L = LOW Voltage Level 

H HIGH Voltage Level 
X Either HIGH or LOW Logic Level 

TYPICAL INPUT AND OUTPUT CIRCUITS 

OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output LOW) 

-{f0UT 
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OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output HIGH) 

Vee 

OUT 



FAIRCHILD LPTTL/MSI • 93L09 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93L09XM 4.5 V 5.0 V 

93L09XC 4.75 V 5.0 V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

TEMPERATURE 
MAX. 

5.5 V -55°C to 125°C 

5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 
VIN = VIH or VIL per Truth Table 

VCC = MIN., IOL = 4.0 mA (Pins 1 & 15) 

VOL Output LOW Voltage 0.15 0.3 Volts IOL = 3.6 mA (Pins 2 & 14) 
VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

IlL Input LOW Current -0.25 -0.4 mA VCC = MAX., VIN = 0.3 V 

Input HIGH Current 
2.0 20 J..LA VCC = MAX., VIN = 2.4 V 

IIH --"-'-
1.0 mA VCC = MAX., VIN = 5.5 V 

ISC Output Short Circuit Current 
-10 -26 -40 mA VCC = MAX., VOUT = 0 V 

(Note 5) 

ICC Power Supply Current 7.5 11.5 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

tPLH (SO to Za) Turn Off Delay Input to Output 35 55 ns 

tpH L (SO to Za) Turn On Delay Input to Output 32 50 ns 
VCC = 5.0 V, CL = 15 pF 
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TTL/MSI 9310· 9316 
BCD DECADE COUNTER/4-BIT BINARY COUNTER 

DESCRIPTION - The 9310 is a High Speed Synchronous BCD Decade Counter and the 9316 is a 
High Speed Synchronous 4-Bit Binary Counter. They are synchronously presetable, multifunctional 
MSI building blocks useful in a large number of counting, digital integration and conversion 
applications. Several stages of synchronous operation are obtainable with no external gating packages 
required through an internal carry lookahead counti ng technique. 

• SYNCHRONOUS COUNTING AND PARALLEL ENTRY 
• DECODED TERMINAL COUNT 
• BUILT-IN CARRY CIRCUITRY 
• TYPICAL COUNTING FREQUENCY OF 45 MHz 
• TYPICAL POWER DISSIPATION OF 325 mW 
• TH E I NPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL, LPDTL, AND TTL FAMILIES 
• INPUT DIODE CLAMPING 
• TTL COMPATIBLE 

PIN NAMES 

PE 

PO,P1,P2,P3 

CEP 

CET 

CP 

MR 

QO, Q1, Q2, Q3 
TC 

NOTES 

Parallel Enable (Active LOW) Input 

Parallel I npats 

Count Enable Parallel Input 

Count Enable Trickle Input 

Clock (Active HIGH Going Edge) Input 
Master Reset (Active LOW) Input 

Parallel Outputs (Note b) 

Terminal Count Outputs (Note c) 

LOADING (Note a) 

2 U.L. 

2/3 U.L. 
1 U.L. 

2 U.L. 

2 U.L. 

1 U.L. 

8 U.L. 

10 U. L. 

a. 1 Unit Load (U.L.) = 40,uA HIGH/1;6 mA LOW 
b. 8 U.L. is the output LOW drive factor and 16 U.L. is the output HIGH drive factor. 
c. 10 U. L. is the output LOW drive factor and 20 U. L. is the output HIGH drive factor. 

STATE DIAGRAM 

9310 9316 

NOTE: 

LOGIC EQUATIONS 
Count Enable = CEP • CET • PE 

TC for 9310= CET' QO' Q1 • Q2' Q3 

TC for 9316 = CET • QO • Q1 • Q2 • Q3 

Preset = PE • CP+ (rising clock edge) 

Reset = MR 

The 9310 can be preset to any state, but will not count beyond 9. 
If preset to state 10, 11, 12, 13, 14, or 15, it will return to its 
normal sequence within two clock pulses. 
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LOGIC SYMBOL 

9 3 4 5 6 

CET 9310'9316 TC 

1 14 13 12 11 

VCC = Pin 16 
GND= Pin 8 

15 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAIRCHILD TTL/MSI. 9310.9316 

FUNCTIONAL DESCRIPTION - The 9310 is a high speed BCD decade counter, and the 9316 is a high speed binary counter. Both 
counters are fully synchronous with the clock pulse driving four master/slave flip-flops in parallel through a clock buffer. During the LOW to 
HIGH transition of the clock, the master is inhibited from further change. After the masters are locked out, data is transferred from the master 
to the slaves and reflected at the outputs. When the clock is HIGH, the masters are inhibited and the master/slave data path remains established. 
During the HIGH to LOW transition of the clock, the slave is inhibited from further change, followed by the enabling of the masters for the 
acceptance of data from the counting logic or the parallel entry logic. (See Clock Pulse Characteristics Figure 7) 

The three control inputs, Parallel E~able (PE), Count Enable Parrallel (CEP), and Count Enable Trickle (CET), select the mode of operation as 
shown in the tables below. When the conditions for counting are satisfied, the rising edge of a clock pulse will change the counters to the next 
state of the count sequence shown in the State Diagram on the previous page. The Count Mode is enabled when CEP and CET inputs and PE 
are HIGH. 

The 9310 and 9316 can be synchronously preset from the four Parallel inputs, (PO-3) whenPE is LOW. When the Parallel Enable and Clock 
are LOW, each master of the flip-flops is connected to the appropriate parallel input (PO-3) and the slaves (outputs) are steady in their previous 
state. When the clock goes H IG H, the masters are inhibited and this information is transferred to the slaves and reflected at the outputs. The 
parallel enable input overrides both count enable inputs, presetting the counter when LOW. 

Terminal count is HIGH when the counter is at terminal count (state 9 for 9310, and state 15 for 9316), and Count Enable Trickle is HIGH, 
as is shown in the logic equations. Without additional logic, multIstage synchronous counting at high speeds is made possible with a high speed 
lookahead technique utilizing the count enable and terminal count logic. A multistage counter illustrating these techniques is shown and 
discussed in the appl ication section. 

When LOW, the asynchronous master reset overrides all other inputs resetting the four outputs LOW. 

Conventional operation of the 9310.9316, as shown in the Mode Selection table, requires that the mode control inputs (PE, CEP, CET) are 
stable while the clock i:; LOW. This is no constraint for a normal synchronous system where all signals are generated by the rising edge 
of the clock. 

For some applications, the designer may want to change those inputs while the clock is LOW. In this case the 9310.9316 will behave in a 
predictable manner. For example: 

PE 

CEP 

PE 

Ce 

00'i 

If PE goes HIGH while the clock is LOW, but Count Enable is not active"during the remaining clock LOW period (i.e. CEP or CET are 
LOW), the subsequent LOW to HIGH clock transition will change 00 ... 03 to the PO ... P3 data that existed at the set-up time 
before the rising edge of PE. 

If Count Enable is active (i.e. CEP and CET are HIGH) during some portion of the clock LOW period, but PE is HIGH (inactive) during 
the entire clock LOW period, the subsequent LOW to HIGH clock transition will change 00 ... 03 to the next count value. 

If PE goes HIGH while the clock is !-OW, but Count Enable is active (CEP and CET are HIGH) during some portion of the remaining 
clock LOW period, the 9310.9316 will perform a mixture of counting and loading. On the LOW to HIGH clock transition, outputs 
00 ... 03 will change as the count sequence or the loading requires. Only the outputs that would not change in the count sequence and 
are also reloaded with their present value stay constant. 

LOGIC DIAGRAM 9310 AND 9316 

9310 MODE SELECTION 

PE CEP CET MODE 
Po p) P2 P3 

L L L Preset 
L L H Preset 
L H L Preset 
L H H Preset 
H L L No Change 
H L H No Change 
H H L No Change 
H H H Count 

(MR = HIGH) 

Q
o Q) Q

2 

9316 TERMINAL COUNT GENERATION 

Po p) P2 P3 
CET 

9310 9316 

(00. 01 • 02. 03) (00 • 01 • 02 • 03) TC 

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

TC = CEl • 00 • 01 • 02 • 03 (9310) 

TC = CET • 00 • 01 • 02 • 03 (9316) 

POSITIVE LOGIC = H = HIGH Voltage Level 
L = LOW Voltage Level 

Q
o Q) Q

2 
Q

3 
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FAIRCHILD TTL/MSI- 9310 -9316 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or I nput Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC value 

+30mA 

PART NUMBER 
SU~PLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

9310XM .9316XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

9310XC .9316XC 4.75 V 5.0V 5.25 V O°C to 75°C 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 
MIN. 

(Note 4) 
MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input Logical HIGH Voltage for all Inputs 

VIL I nput LOW Voltage 0.8 Volts Guaranteed Input Logical LOW Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12 mA, TA = 25°C 
-_._------------

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., 10H = -640 J.lA for Q 

IOH = -800 J.lA for TC 

VIN = VIH or VIL 

VOL Output LOW Voltage 0.2 0.4 Volts Vec = MIN., 10L = 12.8 mA for Q 

10L = 16 mA for TC 

VIN = VIH or VIL 

IIH Input HIGH Current 

MR, CEP 10 40 

CP,PE,CET 20 80 J.lA VCC = MAX., VIN = 2.4 V 

PO, Pl, P2 & P3 7 27 
----------.-

Input HIGH Current all Inputs 1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current 

MR, CEP -0.96 -1.6 

CP,PE,CET -1.92 -3.2 mA VCC = MAX., VIN = 0.4 V 

PO, Pl, P2 & P3 -0.64 -1.07 -_ .. _-
ISC Output Short Circuit Current (Note 5) -20 -50 -80 mA Vee = MAX., VOUT = 0 V 

(lOS) 

ICC Power Supply Current 65 94 mA 931 OXM .9316XM I Vee = MAX., MR = OV 

65 100 mA 9310Xe.9316Xe I Other Inputs HIGH 

NOTES 
1. The actual testing procedures used to guarantee the Electrical Characteristics ~re cpntained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions testing, not shown in table, are chosen to guarantee operation under "worst case" conditions. 
3. The Specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Typical limits are at V CC = 5.0 V, 25° C, and maximum loading. 
5. Not more than one output should be shorted at a time. 
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FAIRCHILD TTL/MSI. 9310. 9316 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN. TYP. MAX. 

tpLH Turn Off Delay CP to Q 12 20 ns 
See Fig. 1 

tPHL Turn On Delay CP to Q 15 23 ns 

tpLH Turn Off Delay CP to TC 25 35 ns 
See Fig. 4 

tpHL Turn On Delay CP to TC 13 22 ns 
VCC = 5.0 V 

tpLH Turn Off Delay CET to TC 13 19 ns 

tpH L Turn On Delay CETto TC 13 19 ns 
See Fig. 3 

CL = 15 pF 

tPHL Turn On Delay MR to Q 30 45 ns See Fig. 2 

fcount Input Count Frequency 30 45 MHz See Fig. 1 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

trec Recovery Ti me for M R 15 11 ns 
See Fig. 2 

tpwMR Master Reset Pulse Width 30 23 ns 

tpwCP Clock Pulse Width 17 11 ns See Fig. 1 
tslHI or ILl Set-up Time Data to Clock 30 20 ns 
th(H) or (Ll Hold Time Data to Clock 0 -19 ns See Fig. 5 

ts(H) Set-up Time (HIGH) CE to Clock 22 11 ns VCC = 5.0 V 
thlHI Hold Time (HIGH) CE to Clock See Note 6 
ts(Ll Set-up Time (LOW) CE to Clock See Note 6 
th(Ll Hold Time (LOW) CE to Clock 0 -10 ns See Fig. 6 
ts(H) Set-up Time (HIGH) f5E to Clock See Note 7 
th(H) Hold Time (HIGH) PE to Clock - 7 --19 ns 
ts(Ll Set-up Time (LOW) PE to Clock 30 20 ns 
th(Ll Hold Time (LOW) PE to Clock See Note 7 

6. The Set-up Time "ts(L)" and Hold Time "th(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. 

7. The Set-Up Time "ts(H)" and Hold Time "th(L)" between the Parallel Enable (PE) and the Clock (CP) indicate that the LOW to HIGH 
transition of the PE must occur only while the Clock is HIGH for conventional operation. 

DEFINITION OF TERMS: 
SET-UP TI ME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HIGH in order to be recognized and transferred to the outputs. 
HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TI ME indicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 
RECOVE RY TIME (trec) is defined as the minimum time required between the end of the reset pulse and the clock transition from LOW to 
HIGH in order to recognize and transfer HIGH Data to the Q outputs. I 

TYPICAL SWITCHING CHARACTERISTICS 

PROPAGATION DELAY FROM FREQUENCY 
CLOCK TO ANY OUTPUT VERSUS 
VERSUS TEMPERATURE TEMPERATURE 

40 60 r--- 'pw
-

I--- Ipw ------
36 55 If , r---

L I CP --. f- 1.5V ~ r- --.r--- 1.5 v 
32 

:e 
50 J ~ J I 

2B~ tPLHCTCY >- -"t u 

-- "},,, z 
45 

......... 

---
..--V ::> V -........ 

~ /' I'---24 40

V '" "'""~ 
Q 1.5 V 

u 
0 

20~ 
~ 

u 35 

~ 
tpHL (TCI tP~~ " 

16 i'-- \ u 30 

r:::: r---...... 1\ --:::: ~ ~H(QI ~ 
12 25 

Other Conditions: 
8 20 

55 25 125 -55 25 125 PE = MR = H 
TA AMBIEf'<T TEMPE RATURE - 'C TA - MIBIENT TEMPERATURE _ °c CEP = CET = H 

Fig. 1 CLOCK TO OUTPUT DELAYS, COUNT FREQUENCY AND CLOCK PULSE WIDTH 

'---
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FAIRCHILD TTL/MSI· 9310. 9316 

PROPAGATION DELAY FROM 
MASTER RESET TO OUTPUT 

VERSUS TEMPERATURE 
50 

46 

40 

35 

I'-... 
30 

25 

20 

5 

10 
-55 

tpHL iMR\ l/ 
"""'- _V /' 

25 

T A - AMBIENT TEMPERATURE ·C 

CP ______ ~------------JI 

Other Conditions: 
PE = L 
Po = P 1 = P2 = P3 = H 

/ 

125 

~ 
I 

PROPAGATION DELAY 
COUNT ENABLE TERMINAL 

TO TERMINAL COUNT 
20 

19 

lB 

J 
V 

17 

tpHL I 
/ 

V/V ~ IS 

15 

14 
~ 

t---
13 

12 
-55 

~ VtPLH 

f' I---... -~ 
25 125 

TA - AMBIENT TEMPERATURE _ °c 

Other Conditions: CP = PE = CEP = MR = H 

!.he positive TC pulse occurs when the otuputs are in the (QO • 01 • 
Q2 • Q3) state for the 9310 and the (QO • Q1 • Q2 • Q3) state for 
the 9316. 

Fig. 3. COUNT ENABLE TRICKLE INPUT TO TERMINAL COUNT 
OUTPUT DELAYS. 

CP 

TC 

Other Conditions: PE = CEP = CET = MR = H 
Fig. 2. MASTER RESET TO OUTPUT DELAY, MASTER RESET 

PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 
!.he positive TC pulse is coincident with the output state (QO • 01 • 
Q2 • Q3) for the 9310 and (QO • Q1 • Q2 • Q3)for the 9316. 

Other Conditions: f5"E = L, ~ = H 
The shaded areas indicate when the input is permitted 

to change for predictable output performance. 

Fig. 5. SET-UP TIME (ts) AND HOLD TIME (th) 
FOR PARALLEL DATA INPUTS. 

CP 

CEP 
AND 

Fig. 4. CLOCK TO TERMINAL COUNT DELAYS. 

CET __ J~:i.1;;;;W:i;.;.~~IJ.!-l-""":1_.~...J 

Fig. 6. SET-UP TIME (ts) AND HOLD TIME (th) FOR COUNT 
ENABLE (CEP) AND (CET) AND PARALLEL ENABLE (PE) 
INPUTS. 

Fig. 7. CLOCK PULSE CHARACTERISTICS. 

Region 1: Enter R&S data into master 

Region 2: Inhibit R&S inputs, transfer data from master to slave 
Region 3: Latch master and slave 
Region 4: Isolate slave from master, enable R&S inputs 
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FAIRCHILD TTL/MSI. 9310. 9316 

9310 GENERALIZED FUNCTION T'EST 

CET -Jr----------------------------------~~~ ________________ ___ 
PE Po ______________________________________________ ~~ 

I 
BIT NO. 0 

I 
Q o 
°1 ______ ..I 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
9 10 11 12 13 14 15 16 17 18 192021 222324 25262728293031323334353637383940 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

°2 ____________ ...J ~ 

Q

3 

________________________________ J ~ 

TC __________________________________ ~~~ __________________ __ 

MULTISTAGE COUNTING - The 9310.9316 counters may be cascaded to provide multistage synchronous counting. Two methods 
commonly used to cascade these counters are shown in Figures 8 and 9. 

In multistage counting, all less significant stages must be at their terminal count before the next more significant counter is enabled. The 
9310.9316 internally decodes the terminal count condition and "ANDs" it with the CET input to generate 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, 
Figure 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 9 permits multistage counting up to 11 stages limited by the fan out of the terminal count. For an alternate 
scheme for more stages see Application Note 184. 

The CEP input of the 9310.9316 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 second 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 activated, allowing all stages to count on the next clock. 

CET 9310' 9316 TC CET 9310.9316 TC CET 9310'9316 TC CET 9310' 9316 TC 

CP 
MR 00 01 02 03 

CET 9310·9316 TC 

CP 
MR Qo Q1 Q2 °3 

CLOCK --~----------------~-----------------+----------------~~--------------~~-----------------

Fig. 8. SYNCHRONOUS MULTISTAGE COUNTING SCHEME (SLOW) 

CET 9310.9316 TC CET 9310.9316 TC CET 9310·9316 TC CET 9310.9316 TC CET 9310. 9316 TC 

CLOCK --~----------------~----------------~----------------~----------------~~-----------------

Fig. 9. SYNCHRONOUS MULTISTAGE COUNTING SCHEME (FAST) 

8-59 

TO MORE 
SIGNIFICANT 
STAGES 

TO MORE 
SIGNIFICANT 
STAGES 
(UP TO TOTAL) 

I 



LPTTL/MSI93LIO·93L16 
LOW POWER BCD DECADE COUNTER/4-BIT BINARY COUNTER 

DESCRIPTION - The 93L10 is a High Speed Synchronous BCD Decade Counter and the 93L16 is a 
High Speed Synchronous 4-Bit Binary Counter. They are synchronously presetable, multifunctional 
MSI building blocks useful in a large number of counting, digital integration and conversion 
applications. Several stages of synchronous operation are obtainable with no external gating packages 
required through an internal carry lookahead counting technique. 

• SYNCHRONOUS COUNTING AND PARALLEL ENTRY 
• DECODED TERMINAL COUNT 
• BUILT-IN CARRY CIRCUITRY 
• TYPICAL COUNTING FREQUENCY OF 20 MHz 
• TYPICAL POWER DISSIPATION OF 85 mW 
• TH E I NPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL, LPDTL, AND TTL FAMILIES 
• INPUT DIODE CLAMPING 
• TTL COMPATIBLE 

PIN NAMES 

PE 
PO,Pl,P2,P3 

CEP 

LOADING 

CET 

CP 

MR 

00,01,02,03 
TC 

Parallel Enable (Active LOW) Input 

Parallel Inputs 

Count Enable Parallel Input 

Count Enable Trickle Input 

Clock (Active HIGH Going Edge) Input 

Master Reset (Active LOW) Input 

Parallel Outputs 

Terminal Count Outputs 

1 Unit Load (U.L.) = 40J.lA HIGH/1.6 mA LOW 

STATE DIAGRAM 

93L10 93L16 

LOGIC EQUATIONS 

HIGH 

1.0 U.L. 

0.33 U.L. 

0.5 U.L. 

1.0 U.L. 

1.0 U.L. 

0.5 U.L. 

8.0 U.L. 

8.0 U.L. 

Count Enable = CEP • CET • PE 

LOW 
0.5 U.L. 

0.17 U.L. 

0.25 U.L. 

0.5 U.L. 

0.5 U.L. 

0.25 U.L. 

2.0 U.L. 

2.0 U.L. 

TC for 93Ll0= CET· QO· Q1 • Q2· Q3 

TC for 93L 16 = CET • QO • Q1 • Q2 • Q3 

Preset = PE • CP+ (rising clock edge) 

Reset = MR 

NOTE: 
The 93L 10 can be preset to any state, but will not count beyond 9. 
If preset to state 10,11,12,13,14, or 15, it will return to its 
normal sequence within two clock pulses. 
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LOGIC SYMBOL 

9 3 4 5 6 

CET 93L 10·93L 16 TC 

1 14 13 12 11 

VCC = Pin 16 
GND= Pin 8 

15 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAIRCHilD lPTTl/MSI • 93110 • 93116 

FUNCTI(ONAL DESCRIPTION - The 93L10 is a high speed BCD Decade Counter, and the 93L16 is a high speed Binary Counter. Both 
counters are fully synchronous with the clock pulse driving four master/slave flip-flops in parallel through a clock buffer. During the LOW to 
HIGH transition of the clock, the master is inhibited from further change. After the masters are locked out, data is transferred from the master 
to the slaves and reflected at the outputs. When the clock is HIGH, the masters are inhibited and the master/slave data path remains established. 
During the HIGH to LOW transition of the clock, the slave is inhibited from further change, followed bv the enabling of the masters for the 
acceptance of data from the counting logic or the parallel entry logic. (See Clock Pulse Characteristics Figure 7.) 

The three control inputs, Parallel Enable (PE), Count Enable Parrallel (CEP), and Count Enable Trickle (CET), select the mode of operation as 
shown in the tables below. When the conditions for counting are satisfied, the rising edge of a clock pulse will change the counters to the next 
state of the count sequence shown in the State Diagram on the previous page. The Count Mode is enabled when CEP and CET inputs and PE 
are HIGH. 

The 93L1 0 and 93L16 can be synchronously preset from the four Para lie! inputs, (PO-3) when PE is LOW. When the Parallel Enable and Clock 
are LOW, each master of the flip-flops is connected to the appropriate parallel input (PO-3) and the slaves (outputs) are steady in their previous 
state. When the clock goes HIGH, the masters are inhibited and this information is transferred to the slaves and reflected at the outputs. The 
paranel enable input overrides both count enable inputs, presetting the counter when LOW. 

Terminal count is HIGH when the counter is at terminal count (state 9 for 93L10, and state 15 for 93L16), and Count Enable Trickle is HIGH, 
as is shown in the logic equations. Without additional logic, multistage synchronous counting at high speeds is made possible with a high speed 
lookahead technique utilizing the count enable and terminal count logic. A multistage counter illustrating these techniques is shown and 
discussed in the application section. 

When LOW, the asynchronous master reset overrides all other inputs resetting the four outputs LOW. 

Conventional operation of the 93L10·93L16, as shown in the Mode Selection table, requires that the mode control inputs (PE, CEP, CET) are 
stable while the clock is LOW. This is no constraint for a normal synchronous system where all signals are generated by the rising edge 
of the clock. 

For some applications, the designer may want to change those inputs while the clock is LOW. In this case the 93L10·93L16 will behave in a 
predictable manner. For example: 

If PE goes HIGH while the clock is LOW, but Count Enable is not active during the remaining clock LOW period (Le. CEP or CET are 
LOW), the subsequent LOW to HIGH clock transition will change 00 ... 03 to the PO ... P3 data that existed at the set-up time 
before the rising edge of PE. 

If Count Enable is active (i.e. CEP and CET are HIGH) during some portion of the clock LOW period, but PE is HIGH (inactive) during 
the entire clock LOW period, the subsequent LOW to HIGH clock transition will change 00 ... 03 to the next count value. 

If PE goes HIGH while the clock is LOW, but Count Enable is active (CEP and CET are HIGH) during some portion of the remaining 
clock LOW period, the 93L10·93L16 will perform a mixture of counting and loading. On the LOW to HIGH clock transition, outputs 
00 ... 03 will change as the count sequence or the loading requires. Only the outputs that would not change in the count sequence and 
are also reloaded with their present value stay constant. 

LOGIC DIAGRAMS 

93L10 

93L16 

~~; ..4.----==----+--+--H1>-- -----'-t:::--====='=I=~~J 
CP-~-----' 

°1 TC 
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93L 10 AND 93L 16 

MODE SELECTION 

PE CEP CET MODE 

L L L Preset 

L L H Preset 
L H L Preset 
L H H Preset 
H L L No Change 
H L H No Change 
H H L No Change 
H H H Count 

(MR = HIGH) 

TERMINAL COUNT GENERATION 

93L10 93L16 
CET (00 • '01 • '02 • 03) (00 • 01 • 02 • 03) 

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

TC = CET. 00. 0.1 .02.03 (93L10) 

TC = CET. 00. 01 .02.03 (93L16) 

POSITIVE LOGIC = H = HIGH Voltage Level 
L = LOW Voltage Level 

TC 

L 
L 
L 
H 

I 



FAIRCHilD lPTTl/MSI • 93l 10 ~ 93116 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93L10XM·93L16XM 4.5 V 5.0 V 

93L 10XC·93L l6XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65° C to +150° C 
- 55° C to + 1 25° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.32 mA 

VIN = VIH or VIL 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 3.2 mA 

VIN = VIH or VIL 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage 
for All Inputs 

VIL Input LOW Voltage 0.7 Volts Guaranteed Input LOW Threshold Voltage 
for All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.3 V 

MR, CEP -0.25 -0.40 
-

CP,PE,CET -0.50 -0.80 

PO, Pl, P2 & P3 -0.13 -0.27 

IIH Input HIGH Current J.lA VCC = MAX., VIN = 2.4 V 

MR, CEP 2.0 20 
-

CP, PE, CET 4.0 40 

PO, Pl, P2 & P3 1.0 13.3 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 
-

ISC (Note 5) Output Short Circuit Current -2.5 -16 -25 mA VCC = MAX., VOUT = 0.0 V 

ICC Power Su pply Current 17 27.5 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

COUNTING APPLICATIONS 

For typical counting applications, see Multistage Counter and Synchronous Multistage Counting Scheme in 9310 '9316 data sheet in TTL! MSI 
section of th is catalog. 
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FAIRCHILD LPTTL/MSI -. 93L 10 • 93L 16 
.-

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn Off Delay CP to Q 20 32 ns 
See Fig. 1 

tPHL Turn On Delay CP to Q 26 39 ns 

tpLH Turn Off Delay CP to TC 44 66 ns 
See Fig. 4 VCC = 5.0 V 

tpHL Turn On Delay CP to TC 20 30 ns 

tPLH Turn Off Delay CET to TC 20 30 ns 
See Fig. 3 

CL=15pF 

tPHL Turn On Del,ay CET to TC 20 30 ns 

tpHL Turn On Delay MR to q. 40 72 ns See Fig. 2 

fcount Input Count Frequency 13 23 MHz See Fig. 1 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

trec Recovery Time for MR 30 20 ns 
See Fig. 2 

tpwMR Master Reset Pulse Width 35 20 ns 

tpwCP Clock Pulse Width 25 15 ns See Fig. 1 

ts(H) or (L) Set-up Time Data to Clock 75 50 ns 
See Fig. 5 

th(H) or (L) Hold Time Data to Clock 0 -20 PIS 

ts(H) Set-up Time (HIGH) CE to Clock 26 17 ns VCC=5.0V 

th(H) Hold Time (HIGH) CE to Clock See Note 6 
ts(L) Set-up Time (LOW) CE to Clock See Note 6 

th(L) Hold Time (LOW) CE to Clock 0 -17 ns See Fig. 6 

ts(H) Set-up Time (H IGH) PE to Clock See Note 7 

th(H) Hold Time (HIGH) PE to Clock 0 -35 ns 

ts(L) Set-up Time (LOW) PE to Clock 53 35 ns 

th(L) Hold Time (LOW) PE to Clock See Note 7 
. 

NOTES: 

6. The Set-up Time "ts(L)" and Hold Time "th(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. 

7. The Set-up Time "ts(H)" and Hold Time "th(L)" between the Parallel Enable (PE) and the Clock (CP) indicate that the LOW to HIGH 
transition of the PE must occur only while the clock is HIGH for conventional operation. 

DEFINITION OF TERMS: 
SET-UP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock 
transition from LOW to HI G H in order to be recognized and transferred to the outputs. 
HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TIME inpicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 
RECOVERY TIME (trec ) is defined as the minimum time required between the end of the reset pulse and the clock transition from LOW to 
HIGH in order to recognize and transfer HIGH Data to the Q outputs. I 

SWITCHING CHARACTERISTICS 

CLOCK TO OUTPUT DELAYS, COUNT FREQUENCY, AND MASTER RESET TO OUTPUT DELAY, MASTER RESET 
CLOCK PULSE WIDTH. PULSE WIDTH, AND MASTER RESET RECOVERY TIME. 

M'f='~=t _tpw_ I------ tpw -, r-- tree 

CP - >-- 1,5V ....J k- -c f-- 1.5 V 

I + 1\ 

-"t -""f." 
CP 

,[ tpHL 

° °0,°1, °2, 03 + ' 1.5 V 

Other Conditions: Other Conditions: 

PE = MR = H PE = L 
CEP = CET = H Po = P 1 = P2 = P3 = H 

Fig. 1 Fig. 2 
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FAIRCHILD TTL/MSr • 93L 10 • 93L 16 

SWITCHING CHARACTERISTICS (cont'd) 

COUNT ENABLE TRfcKLE INPUT TO TERMINAL COUNT OUTPUT 
DELAYS. 

The positive TC pulse occurs when the outputs are in the (QO • 01 • 

02 • Q3) state for the 93L 10 and the (QO • Q 1 • Q2 • Q3) state for 

the 93L16. 

Fig. 3 

CLOCK TO TERMINAL COUNT DELAYS. 

The positive TC pulse is coincident with the output state (QO • 01 • 

02 • Q3) for the 93L 10 and (QO • Q1 • Q2 • Q3) for the 93L 16. 

SET·UP TIME (ts) AND HOLD TIME (th) FOR 
PARALLEL DATA INPUTS. 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

SET-UP TIME Its) AND HOLD 
TIME (th) FOR COUNT ENABLE 
(CEP) AND (CET) AND PARALLEL 
ENABLE (PE) INPUTS. 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

CLOCK PULSE CHARACTERISTICS. 

Region 1: Enter R&S data into master 

Regio.n 2: Inhibit R&S inputs, transfer data from master to slave 
Region 3: Latch master and slave 
Region 4: Isolate slave fr·om master, enable R&S inputs 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 
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Other Conditions: CP = PE = CEP = MR = H 

CP 

TC 

Other Conditions: PE = CEP = CET = MR = H 

Other Conditions: PE = L, MR = H 

\---



TTL/M51 93510 • 93516 
BCD DECADE COUNTER/4-BI,T BINARY COUNTER 

DESCRIPTION - The 93S10 is a super high speed. synchronous BCD Decade Counter and the 

93S16 is a super high speed synchronous 4-Bit Binary Counter. They are synchronously presetable, 
multifunctional MSLbuilding blocks useful in a large number of counting, digital integration and con­

version applications. Several stages of sunchronous operation are obtainable with no external gating 
packages required through an internal carry lookahead counting technique. Each device utilizes 

Schottky TTL processing to achieve the ultra high speeds. 

• TYPICAL COUNTING FREQUENCY OF 100 MHz 
• SYNCHRONOUS COUNTING AND PARALLEL ENTRY 
• DECODED TERMINAL COUNT 
• BUILT-IN CARRY CIRCUITRY 
• THE INPUT/OUPTUTCHARACTERISTICSPROVIDE EASY INTERFACING WITH FAIRCHILD 

DTL, LPDTL, AND TTL FAMILIES 
• INPUT DIODE CLAMPING 

PIN NAMES 

PE 

PO,P1, P2,P3 

CEP 

CET 

CP 

MR 

QO, Q1, Q2, 03 

TC 

STATE DIAGRAM 

93S10 

f
&0--0--- 4 

15 5 

14 

NOTE: 

Parallel Enable (Active LOW) Input 

Parallel Inputs 

Count Enable Parallel Input 

Count Enable Trickle Input 

Clock (Active HIGH) Going Edge Input 

Master Reset (Active LOW) Input 

Parallel Outputs 

Terminal Count Outputs 

93S16 

LOGIC EQUATIONS 

Count Enable = CEP • CET • PE 

TC for 93810 = CET • Q O • °1 • °2 • Q 3 
TC for 93816 = CET • Q O • Q 1 • Q 2 • Q 3 
Preset = PE. CP+ (rising clock edge) 

Reset = MR 

The 93810 can be preset to any state, but will not count beyond 9. If preset to state 10,11,12, 

13,14, or 15, it will return to its normal sequence within two clock pulses. 

8-65 

10 

LOGIC SYMBOL 

9 3 4 5 6 

CEP 

CET 
93S10 

93S16 
T( 

1 14 13 12 11 

VCC = Pin 16 
GND= Pin 8 

15 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

16 

15 

14 

13 

12 

11 

10 

F LATPAK (TOP V lEW) 

!..-
VCC 16 MR 

15 

14 

13 

12 

11 

10 

·1·· -, 

i • 



TTL/MSI· 9311 
ONE-Of-SIXTEEN DECODER/DEMULTIPLEXER 

DESCRIPTION - The 9311 is a TTL/MSI Multi-Purpose Decoder designed to accept four inputs and 
provide 16 mutually exclusive outputs. The circuit uses TTL for high speed and high fan oiJt 
capability, and is compatible with all members of the Fairchild TTL family. 

• MUTUALLY EXCLUSIVE OUTPUTS 
• HIGH CAPACITIVE DRIVE CAPABILITY 
• DEMULTIPLEXING CAPABILITY 
• TYPICAL POWER DISSIPATION OF 175 mW 
• INPUT CLAMP DIODES 
• 2-INPUT ENABLE GATE 
• TTL COMPATIBLE 

PIN NAMES 

AO. A1, A2, A3 

EO,E1 
Oto f5 

NOTES: 

Address Inputs 

AND Enable (Active LOW) Inputs 

(Active LOW) Outputs (Note b) 

a. 1 Unit Load (U.L.) = 40 IlA HIGH/lo6 rnA LOW 

LOAOING (Note a) 

1 U.L. 

1 U.L. 

10 U. L. 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

f 10. 11 12 13 14 15 

0= Pin Numbers 
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LOGIC SYMBOL 

18 19 23 22 21 20 

9311 

o 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 

Vee = PIN 24 

GND = PIN 12 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

10 

11 

12 

10 

11 

12 

FLATPAK (TOP VIEW) 



FAIRCHILD TTL/MSI • 9311 

FUNCTIONAL DESCRIPTION - The 9311 decoder accepts four inputs and provides 16 mutually exclusive active LOW outputs, as shown by 
the logic symbol. The active LOW outputs facilitate addressing other MSI units with active LOW enable. 

The 9311 can demultiplex data by routing it from one input to one of 16 possible decoder outputs. The desired output is addressed and the 
data i·s applied to one of the enable inputs. Providing that the other enable is LOW, the addressed output will follow the state of the applied 
data. 

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

TRUTH TABLE 

o T "2 3 4' 5 'S' 7 8' 9 101112131415 

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

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Level Does Not Affect Output 

TYPICAL 
SWITCHING PERFORMANCE 

PROPAGATION DELAY ENABLE 
INPUT TO OUTPUT 

VERSUS TEMPERATURE 

24~~~-+--r~~"'~--- --~ 

22r-1-~-+--r-r-1--+-+-~ 

18 r-1-~-+--r---1f----j--+-+-~ 

10 '---'---'--"--L.....-'------''---'-'-'-_-'-----' 
-55 -35 25 75 125 

T A - AMBIENT TEMPERATURE -'C 

v E TO OUT 

IN~ .. ~ -1.5V~---1.,.~5Vv--

V 'PH L --l f-- ::j I-- 'PLH 
OUT ~ . 1:-:::7-

---1.,.~5Vv·~ --- l.'.o5Vv--

PROPAGATION DELAY DATA 
INPUT TO OUTPUT 

VERSUS TEMPERATURE 

8 18 ~--t--"-t-+-tpHL -+-f---+--+~ 

>-
~ 16~~-t-+--+---f---' ~-- ---1,,,-

~ 14 I---f-~-+--r--I----+---- r---- -

12f--1--+-+-~~-+--+-~~ 

T A AMBIENT TEMPERATURE e 

V A TO OUT 
IN~_~ -1.5V ~---- 1, .. ,,5Vv----

tpLH--I r-- :=J r-'PHL 

V 1.5Vf \1.5V-
OUT 

Fig. 1. 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUTS 

EQUIVALENT CIRCUIT 

Vee 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

0.5 I J 
Vee" 5.5V 

o - T A" 25 e --j--t-~V-----:'01-+--+-+--1 

~ -0.51-+-~-+-f-V---#---1f----+-+--+--I 

; ....... J. ........ V 

~ -1.51-/-¥~-+-f----+-1--r~-+---I 

V
'N 

·INPUT VOLTAGE - VOLTS 

Fig. 2. 

OUTPUTS 

EQUIVALENT CIRCUIT 

OUTPUT HIGH 

Vee 

. 

J 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT HIGH 

-35 L-..L....-l...--L_l..-...L.-L.--L_l..-..l-.....I 
-1.0 a 1.0 3.0 5.0 7.0 9.0 

VOUT - OUTPUT VOLTAGE VOLTS 

Fig. 3. 
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OUTPUT LOW 

~ 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT LOW 

Vee 4 7SV +--1--+---+_. _ _._ 
T A 25 C 

~ 30~+-~-+-~+~~~+-~~~ 

-- +- .. +----++,-+--+-+---+--1 
L 

70r-+---j--r-+---1~+-- .. _------
::J 
u r----r-- -- +-- .- '.-
::J 

c--' I _. __ 
6 o~+__r-t-~/_+__+f--+__r_+__I 

6 10 

,./ 
10 )."... 

1.0 0.5 a 0.5 1.0 1.5 

V OUT OUTPUT VOLTAGE VOLTS 

Fig. 4. 

I 



FAIRCHILD TTL/MSI • 9311 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9311XM 4.5 V 5.0 V 

9311 XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65° C to +150° C 
_55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC value 

+30 mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

VIH Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN.,IIN=-12mA,T A = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts 
Vec = MIN., 10H - -800}.lA 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
Vce = MIN., 10L = 16 mA 
VIN = VIH or VIL per Truth Table 

10 40 }.lA VCC = MAX., VIN - 2.4 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX., VIN - 5.5 V 

IlL Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current (Note 5) -20 -40 -70 mA Vec = MAX., VOUT = 0 V 

(lOS) 

ICC Power Supply Current 35 62 mA Vec = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (TA = 25°C) 

9311XM 9311XC 
SYMBOL PARAMETER UNITS CONDITION 

MIN. TYP. MAX. MIN. TYP. MAX. 
S 

tpLH Turn Off Delay A Input to Output 19 28 19 31 VCC = 5.0 V 
ns 

tpHL Turn On Delay A Input to Output 19 25 19 28 CL = 15 pF 

tpLH Turn Off Delay E Input to Output 12 20 12 23 Pin 12 = GND 
Turn On Delay E Input to Output 

ns 
tpH 14 21 14 24 (See Fig. 1) L 
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lPTTl/MSI 93111 
LOW POWER ONE-Of-SIXTEEN DECODER 

DESCRIPTION - The LPTTL/MSI 93L 11 is a Multi-Purpose Decoder designed to accept four inputs 
and provide 16 mutually exclusive outputs. The circuit uses TTL technology and is compatible with the 
Fairchild TTL family. 

• MULTI-FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• HIGH CAPACITIVE DRIVE CAPABI LlTY 
• DEMULTIPLEXING CAPABILITY 
• TWO I NPUT ENABLE GATE 
• TYPICAL PROPAGATION DELAY OF 70 ns 
• TYPICAL POWER DISSIPATION OF 58 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 24-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES 

AO, A1, A2, A3 
EO,E1 
0' to 15 

Address Inputs 
AND Enable (Active LOW) Inputs 
(Active LOW) Outputs 

1 Unit Load (U.L.) = 40 J.LA HIGH/l.6 mA LOW 

LOGIC DIAGRAM 

8-69 

LOADING 

HIGH LOW 

0.5 U.L. 0.25 U.L. 
0.5 U.l. 0.25 U.L. 
10 U.L. 2.5U.L. 

0= Pin Numbers 

LOGIC SYMBOL 

23 22 21 20 

234 5 6 789101112131415 

11 
1 2 3 4 5 6 7 8 9 10111314151617 

Vee = Pin 24 
GND = Pin 12 

CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

10 

11 

12 

FLATPAK (TOP VIEW) 

10 

11 

12 

I 



FAIRCHILD LPTTL/MSI • 93L 11 

FUNCTIONAL DESCRIPTION - The 93L 11 decoder accepts four active HIGH binary inputs and provides 16 mutually exclusive active LOW 
outputs, as shown by logic symbol. The active LOW outputs facilitate addressing other MSI units with active LOW enables. 

The 93L 11 can demultiplex data by routing it from one input to one of sixteen possible decoder outputs. The desired output is addressed and 
the data is applied to one of the enable inputs. When the other enable is LOW,the addressed output will follow the state of the applied data. 

- -
EO El AO Al A2 A3 

H H X X X X 

H L X X X X 

L H X X X X 

L L L L L L 

L L H L L L 

L L L H L L 

L L H H L L 

L L L L H L 

L L H L H L 

L L L H H L 

L L H H H L 

L L L L L H 

L L H L L H 

L L L H L H 

L L H H L H 

L L L L H H 

L L H L H H 

L L L H H H 

L L H H H H 

H = HI G H Voltage Level 

L = LOW Voltage Level 

TRUTH TABLE 

- - - 3 - - 6 0 1 2 4 5 

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 

H H H H H H H 

H H H H H H H 

H H H H H H H 

X = Level Does Not Affect Output 

- 8" -
10 7 9 

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 

L H H H 

H L H H 

H H L 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 

TYPICAL INPUT AND OUTPUT CI RCUITS 

-
11 12 

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 

L H 

H L 

H H 

H H 

H H 

INPUTS OUTPUTS 

13 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

EQUIVALENT CIRCUIT EQUIVALENT CIRCUIT 

- -
14 15 

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 

L H 

H L 

OUTPUT LOW OUTPUT HIGH 

if"! 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
* I nput Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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>1---.(') OUT 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 



FAI RCH I LD LPTTL/MSI • 93L 11 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L 11 XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

93L11 XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -O.4mA 

VIN = VIH or VI L per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 4.0 rnA 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage for All Inputs 

VIL I nput LOW Voltage 0.7 Volts Guaranteed Input LOW Threshold Voltage for All Inputs 

IlL Input LOW Current -0.25 -0.4 mA VCC = MAX., VIN = 0.3 V 

2.0 20 iJ,A VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current 

1.0 mA Vce = MAX., VIN = 5.5 V 

ISC (Note 5) Output Short Circuit Current -2.5 -16 -25 rnA VCC = MAX., VOUT = 0.0 V 

ICC Power Supply Current 11.5 16.5 mA Vee = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchiid Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst Case" value f.or the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH 
Turn Off Delay A Input 

50 75 ns 
to Output 

--
tpHL 

Turn On Delay A Input 
85 ns 

to Output 
60 

Vec = 5.0 V 

tpLH 
Turn Off Delay E Input 

30 60 ns CL = 15 pF 

to Output See Fig. 1 

tpHL 
Turn On Delay E Input 

43 65 ns 
to Output 

SWITCHING TIME WAVE FORMS 

A I NPUT TO OUTPUT E I NPUT TO OUTPUT 

V
1N 
--15 V\_-_ -_ -_-_-_-_-_-_-:. ____ /15 V-~~- V

1N 
---15V\ -------- i15V---~~ 

tpHL ____ I 1_ ---I 1--- tPLH 

vOUT -----15 v t-..... -_-_-:..-_-_-_-_-_-_-_-_-_-_-_-__ ~ 
Fig. 1. 
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TTL/MSI 9312 
EIGHT-INPUT MULTIPLEXER 

DESCRIPTION - The 9312 is a monolithic, high speed, Eight-Input digital Multiplexer circuit. It 
provides in one package the ability to select one bit of data from up to eight sources. The 9312 can be 
used as a universal function generator to generate any logic function of four variables. Both assertion 
and negation outputs are provided. TTL circuitry with active pullups on the outputs provides high 
speed, high fanout operation and is compatible with all other members of the Fairchild TTL family. 

• MULTI FUNCTION CAPABI L1TY 
• 25 ns THROUGH DELAY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED COMPLEMENTARY OUTPUTS 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAI RCHI LD DTL, LPDTL, TTL, and MSI FAMI LI ES 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

SO,S1,S2 
E 
10 to 17 
Z 
Z 

NOTES: 

Select Inputs 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 
Complementary Multiplexer Output (Note b) 

a. 1 Unit Load (U_L) = 40p,A HIGH/1.6mA LOW. 

b. 10 U.L is the output LOW drive factor and 20 U.L is the output HI GH drive factor. 

LOGIC DIAGRAM 
10 12 13 14 15 16 

@ CD 0) 0 CD ® 
52 

@ 
51 

@ 
50 

@ 

LOADING 

17 

(Note a) 

1 U.L. 
1 U.L. 
1 U.L. 

10 U.L. 
10 U.L. 

@ 

. 0 == Pin Numbers 
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II 

12 
13 

LOGIC SYMBOL 

10 1 2 3 4 5 6 7 9 

E 10 II 12 13 14 15 16 17 
So 
SI 9312 

S2 

14 15 

VCC=Pin16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

13 

12 

10 

FLATPAK (TOP VIEW) 

10 • Vee 16 

15 

'2 Z 14 

'3 S2 13 

'4 51 12 

'5 

16 10 

GND 



FAIRCHILD TTL/MSI • 9312 

FUNCTIONAL DESCRIPTION - The 9312 is a logical implementation of a single pole, eight position switch with the switch position controlled 
by the state of three Select Inputs, SO, S1, S2. Both assertion and negation outputs are provided. TheEnable Input (E) is active LOW.Whenit 
is not activated the negation output is HIGH and the assertion output is LOW, regardless of all other inputs. The logic function provided at the 

output is: 

Z = E . (10 . So . S1 . S2 + 11 . So . S1 . S2 + 12 . SO' S1 . S2 + 13 . SO' S1 . S2 + 14 . So . S1 . S2+ 15 . SO' S1 . S2 + 16' So· S1 . S2 

+17, SO, S1 ,S2). 

The 9312 provides the ability, in one package, to select from eight sources of data or control information. By proper manipulation of the in­
puts, the 9312 can provide any logic function of four variables and its negation. Thus any number of random logic e.lements used to generate 

unusual truth tables can be replaced by one 9312. 

IN 

E S2 S1 So 

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

H = HIGH voltage level 
L = LOW voltage level 

10 

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

X = Level does not affect output. 

TRUTH TABLE 

11 12 13 

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

14 15 16 17 Z Z 

X X X X H L 
X X X X H L 
X X X X L H 
X X X X H L 
X X X X L H 
X X X X H L 
X X X X L H 
X X X X H L 
X X )( X L H 
L X X X H L 
H X X X L H 
X L X X H L 
X H X X L H 
X X L X H L 
X X H X L H 
X X X L H L 
X X X H L H 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

EQUIVALENT INPUT CIRCUIT 

NOT 

"'EC"1 0 "'EC'" 
-=- ~ O.3V 

-=-

<C 
E 

~-2.0 

;-4.0 

I 
INPUT CURRENT VERSUS 

INPUT VOLTAGE 

-8.0 f--__ +--+---+--+ 

-10 ~ __ -'---'---'----'-_L---'---'---'---' 
-2.0 2.0 4.0 6.0 8.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 1 

OUTPUT HIGH EQUIVALENT CIRCUIT 

« 
E 

Vee 

80 n 

4kn 

L..-----4;--....(} OUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOL TAGE 

(OUTPUT HIGH) 

1.0 3.0 5.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2 
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7.0 

OUTPUT LOW EQUIVALENT CIRCUIT 

-.JTOUT 
'~r 

- -- -

OUTPUT CURRENT VERSUS 
OUTPUT VOL T AGE 

(OUTPUT LOW) 

0.5 1.0 1.5 2.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 3 
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FAIRCHILD TTL/MSI • 9312 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
*Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output lOW) 

*Either Input Voltage limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9312XM, 4.5V 5.0V 

9312XC 4.75V 5.0V 

-65°C to +150°C 
-55°C to +125°C 

-O.5V to +7.0V 
-O.5V to +5.5V 

-30mA to +5.0mA 
-0.5V to +VCC value 

+30mA 

TEMPERATURE 
MAX. 

5.5V -55°C to 125°C 

5.25V O°C to 75°C 

X = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 
(Note4) 

V,H Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 
Voltage for all Inputs 

V,l Input lOW Voltage 0.8 Volts Guaranteed Input lOW Threshold 
Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC=MIN., I'N=-12mA, T A =25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., 10H = -800~A 
V,N = V,H or V,l per Truth Table 

VOL Output lOW Voltage 0.2 0.4 Volts VCC = MIN., 10l = 16mA 
V,N = V,H or V,l per Truth Table 

"H Input H IG H Current 
10 40 ~A VCC = MAX., V,N = 2.4V 

1.0 mA VCC -MAX., V,N - 5.0V 

I,l Input lOW Current -0.96 -1.6 mA VCC = MAX., V,N = OAV 

ISC Output Short Circuit Current -30 -60 -100 mA VCC - MAX., VOUT - O.OV 
(lOS) (Note 5) 

ICC Power Supply Current 27 44 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
liMITS 

UNITS TEST CONDITIONS 
MIN. TYP. MAX. 

tpLH Turn Off Delay I nput to Output 23 34 ns 

(SO to Z) 
VCC = 5.0V 

tpHl Turn On Delay I nput to Output 25 36 ns 
Cl = 15 pF 

(SO to Z) 
(See following page) 
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FAIRCHILD TTL/MSI • 9312 

SWITCHING CHARACTERISTICS 

_ __ 1_.5V_-_-- -f-----~ --1.5V 

INPUT (PIN 111 _I -
------j tpLH ~ ---j 'tPHL r-

OUTPUT.(PIN 15) 

1.5V + \--1.5V 

OTHER CONDITIONS: Pins 1,8,10,12,13 = GND 
Pin 2 =V CC through 1 kn. 
Pin 16 = Vee 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

Soto Z 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE: 

So to Z 
6O.---,---,-----,--=~--,-----,-,-----,-__, 60 

Vcc • 5.0V Vee - 5.0V 
c

L 
-15pF - --- eL - 15pF 

50 f-----+----+---+-+--+---+----i ~-- 50 

,-/7 
-_ .. 

~ 40 I---"""'Io-=--I----+---+-- ~ ~ 40 ~__ ........... --- - t{\pj. ___ ;:';:':'- --- MAA --z 
o 

z 30 :5:;.-+ ___ ---+----+----!- ... -+-~..:: -;:::;;; ~ 30 - ....--
N N 
.s 20 1---+--+----11----+---+----1,..... -- - _. .s 20 
~ ~ 
}: _ MIN-

1Oc:1==i~~±=~~r-~~-=-

25 125 

--
10 

o 
-55 

----- liP ,..--- ...... 

t{\\N -
25 

TA • AMB)ENTTEMPERATURE - "e TA - AMBIENT TEMPERATURE -"e 

Fig. 4 Fig.5 

15V--j- \-1.5V 

INPUT (PIN 111---·--=::J tpHL f- -1 ~PLH .~ 
OUTPUT (PIN 14) I Ir ----

1.5V---\------f--1.5V 

OTHER CONDITIONS: Pins 1, 8,10,12,13 = GND 

Pin 2 = Vee through 1 kn. 
Pin 16 = Vee 

~ 

125 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE: 

So to Z 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

So to Z 
60.---,---,-----,-..:;---,-----,--,---,-__, 

Vce' 5.0V 
c

L 
-15pF --I-~ 

50 1----+---+-----1--+-.-1-- - - ~- I--

40 f-+--+--1f-----+---+ -+---+-+---I 

25 125 

TA - AMBIENTTEMPERATURE - "c 

Fig. 8 

60 
Vec' 5.0V 
c L '15pf 

50 

>-

g 40 
z 
o 

......... 
......... 30 

.................. 

--
o 
-55 

-
......... 

- MAA -
TYP -
MI1N 

25 

TA - AMBIENT TEMPERATURE - "e 

Fig. 9 

-

30 

25 

>-

INPUT (PIN 11 

1.5V-- + -----=\:_-1.5V 

~ tpHL r- ~ tpLH t:: 
OUTPUT (PIN 14) 

1.5V \- f-- 1
.
5V 

OTHER CONDITIONS: Pins8, 10, 11, 12,13= GND 

Pin 16 = Vee 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

10 to Z 
Vec - 5.0V 

'-- -

c L - 15pF 

0·· -

30 

25 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

10 to Z 
Vcc • 5.0V 
CL'15pF---- ---- ---

---

/ 
/ 

g 20 ""-
"-

~ 20 

:/ 

-~ 
z 
~ 15 

/ 

// 
-~ 

z 
o 
z 
=> 15 

IN 

"-.... 
r- MAA 

""'-~ -- TYP 

bJ. ....- ~IO -
o 
-55 

~IN ---
25 125' 

-'\.0 
~ 

o 
-55 

........... 
~ -- -!t1!N 

t-. 

25 

T A - AMB I ENT TEMPERATURE - "c TA - AMBIENT TEMPERATURE - "c 

Fig. 6 Fig. 7 

_ _ l')V-f \_15V 
INPUT (PIN 10) =l tpLH 1= ---I tpHL r---

OUTPUT (PIN 14) 

1.5V --- -I ------ \--- 1.5V 

OTHER CONDITIONS: Pins 8,11,12,13 = GND 
Pin 1 = Vee through 1 kn. 
Pin 16 = Vee 

--

125 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

E to Z 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

E to Z 
Vcc • 5.0V 
c

L 
-15pF --- +---+-----+---+-. 1-- j----I--

50f-+--+--1--+--+--1--+--+--1 

I----+-_+--~-+-_+--f------

~ 30f-----+--+--1--+-~--1--+--k~ 
--_.-

'~ 20 --- --

) ::::.::... 
TV 

10 
MI ~ 

25 125 25 125 

TA - AMBIENT TEMPERATURE - "c TA - AMBIENT TEMPERATURE - °c 

Fig. 10 Fig. 11 
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LPTTL/MSI 93L12 
LOW POWER EIGHT-INPUT MULTIPLEXER 

DESCRIPTION - The LPTTL/MSI 93L 12 is a monolithic, medium speed, eight input digital Multi­
plexer. It provides in one package the ability to select one bit of data from up to eight sources. The 
93L 12 can be used as a universal function generator to generate any logic function of four variables. 
Both assertion and negation outputs are provided. TTL circuitry with active pullups on the outputs 
provides high speed, high fanout operation and is compatible with the Fairchild TTL family. 

• MULTIFUNCTION CAPABILITY. 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED COMPLEMENTARY OUTPUTS 
• TYPICAL PROPAGATION DELAY OF 80 ns 
• TYPICAL POWER DISSIPATfbN OF 45 mW 
• INPUT CLAMP DIDOES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 

• TTL COMPATIBLE 

PIN NAMES 

SO,S1,S2 
E 
10 to 17 
Z 

Select Inputs 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output 

Z Complementary Multiplexer Output 

1 Unit Load (U.L.) = 40 J.l.A HIGH/l.G rnA LOW 

LOGIC DIAGRAM 
[0 [1 [2 

@ CD 
52 

@ 
51 

@ 
so 

@ 

[3 14 

8) ® 
[5 

® 

LOADING 

HIGH LOW 

0.5 U.L. 0.25 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 
10 U.L. 

[6 

(j) 
17 

0.25 U.L. 
0.25 U.L. 

2.5 U.L. 
2.25 U.L. 

® 

o = Pin Numbers 
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11 

12 

13 

LOGIC SYMBOL 

10 1 2 3 4 5 6 7 9 

14 15 

Vce = Pin 16 
Gnd = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAI RCH I lD lPTTl/MSI • 93112 

FUNCTIONAL DESCRIPTION - The 93L 12 is a logical implementation of a single pole, eight position switch with the switch position con­
trolled by the state of three select inputs, 50, 51, 52. Both assertion and negation outputs are provided. The enable input (E) is active LOW. 
When it is not activated the negation output is HIGH and the assertion output is LOW regardless of all other inputs. The logic function provided 
at the output is: 

Z = E-OO-SO-s, -§2 + 11-50-81-52 + 12-50-51-52 + 13-50"51"52 + 14"50-s.j"52 + 15-50-s.j-52 + IS-So-51-52 + 17"50-51-52). 

The 93L 12 provides the ability, in one package, to select from eight sources of data or control information. By proper manipulation of the in­
puts, the 93L 12 can provide any logic function of four variables and its negation. 

-
E 52 

H X 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

L L 

L H 

L H 

L H 

L H 

L H 

L H 

L H 

L H 

INPUTS 
EQUIVALENT CIRCUIT 

51 50 

" X 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

TRUTH TABLE 

10 11 12 13 

X X X X 

L X X X 

H X X X 

X L X X 

X H X X 

X X L X 

X X H X 

X X X L 

X X X H 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 

14 15 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

L X 

H X 

X L 

X H 

X X 

X X 

X X 

X X 

X = Level does not affect output 

-
IS 17 Z Z 

X X H L 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

X X H L 

X X L H 

L X H L 

H X L H 

X L H L 

X H L H 

TYPICAL INPUT AND OUTPUT CIRCUITS 

OUTPUTS 
EQUIVALENT CIRCUIT 

OUTPUT LOW OUTPUT HIGH 

...-----_--0 OUT 

IN 0--_-----' 
NOT 

,"m" 1 0 ''''mo 

1-0

." 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
5torage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*1 nput Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either I nput Voltage limit or I nput Current limit is sufficient to protect the inputs. 
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.---_-__ ----1~--_<>vcc 

6.0 
k!l 600" 

t--........ ---OOUT 

-S5° C to + 1 50° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 
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FAIRCHILD LPTTL/MSI • 93L 12 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L 12XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

93L12XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 

VIN = VIH or VIL per Truth Table 

Vce = MIN., IOL = 4.0 mA (Pin 15) 

VOL Output LOW Voltage 0.15 0.3 Volts 3.6 mA (Pin 14) 

VIN = VIH or VIL per Truth Table 

Guaranteed Input HIGH Threshold Voltage for 
VIH Input HIGH Voltage 2.0 Volts 

All Inputs 

Guaranteed Input LOW Threshold Voltage for 
VIL Input LOW Voltage 0.7 Volts 

All Inputs 

IlL Input LOW Current -0.25 -0.4 mA VCC = MAX., VIN = 0.3 V 

2.0 20 J.lA VCC = MAX., VIN = 2.4 V 
IIH Input H IG H Cu rrent 

1.0 mA VCC = MAX., VIN = 5.5 V 

ISC (Note 5) Output Short Circuit Current -10 -22 -40 mA VCC = MAX., VOUT = 0.0 V 

ICC Power Supply Current 9.0 13.3 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn Off Delay I nput to 
52 90 ns VCC = 5.0 V , CL = 15 pF 

(SO to Z) Output 

tpHL Turn On Delay Input to 
68 105 ns VCC=5.0V,CL=15pF 

(SO to Z) Output 
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TTL/M51 93512 
EIGHT-INPUT MULTIPLEXER 

DESCRIPTION - Th~ 93S12 is a monolithic, super high speed, a-Input digital Multiplexer circuit 
utilizing the Schottky TTL process. It provides in one package the ability to select one bit of data 
from up to eight sources. The 93S12 can be used as a universal function generator to generate any 
logic function of four variables. Both assertion and negation outputs are provided. TTL circuitry with 
active pullups on the outputs provides high speed, high fan out operation and is compatible with all 
other members of the Fairchild TTL family. 

• MU L TI FUNCTION CAPABI LI TY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED COMPLEMENTARY OUTPUTS 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD DTL, LPDTL, TTL, and MSI FAMILIES 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

SO,S1,S2 
E 
10 to 17 
Z 
Z 

LOGIC DIAGRAM 

@ 

@ 

Select Inputs 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output 
Complementary Multiplexer Output 

10 16 

Slo-----~~--~--~~~---H----_»----~~--~~--+4----+_~--~----h 

@ 
~o_----_f.~--~--~~----_»r_--~~--~r_--+H._--+»----~~--H+----H, 

@ 

o = Pin Numbers 
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11 
12 
13 

LOGIC SYMBOL 

10 1 2 3 4 5 6 7 9 

93512 

14 15 

V CC =pin16 

GND=pin8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

FLATPAK (TOP VIEW) 

'0· 16 

12 

I 



TTL/MSI 9313 
EIGHT-INPUT MULTIPLEXER WITH OPEN COLLECTOR OUTPUT 

DESCRIPTION - The TTL!MSI 9313 is an 8-lnput Multiplexer with open collector output. The 9313 
has the same pinning and logic configuration as the 9312, but with an open collector Z output which 
allows for easy expansion of input terms. The device can select one bit of data from up to eight sources. 
It has an active LOW enable, and internal select decoding. The 9313 is fully compatible with all 
members of the Fairchild TTL family. 

• PIN FOR PIN REPLACEMENT FOR THE SIGNETICS 8231 
• SAME PINNING AND LOGIC CONFIGURATION AS THE 9312 

BUT WITH OPEN COLLECTOR OUTPUT 
• OPEN COLLECTOR OUTPUT Z FOR EASY EXPANSION OF 

INPUT TERMS (WIRED-OR APPLICATIONS) 

• MULTIFUNCTION CAPABILITY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED Z OUTPUT 
• INPUT CLAMP DIODES 
• TTL COMPATIBLE 

PIN NAMES 

SO,S1,S2 
E 
10 to 17 
Z 
Z 

NOTES: 

Select Inputs 
Enable (Active LOW) Input 
Multiplexer Inputs 
Multiplexer Output (Note b) 
Complementary Open Collector Multiplexer Output (Note c) 

a. 1 Unit Load (U.L.) = 40j.LA H IGH/1.6mA LOW 
b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH 

drive factor. 
c. An external pull-up resistor is needed to provide HIGH level drive capability. 

This output will sink a maximum of 16 mA at V out = 0.4 V. 

LOGIC DIAGRAM 

LOADING 
(Note a) 

1 U.L. 
1 U.L. 
1 U.L. 

10 U.L. 
10 U.L. 

0= PIN NUMBERS 

"OPEN COLLECTOR 
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11 
12 
13 

So 
SI 
S2 

LOGIC SYMBOL 

10 I 2 3 4 5 6 7 9 

9313 

z * z 

14 15 

VCC = 16 

GND = 8 

• OPEN COLLECTOR 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

4' 

8 

• OPEN COLLECTOR 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

• 10 vee 
11 

12 *z 
13 S2 

14 SI 

15 So 

'6 

GND 17 

.. OPEN COLLECTOR 

16 

15 

14 

13 

12 

11 

10 

9 



FAIRCHILDTTL/MSI • 9313 

FUNCTIONAL DESCRIPTION - The TTL/MSI 9313 is a logical implementatiorr of a single pole, eight-position switch with the switch 
position controlled by the state of three Select inputs, SO, S1, S2. An open collectdr output Z is provided for easy expansion of input terms. 
Also a fully buffered Z output is available. The Enable input (E) is active LOW. When it is not activated the negation output is HIGH and the 
assertion output is LOW regardless of all other inputs. The logic function provided at the output is: 

Z = E 0000SooS1 oS2 + 11 oSO~51 08'2 + 1208ooS1 082 + 13oS00S1 052 + 14 oSooS1 oS2 + 15oS0081 oS2 + 16 oSooS1 oS2 + I7"SO,oS1oS21. 

The 9313 provides the ability, in one package, to select from eight sources of data or control information. By proper manipulation of the in­
puts, the 9313 can provide any logic function of four variables and- its negation. 

E S2 S1 So 10 

H X X X X 
L L L L L 
L L L L H 
L L L H X 
L L l H X 
L L H L X 
L L H L X 
L L H H X 
L L H H X 
L H L L X 
L H L L X 
L H L H X 
L H L H X 
L H H L X 
L H H L X 
L H H H X 
L H H H X 

TABLE l TRUTH TAstE 

11 12 13 

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

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 

14 

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

15 

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

X ~ Level Does Not Affect Output 

16 

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

TYPICAL INPUT AND OUTPUT CIRCUITS 

IN 

INPUTS 
EQUIVALENT CIRCUIT 

NOTfO SELECTED SELECTED 

-=-"0.3V 

~ 

Z Output (Pin 15) 
EQUIVALENT CIRCUIT 

1.5ku 150ll 80u 

OUT 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 
*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*E ither I nput Voltage limit or Input Current limit is sufficient-to protect the inputs. 
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17 Z Z 

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

Z Output (Pin 14) 
EQUIVALENT CIRCUIT 

VCC 

OUT 

-65°C to +150°C 
_55° C to +125° C 

-0.5V to +7.0V 
-0.5V to +5.5V 

-30 mA to +5.0 mA 
-0.5V to +VCC value 

+30mA 

I 



FAIRCHILD TTL/MSI • 9313 

GUARANTEED OPERATING RANGES 

SUPPLY VOLTAGE (VCC) 
PART NUMBER MIN. TYP. MAX. TEMPERATURE 

9313XM 4.5V 5.0V 5.5V -55°C to 125°C 

9313XC 4.75V 5.0V 5.25V O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 
LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 
(Note 4) 

VOH Output HIGH Voltage on 204 3.6 Volts VCC = MIN., IOH = -800 /-I,A 
Z (Pin 15) VIN = VIH or VIL per Truth 

Table 

VOL Output LOW Voltage 0.25 004 Volts VCC = MIN., IOl = 16 mA 
VIN = VIH or VIL per Truth 
Table 

VIH Input HIGH Voltage 2.0 Volts Guaranteed input logical 
HIGH voltage for all inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed input logical LOW 
voltage for all inputs 

IlL Input LOW Current -1.0 -1.6 mA VCC = MAX., VIN = Oo4V 

5.0 40 J.LA VCC = MAX., VIN = 204V 
IIH Input HIGH Current 

0.02 1.0 mA VCC = MAX., VIN = 5.5V 

ICEX Output HIGH Leakage 5.0 150 J.LA VCC = 4.5V, VOUT = 4.5V, 
Current on Z (Pin 14) VIN = 0.6V on Data Input 

VIN (E & S Inputs) = VIL or 
,VIH per Truth Table 

--

ISC Output Short Circuit -30 -75 -100 mA VCC = MAX., VOUT = O.OV 
Current on Z (Pin 15) 

ICC Power Supply Current 28 47 mA VCC = MAX., 10-17 = GND 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -:-12 rnA, 

TA = 25°C 

NOTES: 

(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LIM ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 
and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and max. loading. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 

SYMBOL PARAMETER 9313XM(MIL) 9313XC(lND) UNITS CONDITIONS 
TYP. MAX. TYP. MAX. 

tPLH (So to Z) Turn Off Delay Input to Output 25 32 25 36 ns VCC = 5.0V 
tpH L (So to Z) Turn On Delay Input to Output 33 40 33 45 ns CT=CL=15pF, 

R X = 400 .n to V C C 
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50 

40 

~ 30 

10 

o 

FAIRCHILD TTL/MSI • 9313 

SWITCHING CHARACTERISTIC CURVES 

All measurements are made with Vee = 5.0 V applied to pin 16 and with pin 8 grounded. 

INPUT (PIN 111 __ 1._5V_-_-- f -\ -- 15V 

~ IPLH ~ -1 tPHL r-
OUTPUT (PIN 151 

1.5V --- + ----- \-- 1.5V 

OTHER CONDITIONS: Pins 1, 8,10,12,13 = GND 

Pin 2 = Vee through 1.0 k.r2 
Pin 16 = Vee 

TURN OFF DELAY VERSUS 
AMBrENT TEMPERATURE; 

Soto Z 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

Soto Z 

.1.-
---)--

........ I'-~ 
r-- MIL MAX. - -

-----
r- MIL ANDINO TYP. _ -

60 

)--t---
,-_I 1 

I I 
)--t--

IND MAX. V V 
MIL MAX. V /' 

f---MIL AND IN~ Typ.l_ 
,.../ 

50 

, 40 

~ 
I 

f-- I 
MILIAND IND MI~. 

I --t--- ~-

)--f----+1 
MILANb It-jDMIN. V 
I I 
I I 
I I 

~ 30 

·10 

o 

INPUT (PIN 11 

1. 5V-f--\-'·5V 

==i tpLH C ~ tpHL r-
OUTPUT (PIN 151 

·1.5V- --f \-- -1.5V 

40 

30 

l!5 20 

o 

OTHER CONDITIONS: Pins8, 10, 11, 12,13 = GND 
Pin 16 = Vee 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

10 to Z 

I 
'NDLx. r---- I"'. 

1'-(-0.. MllriiAX. 

r--..... 
MIL LD I.ND TYP - I----... 

I 

Jil JDIND MIN. 

I f-f--

I 

z 
o 

50 

40 

10 

o 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

10 to Z 

I I ---

I I 
I~DMy 

V 
V 

r---;;r MAl;" L -

~~ ---~ MIL AND INDTYP. 

+ j MllANDIN.D TYP. --t 1 
-75 -50 -25 25 50 75 100 125 150 ~ ~ ~ 0 25 ~ ~ ~ rn 00 ~ ~ ~ 0 25 ~ ~ ~ m 00 -75 -50 -25 25 50 75 100 125 150 

TEIV,PERATURE - °c TEMPERATURE - °c 

Fig. 1 Fig. 2 

INPUT IPIN 101 

OUTPUT (PIN 151 

1.5V -- -I -----~ -- 1.5V 

~ tPHL r-- ~ tPLH t: 
1.5V \- f-1.5V 

OTHER CONDITIONS: Pins8, 11, 12, 13 = GND 
Pin 1 = Vee through 1.0 k.r2 
Pin 16 = Vee 

TURN OFF DELAY VERSUS TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; AMBIENT TEMPERATURE; 

~~Z ~~Z 
40 ~ I I 

30 '-
INDMAXI. ----miMAX. 
.J I 

..... t--MI L ANQIND TYP. --
-- ----

Mil AND IND MAX. 

----- --

o 
-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE - ·c 

Fig. 5 

40 

~ 30 
z 
o 
z 

;: 20 

-~ 
10 

o 

~ 
_._-

--
'1D~ V 
MllM":Y v-

.-

I I.-.........-

~DI~DTYP. 

1 I 
--'--

I I 
MI L A~O I NOIMI N. -"" V 

I I 
I I 

~ ~ ~ 0 25 ~ ~ ~ m 00 

TEMPERATURE - °c 

Fig. 6 

50 

40 

~ 30 

10 

o 

TEMPERATURE - °c TEMPERATURE - ·c 

Fig. 3 Fig. 4 

INPUT (PIN 111 

15V --I- \- 1.5V 

OUTPUT (PIN 141 

=J tPHL r ~ tPLH C 
1.5V --=t ------fr :::-,.5-V 

OTHER CONDITIONS: Pins 1, 8,10,12,13 = GND 

Pin 2 = Vee through 1.0 k.r2 
Pin 16 = Vee 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

So to Z 

liND Mlx. V V 

MILMAX. 
,..........V / 

r----- Mil ANDINDTYP. V 
_Vv 

MIL AND INDMIN. .........- f-"""" 

-

40 

30 

.~ 20 

o 

TURN ON DELAY VERSUS 
AMBIENT TEMPERATURE; 

So to Z 

f--f-- ---- I I -,- r-

IJDMAJ. 
1'-_ I T 

MIL MAX. 

r--- I I 
MIL ANOIND TYP. 

M",Lt c - r--

I I 

I I 
~ ~ ~ 0 25 ~ ~ ~ m 00 ~ ~ ~ 0 25 ~ ~ ~ m 00 

TEMPERATURE - °c TEMPERATURE -"c 

Fig. 7 Fig. 8 
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FAIRCHILD TTL/MSI • 9313 

WIRED-QR APPLICATIONS 
It is possible to perform the "Wired OR" function by connecting the open collector Z outputs together and adding an external pull up resistor. 

The value of the pull up is determined by considering the fanout of the "OR Tie" and the number of devices in the "OR Tie". The pull up re­
sistor value is chosen from a range between a maximum value (determined such that the required VOH is maintained with all the OR tied out­
puts off) and a minimum value (determined such that with only one output on in the "OR-Tie", its fanout is not exceeded. 

Minimum and Maximum Pull up Values 

VCC (max.) - VOL 
Rx (Min.) =-----------

10 L - N2 II L - (N 1 - 1) II L 

Where 

N1 
N2 

VCC 
Rx 

ICEX 
IIH 

IlL 

VOL 

VOH 
IOL 

Number of "Wired OR" Outputs 

Fanout of "OR Tie" 
Power Supply Voltage 

External Pull-up Resistor 

Rx (Max.) 

Output HIGH Leakage Current on Z (150 MA) 
Input HIGH Current (40 MA) 

Input LOW Current (1.6 mAl 

Output LOW Voltage (0.4 V) 
Output HIGH Voltage (2.4 V) 
Maximum Current Sinking Capability of 

Single Output (16 mAl 

VCC (min.) - VOH 

N1 ICEX + N2 IIH 

Example RL (Min) and RL (Max.) for four 9313's 

OR Tied and driving 1 TTL gate. 

(Industrial VCC tolerances used) 

5.25 V - 0.4 V 4.85V 
Rx (Min.) = 16 mA _ 1 (1.6 mAl _ (4 _ 1) 1.6 mA = 9.6 mA = 505 n 

() 
4.75 V - 2.4 V 2.35V 3 

Rx Max. = 4 (150 MA) + 1 (40 MA) = 640 MA = .7 kn 

The pull up resistor value (i: resistor tolerance) selected should be 

between these max. and min. values. 

Minimum propagation delay results when the minimum value of external pull-up resistor is used in circuit 1. Diodes should be fast recovery 
1 N4376 or equivalent. External pull-up resistor circuits 2 and 3 give progressively slower propagation delays. (See Figures 9 and 10.) 

LOAD CIRCUIT 1 

Vee 

CT = Total Capacitance at Output 

SWITCHING DELTA FOR 

TURN OFF DELAY (~tpLH) 

ANY INPUT TO Z OUTPUT, 

VERSUS LOAD CAPACITANCE (CT) 
25 

~ 20 1--+---+-1---+--+-

o~--~--~~~--~~~~ 

02040 ~ W ~ m ~ ~ W 

cT - LOAo CAPAC I TANCE - pi' 

Fig. 9 

LOAD CIRCUIT 2 LOAD CIRCUIT 3 

Vee 

8-84 

SWITCHING DELTA FOR 

TURN ON DELAY (~tpHL) 

ANY INPUT TO Z OUTPUT, 

VERSUS LOAD CAPACITANCE (CT) 
40 

35 

30 t--+---+----+ 

g 25 t--+--+---jf----+ 
z 
o 20 1---+--+----1,,-+-+ 

~ 

~ 15 

~l: 10 

O~~~~--~-L~L-~-L~ 

o 20 40 ~ W'~ m ~~~ w 
CT - LOAD CAPACITANCE - pF 

Fig. 10 



TTL/MSI 9314 
QUAD LATCH 

DESCRIPTION - The MSI 9314 is a multifunctional 4-Bit Latch. The latch is designed for gen­
eral purpose storage applications in high speed digital systems. All inputs feature diode clamping 
to reduce negative line transients. All outputs have active pull-up circuitry to provide high capac­
itance drive and to provide low impedance in both logic states for good ac noise immunity. 

• CAN BE USED AS SINGLE INPUT 0 LATCHES OR SET/RESET LATCHES 

• ACTIVE LEVEL LOW ENABLE GATE INPUT 

• OVERRIDING MASTER RESET 
• 25 n5 THROUGH DELAY 
• THE INPUT/OUTPUT CHARACTERISTICS PROVIDE DIRECT INTERFACING WITH 

FAIRCHILD DTL, LPDTL, TTL, AND MSI FAMILlE~ 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 

PIN NAMES 

E 
DO, 01, 02, 03 
'50. 5 1, 52, 53 
MR 
00, 01, 02, 03 

NOTES: 

(Active LOW) Enable Input 
Data Inputs 
Set (Active LOW) Inputs 
Master Reset (Active LOW) Input 
Latch Outputs (Note b) 

a. 1 Unit Load (U.L.) = 40J.,LA HIGH/1.6 rnA LOW. 
b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

LOADING 
(Note a) 

1 U.L. 
1.5 U.L. 

1 U.L. 
1 U.L. 

10 U.L. 

0= PIN NUMBERS 
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LOGIC SYMBOL 

1 3 2 4 14 6 5 7 11 

E DO 50 D1 51 D2 52 D3 53 

9314 

9 15 13 12 10 

Vee = Pin 16 
Gnd = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

I 



FAIRCHILD TTL/MSI ~ 9314 
r---------------------------------------------------------------------------------------------------------------, 

FUNCTIONAL DESCRIPTION 
LATCH OPERATION - The 9314 consists of four latches with a common active LOW enable and active LOW master reset. When the 
common enable goes HIGH, data present in the latches is stored and the state of a latch is no longer affected by the Sand D inputs. 
The master reset when activated overrides all other input conditions forcing all latch outputs LOW. 

Each of the four latches can be operated in one of two modes: 

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

SET/RESET LATCH - During set/reset operation when the common enable is LOW a latch is reset by a LOW on the D input, and 
can be set by a LOW on the S' input if the D input is HIGH. If both Sand D inputs are LOW, the D input will dominate and the 
latch will be reset. When the enable goes HIGH, the latch remains in the last state prior to the LOW to HIGH transition. 

The two modes of operation of the 9314 latches are shown in the Truth Table below. 

INPUT 

EQUIVALENT CIRCUIT 

RO 

INPUTS 

OUTPUTS 

TRUTH TABLE 

- E D MR 

H L L 
H L H 
H H X 

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

L X X 

x = Don't Care 
L = LOW Voltage Level 
H = HIGH Voltage Level 

S-
L 
L 
X 

L 
L 
H 
H 
X 

X 

QN-1 = Previous Output State 
QN = Present Output State 

ON 

L 
H 

°N-1 
L 
H 
L 

°N-1 
°N-1 

L 

OPERATION 

D MODE 

R/S MODE 

RESET 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT CURRENT VERSUS INPUT VOLTAGE 

MR, E,'S 
Vee' 5.0V 

~.5 
I 

1 
J.--' 

/f-"" I 

"" c 

1-1.0 

i -1.5 i 

1:::::-2•0 

-2.5 

-3.0 
-1.0 1.0 2.0 3.0 

-0.5 

~ i -1.0 

~ -1.5 

'==-2.0 

-2.5 

Vee' 5.0V 

./ 

1 
I 
I 

o 
f' 
S,E' Open ?-) 
A- I 
~ ~ 

n· Gt:o \J 

1.0 

MR, S. t' 

2.0 

VIN -INPUT VOLTAGE - VOLTS VIN ' INPUT VOLTAGE - VOLTS 

OUTPUT CURRENT VERSUS OUTPUT VOL TP.GE 

r----------....----------o Vee 

HIGH STATE 

OUTPUT 

"" E 

60 

50 

10 

LOW STATE 
VeC" 5.0 V 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
J 

V 
0.2 0.4 0.6 0.8 

VOUT - OUTPUT VOLTAGE - VOLTS 

8-86 

/' 

1.0 

"" E 

-8.0 

i -16 

u -24 

~ 
';' -32 

=> o 

-40 

-48 

I /1 
Vee ~ 5.0V 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

V 
1.0 2.0 3.0 4.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

GND 

3.0 

5.0 



FAIRCHILD TTL/MSI • 9314 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 

* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

SUPPLY VOLTAGE (VCC) 

PART NUMBER MIN. TYP. 

9314XM 4.5 V 5.0 V 

9314XC 4.75 V 5.0 V 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +VCC value 

+30mA 

MAX. TEMPERATURE 

5.5 V -55°C to 125°C 

5.25 V DoC to 75°C 

x == package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 
(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed input HIGH Threshold 

Voltage for all Inputs 
-~-~, 

VIL Input LOW Voltage 0.8 Volts Guaranteed input LOW Threshold 
Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC == MIN., liN == -12mA,TA "'25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC == MIN., 10L == -800J,LA 
VIN == VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts VCC == MIN., 10L == 16 mA 
VIN == VIH or VIL per Truth Table 

~~ 

Input HIGH Current J,LA VCC == MAX., VIN == 2.4 V 
MR,E, SO,S1 ,S2,S3 10 40 

IIH 00,01,°2,03 15 60 

Input HIGH Current 1.0 mA VCC == MAX., VIN == 5.5 V 
All Inputs 

-"-
Input LOW Current mA 

IlL MR, E, SO,S1 ,S2,S3 -0.96 -1.6 VIN == 0.4 V, VCC == MAX. 

00,01,02,03 -1.9 -2.7 mA VIN - 0.0 V, (Note 6) 

ISC Output Short Circuit Current -20 -40 -70 mA VCC == MAX., VOUT == 0.0 V 

(lOS) (Note 5) 

ICC Power Supply Current 35 55 mA VCC == MAX. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC == 5.0 V, 25°C, and maximum loading. 
(5) Not more than one output should be shorted at a time. 
(6) This current is measured at VIN == 0.0 V to insure that no current is being absorbed by the device internally. The maximum value given 

guarantees that the maximum instantaneous current that can flow out of the input at V IN == 0.4 V is 2.4 mAo 

SWITCHING CHARACTERISTICS (T A == 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN. TYP. MAX. 

tpLH Turn off Delay Enable to Output 18 24 ns 

Turn on Delay Enable to Output 18 24 
Fig. 1 

tpHL ns 

tpLH Turn off Delay Data to Output 8 12 ns VCC == 5.0 V 

tPHL Turn on Delay Data to Output 18 24 
Fig. 2 

ns CL == 15 pF 

tPHL Turn on Delay MR to Output 12 18 ns Fig. 5 

tpLH Turn off Delay Set to Output 18 24 ns Fig. 7 
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FAIRCHILD TTL/MSI • 9314 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

LIMITS 
UNITS TEST CONDITIONS SYMBOL PARAMETER 

MIN. TYP. MAX. 

ts(H) Set-up Time HIGH Data to Enable 5.0 0 ns 

th (H) Hold Time HIGH Data to Enable 0 -12 ns 
Fig.3 

ts(l) Set-up Time LOW Data to Enable 18 13 ns 

th(L) Hold Time LOW Data to Enable 5.0 1.0 ns 

tpwE Enable Pulse Width 18 12 ns Fig.4 VCC = 5.0 V 

tpwMR Master Reset Pulse Width 18 7.0 ns Fig. 5 

trec 
Recovery Time Master Reset 

0 -7 ns Fig.6 
to Enable 

ts(H) Set-up Time HIGH Data to Set Input 8.0 0 ns 
Fig. 7 

th(L) Hold Time LOW Data to Set Input 8.0 0 ns 

SET UP TIME: ts is defined as the minimum time required for the logic level to be present at the Data Input prior to the enable transition from 
LOW to HIGH in order for the latch to recognize and store the new data. 

HOLD TIME: th is defined as the minimum time following the Enable (E) or Set (S) transition from LOW to HIGH that the logic level must be 
maintained at the input in order to insure continued recognition. A negative Hold Time indicates that the correct logic level may be released 
prior to the Enable (E) or Set (S) transition from LOW to HIGH and still be recognized. 

RECOVERY TIME: trec is defined as the minimum time that the Enable must remain LOW after the Master Reset transition from LOW to 
HIGH in order for the latch to recognize and store HIGH data. 

SWITCH ING CHARACTE R ISTICS 

All delays are measured with VCC = 5.0 V applied to Pin 16 and Pin 8 grounded. Outputs under test are loaded with 15 pF (includes jig and 
probe). Pins not reference are not connected. 

tpLH/tpHL (ENABLE TO OUTPUT) tPLH/tpHL (DATA TO OUTPUT) 

\'-----J ~ f ;;;.-.._-_I ...... \-~I-----t-PH-L ---....I I I~ tpLH 

_~ 15V-- _ :r-
-~'---:---IT 

Other Conditions: S = L, MR = H Other Conditions: E = L, S = L, MR = H 

50 50 

._-
40 40 -- _.-1-- -

tPHL (MAXI 

........... -- --tPHL (MAXI tPLH (MAXI V 
.::::::±-lJ ~ V 

30 30 

I ~ 20 
tPLH (MAXI tPHL (MAXI r- --- ....-

10 10 
tpLH {MAXI 

25 75 125 -55 25 75 125 

T A AMBIENT TEMPERATURE - C TA - AMBIENT TEMPERATURE -"C 

Fig. 1 Fig_ 2 
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FAIRCHILD TTL/MSI • 9314 

SWITCHING CHARACTERISTICS 

SET-UP TIME (ts) AND HOLD TIME (th) DATA TO ENABLE 

D __ ~15V. 

1 

-1-- 'hiHI I -I 1- thlll 
tslHI -- tslll ---

OTHER CONDITIONS: MR = H, S = L 

The shaded areas indicate when the Data input is permitted to change for 

predictable out~ut performance. 

40 ~~-4--4--+--+--+--~~-4 

30 ~~-1--4--+--+--+--~~-1 30 I---l----jf.---+------I----I--I---+---l----I 

tslll MIN 

tslHI MIN - thlll MIN 

thlHI MIN 

-10 L--....L.--.JL--l....--L __ ...l...----L __ ..l.---L---' 

55 25 75 125 -55 25 75 125 

T A - AMBIENT TEMPERATURE - °C TA - AMBIENT TEMPERATURE _ °C 

Fig. 3 

tpw (MIN. MASTER RESET PULSE 
WIDTH) 

tPHL(MASTER RESET TO OUTPUT) 

tree (MASTER RESET RECOVERY 
TIME) 

I 
f-
a 
§: 

::J 

I 

! 

~--=-~w __ ~ 
"'-IF····· 

o 1.5 V-~ ~~ . f,----.-.---.-. -

Other Conditions: S & E = L 

50 

40 

30 

20 
r--_ tPHllMAXI V 

10 

·10 

-55 

tpwlMINI 

25 75 125 

TA - AMBIENT TEMPERATURE _ °C 

Fig. 5 

MH 
1 ~) v 

- I~--'"". 
jf-1SV 

~--------------------~ 

o RESPONSE \",,--------,1 
Other Conditions: S = L, D = H 

50 

40 

30 

" i= 
>-

20 
> a 
u 

'" 10 
I 

~ tree (MIN) 

-10 

-55 25 75 125 

TA . AMBIENT TEMPERATURE _ °C 

Fig. 6 

8-89 

tpw (MIN. ENABLE PULSE WIDTH) 

_----I 
Q RESPONSE 

Other Conditions: S = L, M R = H 

50 

- f--f--

40 ... _- -- - r---

30 ~--- - ------
I 
f-a 

,./ §: tpw IMINI 

~ 
20 -

I 

.§. 10 

-10 '---'---' __ ....L...-..J. __ ...l..---'-__ -'----L--' 
-55 25 125 

TA AMBIENT TEMPERATURE·"C 

Fig. 4 

SET-UP TIME (ts) AND HOLD 
TIME (th) DATA TO SET INPUT, AND 

SET TO OUTPUT DELAY. 

D_15V V 
1---ltsIHI 

,.----"". 

OTHER CONDITIONS: MR = H, E = L 
The shaded area indicates when the Data 
input is permitted to change for predictable 
output performance. 

50 

40 

-

"-
tPlH IMAXI --./' 

30 

20 

10 

tslHI & thllllMINI 

-10 

-55 25 75 125 

T A - AMBIENT TEMPERATURE -"C 

Fig. 7 
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LPTTL/MSI 93L14 
LOW POWER QUAD LATCH 

DESCRIPTION - The LPTTLIMSI 93L 14 is a multifunctional 4-Bit Latch. The latch is designed for 
general purpose storage applications in high speed digital systems. The 93L 14 uses TTL technology 
and is compati,ble with' the Fairchild TTL family. All inputs feature diode clamping to reduce negative 
line transients. All outputs have active pull-up circuitry to provide low impedance in both logic states 
for good ac noise immunity. 

• CAN BE USED AS SINGLE INPUT 0 LATCHES OR SET/RESET LATCHES 
• ACTIVE LEVEL LOW ENABLE GATE INPUT 
• OVERRIDING MASTER RESET 
• TYPICAL PROPAGATION DELAY OF 68 ns 
• TYPICAL POWER DISSIPATION OF 50 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES LOADING 

E 
00. 0 1 02. 0 3 
50. 51. 52. 53 
MR 

Qo. Q1. Q2. Q3 

Enable (Active LOW) Input 
Data Inputs 
Set (Active LOW) Inputs 
Master Reset (Active LOW) Input 
Latch Outputs 

1 Unit Load (U.L.) = 40 IJA HI GH/1.6 mA LOW. 

LOGIC DIAGRAM 

HIGH 

0.5 U.l. 
0.75 U.L. 

0.5 U.L. 
0.5 U.L. 
10 U.L. 

LOW 

0.25 U.L. 
0.375 U.L. 

0.25 U.L. 
0.25 U.L. 
2.25 U.L. 

0= Pin Numbers 
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LOGIC SYMBOL 

13241465711 

E DOSOD1 S1 D2S2D3S3 

93L 14 

MR 00 01 02 03 

9 15 13 12 10 

Vee = Pin 16 
GNO=Pin8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 



FAIRCHILD LPTTL/MSI • 93L 14 

FUNCTIONAL DESCRIPTION 

LATCH OPERATION - The 93L 14 consists of four latches with a common active LOW enable and active LOW master reset. When the common 
enable goes HIGH, data present in the latches is stored and the state of a latch is no longer affected by the Sand D inputs. The master reset when 
activated overrides all other input conditions forcing all latch outputs LOW. 

Each of the four latches can be operated in one of two modes: 

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

SET/RESET LATCH - During set/reset operation when the common enable is LOW a latch is reset by a LOW on the D input, and can be set 
by a LOW on the S input if the D input is HIGH. If both Sand D inputs are LOW, the D input will dominate and the latch will be reset. When 
the enable goes HIGH, the latch remains in the last state prior to disablement. 

The two modes of operation of the 93L 14 latches are shown in the Truth Table below. 

INPUTS 
EQUIVALENT CIRCUIT 

TRUTH TABLE 

- - -
MR E D S 

H L L L 

H L H L 

H H X X 

H L L L 

H L H L 

H L L H 

H L H H 

H H X X 

L X X X 

x = Don't Care 

L = LOW Voltage Level 

H = HIGH Voltage Level 

Qn OPERATION 

L D MODE 

H 

Qn-1 

L R/S MODE 

H 

L 

Qn-1 

Qn-1 

L RESET 

0n-1 = Previous Output State 

On ~ Present Output State 

TYPICAL INPUT AND OUTPUT CIRCUITS 

OUTPUTS 
EQUIVALENT CIRCUIT 

r-----~----------~~------------------Ovcc 

6.4 kSl 

16 kl! 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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240l! 

~----~-----'------~OUT 

-65" C to +150" C 
-55"C to +125"C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +VCC value 
+30 mA 
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FAIRCHILD LPTTL/MSI • 93L 14 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L 14XM 4.5V 5.0 V 5.5 V -55
D

C to 125DC 

93L 14XC 4.75 V 5.0 V 5.25 V ODC to 75
D

C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 5) MAX. 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 3.6 mA 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold Voltage for 

All Inputs 

VIL Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold Voltage for 

All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.3 V 

S, E &MR -0.25 -0.4 

Input LOW Current mA VCC = MAX., VIN = 0.0 V (See Note 4) 

o Inputs -0.38 -0.64 

IIH Input HIGH Current J..I.A VCC = MAX., VIN = 2.4 V 

S,E &MR 2.0 20 

o Inputs 3.0 30 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

ISC (Note 6) Output Short Circuit Current -10 -22 -40 mA VCC = MAX., VOUT = 0.0 V 

ICC Power Supply Current 10 16.5 mA VCC = MAX., All Outputs LOW, Inputs Disabled 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) This current is measured at VIN = 0.0 V to insure that no current is being absorbed by the device internally. The maximum value given guar­
antees that the maximum instantaneous current that can flow out of the input at V IN = 0.3 V is 0.6 mAo 

(5) Typical limits are at VCC = 5.0 V, 25
D

C, and max. loading. 
(6) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn off Delay Enable to Output 46 80 ns 

tpHL Turn off Delay Enable to Output 51 80 
Fig. 1 

ns 

tpLH Turn off Delay Data to Output 24 40 ns VCC = 5.0 V 

tpHL Turn on Delay Data to Output 45 70 
Fig.2 

C L = 15 pF ns 

tpHL Turn on Delay MR to Output 28 55 ns Fig.5 

tpLH Turn off Delay Set to Output 35 60 ns Fig.7 
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SWITCHING SET-UP REQUI REMENTS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. 

ts(H) Set-up Time HI GH Data to Enable 15 10 ns 

th(H) Hold Time HIGH Data to Enable -10 -20 ns 

ts(L) Set-up Time LOW Data to Enable 30 20 
Fig.3 

ns 

th(L) Hold Time LOW Data to Enable 0 -10 ns 

tpwE Enable Pulse Width 50 30 ns Fig.4 VCC = 5.0 V 

tpwMR Master Reset Pulse Width 45 25 ns Fig.5 

trec Recovery Time Master Reset to Enable -20 -40 ns Fig.6 

ts(1-;I ) Set-up Time HIGH Data to Set Input 15 10 ns Fig.7 

th(L) Hold Time LOW Data to Set Input 0 -4 ns 

SET UP TIME: ts is defined as the minimum time required for the logic level to be present at the Data Input prior to the enable 

transition from LOW to HIGH in order for the latch to recognize and store the new data. 
HOLD TIME: th is defined as the minimum time following the Enable (E) or Set (8) transition from LOW to HIGH that the logic 
level must be maintained at the input in order to insure continued recognition. A negative Hold Time indicates that the correct logic 
level may be released prior to the Enable (E) or Set (S) transition from LOW to HIGH and still be recognized. 
RECOVERY TIME: trec is defined as the minimum time that the Enable must remain LOW after the Master Reset transition from 
LOW to HIGH in order for the latch to recognize and store HIGH data. A negative Recovery Time indicates that the Enable may go 

HIGH prior to the Master Reset transition from LOW to HIGH and still retain HIGH data. 

TYPICAL SWITCHING CHARACTERISTICS 

All delays are measured with VCC = 5.0 V applied to Pin 16 and Pin 8 grounded. Outputs under test are loaded with 15 pF (includes jig and 

probe). Pins not reference are not connected. 

tPLH/tpHL (ENABLE TO OUTPUT) tPLH/tpHL (DATA TO OUTPUT) 

J ~ f 
;;;......_-_1",,\ I- tpHL -I I- tpLH 

=\----1.5V--T 

Other Conditions: S = L, MR = H Other Conditions: E = L, S = L, MR = H 

70 
.- - - f- ------------

I 70~+_~~--+-~-4--+_~~ 60 
>-

50 r--- tPHl -40 -
g 
6 60 

~ I-I---+--+----+--t-P-t-
HL 

-- ---- ~;?' 

j 50 -r-.- tPLH ____ _ . __ 

I 40~+_~-4--+_~-+--+_~~ 30 

'-- tpLH 

20 I i- 30 
._-

---~ 

10 
-55 25 75 125 

T A - AMBIENT TEMPERATURE - °c TA - AMBIENT TEMPERATURE - °C 

Fig. 1. Fig. 2. 
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FAIRCHILD LPTTL/MSI • 93L 14 

SWITCHING CHARACTERISTICS 

SET-UP TIME (tst AND HOLD TIME (tht DATA TO ENABLE 

° WI///! \V$IA 15V_ 

I -1- 'h lHI I -I 1- 'hili 
's(HIt-- 'sill -

Q 

OTHER CONDITIONS: MR = H, S = L 

The shaded areas indicate when the Data input is permitted to change for 

predictable output performance. 

60 

1-- -- i------ - -- --- --

50 

)--- - - ,------ --- -- ,-

40 

;, 
;:: 
~ 

30 

I- 1------
'sill 

20 +-~ 1-- - -- --

10 
I--- ',IHI 

)--- 1---- -----f --

0 
-55 25 75 125 

TA AMBIENT TEMPERATURE C 

tpw (MIN. MASTER RESET PULSE 
WIDTH) 

tPHL(MASTER RESET TO OUTPUT) 

~ >-
C <t 
I~ 

j: a 
a Z 

~g 
W <t 

~~ 
Q. 0 
10: 
~Q. 

_'" I 

r 

Other Conditions: S & E = L 

60r--r-'r-'--'--'-~--'-1~-' 

,---- 1----1----.--- -- 1----- -- \---f--
501--~~--4--+--+--+--+-~~ 

---1-- 1--

40 

-

30 .......... t-.... tpHl 

---t-- I ---
'pw 

20 

---+ ------- ----I-----

10 

I--- - ---- --- --)--

0 
-55 25 75 125 

T A - AMBIENT TEMPERATURE - "C 

Fig. 5 

Fig. 3 

-- )---1---- ~-

-- -------- 1-- --- --- 1--

----

- - ---- ------ ---- - ---- --

'n III 
~ -- 1 -

'h IHI -
I 1 --- 1---

-30 
-55 25 75 125 

T A - AMBIENT TEMPERATURE "C 

tree (MASTER RESET RECOVERY 
TIME) 

MR 
15 V 

1 5 V 

-F-'"'' 
~--------------------~ 
() RESPONSF 

\~------JI 
Other Conditions: S = L, D = H 

1----1-- )----i------ -- - --I-- )-- -

-10 1--+----1--4----+--+--+---1----+-----1 

1---- I- - -- -- --- e----J---+-- --+ - --

~ 
-20 1----1------1----1-----1----1------1----1-----1---1 

1------1------1----1-----1----1---- - - 1---
>-

8 -30 I---- --- j----t---t-----1:--t--::::i:::;;;;;;;io...-""' 

_'~ -40 I------I--_--+-----fl--~,.j.-""-+~'-----I-r-----I-----I---I 
I-I_-=-I""""'-+---f--i----I---- f-- -----

e--------I----- ---

TA - AMBIENT TEMPERATURE "C 

Fig. 6 
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tpw (MIN. ENABLE PULSE WIDTHt 

Q RESPONSE 

Other Conditions: S = L, M R = H 

60 

-- --

50 

," -- --

40 
r 
I-
a 
~ ~ - tpw 

--~ 

30 

:0 )---- -

1 

20 
..,6. -- - ------ ----- -

10 

---+-----1--- - --)---- ----

O~~ __ ~-L~_~~ __ ~~~ 

55 25 75 125 

TA AMBIENT TEMPERATURE -"C 

Fig. 4 

SET-UP TIME (ts) AND HOLD 
TIME (th) DATA TO SET INPUT, AND 

SET TO OUTPUT DELAY. 

O.15V V 
i---\'sIHI ,-----"', 

\Io...-_....u.tJ.J. 

OTHER CONDITIONS: MR = H, E = L 
The shaded area indicates when the Data 
input is permitted to change for predictable 
output performance. 

1----1----- -- --- +-- +----->---+--1------1 
40 _ 

f-------~~ 'PlH 

301----I---1--~---+-__+__+--_I______I___I 

201----1---1----1---+--__+__+---1----1-__1 

1-----1---- - -I-----+-----ji---+--I----l 
10 '- ',IHI 

f-----+--+------l--_ t~+----I-----I----I------j 
'n III 

---

-10 ~--'----J~__'_~_~~_~~-.I 
-55 25 75 125 

TA - AMBIENT TEMPERATURE -"C 

Fig. 7 



TTL/MSI 9315 (7441) 
l-OF-IO DECODER/DRIVER 

DESCRIPTION - The TTL/MSI 9315 accepts 1-2-4-8 binary coded decimal inputs and provides ten 
mutually exclusive outputs to directly control the ionizing potentials of many gas filled cold cathode 
indicator tubes. The 9315 is similar in operation to the eJ-.LL9960, but the 9315 can be driven from 
any TTL or DTL product. 

• STABLE HIGH VOLTAGE OUTPUT CHARACTERISTICS 
• DIRECT DISPLAY DRIVE CAPABILITY 
• BCD ACTIVE LEVEL HIGH INPUTS 
• BLANKING TEST MODE 
• _55°C TO +125°C TEMPERATURE CAPABILITY 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Tem peratu re _65° e to + 150° e 
Temperature (Ambient) Under £.lias -55°e to +125°e 
Vec Pin Potential to Ground Pin -0.5 V to +7 V 
Input Voltage (dc) (See Note 1) -1.5 V to +5.5 V 
Input Current (de) (See Note 1) -10 rnA to +1.0 mA 
Current into output when output is LOW 10 mA 
Current into each output when output is HIGH (See Note 2) +1.5 rnA 
Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

2: Total current through all 10 outputs in the HIGH state shall not exceed 2.0 mAo 

LOGIC DIAGRAM· 

9 8" '1 6" 5" 4 3" "2 ,. 0-

eD 0) @ @ @ @) ® ® @ @ 

0= Pin Numbers 
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LOGIC SYMBOL 

3 6 7 4 

AO A1 A2 A3 

9315(7441) 

16 15 8 9 13 14 11 10 1 2 

Vee = PIN 5 

GND = PIN 12 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

11 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 
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FAIRCHILD TTL/MSI • 9315 (7441) 

FUNCTIONAL DESCRIPTION - The one-of-ten decoder/driver accepts BCD inputs from all TTL circuits and produces the correct output 
selection to directly drive gas filled cold cathode indicator tubes. The outputs are selected as shown in the Truth Table. It is capable of driving 
all known available cold cathode indicator tubes having 7 mA or less cathode current. 

Unused input codes 12 and 13 cause all the outputs to remain HIGH, no cathode will be selected. This results in the indicator tube being 
blanked. Using this feature for blanking may cause a slight glow to appear in the tube. 

Ao AI A2 A3 

0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 
4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 
8 L L L H 
9 H L L H 

10 L H L H 
11 H H L H 
12 L L H H 
13 H L H H 
14 L H H H 
15 H H H H 

TRUTH TABLE 

0 1 2 3 4 

L H H H H 
H L H H H 
H H L H H 
H H H L 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 L 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 = HIGH voltage level 
L = LOW voltage level 

5 6 7 

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

8 9 

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

TTL INPUT LOAD 

GRADE INPUTS 

IND All Inputs 

MIL All Inputs 

OUTPUTS are designed to drive gas filled cold 
Cathode Indicator tubes 

1 U.L. = 1 DTL Unit Load 
1 U.L. is defined by the entries 
II H and II L in the table on following page. 

LOADING 

1/9.4 

2/9.4 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

EQUIVALENT INPUT CIRCUIT 

c 
E 

-0.4 

2 
~ -0.8 

5 
~ -1.2 

-1.6 

-2.0 

Vee 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

AO. A1. A2. Aa INPUTS 

v ~~ .51
.0V ( 

TA·25°C I 
V 

V 
....... V 

V 
I 

I 
I 

-2.0 -1.0 1.0 2.0 3.0 

VIN - INPUT VOLTAGE - yom 
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FAIRCHILD TTL/MSI • 9315 (7441) 

ELECTRICAL CHARACTERISTICS (T A = -55°C to +125°C, VCC = 5.0 V ± 1 0%) (Part No. 9315XM, see note) 

LIMITS 

SYMBOL PARAMETER -55°C +25°C +125°C UNITS CONDITIONS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. -

VOH Output HIGH Voltage 61 70 75 70 Volts VCC = 5.5 V, 
Force 2.0 mA into HIGH Output 

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

IOH Output HIGH Leakage 20 50 J..lA VCC = 5.5 V, VOUT = 55 V 
Current Inputs at Threshold Voltages 

(VIL = Gnd, VIH = 4.5 V) 
as per Truth Table 

VOL Output LOW Voltage 3.0 2.5 3.7 Volts VCC = 4.5 V, IOL = 7.0 mA 
Inputs at Threshold Voltages 
(VIL or VI H) as per Truth Table 

VIH Input HIGH Voltage 2.1 1.9 1.7 Volts Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

--_.-- "-- ---- ~ 

VIL Input LOW Volt~ge 1.4 1 .1 0.8 Volts Guaranteed Input LOW Threshold 
Voltage for All Inputs 

-- --- ----_. 

tiL Input LOW Current -1.5 -1.3 -1.5 -1.5 mA VCC = 5.5 V, VIN = 0.4 V 
Other Inputs Open 

-

IIH Input HIGH Current 0.02 2.0 5.0 J..lA VCC = 5.5 V, VIN = 4.5 V 
Other Inputs Open 

-- -- - < ~. 

ICC Supply Current 29 29 29 rnA VCC = 5.0 V, No Connection 
to Input or Output Pins 

ELECTRICAL CHARACTERISTICS (T A = O°C to +75°C, VCC = 5.0 V ±5%) (Part No. 9315XC, see note) 
--

LIMITS 

SYMBOL PARAMETER O°C +25°C +75°C UNITS CONDITIONS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

- ---

VOH Output HIGH Voltage 67 70 75 70 Volts VCC = 5.25 V, 
Force 2.0 mA into HIGH Output 

-- ------

IOH Output HIGH Leakage 40 50 J..lA VCC = 5.25 V, VOUT = 55 V 
Current Inputs at Threshold Voltages 

(VIL = Gnd, VIH = 4.5 V) I 
as per Truth Table 

VOL Output LOW Voltage 3.2 3.0 3.6 Volts VCC = 4.75 V, IOL = 7.0 rnA 
Inputs at Threshold Voltages 
(V I L or V I H) as per Truth Table 

VIH Input HIGH Voltage 2.0 2.0 2.0 Volts Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.85 0.85 0.85 Volts Guaranteed Input LOW Threshold 
Voltage for All Inputs 

IlL Input LOW Current -1.5 -1.5 -1.5 mA VCC = 5.25 V, VIN = 0.45 V 
Other I nputs Open 

--

IIH Input HIGH Current 5.0 10 J..lA VCC = 5.25 V, VIN 0: 4.5 V 
Other I nputs Open 

ICC Supply Current 31 31 31 rnA VCC = 5.0 V, No Connection 
to Input or Output Pins 

NOTE: 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 
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TTL/MSI 93178· 9317C 
SEVEN SEGMENT DECODER/DRIVER 

DESCRIPTION - The 9317 is a TTLIMSI Seven Segment Decoder/Driver designed to accept four 
inputs in 8421 BCD code and provide the appropriate outputs to drive a seven segment numerical 
display. The decoder can be used to directly .drive seven segment incandescent lamp displays and light 
emitting diode indicators (or indirectly drive neon, electro-luminescent, numeric displays). The 9317 is 
compatible with all members of the Fairchild TTL family. 

The 9317 is available in two output current and latch voltage versions, the 9317B and C. 

• T"FL COMPATIBLE 
• AUTOMATIC RIPPLE BLANKING FOR SUPPRESSION OF LEADING EDGE ZEROS AND/OR 

TRAILING EDGE ZEROS 
• LAMP INTENSITY MODULATION CAPABILITY 
• LAMP TEST FACI LITY 
• BLANKING INPUT 
• ACTIVE LOW OUTPUTS 
• ALL CERAMIC "HERMETIC" 16·LEAD DUAL IN-LINE PACKAGE 
• DRIVE LAMPS DIRECTLY 
• CODES IN EXCESS OF BINARY 9 DISABLE OUTPUTS 
• ENHANCED RELIABILITY WITH UN.lQUE NUMERIC ONE DISPLAY POSITION 

PIN NAMES 

AO, A1, A2, A3 
LT 
RBI 
RBO 
a, b, c, ct, e, T, g 

Address Inputs 
Lamp Test (Active LOW) Input 
Ripple Blanking (Active LOW) Input 
Ripple Blanking (Active LOW) Output 
(Active LOW) Outputs 

1 Unit Load (U.L.) = 40p,A HIGH/1.6 mA LOW 

OPTIONS 

PARAMETER 9317B 

Latch Voltage 20 Volts 

Output Current (Pins 9 through 15) 40mA 

LOGIC DIAGRAM 

o 

8-98 

LOADING 
HIGH LOW 

1.0 U.L. 1.0 U.L. 
5.0 U.L. 4.0 U.L. 
1.0 U.L. 0.5 U.L. 
1.5 U.L. 1.5 U.L. 

See Options 

9317C 

30 Volts 
20 mA 

o = PIN NUMBER 

LOGIC SYMBOL 

712635 

9317 

4 13121110 9 1514 

Vee = Pin 16 

GND=Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

6 
7 

8 

16 

15 
14 

13 

12 

11 

10 

9 

FLATPAK (TOP VIEW) 

4 

5 

8 

16 
15 
14 
13 
12 
11 
10 
9 



TTL/MSI 93178 • 9317C 

FUNCTIONAL DESCRIPTION - The 9317 seven segment decoder/driver accepts a 4-bit BCD 8421 code inpilt and produces the appropriate 
outputs for selection of segments in a seven segment matrix display used for representing the decimal numbers 0-9. The seven outputs (a,6,c,o, 
;;,1,9,) of the decoder select the corresponding segments in the matrix shown in Figure 1. The numeric designations chosen to represent the 
decimal numbers are shown in Figure 3. Code configurations in excess of binary nine disable the outputs. 

The decoder has active LOW outputs so that it may be used directly to drive incandescent displays or light emitting diode indicators. 

The device has provision for automatic blanking of the leading and/or trailing edge zeros in a multidigit decimal number, resulting in an easily 
readable decimal display conforming to normal writing practice. In an eight digit mixed interger fraction decimal representation, using the 
automatic blanking capability, 0060.0300 would be displayed as 60.03. Leading edge zero suppression is obtained by connecting the Ripple 
Blanking Output (RBO) of a decoder to the Ripple Blanking Input (RBI) of the next lower stage device. The most significant decoder stage 
should have the RBI input grounded; and, since suppression of the least significant integer zero in a number is not usually desired, the RBI 
input of this decoder stage should be left open. A similar procedure for the fractional part of a display will provide automatic suppression of 
trailing edge zeros. 

The decoder has an active LOW inpu.t Lamp Test which overrides all other input combinations and allows checking on possible display 
malfunctions. The RBO terminal of the decoder can be OR-tied with a modulating signal via an isolating buffer to achieve pulse duration 
intensity modulation. A suitable signal can be generated for this purpose by forming a variable frequency multivibrator with a cross coupled 
pair of TTL or DTL gates. 

TRUTH TABLE Fig. 2 

DECIMAL SEVEN SEGMENT DECODER DRIVING 
LT RBI AO A1 A2 A3 ;; b C d .. T g- RBO OR INCANDESCENT LAMP DISPLAY 

FUNCTION 

L X X X X X L L L L L L L H Xl X2 X4 Xa 
H L L L L L H H H H H H H L 0 I I I I 
H H L L L L L L L L L L H H 0 I I I I 

LAMP TEST x H L L L H H H H L L H H 1 
I I I I 

L H L L L L H L L H L H 2 II RIPPLE BLANKING H H L L L L L L H H L H 3 INPUT 
L L H L H L L H H L L H 4 
H L H L L H L L H L L H 5 
L H H L H H L L L L L H 6 
H H H L L L L H H H H H 7 AO Al A2 A3 LT RBI 
L L L H L L L L L L L H 8 
H L L H L L L H H L L H 9 9317 7S DECODER/DRIVER 
L H L H H H H H H H H L 10 
H H L H H H H H H H H L 11 RBO a b c d e f 9 L L H H H H H H H H H L 12 
H L H H H H H H H H H L 13 I' )""" 
L H H H H H H H H H H L 14 

H X H H H H H H H H H H H L 15 

H ~ HIGH Voltage Level RIPPLE BLANKING 
L ~ LOW Voltage Level OUTPUT : : : : : : TO REMAINING X ~ Don't Care Condition 

I I I I I I DISPLAY SEGMENTS 

Fig. 1 
SEGMENT DESIGNATION 

a 

f b 

g 

e c 

I-I I 
I_I I 

d 0 1 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
Voltage Applied to Outputs for HIGH Output State 
Input Voltage (dc) 
Current Into Outputs 
Power Dissipation per Output 9317B 

9317C 
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~ DISPLAY SEGMENT 

V+ 

Fig. 3 
NUMERICAL DESIGNATIONS 

-I -I I I I- I -, ,- , -I , , , I 
2 3 4 5 6 7 

I-I , , 
• 

I-I -, 
II 

_65° C to +150° C 
-55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +30'V 
-0.5 V to +5.5 V 

80mA 
50mW 
30mW 

I 



TTL/MSI 93178 • 9317C 

ELECTRICAL CHARACTERISTICS (T A = -55°C to +125°e, Vee = 5.0 V ±10%) (Part No. 9317BXM .9317eXM)* 

LIMITS 

SYMBOL PARAMETER -55°C +25°C +125°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOH 
Output HIGH Voltage 

3.0 3.0 4.0 3.0 Volts 
VCC = 4.5 V, 10H = -701lA 

on RBO Only Pin 5 = V I H, Pins 1, 2, 6, 7 = 0 V 

ICE X 
Output HIGH Leakage 

100 200 250 IlA 
VCC = 5.5 V, VCEX = 30 V (CXM), 20 V (BXM) 

Current Inputs at VIH or VIL per Truth Table 

VOL 
Output LOW Voltage 0.4 0.21 0.4 0.4 Volts VCC = 5.5 V, 10L = 3.1 rnA IlnputsatVIHorVIL 

on RBO Only 0.4 0.21 0.4 0.4 Volts VCC = 4.5 V, 10L = 2.4 rnA I per Truth Table 

9317BXM 0.8 0.50 0.8 0.8 Volts 
VCC = 4.5 V, 10L - 40 rnA 

VOL Output LOW Voltage 
Pin3=OV 

9317CXM 0.4 0.21 0.4 0.4 Volts 
VCC = 4.5 V, 10L = 20 rnA 

Pin 3 = 0 V 

9317BXM 20 20 20 Volts VCC = 5.0 V, lOUT = 10 rnA 
VLATCH Output Latch Voltage 

9317eXM 30 30 30 Volts Inputs = Open 

VIH Input HIGH Voltage 2.1 1.9 1.7 Volts Guaranteed Input HIGH Threshold for All Inputs 

VIL Input LOW Voltage 1.4 1.1 0.8 Volts Guaranteed Input LOW Threshold for All Inputs 

Input LOW Current 

IlL 
IT -6.4 -6.4 -6.4 rnA Vce = 5.5 V, VIN = 0.4 V 
AO, Al, A2, A3 -1.5 -1.5 -1.5 rnA VIN = 5.5 Von Other Inputs 
RBI -0.75 -0.75 -0.75 rnA 

Input HIGH Current 
VCC = 5.5 V, VIN = 2.4 V 

IIH IT 200 200 IlA 
RBI, AO, Al, A2, A3 40 40 IlA 

GND on Other Inputs 

tpLH Turn Off Delay 500 ns 

tpHL Turn On Delay 500 ns 
Vee = 5.0 V, See Figure 4 

ELECTRICAL CHARACTERISTICS (TA = oOe to +75°e, Vee = 5.0 V ±5%) (Part No. 9317BXe. 9317eXe)* 

LIMITS 

SYMBOL PARAMETER oDe +25"C +75°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

Output HIGH Voltage 
3.0 3.0 4.0 3.0 Volts 

VCC = 4.75 V, 10H = -701lA 
VOH 

on RBO Only Pin 5 = VIH, Pins 1, 2, 6,7 = 0 V 

ICE X 
Output HIGH Leakage 

100 200 250 IlA 
VCC = 5.25 V, VCEX = 30 V (CXC), 20 V (BXC) 

Current Inputs at VIH or VIL per Truth Table 

Output LOW Voltage 0.45 0.25 0.45 0.45 Volts VCC = 5.25 V, 10L = 2.75 mA I Inputs at VIH or VIL 
VOL 

on RBO Only 0.45 0.25 0.45 0.45 Volts VCC - 4.75 V, 10L - 2.4 rnA I per Truth Table 

9317BXC 0.9 0.65 0.9 0.9 Volts 
Vce - 4.75 V, 10L - 40 mA 
Pin3=OV 

VOL Output LOW Voltage 
VCC = 4.75 V, 10L = 20 mA 

9317CXC 0.45 0.25 0.45 0.45 Volts 
Pin 3 = 0 V 

9317BXC 20 20 20 Volts Vec = 5.0 V, lOUT = 10 mA 
VLATCH Output Latch Voltage 

9317eXC 30 30 30 Volts Inputs = Open 

VIH Input HIGH Voltage 2.0 2.0 2.0 Volts Guaranteed Input HIGH Threshold for All Inputs 

VIL Input LOW Voltage 0.85 0.85 0.85 Volts Guaranteed Input LOW Threshold for All Inputs 

Input LOW Current 
LT -6.4 -6.4 -6.4 mA Vee = 5.25 V, VIN = 0.45 V 

IlL AD, A1, A2, A3 -1.5 -1.5 -1.5 mA VIN = 5.25 V on Other Inputs 

RBI -0.75 -0.75 -0.75 mA 

Input HIGH Current 
Vee = 5.25 V, VIN = 2.4 V 

IIH LT 200 200 IlA 
RBI, AD, Al, A2, A3 40 40 IlA 

GND on Other Inputs 

tPLH Turn Off Delay 500 ns 
Vee = 5.0 V, See Figure 4 

tpHL Turn On Delay 500 ns 

• X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 
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TTL/MSI 93178 • 9317C 

Fig. 4 - SWITCHING CIRCUIT AND WAVEFORMS 

PULSE 
GENERATOR 

DTL9946 

Pulse generator characteristics: 
Amplitude = 3.0 V 
Freq. = 500 kHz 
Pulse width = 1000 ns 
tr = t f ::; 15 ns 
·Includes probe and jig capacitance 

AO,A1,A2,A3INPUTS 

.I J ( 
I--- vee· 5.0V 

I t--- TA • 25°e 

V r--- f- .. 

l/ 
~ 

V 
f---- --- ~ - f--~ f---

V 
/1" 

{ 
I f- ---.~ 

VIN - INPUT VOLTAGE - VOLTS 

() VCC=5.0V 

VIN 
~~ 

2.0kO 5100 

16 

-= L.....-- 1 
VOUT 

2 12 

9317 

TYPICAL INPUT CHARACTERISTICS 

INPUT CURRENT VERSUS INPUT VOLTAGE 

LTINPUT 
0 

I- vee
l 
• 5.0J ( 
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-2.0 ./ 0( 
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VIN - INPUT VOLTAGE - VOLTS 

INPUTS 

EaUIVALENT CIRCUIT 

C) Vee 
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1.5V v--\i 1.5V 

VIN ~ ----rc..::... 
-l tPLH r -l tpHL r 
1.5V~1.5V 

VOUT..:::../I - -T\...:.:..... 

RBI INPUT 
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TTL/MSI 93178 • 9317C 

OUTPUT CHARACTERISTICS 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 
9317BXM, 9317BXC 

TYPICAL OUTPUT IN HIGH STATE TYPICAL OUTPUT IN LOW STATE 

I 

a, b, c, d, e, f, 9 
OUTPUTS RBO OUTPUT 

5.0 

- VCc OPtN 
- TA'25"C 

Vee'· 5.0~ 
I-TA • 25°e 

I 

\ 
, -- -

"" E 

z 

'" :::> 
u 
:::> 

8 
:::> 
o 

-5.0 
10 20 30 40 50 60 70 80 90 -1.0 

'lOUT -OUTPUT VOLTAGE - VOLTS 

Ao.A1.A2.A3 • VIH ...I 
,.- .i-:J 

;:t:J3' VIL-
1/ /~ 
I / 

/' 

LV 
{ 

1.0 3.0 5.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

-

7.0 

80 

70 

"" 60 
E 

10 

o 

a, b, c, d, e, f, 9 
OUTPUTS 

I I 
Vee ·5.0V 

I- T
A

' 2soe 9317~XM 

/'r"" 9317L~ 
~ -

II 
1/ 

I 
I 

r--

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

VOUT - OUTPUT VOLTAGE - VOLTS 

RBO OUTPUT 
16 

AO.A1.A2.A3• RB IN ' VIL 

I I J J L 
I--- I-- Vee 0 5.0V. TA • 2;...sr-

V 
~ 12 

/ 
V 

V 
V 

o / 
o 0.2 0.4 0.6 0.8 1.0 1.2 

VOUT - OUTPUT VOLTAGE - VOLTS 

9317CXM,9317CXC 

TYPICAL OUTPUT IN HIGH STATE 

a, b, c, d, e, f, 9 
OUTPUTS 

, , 
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I-- TA '25"C 
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TYPICAL OUTPUT IN LOW STATE 

a, b, c, d, e, f, 9 
OUTPUTS 
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o 10 20 30 40 50 60 70 80 90 -1.0 1.0 3.0 5.0 
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EQUIVALENT CIRCUIT (PIN 4) 

7.0 o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 0.2 0.4 0.6 0.8 

I'OUT - OUTPUT VOLTAGE - VOLTS VOUT - OUTPUT VOLTAGE - VOLTS 
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EQUIVALENT CIRCUIT 
(Pins 9 thru 15) 
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TTL/MSI 9318 
EIGHT-INPUT PRIORITY ENCODER 

DESCRIPTION - The TTL/MSI 9318 is a Multipurpose Encoder designed to accept eight inputs and 
produce a binary weighted code of the highest order input. The circuit uses TTL for high speed and 
high fanout capability, and is compatible with all members of the Fairchild TTL family. 

• MULTI-FUNCTION CAPABI LITY 
CODE CONVERSIONS 
MULTI-CHANNEL D/A CONVERTER 
DECIMAL TO BCD CONVERTER 
CASCADING FOR PRIORITY ENCODING OF N BITS 

• INPUT ENABLE CAPABILITY 
• PRIORITY ENCODING - AUTOMATIC SELECTION OF HIGHEST PRIORITY INPUT LINE 
• OUTPUT ENABLE - ACTIVE LOW WHEN ALL INPUTS HIGH 
• GROUP SIGNAL OUTPUT - ACTIVE WHEN ANY INPUT IS LOW 
• TYPICAL POWER DISSIPATION OF 250 mW 
• INPUT/OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH FAIRCHILD 

DTL, LPDTL, TTL, AND MSI FAMILIES 
• ALL CERAMIC HERMETIC 16-LEAD DUAL IN-LINE PACKAGE 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION E!=FECTS 

PIN NAMES 
LOADING 

(Note a) 

0 Priority (Active LOW) Input 1 U.L. 
Tto7 Priority (Active LOW) Inputs 2 U.L. 
Ei Enable (Active LOW) Input 2 U.L. 
EO Enable (Active LOW) Output 10 U.L.* 
GS Group Select (Active LOW) Output 10 U.L.* 

AO,A1,A2 Address (Active LOW) Outputs 10 U.L.* 

NOTES: 
a. 1 Unit Load (U.L.) = 40 IJ-A HIGH/1.6 mA LOW 
b. 10 U. L. is the output LOW drive factor and 20 U. L. is the output HI G H drive factor. 

LOGIC DIAGRAM 
"0 

@ 

1 
(0 

"2 
@ 

"3 
@ 

(2) 

S- eD 
"6 CD 
- 0 
7---

Ei CD 0= PIN NUMBERS 

8-103 

LOGIC SYMBOL 

10 11 12 13 1 2 3 4 

o 1 2 3 4 5 6 7 EI 

15 

931S 

Vee = Pin 16 
GND = Pin 8 

14 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

13 

12 

" 
10 I 



FAIRCHILD TTL/MSI • 9318 

FUNCTIONAL DESCRIPTION - The 9318 8-input priority encoder accepts data from eight active LOW inputs and provides a binary 
representation on the three active LOW outputs. A priority is assigned to each input so that when two or more inputs are simultaneously active, 
the input with the highest priority is represented on the output, with input line 7 having the highest priority. 

A HIGH on the Input Enable (Ei) will force all outputs to the inactive (HIGH) state and allow new data to settle without producing erroneous 
information at the outputs. 

A Group Signal output (GS)and an Enable Output (EO) are provided with the three data outputs. The GS is active level LOW when any input 
is LOW; this indicates when any input is active. The EO is active level LOW when all inputs are HIGH. Using the output enable along with the 
input enable allows priority encoding of N input signals. Both EO and GS are inactive HIGH when the input enable is HIGH. 

EI 0 

H X 

L H 

L X 

L X 

L X 

L X 

L X 

L X 

L X 

L L 

TABLE I - TRUTH TABLE 

,'- - - --=:-
1 2 3 4 5 6 7 GS AO Al A2 EO 

-- f---- ----------
X X X X X X X H H H H H 

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

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

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

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

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

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

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

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

H H H H H H H L H H H H 
--

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

EQUIVALENT 
INPUT CIRCUIT 
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Fig. 1. 

OUTPUT HIGH 
EQUIVALENT CIRCUIT 

Vee 

13kn 60n 

~ 
IA 4kn 
1"1 

OUT 
~ 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT HIGH STATE 

VOUT - OUTPUT VOLT AGE - VOL TS 

Fig. 2. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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OUTPUT LOW 
EQUIVALENT CIRCUIT 

-{f 
OUTPUT CURRENT VERSUS 

OUTPUT VOLTAGE 
OUTPUT LOW STATE 
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-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 



FAIRCHILD TTL/MSI • 9318 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

9318XM 4.5V 5.0 V 5.5 V -55°C to 125°C 

9318XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12mA,T A = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -800 J.lA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., IOL = 16 mA 

VIN = VIH or VIL per Truth Table 

IIH Input HIGH Current J.lA VCC = MAX., VIN = 2.4 V ro (Pin 10) 10 40 

EI, T1-i7 20 80 

All Inputs 1.0 mA VCC = MAX., VIN = 5.0 V 

IlL Input LOW Current mA VCC = MAX., VIN = 0.4 V 
iQ(Pin 10) -0.96 -1.6 

EI,i1-i7 -1.92 -3.2 

ISC Output Short Circuit Current 
-30 -65 -100 mA VCC = MAX., VOUT = 0 V (lOS) (Note 5) 

ICC Power Supply Current 50 77 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specificatio'n can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time, 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
9318XM(MIL) 9318XC(lND) 

UNITS CONDITIONS 
MIN. MAX. MIN. MAX. 

tPLH 
Data Input to Enable Output 

10 15 ns 
See Figure 4 

tPHL 30 40 ns 

tPLH 16 20 ns 
See Figure 5 

tpHL 
Enable Input to Group Signal 

25 31 ns 

tPLH 15 21 ns 
See Figure 6 

tPHL 
Enable Input to Enable Output 

40 45 ns VCC = 5.0 V 

tPLH 20 25 ns 
See Figure 7 

CL=15pF 
tPHL 

Enable I nput to Data Output 
25 30 ns 

tPLH 40 45 ns 
See Figure 8 

tpHL 
Data I nput to Group Signal 

25 30 ns 

tPLH 30 38 ns 
See Figure 9 

tPHL 
Data I nput to Data Output 

30 38 ns 
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DATA INPUT TO ENABLE OUTPUT 

:-::--\ I iNPUT 
1,5V \------ (PIN II) 

li'PL" 'PHl ~-I 
1.5 V 1-----'---

OUTPUT 
(PIN 15) 

Other Conditions: Pin 5 = GND 
Pins 1,2,3,4, 10,12,13 = 
V CC through 750 51 
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Fig. 4. 

ENABLE INPUT TO DATA OUTPUT 

~-----~ 
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--------~, ~ 
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Pins 1, 2, 3,10,11,12,13 = 
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FAIRCHILD TTL/MSI • 9318 

SWITCHING CHARACTERISTICS 

ENABLE INPUT TO GROUP SIGNAL 

Other Conditions: Pin 10 - GND 
Pins 1, 2, 3, 4,11,12,13 = 

V CC through 75051 
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~-----;( 
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INPUT 
(PIN 11) 

--------~, ~ 
1.5 V \. -- -- -- -1 (PIN 14) 

Other Conditions: Pin 5 = G N 0 
Pins 1, 2, 3,4, 10, 12, 13 = 
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ENABLE INPUT TO ENABLE OUTPUT 

~-----;( 
1---rtPHl tPlH-r-L 

INPUT 
(PIN 5) 

--------~\ ~ 
1.5 V -- -- -- -1 (PIN 15) 

Other Conditions: 
Pins 1, 2, 3,4,10,11,12,13 = 
V CC through 750 51 
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LPTTL/MSI 93L18 
LOW POWER EIGHT-INPUT PRIORITY ENCODER 

DESCRIPTION - The LPTTL/MSI 93L 18 is a Multipurpose Encoder designed to accept eight inputs 
and produce a binary weighted code of the highest order input. The circuit uses TTL technology for 
high speed and high fanout capability, and is compatible with all Fairchild TTL families. 

• MULTI-FUNCTION CAPABILITY 
CODE CONVERSIONS 
MULTI-CHANNEL D/A CONVERTER 
DECIMAL TO BCD CONVERTER 
CASCADING FOR PRIORITY ENCODING OF N BITS 

• INPUT ENABLE CAPABILITY 
• PRIORITY ENCODING - AUTOMATIC SELECTION OF HIGHEST PRIORITY INPUT LINE 
• OUTPUT ENABLE - ACTIVE LO\N WHEN ALL INPUTS HIGH 
• GROUP SIGNAL OUTPUT - ACT~VE WHEN ANY INPUT IS LOW 
• TYPICAL PROPAGATION DELAY OF 55 ns 
• TYPICAL POWER DISSIPATION OF 75 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC HERMETIC 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES LOADING 

HIGH LOW 
0 Priority (Active LOW) Input 0.5 U.L. 0.25 U.L. 
,. to '1 Priority (Active LOW) Inputs 1.0 U.L. 0.5 U.L. 
Ei Enable (Ac:tive LOW) Input 1.0 U.L. 0.5 U.L. 
EO Enable (Ac:tive LOW) Output 10 U.L. 1.25 U.L. 
GS Group Select (Active LOW) Output 10 U.L. 1.5 U.L. 

AO, A1, A2 Address (Active LOW) Outputs 10 U.L. 2.5 U.L. 

1 Unit Load (U.L.) = 40 J.l.A HIGH/1.6 mA LOW 

LOGIC DIAGRAM 

0-
El 

A2 0= PIN NUMBERS 

8-107 
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6 
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LOGIC SYMBOL 

10 11 12 13 1 2 3 4 

o 1 2 3 4 6 6 7 EI 

93L1e 

15 14 

Vee = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 
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10 
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FLATPAK (TOP VIEW) 
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FAIRCHilD lPTTl/MSI • 93118 

FUNCTIONAL DESCRIPTION - The LPTTL/MSI 93L18 8-input priority encoder accepts data from eight active LOW inputs and provides 
a binary representation on the three active LOW outputs. A priority is assigned to each input so that when two or more inputs are 
simultaneously active, the input wit!1 the highest priority is represented on the output, with input line 7 having the highest priority. 

A HIGH on the input enable (EI) will force all outputs to the inactive (HIGH) state and allow new data to settle without producing erroneous 
information at the outputs. 

P~ovided with the three data outputs are a group signal output (GS) and an enable output (EO). The GS is active level LOW when any input is 
LOW; this indicates when any input is active. The EO is active level LOW when all inputs are HIGH. Using the output enable along with the 
input enable allows priority encoding of N input signals. Both EO and GS are inactive when the input enable is HIGH. 

TRUTH TABLE 

Ei 0 ,- 2" 3 "4 "5 6" '7 GS AO A1 A2 EO 

H X X X X X X X X H H H H H 

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

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

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

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

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

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

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

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

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

H HIGH Voltage Level 
L LOW Voltage Level 
X Don't Care 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUTS 
EQUIVALENT CIRCUIT 

OUTPUTS 
EQUIVALENT CIRCUIT 

OUTPUT LOW 

r---r--o OUT 

IN O----t---4-----..T 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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OUTPUT HIGH 

r---~------~----ovcc 

5.2kl1 24011 

'-----+----t---oOUT 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 



FAIRCHilD lPTTl/MSI • 93118 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L 18XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

93L 18XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
--

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts VCC = MIN., IOL = 4.0 mA (Pins 6,7, 
IOL = 2.4 mA (Pin 14) 
IOL = 2.0 mA (Pin 15) 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.3 V 
Input 0 (Pin 10) -0.25 -0.4 
Inputs" thru "7 & i~ -0.50 -0.8 

IIH Input HIGH Current J.1A VCC = MAX., VIN = 2.4 V 
Input 0 (Pin 10) 2.0 20 
Inputs 1" thru "7 & f:i 4.0 40 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

ISC Output Short Circuit Current -10 -22 -40 mA VCC = MAX., VOUT = 0 V 
(Note 5) 

ICC Power Supply Current 15 22 mA VCC = MAX., Pins 4 & 5 at GND 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shOVlIn in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C, VCC = 5.0 V, Pin 8 = GND) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Data Input to Enable Output 10 15 
See Figure 1 

tpHL Data I nput to Enable Output 68 100 
ns 

tpLH Enable Input to Group Signal 16 27 See Figure 2 
tpHL Enable I nput to G roup Signal 38 

ns 
57 

tPLH Enable I nput to Enable Output 16 27 
See Figure 3 

tpHL Enable Input to Enable Output 68 100 
ns 

tPLH Enable Input to Data Output 23 35 
See Figure 4 

tpHL Enable I nput to Data Output 38 
ns 

57 

tpLH Data Input to Group Signal 59 89 
See Figure 5 

tpHL Data Input to Group Signal 38 57 
ns 

tpLH Data I nput to Data Outpu t 33 50 See Figure 6 
tpHL Data In pu t to Data Ou tpu t ns 

51 77 
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FAIRCHILD LPTTL/MSI • 93L18 

TYPICAL SWITCHING CHARACTERISTICS 

All measurements are made with Vee = 5.0 V applied to Pin 16 and Pin 8 grounded. The active input is driven by a 9002 TTL gate. The input 
and output pins under test are loaded with 15 pF of capacitance. (This includes probe & jig capacitance.) 

Fig. 1. Data Input to Enable Output 

:-::---\ i iNPUT 
1_5V \----- (PIN 11) 

l--tPLH 'PHJ--
1 

1.5 V l----~~ 

>-
<i 

OUTPUT 
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Pins 1, 2, 3, 4,10,12,13 = 

VCC through 750 n 
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---
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Fig. 4. Enable Input to Data Output 
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Fig. 2. Enable Input to Group Signal 
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(PIN 5) 

----------~\ ~ 
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Other Conditions: Pin 10 = GND 
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Fig. 5. Data Input to Group Signal 
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Fig. 3. Enable Input to Enable Output 
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Fig. 6. Data Input to Data Output 
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TTL/MSI 9321 
DUAL ONE-OF-FOUR DECODER 

DESCRIPTION - The TTL/MSI 9321 consists of two Independent Multipurpose Decoders, each 
designed to accept two inputs and provide four mutually exclusive outputs. In addition, an active 
LOW enable input is provided for each decoder which gives demultiplexing capability. The circuit uses, 
TTL for high speed and high fanout capability, 'and is compatible with all members of the Fairchild 
TTL family. 

• MULTI-FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• GUARANTEED FANOUT OF 10 TTL LOADS OVER THE FULL TEMPERATURE RANGE 

AND SUPPLY VOLTAGE RANGES 
• HIGI..J CAPACITIVE DRIVE CAPABILITY 
• DEMUL TIPLEXING CAPABILITY 
• TYPICAL POWER DISSIPATION OF 150 mW 
• THE INPUT / OUTPUT CHARACTERISTICS PROVIDE EASY INTERFACING WITH 

FAIRCHILD MSI, DTL, LPDTL AND TTL FAMILIES 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE PACKAGE 
• INPUT CLAMP DIODES LIMIT HIGH SPEED LINE TERMINATION EFFECTS 
• ACT!VE LOW ENABLE FOR EACH DECODER 

PIN NAMES 

Decoder 1 and 2 
E 
AO,A1 
0,1,2,3 

Notes: 

Enable (Active LOW) Input 
Address Inputs 
(Active LOW) Outputs (Note b) 

a. 1 Unit Load (U.L.) = 40 JlA HIGH/1.6 rnA LOW 
b. 10 U. L. is the output LOW drive factor and 20 U. L. is the output HI G H drive factor. 

LOGIC DIAGRAM 

E--1>-----------------------~--~ 

Note: Only one Decoder shown. 

8-111 

LOADING 
(Note a) 

1 U.L. 
1 U.L. 

10 U.L. 

LOGIC SYMBOL 

AO A1 

9321 

DECODER 1 

o 1 2 3 

15 14 13 

AO A1 

9321 

DECODER 2 

o 1 2 3 

12 11 10 9 

Vee = Pin 16 
GND=Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

. 
Vec 16 E 

AO 15 

14 

13 

12 

11 

10 
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FAI RCHI LD TTL/MSI • 9321 

FUNCTIONAL DESCRIPTION - The 9321 consists of two separate decoders each designed to accept two binary weighted inputs and provide 
four mutually exclusive active LOW outputs as shown in logic symbol. Each decoder can be used as a 4-output demultiplexer by using the 
enable as a data input. 

The active LOW outputs facilitate memory addressing for units such as the 93402 associative memory. The active LOW outputs are also 
compatible with the active LOW enables of other MSI elements making the 9321 useful in logic selection schemes. 

E AO 

L L 

L H 

L L 

L H 

H X 

TRUTH TABLE 

DECODER 1 & 2 

A1 0 T 

L L H 

L H L 

H H H 

H H H 

X H H 

H HIGH Voltage Level 

L LOW Voltage Level 

"2 "3 

H H 

H H 

L H 

H L 

H H 

X Level Does Not Affect Output 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

0.5 

« ·0.5 
E 

z 

i -1.5 

z 
- -2.5 

-3.5 

INPUTS 

EQUIVALENT CIRCUIT 

Vee 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

Vee' 5.5V 
TA • 25°e 

/ 
r-- r--' 

/ 
r-- ----- c- -

/' 
Vf-"'" 

/ r-···· -_. cor ._-

i 

I 

I 
-1.0 1.0 2.0 3.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 1 

4.0 

-5.0 

« 
~ -10 

z 

~ -15 

~ -20 

§-25 

-30 

-35 

EQUIVALENT CIRCUIT 
OUTPUT HIGH 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT HIGH 
Vee - 5.0V If TA - 25 C 

/ -+----- r-----
/ 

/ 
/ 

/ -- _ ..... - --- ---
I 

-1.0 0 1.0 3.0 5.0 7.0 

VOUT - OUTPUT VOLTAGE VOLTS 

Fig. 2 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperatu re 
Temperature (Ambient) Under Bias 

Vce Pin Potential to Ground Pin 
* I nput Voltage (dc) 
* Input Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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OUTPUTS 

« 
E 

z 

30 

~ 20 

::0 
Cl. g 10 

-~ 

-10 

EQUIVALENT CIRCUIT 
OUTPUT LOW 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT LOW 

Vee' 4.75V 
TA ' 25 e - r-----

f --
II 

--

J 

1 
J 

) ........ -~ ,_ ... -- .--. -

-1.0 -0.5 0.5 1.0 1.5 

V OUT - OUT PUT VOLTAGE - VOLTS 

Fig. 3 

-65°e tD +150
o

e 
-55°e to +125°e 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 
-30 mA to +5.0 mA 

-0.5 V to +Vce value 
+30mA 



FAI RCHI LD TTL/MSI • 9321 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCe) 

TEMPERATUR E 
MIN. TYP. MAX. 

9321 XM 4.5 V 5.0 V 5.5 V -55"C to 125()C 

9321 XC 4.75 V 5.0 V 5.25 V O°C to 75"C 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 

Voltage for All Inputs 

VCD I nput Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12 mA., TA = 25°C 

VOH Output HIGH Voltagn 2.4 3.6 Volts 
VCC = MIN., 10H = -800}..LA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., 10L = 16 mA 

VIN = VIH or VIL per Truth Table 

IIH Input HIGH Current 10 40 }..LA VCC = MAX., VIN = 2.4 V 

1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 
-"" 

ISC Output Short Circuit Current 
-20 -40 -70 mA VCC = MAX., VOUT = 0 V 

(lOS) (Note 5) 
--

ICC Power Supply Currem 30 50 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn Off Delay A I nput to Output 13 20 ns 
See Figure 4 

tpHL Turn On Delay A I nput to Output 14 21 ns VCC = 5.0 V 

tpLH Turn Off Delay E I nput to Output 9 14 ns 
See Figure 5 

CL = 15 pF 

tpHL Turn On Delay E I nput to Output 12 18 ns 

SWITCHING CHARACTERISTICS 

ADDRESS INPUT TO OUTPUT 

~o 

- -- --

35 - - -- - - -

--:; ~ 
~ <1M ./ "I-\:J 

::-;-r- L - r--
lH (MAX") 

30 ·~--f 
'PLH~I 1- -I'''''I~ 

.~- '=--25 

20 

1-""-- - r---

--" -- Other Conditions: E = LOW 
10 

25 75 125 

T A AMBIENT TEMPERATURE-"C 

Fig. 4. 
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LPTTL/MSI 93L21 
LOW POWER DUAL ONE-OF-FOUR DECODER 

DESCRIPTION - The LPTTL/MSI 93L21 consists of two independent multipurpose decoders, each 
designed to accept two inputs and provide four mutually exclusive outputs. In addition an active LOW 
enable input is provided for each decoder which gives demultiplexing capability. The circuit uses TTL 
technology and is compatible with the Fairchild TTL family. 

• MULTI-FUNCTION CAPABILITY 
• MUTUALLY EXCLUSIVE OUTPUTS 
• HIGH CAPACITIVE DRIVE CAPABILITY 
• DEMUL TIPLEXlriG CAPABI LlTY 
• ACTIVE LOW ENABLE FOR EACH DECODER 
• TYPICAL PROPAGATION DELAY OF 50 ns 
• TYPICAL POWER DISSIPATION OF 45 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED LINE TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES LOADING 

Decoder 1 and 2 HIGH LOW 

E Enable (Active LOW) Input 0.5 U.l. 0.25 U.l. 

AO,A1 Address Inputs 0.5 U.L. 0.25 U.l. 
5,1,2,3 (Active LOW) Outputs 10 U.l. 2.5 U.l. 

1 Unit Load (U.L.) = 40,uA HIGH/l.6 mA LOW. 

LOGIC DIAGRAM 

0= PIN NUMBERS 

8-114 

4 

8 

LOGIC SYMBOL 

2 3 15 14 13 

4 5 6 7 12 11 10 9 

VCC=Pin16 
GND=Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

16 
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FLATPAK(TOP VIEW) 
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FAIRCHILD LPTTL/MSI • 93L21 

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

The active LOW outputs facilitate memory addressing for units such as the 93402 associative memory. The active LOW outputs are also 
compatible with the active LOW enablles of other LPTTL/MSI elements making the 93L21 useful in logic selection schemes. 

E AO 

L L 

L H 

L L 

L H 

H X 

TRUTH TABLE 

DECODE R I & II 

A1 0 -
1 

L L H 

L H L 

H H H 

H H H 

X H H 

H HIGH Voltage Level 
L LOW Voltage Level 

2 3 

H H 

H H 

L H 

H L 

H H 

X Level Does Not Affect Output 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUTS EQUIVALENT CIRCUIT OUTPUTS EQUIVALENT CIRCUITS 

OUTPUT LOW 

-rr0UT 

IN 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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OUTPUT HIGH 

Vee 

6.0 kU 240 ~? 

>1-...... --<) OUT 

-65°C to +150°C 
- 55° C to + 1 25° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0- mA 
-0.5 V to +VCC value 

+30mA 
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FAIRCHILD LPTTL/MSI • 93L21 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

93L21XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

93L21 XC 4.75 V 5.0V 5.25 V O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VOH Output H IG H Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -0.4 mA 
V,N = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 4.0 mA 
VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

---f----

V,L Input LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

I,L Input LOW Current -0.25 -0.4 mA VCC = MAX., V,N = 0.3 V 

"H Input HIGH Current 2.0 20 J.lA VCC = MAX., V,N = 2.4 V 

1.0 mA VCC = MAX., V,N = 5.5 V 

ISC Output Short Circuit Current -2.5 -16 -25 mA VCC = MAX., VOUT = 0 V 
(Note 5) 

1---

ICC Power Supply Current 9.0 13.2 mA VCC = MAX., All Inputs at GND 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn Off Delay A Input to Output 30 50 ns VCC=5.0V 

tpHL Turn On Delay A Input to Output 43 65 ns CL = 15 pF, (See Fig. 1) 

tPLH Turn Off Delay E Input to Output 23 40 ns VCC - 5.0 V 

tPHL Turn On Delay E Input to Output 34 52 ns CL = 15 pF, (See Fig. 2) 

SWITCHING TIME AND WAVEFORMS 

All measurements are made with VCC = 5.0 V applied to Pin 16 and Pin 8 grounded. The active input is driven by a 9002 TTL gate. The input 
and output pins under test are loaded with 15 pF of capacitance (this includes probe and jig capacitance). 

ADDRESS INPUT TO OUTPUT 

I---- - --i----t---I----t -- ---- --~ -- -- --- -~ 

101----+---+-+--+--+-+---+---+--1 
1---- ----- ---- I ---- ---

O~~~--~~~--~~~~ 
-55 25 75 125 

TA -- AMBIENT TEMPERATURE _ °C 

Fig. 1. 

-=\ f-
-'L" ~I 1- -I 1- -"" 

- ,,v f - \ ':~_:~':_ 

Other Conditions: 
Pins 15, 14 = GND 

ENABLE INPUT TO OUTPUT 

~-~------f 
'''H_ -I 1- -I 1- ''L" OUTPUT 

~' 
30 I 

-..... tpLH 

Other Conditions: 
--1----------------- --- -----1---- Pins 2,3 = GND 

10 f--+--+-t---+--+-t--+--+--l 

T A - AMBIENT TEMPERATURE -- "C 

Fig. 2. 
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TTL/MSI 9322 
QUAD TWO-INPUT MULTIPLEXER 

DESCRIPTION - The TTL/MSI9322 is a Monolithic, High Speed, Quad Two-I nput Digital Multiplexer' 
Circuit, constructed with the Fairchild Planar* epitaxial process. It consists of four multiplexing 
circuits with common select and enable logic; each circuit contains two inputs and one output. The 
circuit uses TTL for high speed, high fan out operation and is compatible with all other members of 
the Fairchild TTL family. 

• MULTIFUNCTION CAPABILITY· 
• 20 ns THROUGH DELAY 
• ON-CHIP SELECT LOGIC DECODING 
• FULLY BUFFERED OUTPUTS 
• THE INPUT/OUTPUT CHARACTEBISTICS PROVIDE EASY INTERFACING 

.WITH FAIRCHILD DTL, LPDTL, TTL, AND MSI FAMILIES 
• INPUT CLAMP DIODES LIMIT HIGiH SPEED TERMINATIONS EFFECTS 

PIN NAMES 

S 
E 
lOa, 11 a, lOb, 11 b,} 
10c, 11c, 10d, 11d 
Za,Zb,Zc,Zd 

Notes: 

Common Selected Input 
Enable (Active LOW) Inputs 

Multiplexer Inputs 

Multiplexer Output (Note b) 

a. 1 Unit Load (U.L.) = 40J-LA HIGH/1.6 rnA LOW 

LOADING 
(Note a) 

1 U.L. 
1 U.L. 

1.U.L. 

10 U.L. 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HI GH drive factor. 

LOGIC DIAGRAM 

o 0 @ @ ® ® ® ® 
lId 10d lIe 10e lIb lOb Iia lOa 

CD S--~~~------~-+~----~~H---~~~----~-' 

0= PIN NUMBERS 

® 

8-117 

LOG IC SYMBOL 

15 2 3 5 6 1413 1110 

10aiia 10bilb 10eile 10diid 

9322 

12 

Vee = Pin 16 
GND=Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

13 

I? 

11 

10 

FLATPAK (TOP VI EW) 
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15 

14 

13 

12 

11 

10 

'Planar is a patented Fairchild process. 
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FAI RCHI LD TTL/MSI • 9322 

FUNCTIONAL DESCRIPTION - The 9322 quad 2-input multiplexer is a member of the Fairchild family of compatible Medium Scale 
Integrated (MSI) digital building blocks. It provides this family with the ability to select four bits of either data or control from two sources, in 
one package. The Enable input (El is active LOW. When not activated all outputs (Zl are LOW regardless of all other inputs. 

The 9322 quad 2-input multiplexer is the logical implementation 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 • (11 a • S + lOa. Sl Zb = E • (11 b • S + lOb. Sl 

Zc = E • (11 c • S + 10c • Sl Zd = E • (11 d • S + 10d • S"l 

A common use of the 9322 is the moving of data from a group of registers to four common output busses. The particular 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 9322 can generate four 
functions of two variables with one variable common. Th is is useful for implementing gating functions. 

TRUTH TABLE 

ENABLE 
SELECT 

INPUTS 
INPUT 

E S lOX IIX 

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 

OUTPUT 

Zx 

L 

L 

H 

L 

H 

X = Either HI G H or LOW Logic Level 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT 
EQUIVALENT 

CIRCUIT 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

2.0 vee" S.W TA" 125°0 _ 

1.0 I I TA "2s
Oe ~ 

~ or-+I~-.r-__ ~ __ ~TA_"+~_oe~2.y 
T "l25oe~Jffo-- TA' 25°C 

~ A ~r--- TA ' -55°C 
~ -1.0 r 
~ -2.0 

_~-3.0 1---ItK-+____-+--+-+~-I--+--+____--j 

TA" ssDe 
-4.0 ~-ltK-:...+---1TA-" -

25ol-e---l---+-f--+--+---l 

-5.0 L...-..JIIL--i-
T
.:..:.A _" 1_25_

o

e_...l..-1--1---l..---L.----L-.I 

-2.0 0 2.0 4.0 6.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 1. 

~ 

i 
i 

20 

10 

OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output HIGH) 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT HIGH) 

vee "s.ov I I I 
! J 

o II 't= TA' 25°e I 
-10 _ TA'-55°e--:J TA'125°e __ 

) 'j 
-20 

I I 
i j~ -}l 
! Il-TA'

250C I 

-4) J"'-'::' TA "- 55°e 
;---- TA '125°e 

-50 
0 2.0 4.0 6.0 8.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2. 
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FAIRCHILD TTL/MSI • 9322 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9322XM 4.5V 5.0 V 
--' 
9322XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

_65° C to +150° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

TEMPERATURE 

-55° C to 125° C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages avail'able on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
. . "-_._---"-+ -- -

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

.----
VCD Input Clamp Diode Voltage -1.5 Volts V CC = MIN., II N = -1 2 mA, T A = 25 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., 10H = -800J.LA 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., 10L = 16 mA 
VIN = VIH or VIL per Truth Table 

10 40 J.LA VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX., VIN ~ 5.0 V 

IlL Input LOW Current -0.96 -1.6 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current -30 -60 -100 mA VCC = MAX., VOUT = 0 V 

(lOS) (Note 5) 

ICC Power Supply Current 30 47 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. C!lnditions for testing, not shown in the table, are chosen to guarantee operation under "worst cas'e" conditions. 
3. The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" val ues normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

9322XM(MIL) 9322XC(IND) 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 
--

tpLH Turn Off Delay Input to Output 17 25 17 30 ns 

(S to Z) VCC = 5.0 V 

tpHL Tu rn On Delay I nput to Output 20 27 20 31 ns CL = 15 pF 
See Figure 4 

(S to Z) 
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Fig. 4. 

Other Conditions: E = L, 10 = L, 11 = H 

1.5V 
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FAIRCHILD TTL/MSI • 9322 

SWITCHING CHARACTERISTICS 

Fig. 5. 
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125 

Fig. 6. 

tPLH/tPH L - 10 to Z 

Other Conditions: E = L, S = L 
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LPTTL/MSI 93L22 
LOW POWER QUAD TWO-INPUT MULTIPLEXER 

DESCRIPTION - The LPTTLIMSI 93L22 is a monolithic, medium speed, Quad Two-Input Digital 
Multiplexer, constructed with the Fairchild Planar* epitaxial process. It consists of four multiplexing 
circuits with common select and enable logic. Each circuit contains two inputs and one output. The 
circuit uses TTL technology and is compatible with the Fairchild TTL family. 

• MULTIFUNCTION CAPABILITY 
• ON-CHIP SELECT LOGIC DECODING 
• TYPICAL PROPAGATION DELAY OF 44 ns 
• TYPICAL POWER DISSIPATION OF 45 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 

• TTL COMPATIBLE 

PIN NAMES 
So 
E 
10,11 
Z 

Common Select Input 
Enable (Active LOW) Input 
Multiplexers Inputs 
Multiplexer Output 

1 Unit Load (U.L.) = 40 J1A HIGH/1.6 mA LOW 

LOGIC DIAGRAM 

Za Zb 

lac 11c 

@@ 

Zc 

lad lId 

(ID @ 

Zd 

LOADING 

HIGH LOW 

0.5 U.L. 
0.5 U.L. 
0.5 U.L. 
10 U.L. 

0.25 U.L. 
0.25 U.L. 
0.25 U.L. 

2.5 U.L. 

o = Pin Numbers 
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LOGIC SYMBOL 

15.10 11 13 14 6 5 3 2 

12 

Vcc = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

2 

3 

4 

6 

8 

16 

15 

14 

13 

(2 
11 

10 

9 

FLATPAK (TOP VIEW) 

• vee 16 So 
lOa E 15 

11a 10c 14 

4 Za lIe 13 

lOb Ze 12 

6 lIb 10d 11 

Zb lId 10 

8 GND Zd 9 

*Planar is a patented Fairchild process. 

I 



FAIRCHILD LPTTL/MSI • 93L22 

FUNCTIONAL DESCRIPTION - The 93L22 Quad two-input multiplexer is a member of the Fairchild family of low power medium scale 
integrated digital building blocks. It provides, in one package, the ability to select four bits of either data or control from four 2-bit sources. 
The enable input (E) is active LOW. When not activated all outputs (Z) are LOW regardless of all other inputs. The 93L22 quad two input 
multiplexer is the logical implementation of a four-pole two position switch, with the position of the switch being set by the logic level supplied 
to the one select input. The logic equations for the outputs are shown below: 

Za = E • 111a • So + lOa· SO) Zb = E • (11b • So + lOb· SO) Zc = E • (Ilc • So + 10c • SO) Zd = E • IIld • So + 10d • SO) 

A common use of the 93L22 is the moving of data from two registers to common output busses. The particular register from which the data 
came would be determined by the state of the select input. A less obvious use is a function generator. The 93L22 can generate four functions of 
two variables with one variable common. This is useful implementing gating functions. 

ENABLE 

E 

H 

L 

L 

L 

L 

TRUTH TABLE 

Identical for Each Multiplexer 

SELECT 

INPUT 
INPUTS 

So lOY '1Y 

X X X 

H X L 

H X H 

L L X 

L H X 

OUTPUT 

Zy 

L 

L 

H 

L 

H 

H = HIGH voltage level 

L = LOW voltage level 

X = Level does not affect output 

y = a, b, c, d 

INPUTS 
EQUIVALENT CIRCUIT 

TYPICAL lNPUT AND OUTPUT CHARACTERISTICS 

OUTPUTS 
EQUIVALENT CIRCUITS 

OUTPUT LOW OUTPUT HIGH 

-{f0UT 
IN 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

* I nput Voltage (dc) 

* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

8-122 

Vee 

I...--"'~OUT 

-6S0C to +1S0°C 

-SSOc to +12S0C 

-o.sv to +7 .OV 

-O.SV to +S.SV 

-30 mA to +S.O mA 

-O.SV to +VCC value 

+30mA 



FAIRCHILD LPTTL/MSI • 93L22 

GUARANTEED OPERATING RANGES 

SUPPL Y VOLTAGE (VCC) 

PART NUMBER MIN. TYP. MAX. TEMPERATURE 

93L22XM 4.5 V 5.0 V 5.5 V -55°C to 125°C 

93L22XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. (Note 4) MAX. UNITS CONDITIONS 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., IOH = -0.4 mA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts VCC = MIN., IOL = 4.0 rnA 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts Guaranteed input HIGH voltage for all inputs 

VIL Input LOW Voltage 0.7 Volts Guaranteed input LOW voltage for all inputs 

IlL Input LOW Current -0.25 -0.4 mA VCC = MAX., VIN = 0.3V 

IIH Input HIGH Current 2.0 20 JJA VCC = MAX., VIN =2.4V 

1.0 mA VCC = MAX., VIN = 5.5V 

ISC (Note 5) Output Short Circuit Current -10 -21 -40 mA VCC = MAX., VOUT = O.OV 

ICC Power Supply Current 9.0 13.2 mA VCC = MAX. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

operating ranges. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and max. loading. 
(5) Not more than onE" output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25"C) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. 

tpLH (SO to Z) Turn Off Delay Input to Output 26 36 

tpH L (SO to Z) Turn On Delay Input to Output 36 49 

SWITCHING TIME WAVEFORMS 

So to Z 

1.5V 
I 

-! tpLH 1- -! tPHLI-

VOUT 
________ -J)(r1-.5-v------~~5V 
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UNITS CONDITIONS 

ns VCC = 5.0 V 

ns CL=15pF 
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TTL/MSI 9324 
5·81T COMPARATOR 

DESCRIPTION - The TTL/MSI 9324 is a High Speed Expandable Comparator which provides 
comparison between two 5-bit words and gives three outputs, "less than", "greater than" and "equal 
to". A HIGH level on the active LOW enable input forces all three outputs LOW. 

• THREE SEPARATE OUTPUTS •.. A < B, A> B, A = B 
• EASILY EXPANDABLE 
• ACTIVE LOW LEVEL ENABLE INPUT 
• HIGH DRIVE OUTPUT CIRCUITRY 
• INPUT CLAMP DIODES LIMIT HIGH SPEED 
• TERMINATION 'EFFECTS 
• COMPATIBLE WITH FAIRCHILD DTL, LPDTL, TTL, AND MSI FAMILIES 

PIN NAMES 
LOADING 

(Note a) 
E Enable (Active LOW) Input 2 U.L. 

Ao, A1, A2, A3, A4 Word A Parallel Inputs 2 U.L. 

80, 81, 82, 83, 84 Word 8 Parallel Inputs 2 U.L. 

A<8 A Less Than 8 Output (Note b) 10 U.L. 

A'> 8 A Greater Than 8 Output (Note b) 10 U. L. 
A=8 A Equal to 8 Output (Note b) 10 U.L. 

Notes: 
a. 1 Unit Load (U.L.) = 40 J.lA HIGH/1.6 mA LOW 
b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor 

LOGIC DIAGRAM 

A4 A3 A2 A, Ao E 
® '@ @ @ 0) 0 

0 ® . Co) 0 0) 0= PIN NUMBERS 
8 4 8 3 8 2 8, 80 
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LOGIC SYMBOL 

13 12 11 10 9 3 4 5 6 7 

9324 

15 

Vee = Pin 16 
GND=Pin 8 

14 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

14 

13 

12 

10 

FLATPAK (TOP VIEW) 

f Vee 16 

A< B A>B 15 

14 

13 

12 

11 

10 



FAIRCHILD TTL/MSI • 9324 

FUNCTIONAL DESCRIPTION - The 9324 5-bit comparator uses combinational circuitry to directly generate "A greater than B" and "A less 
than B" outputs. As evident from the logic diagram, these outputs are generated in only three gate delays. The II A equals B" output is 
generated in one additional gate delay by decoding the II A neither less than nor greater than B" condition with a NOR gate. All three outputs 
are activated by the active LOW Enable input (El. 
Tying the A > B output from one device into an A input on another device and the A < B output into the corresponding B input permits easy 
expansion. 

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

TRUTH TABLE 

E Ay By 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 Either HIGH or LOW Voltage Level 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

2.0 

1.0 

« 0 
E 

~ -1.0 

B -2.0 

:::-3.0 

z 
---4.0 

-5.0 

-6.0 

INPUT 
EQUIVALENT 

CIRCUIT 

vee vee 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

Vee' 5
1

·0V -re-ffl 
25°e-

" 125°e- tIL '55°e lzsOe 
6 25°(; 

If 
iI-moe 

! t--2~oe -f 
----f--

t--re 

-2.0 2.0 4.0 6.0 8.0 

V I N - INPUT VOLTAGE - VOLTS 

Fig. 1. 

<C 
E 

z 

10 

~ -10 

:::> 
0-

§ -20 

-40 

OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output HIGH) 

vee 

OUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT HIGH) 

Vee' 5.0V 
--

-55dC--1 ;£, ~5oel 
'-- - - -l-

I "'-moe 
---

/ 
- -~ bf -- --- ---

~ 
V 

--- ---

~ 
-55

j
Oe 

- -- f--
125;e-

» ~ 25°C -l 
o 1.0 2.0 3.0 4.0 5.0 6.0 

V OUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2. 

8-125 

'Z 
~ 60 

:::> 

OUTPUT 
EQUIVALENT 

CIRCUIT 
(Output LOW) 

OUT 

=IT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT LOW) 

§ 40 f---f----lli'Ft---+-+-

20 f---tIII+---+---+ 

0.4 0.8 1.6 2.0 

V OUT - OUTPUT VOLTAGE - V 

Fig. 3. 
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FAIRCHILD TTL/MSI • 9324 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Volt~':Je (dc) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9324XM 4.5V 5.0V 

9324XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

~30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12mA, T A = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., 10H = -800 J..LA 
VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., 10L = 16 mA 
VIN = VIH or VIL per Truth Table 

IIH Input HIGH Current 20 80 J..LA VCC = MAX., VIN = 2.4 V 

1.0 mA VCC = MAX., VIN = 5.0 V 

IlL Input LOW Current -1.92 -3.2 mA VCC = MAX., VIN = 0.4 V 

ISC Output Short Circuit Current 
-20 -50 -70 mA VCC = MAX., VOUT = 0 V 

(lOS) (Note 5) 

ICC Power Supply Current 40 81 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case"values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

9324XM 9324XC 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 

tPLH Turn Off Delay Input to Output 40 45 40 48 ns_ 
(A2 to A = B) VCC = 5.0 V 

tPHL Turn On Delay Input to Output 35 42 35 45 ns CL ." 15 pF 
(A2 to A = B) 
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FAIRCHILD TTL/MSI • 9324 

SWITCHING CHARACTERISTICS 
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LPTTL/MSI 93L24 
LOW POWER 5-81T COMPARATOR 

DESCRIPTION - The LPTTL/MSI 93L24 is a Medium Speed Expandable Comparator which provides 
comparison between two 5-bit words and gives three outputs, "less than", "greater than", and "equal 
to". A H IG H level on the active LOW enable input forces all three outputs LOW. 

• THREE SEPARATE OUTPUTS ... A < B, A > B, A = B 
• EASILY EXPANDABLE 
• ACTIVE LOW-LEVEL ENABLE INPUT 
• HIGH DRIVE OUTPUT CIRCUITRY 
• TYPICAL PROPAGATION DELAY OF 55 ns (A > B) 
• TYPICAL POWER DISSIPATION OF 52 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 

• TTL COMPATIBLE 

PIN NAMES 

E 
AO, A1, A2, A3, A4 
BO, B1, B2, B3, B4 
A<B 
A>B 
A=B 

Enable (Active LOW) Input 
Word A Parallel Inputs 
Word B Parallel Inputs 
A Less than B Output 
A Greater than B Output 
A Equal to B Output 

1 Unit Load (U.L.) = 40J-LA HIGH/1.6mA LOW. 

LOGIC DIAGRAM 

CD 
8, 

£ 

LOADING 

HIGH LOW 

1.0 U.L. 0.5 U.L. 
1.0 U.L. 0.5 U.L. 
1.0 U.L. 0.5 U.L. 

9 U.L. 2.25 U.L. 
9 U.L. 2.25 U.L. 

10 U.L. 2.5 U.L. 

(0 

0= PIN NUMBERS 
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LOG IC SYMBOL 

131211 10 9 3 4 5 6 7 

15 

93L24 

Vee =Pin16 
GND=Pin 8 

14 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

FLATPAK(TOP VIEW) 



FAIRCHILD LPTTL/MSI ·93L24 
.-----------------------------------------------------_.-_._-

FUNCTIONAL DESCRIPTION - The 93L24 5-bit comparator uses combinational circuitry to directly generate "A greater than B" and "A 
less than B" outputs. As evident from the logic diagram, these outputs are generated in only three gate delays. The" A equals B" output is 
generated in one additional gate delay by decoding the" A neither less than nor greater than B" condition with a NOR gate. All three outputs 
are activated by the active LOW enable input (E). 

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 as shown in F igu re 1. 

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

TRUTH TABLE 

E A B 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 A < Word B H L L 

L = LOW Voltage Level 

H HIGH Voltage Level 

X Either HIGH or LOW Voltage Level 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUTS EQUIVALENT CIRCUIT OUTPUTS EQUIVALENT CIRCUITS 

OUTPUT HIGH 

Vee Vee 

l6kSl l6kSl 

6.0n 240n 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

OUTPUT LOW 

OUT 

-IT 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC val ue 

+30mA 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

-

93L24XM 4.5 V 5.0V 5.5 V -55°C to 125°C 

93L24XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 
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FAIRCHILD LPTTL/MSI • 93L24 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
VCC-MIN.,IOH- -O.4mA(Pin 14), IOH-

VOH Output HIGH Voltage 2.4 3.6 Volts -0.36mA(Pin 2&15), VIN=VIH or VIL 

----------c----
per Truth Table 
VCC = MIN., IOL = 4.0 mA (Pin 14) 

VOL Output LOW Voltage 0.15 0.3 Volts IOL = 3.6 mA (Pins 2 & 15) 
VIN '" VIH or VIL per Truth Table 

-- -- ... 

VIH Input HIG H Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

--~-

VIL I nput LOW Voltage 0.7 Volts 
Guaranteed Input LOW Threshold 
Vol tage for All Inputs 

----

IlL Input LOW Current -0.5 -0.8 mA VCC'" MAX., VIN = 0.3 V 

IIH Input HIGH Current 
4.0 40 J.1A VCC = MAX., VIN = 2.4 V 

1.0 mA VCC '" MAX., VIN = 5.5 V 

ISC Output Short Circuit Current 
-10 -22 -40 mA VCC = MAX., VOUT = 0 V (Note 5) 

ICC Power Supply Current 10.4 21 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25(JC, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Enable to Output 21 32 ns 

tpHL (E to A = B) 22 35 ns 

tpLH Data to Output 35 54 ns 

tpHL (A2 to A > B) 50 75 ns CL=15pF 

tPLH Data to Output 46 70 ns VCC=5.0V 

tPHL (A2 to A < B) 51 77 ns 

tpLH Data to Output 65 100 ns 

tPHL (A2 to A = B) 68 102 ns 

SERIAL EXPANSION OF 93L24 FOR LONGER WORD LENGTHS 

A>B A<B A=B 

'------.v.-----~ 

OUTPUTS APPLICABLE TO ENTIRE WORD 

For each additional 93L24 added four extra bits can be accommodated. 

Fig. 1. 
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TTL/MSI 9328 
DUAL 8-81T SHIFT REGISTER 

DESCRIPTION - The 9328 is a high speed serial storage element providing 16 bits of storage in the 
form of two 8-bit registers that will shift at greater than 20 MHz rates. The multi·functional capability 
'of this device is provided by several 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 complementary outputs are provided from 
each 8-bit register, and both registers may be master cleared from a common input. 

• 20 MHz SHIFT FREQUENCY 
• TWO INPUT MULTIPLEXER PROVIDED AT DATA INPUT OF EACH REGISTER 
• GATED CLOCK INPUT CIRCUITRY 
• BOTH TRUE AND COMPLEMENTARY OUTPUTS PROVIDED FROM LAST BIT OF EACH 

REGISTER 
• ASYNCHRONOUS MASTER RESET COMMON TO BOTH REGISTERS 
• TYPICAL POWER DISSIPATION OF 300 mW 
• TTL COMPATIBLE 
• INPUT DIODE CLAMPING 

PIN NAMES 

Os 
00,01 
CP 

NOTES 

Data Select Input 
Data Inputs 
Clock (Active HIGH) Going Edge Input 

Common (Pin 9) 
Separate (Pins 7 and 10) 

Master Reset (Active LOW) Input 
Last Stage Output (Note b) 
Complementary Output (Note b) 

a. 1 Unit Load (U.L.) = 40J..LA HIGH/1.6 mA LOW 

LOADING 
(Note a) 

2 U.L. 
1 U.L. 

3 U.L. 
1.5 U.L. 

1 U.L. 
10 U.L. 
10 U.L. 

b. 10 U. L. is the output LOW drive factor and 20 U. L. is the output HIGH drive factor 

LOGIC DIAGRAM 

0= Pin Numbers 

8-131 

LOGIC SYMBOL 

13 11 12 

4 6 5 

VCC = Pin 16 
Gnd = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

'" a: 

I- (fl 

--< 
:JJ 

FLATPAK (TOP VIEW) 

L 
MR Vee 16 
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TTL/MSI • 9328 

FUNCTIONAL DESCRIPTION - The two 8-bit shift registers have a common clock input (pin 9) and separate clock inputs (pins 10 and 7). 
The clockifig of each register is controlled by the OR function of the separate and the common clock input. Each register is composed 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 remain 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 present 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. Each 8-bit shift register has a two input multiplexer in front of the serial data input. The 
two data inputs DO and 01 are controlled by the data select input (OS) following the Boolean expression: 

Serial data in: So = OSDO + DSD1 

An asynchronous master reset is provided which, when activated by a LOW logic level, will clear all sixteen stages independently of any other 
input signal. 

TRUTH TABLE 

SHIFT SELECTION 

Os DO 01 Q7 (tn+8) 

L L X L 

L H X H 

H X L L 

H X H H 

n+8 = Indicates state after eight clock pulse 

L = LOW voltage level 
H = HIGH voltage level 
X = Either HIGH or LOW voltage level 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) tlVnder Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

9328XM 4.5V 5.0 V 

9328XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

_65° C to +150° C 
_55° C to +125° C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Inforrnation Section for packages available on this product. 
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TTL/MSI • 9328 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
-

V,H Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 
Vol tage for All Inputs 

V,L Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., 'iN = -12 mA, T A = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = miN., IOH = -800 IlA 
VIN = VIH or Vil per Truth Table 

.. _._-----

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., IOl = 16 mA 
VIN = VIH or V,L per Truth Table 

'IH Input HIGH Current /JA VCC = MAX., VIN = 2.4 V 
MR, DO, 01 10 40 
CP (Pins 7 & 10) 15 60 

Os 20 80 
CP (Pin 9) 30 120 

--~--- ----

Input HIGH Current all inputs 1.0 mA VCC = MAX., VIN = 5.0 V 

IlL Input LOW Current mA VCC MAX., VIN ~ 0.4 V 

MR, DO, 01 -0.96 -1.6 
CP (Pins 7 & 10) -1.44 -2.4 

Os -1.92 -3.2 
CP (Pin 9) -2.88 -4.8 

ISC Output Short Circuit Current (Note 5) -20 -50 -70 mA VCC = MAX., VOUT = 0.0 V 
(/OS) 

ICC Power Supply Current 60 77 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specifieq LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25
u

C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 

Tu rn Off Delay Clock to Output 

Turn On Delay Clock to Output 

Turn On Delay Master Reset to 
Q Output 

Shift Right Frequency 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

SYMBOL PARAMETER 

t w (CP) Clock Pulse Width 

tpw (MR) Master Reset Pulse Width with 

(CPH) Clock HIGH 

tpw (MR) Master Reset Pulse Width 

(CPU with Clock LOW 

ts (Data) Set-up Time Data to Clock 

th (Data) Hold Time Data to Clock 

trec(MR) Recovery Time Master Reset to Clock 

MIN. 

20 

MIN. 

25 

30 

40 

20 

0 

33 

LIMITS 
UNITS TEST CON OITIONS 

TYP. MAX. 

13 20 ns 

22 35 ns 
Fig. 1 

VCC = 5.0 V 
CL = 15 pF 

35 50 ns Fig. 2 

30 MHz Fig. 1 

LIMITS 
TEST CONDITIONS UNITS 

TYP. MAX. 

17 ns Fig. 1 

20 ns 

Fig.2 

24 ns VCC = 5.0 V 

10 ns 
Fig.3 

ns 

19 ns Fig.2 

SET-UP TIME (ts) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock transi­
tion from LOW to HIGH in order to be recognized and transferred to the outputs. 

HOLD TIM E (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative Hold Time indicates that the correct logic level may be released prior to the clock 
transition from LOW to HIGH and still be recognized. 
RECOVERY TIME (trec ) is defined as the minimum time required between the end of the reset pulse and the clock transition from LOW to 
HIGH in order to recognize and transfer HIGH Data to the Q outputs. 
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TTL/MSI • 9328 

SWITCHING WAVEFORMS 

CLOCK TO OUTPUT DELAYS AND MINIMUM CLOCK PULSE WIDTH 

1.5 V 

rtPHLI071 C tPLHIQ71 

07--=-=--=---~\-- ------ ---- -- --- ----~--- ------- -- --1---- 1.5 V 

OTHER CONDITIONS: 07 is connected to D1' Other clock is LOW. 

Fig. 1 

MASTER RESET TO OUTPUT TURN ON DELAY AND MINIMUM MASTER RESET PULSE WIDTHS 

CP ='\:: 
--l i=tpwICPHI tpwICPLI~ r trec 

Mii----=--V-- - --- ------ - ------------V-----
---1 I--- tpHL(MRI ---l r-tPHLIMRI 

°7 --A--- ----------------,t==\----

OTHER CONDITIONS: DS, D1, DO are HIGH. Other clock input is LOW. 

Fig. 2 

SET-UP TIME (ts) AND HOLD TIME (th) FOR DATA INPUTS 

07 RESPONSE AFTE R / 
8 CLOCK PU LSES 

-------I \'----
NOTE: The shaded areas indicate when the input is permitted to change for predictable output performance. 

OTHER CONDITIONS: MR = HIGH, other clock input is LOW. 

Fig. 3 
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LPTTL/MSI 93L28 
LOW POWER DUAL 8-81T SHIFT REGISTER 

DESCRIPTION - The LPTTL/MSI 93L28 is a medium speed Serial Storage Element providing six­
teen bits of storage in the form of two 8-bit registers that will shift at greater than 5 MHz rates. The 
multi-functional capability of this device is provided by several features: 1) Additional gating is 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 complementary outputs 
are provided from each 8-bit register, and both registers may be master reset from a common input. 

• 10 MHz TYPICAL SHIFT FREQUENCY 
• TWO-INPUT MUL TIPLEX~R PROVIDED AT DATA INPUT OF EACH REGISTER 
• GATED CLOCK INPUT CIRCUITRY 
• BOTH TRUE AND COMPLEMENTARY OUTPUTS PROVIDED FROM LAST BIT OF EACH 

REGISTER 
• ASYNCHRONOUS MASTER RESET COMMON TO BOTH REGISTERS 
• TYPICAL POWER DISSIPATION OF 80 mW 
• INPUT CLAMP'DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• TTL COMPATIBLE 

PIN NAMES 

Data Select I npUl 
Data Inputs 
Clock (Active HIGH Going Edge) Input 

Common 
Separate 

Master Reset (Active LOW) Input 
Last Stage Output 
Complementary Output 

1 Unit Load (U.L.) = 40 I1A HIGH/1.6 mA LOW. 

LOGIC DIAGRAM 

8-135 

LOADING 

HIGH LOW 

1.0 U.L. 0.5 U.L. 
0.5 U.L. 0.25 U.L. 

1.5 U.L. 0.75 U.L. 
0.75 U.L. 0.375 U.L. 

0.5 U.L. 0.25 U.L. 
8.0 U.L. 
8.0 U.L. 

2.0 U.L. 
2.0 U.L. 

0 

0= PIN NUMBERS 

LOGIC SYM~OL 

10-·-----'r_1 9-,---' __ 1 

131112 

4 6 5 

Vee = PIN 16 
GND=PIN8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

• Mli 

Q 7 

Os 

0 1 

DO 

CP 

GNO 

14 

I 

16 

15 

14 

13 

12 

11 

10 



FAIRCHILD LPTTL/MSI • 93L28 

FUNCTIONAL DESCRIPTION - The two 8-bit shift registers have a common clock input (pin 9) and separate clock inputs (pins 10 & 7). The 

clocking of each register is controlled by the OR function of the separate and the common clock input. Each register is composed 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 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. 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 remain 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 present 

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. Each 8-bit shift register has a two-input multiplexer in front of the serial data input. The two data inputs DO 

and D1 are controlled by the data select input DS following the Boolean expression: 

Serial data in: SD = DSDO + DSD1. 

An asynchronous master reset is provided which, when activated by a LOW logic level, will clear all sixteen stages independently of any other 

input signal. 

TRUTH TABLE 

SH 1FT SE LECTI ON 

DS DO D1 Q7(tn+8) 

L L X L 

L H X H 

H X L L 

H X H H 

n+8 = indicates state after eight clock pulse 
L = LOW voltage level 

H = HIGH voltage level 

X = Either HIGH or LOW voltage level 

ABSOLUTE MAXIMUM RATINGS(above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPL Y VOLTAGE (VCC) 

MIN. TYP. MAX. 

93L28XM 4.5V 5.0V 5.5V 

93L28XC 4.75V 5.0V 5.25V 

-65°C to +150°C 
-55°C to +125°C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +VCC value 
+30 mA 

TEMPERATURE 

-55°C to 125° C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

8-136 



FAIRCHILD LPTTL/MSI • 93L28 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
-~-.-

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
~-

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC=MIN., IOH = -0.32mA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.15 0.3 Volts 
VCC = MIN., IOL = 3.2 mA 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage For All Inputs 

VIL Input LOW Voltage 0.7 Volts Guaranteed Input LOW Voltage For All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN = 0.3 V 

MR, DO & 01 ,.: -0.25 -0.4 

CP (Pins 7 & 10) -0.38 -0.6 

Os -0.50 -0.8 

CP (Pin 9) -0.75 -1.2 

IIH Input HIGH Current /.LA VCC = MAX., VIN = 2.4 V 

MR, DO & 01 2.0 20 

CP (Pins 7 & 10) 3.0 30 

Os 4.0 40 

CP (Pin 9) 6.0 60 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 
---

ISC (Note 5) Output Short Circuit Current -2.5 -16 -25 mA VCC = MAX., VOUT = 0.0 V 

ICC Power Supply Current 16 25.3 mA VCC = MAX. 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LIM ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply vOltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at V CC = 5.0 V, 25° C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

tpLH (Q7 & 07) Turn-Off Delay (clock to output) 30 45 ns 

tpH L (07 & 07) Turn-On Delay (clock to output) 
VCC = 5.0V, CL = 15pF Fig. 1 

55 80 ns 

tPHL (MR) Turn-On Delay (Master reset to output) 72 110 ns VCC = 5.0V, CL = 15pF, 

SWITCHING SET-UP REQUIREMENTS (T A = 25°C) 

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

tpw CP Min. Clock Pulse Width 55 30 ns VCC = 5.0V, CL = 15pF Fig. 1 

tpw MR (CPH) 
Min. Master Reset Pulse Width with 

60 28 VCC = 5.0V, CL = 15pF ns 
Clock HIGH 

tpw M R (CPU 
Min. Master Reset Pulse Width with 

70 38 VCC = 5.0V, CL = 15pF 
Clock LOW 

ns 

SWITCHING WAVEFORMS 

1.5 V 

0; -------------____________________ 1.5V 

r- tpHL I0 7 i C tpLH 1Q 7 i 

();--:::::""'\-- ------ ---- -- --- ------- ------ -- ---1---- 1.5 V 

NOTE: 0.7 is connected to D1' Other clock is grounded. 

Fig. 1 
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TTL/MSI 9334 
8-BIT ADDRESSABLE LATCH 

DESCRIPTION - The TTL/MSI 9334 is a high speed 8-Bit Addressable Latch designed for general 
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 device also incorporates an active level LOW common clear for resetting 
all latches, as well as, an active level LOW enable. The 9334 is compatible with all members of 
Fairchild's TTL family. 

• SERIAL TO PARALLEL CAPABILITY 
• 8-BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE 
• RANDOM (ADDRESSABLE) DATA ENTRY 
• ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 
• EASILY EXPANDABLE 
• COMMON CLEAR 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• TTL COMPATIBLE 

PIN NAMES LOADING 
(Note a) 

AO,A1 ,A2 Address Inputs 1 U.L. 

D Data Input 1 U.L. 

E Enable (Active LOW) Input '1'.5 U.L. 

C Clear (Active LOW) Input 1 U.L. 

00 to 07 Parallel Latch Outputs (Note b) 6 U.L. 

NOTES: 
a. 1 Unit Load <U.L.l = 40 p.,A HIGH/1.6 rnA LOvt 
b, 6 U, L. is the output LOW drive factor and 18 U. L. is the output HI G H drive factor. 

LOGIC DIAGRAM 

0= PIN NUMBERS 
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14 

15 

LOGIC SYMBOL 

13 1 2 3 

9334 

4 5 6 7 9 10 11 12 

Vee = Pin 16 

GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 
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FAIRCHILD TTL/MSI • 9334 

FUNCTIONAL DESCRIPTION The TTl/MSI 9334 has four modes of operation which are shown in the mode selection table. In the 
addressable latch mode, data on the data line (0) is written into the addressed latch. The addressed latch will follow the data input with all non­
addressed 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. 

In the one-of-eight decoding or demultiplexing mode, the addressed output will follow the state of the 0 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 9334 as an addressable latch, changing more than one bit of the address could impose a transient wrong address. Therefore, 
!his should only be done while in the memory mode. 

The truth table below summarizes the operations of the 9334. 

MODE SELECTION 

E C MODE 

H Addressable Latch 

H H 

H 

Memory 

Active HIGH Eight-Channel Demultiplexer 

Clear 

INPUTS EQUIVALENT CIRCUIT 

« 
E 

z 

"" 

INPUT o--_-f 

INPUT CURRENT 
VERSUS 

INPUT VOLTAGE 

. 0.51----+-+---+--1-----11+-

- I. 0 1-------r-'----'-'--t;..'"""'F--I--__+.-

u -1.5I---++-h4~+ --+---~ 

~ 

o 1.0 2.0 
VIN - INPUT VOLTAGE - VOLTS 

3.0 

TRUTH TABLE 
PRESENT OUTPUT STATES 

C E D AO 

L H X X 

L L L L 

L L H L 

L L L H 

L L H H 

L L H H 

H H X X 

H L L L 

H L H L 

H L L H 

H L H H 

H L L H 

H L H H 

x = Don't Care Condition 

L =: LOW Voltage Level 

H =; HIGH Voltage Level 

Al 

X 

L 

L 

L 

L 

H 

X 

L 

L 

L 

L 

H 

H 

Q n -l = Previous Output State 

A2 QO Ql Q2 Q3 

X L L L L 

L L L L L 

L H L L L 

L L L L L 

L L H L L 

H L L L L 

X QN-l 

L L QN-l QN-l QN-l 

L H QN-l QN-l 

L QN-l L QN-l 

L QN-l H QN-l 

H QN-l 

H QN-l 

TYPICAL INPUT AND OUTPUT CIRCUITS 

Q4 ·Q5 Q6 Q7 MODE 

L L L L CLEAR 

L L L L DEMUL TIPLEX 

L L L L 

L L L L 

L L L L 

L L L H 
--• MEMORY 

~ ADDRESSABLE 

~ LATCH 

~ .. 
.. QN-l L 

• QN-l H 
--

OUTPUTS EQUIVALENT CIRCUIT 

« 
E 

u 

-40 
0 

::> 
0 

-60 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT HIGH) 

VOUT - OUTPUT VOLTAGE - VOLTS 
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FAIRCHILD TTL/MSI • 9334 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperatu re 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

* I nput Voltage (dc) 

* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

SUPPLY VOLTAGE (VCC ) 

PART NUMBER 
MIN. TYP. MAX. 

9334XM 4.5 V 5.0 V 5.5 V 

9334XC 4.75 V 5.0 V 5.25 V 

-65°C to + 150°C 

_55° C to + 125°C 

-0.5 V to + 7.0 V 

-0.5 V to + 5.5 V 

-30 mA to + 5.0 mA 

-0.5 V to + V CC value 

+ 30mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

(Note 4) 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., IOH = -720 J.lA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 9.6 mA 

VIN = VIH or VIL per Truth Table 

VIH Input HIGH Level 2.0 Volts Guaranteed Input Logical HIGH 

Voltage for all Inputs 

VIL I nput LOW Level 0.8 Volts Guaranteed ~nput Logical LOW 

Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC= MIN., liN = -12 mA, TA = 25°C 

IlL I nput LOW Current mA VCC = MAX., VIN = 0.4 V 

AO, A1, A2, D, C -0.96 -1.6 

E -1.44 -2.4 

IIH Input H IG H Current J.lA VCC = MAX., VIN = 2.4 V 

AO, A1, A2, D. C 10 40 

E 15 60 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

ISC Output Short Circuit Current -30 -65 -100 mA VCC = MAX., VOUT = 0.0 V 

(Note 5) 

ICC Power Supply Current 56 86 mA VCC = MAX. 

NOTES: 

(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 
A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system oper­
ating ranges. 

(4) Typical limits are at V CC = 5.0 V, 25° C, and max. loading. 

(5) Not more than one output should be shorted at a time. 
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FAIRCHILD TTl/MSI • 9334 

SWITCHING CHARACTERISTICS (TA = 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN. TYP. MAX. 

-.--

tpLH Turn-Off Delay En'llIble to Output 19 23 ns Vee = 5.0 V, CL = 15 pF 

tpHL Turn-On Delay Enable to Output 16 24 ns Fig. 1 
-- ---- .. -----

tpLH Turn-Off Delay Data to 0 utput 28 35 ns Vec = 5.0 V, C L = 15 pF 

tpHL Turn-On Delay Data to Output 16 24 ns Fig.2 

tpLH Turn-Off Delay Address to Output 35 ns Vec = 5.0 V, CL = 15 pF 

tpHL Turn-On Delay Address to Output 35 ns Fig.3 

tpHL Turn-On Delay Clear to Output 21 25 ns Vce=5.0V,CL= 15 pF 

Fig.5 

SWITCHING SET-UP REQUIREMENTS (TA = 25°C) 
---

SYMBOL 
LIMITS 

PARAMETER UNITS CONDITIONS 
MIN. TYP. MAX. 

-
ts (H) Set-up Time HIGH Data to Enable 20 13 ns 

th (H) Hold Time HIGH Data to Enable 0 -10 ns VCC = 5.0 V 

ts (L) Set-up Time ldOW Data to Enable 17 10 ns Fig.4 

th (L) Hold Time LOW Data to Enable 0 -13 ns 

ts (A-E) 
Set-up Time Address to Enable 

0 
Vee = 5.0 V 

5 ns 
(See Note 6) F=1g. 6 

~-.-

tpw (E) Enable Pulse Width 17 11 ns VCC = 5.0 V 

Fig. 1 

NOTES: 
(6) The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the cor­

rect latch is addressed and the other latches are not affected. 
(7) The shaded areas indicate when the inputs are permitted to change for predictable output performance. 

Fig.1 TURN-ON & TURN-OFF DELAYS ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

____ I 
I-'pw--I __ _ 

o ~I '"t'---_--' 
OTHER CONDITIONS: C = H, A = STABLE 

Fig.2 TURN-ON & TURN-OFF DELAYS DATA TO OUTPUT 

OTHER CONDITIONS: E = L, C = H, A = STABLE 

Fig.3 TURN-ON & TURN-OFF DELAYS ADDRESS TO OUTPUT 

OTHER CONDITIONS: E = L, C = L, D = H 
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Fig.4 SET-UP AND HOLD TIME DATA TO ENABLE 

Q 

OTHER CONDITIONS: C = H, A = STABLE 

Fig.5 TURN-ON DELAY CLEAR TO OUTPUT 

t\....--.·5V __ 
I .. · --I ·'PHL 

----------~\~.5V ____ __ 
OTHER CONDITIONS: E = H 

Fig.6 SET-UP TIME ADDRESS TO ENABLE (SEE NOTES 6 & 7) 

OTHER CONDITIONS: C = H 
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TT L/MSI 9338 
8-BIT MULTIPLE PORT REGISTER 

DESCRIPTION - The TTL/MSI 9338 is an 8-Bit Multiple Port Register designed for high speed 
random access memory applications where the ability to simultaneously read and write is desirable. 
A common use would be as a register bank in a three address computer. Data can be written into 
anyone of the eight bits and read from any two of the eight bits simultaneously. The circuit uses 
TTL ·technology and is compatible with all members of Fairchild's TTL family. 

• MASTER/SLAVE OPERATION PERMITTING SIMULTANEOUS WRITE/READ WITHOUT 
RACE PROBLEMS 

• SIMULTANEOUSLY READ TWO BITS AND WRITE ONE BIT IN ANY ONE OF EIGHT BIT 
POSITIONS 

• READILY EXPANDABLE TO ALLOW FOR LARGER WORD SIZES 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• ALL CERAMIC "HERMETIC" 16 LEAD DUAL IN-LINE AND FLATPAKS 

• TTL COMPATIBLE 

PIN NAMES 

AO. A1. A2 

DA 

BO. B1. B2 

ZB 

CO. C1. C2 

Zc 
CP 

SLE 

NOTES: 

Write Address Inputs 

Data Input 

B Read Address Inputs 

B Output (Note b) 

C Read Address Inputs 

C Output (Note b) 

Clock Pulse Input 

Slave Enable (Active LOW) Input 

a. 1 Unit Load (U.L.l = 40 J.lA HIGH/1.6 mA LOW. 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

@AO-D~-----' : "U:M ~+-4-~. -1 111 

~:~nIU~111 ~~ J~ II.--I~---------, 
CD Cl-l><>-r-----' 

® C2-D<>-t-----' 

LOADING 
(Note a) 
2/3 U.L. 

2/3 U.L. 

2/3 U. L. 

10 U.L. 

2/3 U.L. 

10 U.L. 

2/3 U.L. 

2/3 U.L. 

IS C",J IC (0 0= PIN NUMBERS 
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LOGIC SYMBOL 

AO 
Al 

A2 

BO 

Bl 
B2 

Co 
Cl 
C2 

12 11 10 

9338 

ZB Zc 

5 VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

FLATPAK (TOP VIEW) 

8 

16 

15 

14 

13 

12 

11 

10 

9 



FAIRCHILD TTL/MSI • 9338 

FUNCTIONAL DESCRIPTION - The 9338 8-bit multiple port register may be considered as a 1-bit slice of eight high speed working registers. 
Data may be written into anyone of eight storage locations and read out from any two of the eight storage locations simultaneously. Master/ 
slave operation eliminates all race problems associated with simultaneous writing in and reading from the same location. 

The timing of this data 'transfer is similar to that of a standard master/slave flip-flop. While the clock is LOW the slaves are held steady, but the 
information on the D (data) input is permitted to enter the selected master. The next clock transition from LOW to HIGH locks the masters in 
their present states making them insensitive to the D input and write address inputs. This rising clock edge also connects each of the two slaves 
to the selected masters causing their contents to be reflected on the outputs. Outputs change, therefore, following the LOW to HIGH transition 
of the clock as on almost all Fairchild TTL/MSI devices and TTL flip-flops. 

The Slave Enable (SLE) input may be used to defeat the master/slave operation. If the Slave Enable (SLE) line is held LOW, the slaves are con­
tinuously enabled allowing immediate transfer of information from the selected masters to the outputs. 

TYPICAL INPUT AND OUTPUT CIRCUITS 

INPUT EaUIVALENTCIRCUIT OUTPUT EaUIVALENT CI RCUIT 

Vee 

Vee 

6.0kn 

INPUT _"'-__ ..J 
OUTPUT 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

DA A2 A1 AO C2 C1 Co B2 B1 BO CP 

/ --- - . - ~ -~ -1.0 

« 
E ------j ---c--- _ .. -

1 
I .- -- "-f-----

I 

-f-1---- f------. 

I VCC ·5.0V 

!Z -2.0 

~ 
z -3.0 

z 

-4.0 

1 TA • 25°C -
i -5.0 

-1.0 +2.0 + 1.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 1 

« 
E 

-1.0 

! -2.0 

'5 
~ -3.0 

-4.0 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

SLE 

t ,..-CPHIGH bp.~~~_ 

-~ ~~ 
------- - - -"- .-

I 

I --f----

1 

VCC ·5.0V 

I TA • 25°C -

-1.0 +1.0 +2.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 2 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
*Input Current (dc) 

Voltage Applied to Outputs (Output HI GH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs_ 
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OUTPUT CURRENT VERSUS 
OUTPUTVOLTAGEZBANDZC 

(LOW STATE) 
70 

60 

« 
E 50 

!Z 
lS,! B 40 

'5 
~ 30 

10 

o 

1 .1 
VCC ·5.0V 

r-TA ·25°C 
,,/ 

;;;---
/ 

V 
~ 

1/ 
1/ 

/ 
o 0.2 0.4 0.6 0.8 1.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 3 

_650 C to +150° C 
_55 0 C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC 

+30mA 
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FAIRCHILD TTL/MSI • 9338 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

9338XM 4.50 V 5.0V 5.50 V -55°C to +125°C 

9338XC 4.75 V 5.0 V 5.25 V O°C to 75°C 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage for all Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12mA, TA = 25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts 
VCC = MIN., IOH = -O.8mA 

VIN = VIH 

VOL Output LOW Voltage 0.2 0.4 Volts 
VCC = MIN., IOL = 16mA 

VIN = VIL 

27 }.LA VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current 

1.0 rnA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current -0.64 -1.1 mA VCC = MAX., VIN = 0.4 V 

ISC 
Output Short Circuit 

-10 -50 -70 mA VCC = MAX., VOUT = 0 V 
Current (Note 5) 

ICC Power Supply Current 85 135 mA VCC = MAX. 

NOTES: 
(1 ) The actual testing proce?ures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera-

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 

(4) 
operating ranges. 
Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 

(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (TA = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

tpLH Turn-Off Delay Address to Output 13 25 40 ns 
See Fig. 6 

tpHL Turn-On Delay Address to Output 18 27 35 ns 

tPLH Turn-Off Delay Data to Output 25 33 45 ns VCC= 5.0 V 
See Fig. 5 

tpHL Turn-On Delay Data to Output 25 37 50 ns CL = 15 pF 

tpLH Turn-Off Delay Clock to Output 18 26 35 ns 
See Fig. 4 

tpHL Turn-On Delay Clock to Output 13 21 30 ns 

SWITCHING SET-UP REQUIREMENTS (TA = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

ts"H" Set-up Time HIGH Data to Clock 20 14 ns 

th"H" Hold Time HIGH Data to Clock 0 -7 ns 

ts "L" Set-up Time LOW Data to Clock 12 7 ns 

th "L" Hold Time LOW Data to Clock -8 -14 
See Fig. 4 

ns 

ts(A) Set-up Time (A) Address to Clock 10 5 
VCC= 5.0 V 

ns 

th(A) Hold Time (A) Address to Clock 0 ns 

tCp"L" Clock LOW Time Required to Write 13 7.0 ns See Fig. 7 

tCp"H" Clock HIGH Time Required to Read 23 15 ns See Fig. 8 

8-144 



FAIRCHILD TTL/MSI • 9338 

SWITCHING WAVEFORMS 

WRITE 
ADDRESS 
INPUTS 

(AOA, A2) 

CLOCK 
(Cpl 

CLOCK TO 
OUTPUT 

tpLH (MAXI 

The crosshatched areas of the input waveforms indicate when inputs are permitted to change. The crosshatched areas on the output response 
waveforms indicate minimum and maximum prop_agation delays. 

Fig.4 DATA AND WRITE ADDRESS SETUP TIMES; READ TIME (CLOCK PULSE TO OUTPUT)' 

DA6~ IN ____ ~ 1 1 r----
l\~ }-

OUTPUT tpHL (MIN) ~ ""'r----..I-.\ ~ tpLH (MINI 

ZB OR Zc -----I~~.;,.~ I: !L_ 
! _I"'~V ,lM-

tpHL (MAX)--J 14- ---t r--- tpLH (MAXI 

OTHER CONDITIONS 

1. CP = LOW 
2. scr = LOW 
3. A2, A1, AO = B2, B1, BO = C2, C1, Co 

Fig. 5 tPLH/tPHL (DATA INPUT TO OUTPUT) 

DATA IN \ 
CLOCK PULSE 

CP 

l RESPONSE I \ (FOR MAX. tCPL) 

OTHER CONDITIONS 
1. SLE = LOW 
2. A2, A1, AO = B2, B1, BO = C2, C1, Co 

Fig.7 tcP"L" (CLOCK LOW TIME REQUIRED TO WRITE) 

DEFINITION OF TERMS 

READ ADDRESS 

o~~2~b,~cto 

I 
OUTPUT (Cond 21 I I 

ZB OR Zc __ --+1..1 I I 

OUTPUT (Cond 3) ----!-I .... I i v-_tPL_H_ ..... 

ZBORZC r~'"~_·5_V __ t-..I~- L 
--..j I4--tPHL 

OTHER CONDITIONS 

1. CP = HIGH 
2. Master FF 7 = H 

Master FF 0 = L 
3. Master FF 7 = L 

Master FF 0 = H 

Fig. 6 tpLH/tPHL (READ ADDRESS TO OUTPUT) 

DATA IN-.I \ I 
CLOCK PULSE 

CP 

l RESPONSE I \ 
(FOR MAX. tCPH) 

OTHER CONDITIONS 
1. SLE=HIGH 
2. A2,A1,AO=B2,B1,BO=CO,C1,C2 

Fig.8 tCP"H" (CLOCK HIGH TIME REQUIRED TO READ) 

DATA SET UP TIME (ts) - Is defined as the time required for a HIGH (ts "H") or a LOW (ts "L") logic level to be present at the data input 
prior to the clock transition from LOW to HIGH, in order for the master to recognize and store the new data. 

tcp "L" (CLOCK LOW TIME REQUIRED TO WRITE) - This parameter is defined as the minimum LOW clock pulse width required to write 
information into the master. 

tcp "H" (CLOCK HIGH TIME REQUIRED TO READ) - This parameter is defined as the minimum HIGH clock pulse width required to store 
information in the slaves. 

WRITE ADDRESS SET-UP TIME ts(A) - Is the time required for the write address to be present before the HIGH to LOW clock transition so 
that the correct master is addressed and other masters are not disturbed. When writing data into the 9338, the write address inputs should be 
stable at ts(A) before the HIGH to LOW transition of the clock and while the clock is LOW but they may change simultaneously with the 
LOW to HIGH clock transition. 

HOLD TIME (th) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained at 
the input in order to insure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to the 
clock transition from LOW to HIGH and still be recognized. 
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DATA SETUP TIME 
VERSUS 

AMBIENT TEMPERATURE 

101---+----1-+--+-+--+----1-+--1 

1---+--+_1 ',':H..:;." ;;t;;;;;;;;:1:;::;jt----t--t--1 
~~- ----I--. 5.0 .,...,. 

~5~5~--~~~2~5--~~~-~~'25 

TA - AMBIENT TEMPERATURE - 'e 

DELAY TIME VERSUS 
AMBIENt TEMPERATURE 

(DA TO ZB OR ZC) 
45 Vee - 5.0 V 

CL ' 15 pF 

'pHL 

35~::j~'_PL_H+-~ __ ~~ __ I~ 

30 ~-+-~~~-+---+-~-+--I 

1---+----I-+--4--... --f--- 1-- ---- .--.-

T A - AMBIENT TEMPERATURE C 

CLOCK 

A INPUT { 
SELECT 

B OUTPUT { 
SELECT 

C OUTPUT { 
SELECT 

FAIRCHILD TTL/MSI • 9338 

TYPICAL SWITCHING CHARACTERISTICS 

WRITE ADDRESS SETUP TIME 
VERSUS 

AMBIENT TEMPERATURE 

--r--r--_ 
50~~___I-+-_+-~~~-+-~ 

1---+----1-+--+-1---+--+-- .-

T A AMBIENT TEMPERATURE - e 

READ TIME VERSUS 
AMBIENT TEMPERATURE 

(B OR C TO OUTPU_T) 

'pLH 
30 __ 

'pHL -- --

T A - AMBIENT TEMPE RATURE -- 'e 

APPLICATIONS 

t'I 

°1 

READ TIME VERSUS 
AMBIENT TEMPERATURE 

(CLOCK TO OUTPUT) 

'pLH 

15~~~--~~--~~~~~~ 
-55 25 125 

TA - AMBIENT TEMPERATURE - e 

CLOCK TIME REQUIRED 
TO READ OR WRITE VERSUS 

AMBIENT TEMPERATURE 
20 Vee - 5.0 V 

e L : 15pF 

15 f---+--+-+--+-t--+--+-+-.., 
'CP "H" 

10 ~-+--+-+--+-t--+--+-+-.., 

5.0 '-"-to=_=-+ __ 'C_P+'c':;':"~"_..J,;~_-+::::_-_-~_-_~~_--:: 

OL--L~~~~ __ L--L~ __ ~~ 
-55 25 125 

TA - AMBIENT TEMPERATURE -'C 

6 
'--- AO °A CP SLE '---- AO DA CP SLE 

'--- Al A -AI B -A2 '------:' A2 
q338 9338 

80 8·BIT BO B-81T 
BI MULTIPLE 81 MULTIPLE •• • 
B2 PORT B2 PORT 

REGISTER REGISTER 

r---Co -co 
-CI -Cl 
.-- C lS lC -c ZB lC 

-

I I 

Fig. 9 PARALLEL EXPANSION 

One 9338 is needed for each bit of the required word length. The read and write input lines should be connected in common on all of the 
devices. This register configuration provides two words of n-bits each at one time as is illustrated above, where n devices are connected in 
parallel. 
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TTL/M51 93539 
8-81T EDGE TRIGGERED MULTIPLE PORT REGISTER 

DESCRIPTION - The TTL!MSI 93S39 is an 8-bit, edge triggered, multiple port register designed with the super high speed Schottky-barrier diode 
clamp circuit. It is organized as a 1-bit slice of eight storage registers for use as accumulators, data registers, or scratch pad memory. It is primarily inten­
ded to be used with an arithmetic logic unit (ALU) such as the 93S41 /74S181 to provide very high speed arithmetic operations. 

The 93S39 is essentially an 8-bit register having one input data line and three output ports. Data can be written into anyone of eight locations, 
selected by address lines AO thru A2. Because of the master/slave design, the previous data can be read out of that same location simultaneously on 
output ZA. In addition data can be read out from any other location on output ZB, under control of the second output multiplexer, addressed by 
BO thru B2. Individual multiplexer enable controls to the ZA and ZB outputs allow for easy expansion to more than eight registers. A separate Zo 
output is provided which continuously displays the contents of location 0, which can be used as a P register. 

The 93S39 features edge triggered inputs on the write enable, data, and write address lines, which respond only to the LOW to HIGH transition of the 
clock. This insures the longest possible time for propagation of signals through external combinatorial logic, as the stability of the input address, the 
new data, and the write enable must be controlled only within the set-up time requirements of the rising edge of the clock. The outputs ZA and ZB 
are asynchronous, depending only on the delay of the multiplexer address and enable controls. The output enables are designed to permit OR-tying 
the outputs for easy expansion to more than eight registers. 

• THE WRITE CONTROLS (WRITE ENABLE, WRITE ADDRESS, AND DATA) ARE EDGE TRIGGERED-RESPONDING ONLY TO THE 
POSITIVE TRANSITION OF THE CLOCK PULSE 

• SCHOTTKY-BARRIER DIODE DESIGN FOR SUPER HIGH SPEED OPERATION 

• ASYCHRONOUS CONTROL OF OUTPUT DATA MULTIPLEXERS 

• OUTPUT MULTIPLEXER DESIGN PROVIDES FOR EASY REGISTER EXPANSION 

• CONTINUOUS OUTPUT FROM BIT LOCATION "000" FOR MEMORY ADDRESS REGISTER APPLICATIONS 

PIN NAMES 

AO, A1, A2 

EA 
BO, B1,B2 

EB 
D 

Write Address and" A" Multiplexer Address Inputs 

"A" Multiplexer Enable (Active LOW) Input 

"B" Multiplexer Address Inputs 

"B" Multiplexer Enable (Active LOW) Input 

Data Input 

LOGIC DIAGRAM 

CLOCK PULSE 
TO MASTER 
AND SLAVE 
LATCHES 

SLAVE { 
LATCHE5 

WRITF. 
ENABLE 

WE 
INPUT 

D 

ADDRESS INPUTS 
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WE 

CP 

Zo 

ZA 

ZB 

Write Enable Input 

Clock Pulse (Active HIGH going edge) Input 

Output from Bit Location "000" 

Output from "A" Multiplexer 

Output from "B" Multiplexer 

LOGIC SYMBOL 

13 

14 

12 

CP 

Vcc = Pin 16 
Gnd = Pin 8 

4 3 2 1 15 9 10 11 

93539 
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TTL/MSI 9340 
4-81T ARITHMETIC LOGIC UNIT WITH. CARRY LOOKAHEAD 

DESCRIPTION - The 9340 is a TTLIMSI high speed Arithmetic Logic Unit with full on chip carry 
lookahead circuitry. It can perform the arithmetic operations add or subtract in parallel, or either of 
six logic functions on two 4-bit binary words. The internal carry lookahead provides either a ripple 
carry output or carry lookahead outputs. An internal carry input network accepts carry lookahead 
outputs from up to three other packages produci ng a 16-bit full carry lookahead A LU without 
additional gates. Ripple carries can be used between additional blocks of 12 bits to further expand the 
word length. A low power version of the 9340 is available as the 93L40, dissipating only 110 mW. 

• MULTIFUNCTION CAPABILITY 
Two Arithmetic Operations - Add, Subtract 
Six Logic Functions - A Ex or B, A and B, Plus Four Others 

• ADD TWO 4-BIT WORDS IN 23 ns TYPICAL 
• SUBTRACT TWO 4-BIT WGRDS IN 28 ns 
• LOOKAHEAD CARRY INPUT AND OUTPUT NETWORKS ON CHIP 
• EASILY EXPANDABLE TO LONGER WORD LENGTHS 
• TYPICAL POWER DISSIPATION Of 425 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• TTL COMPATIBLE 

PIN NAMES 
LOADING 

(Note a) 

AO to A3, BO to 83 
50,51 
CG1 
CP1 
CG2 
CP2 
CG3 
COE 
FO,F1,F2,F3 
C07CG 
CP 

Operand Active LOW Inputs 
Mode Select Inputs 
Active LOW Carry Generate Input from immediately preceding stage 
Active LOW Carry Propagate Input from immediately preceding stage 
Active LOW Carry Generate I nput from second preceding stage 
Active LOW Carry Propagate Input from second preceding stage 
Active LOW Carry Generate Input from third preceding stage 
Carry Out Enable Input 
Function (Active LOW) Outputs (Note b) 
Carry Out/Carry Generate (Active LOW) Output (Note b) 
Carry Propagate (Active LOW) Output (Note b) 

3 U.L. 
1 U.L. 
3 U.L. 
1 U.L. 
2 U.L. 
1 U.L. 
1 U.L. 

1.5 U.L. 
10 U.L. 
10 U.L. 
10 U.L. 

Notes: a. 1 Unit Load (U.L.) = 40",A H IGH/1.6mA lOW 
b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 
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FAIRCHILD TTL/MSI • 9340 

FUNCTIONAL DESCRIPTION - The 9340 accepts two 4-bit words, AO, A1, A2, A3 (A0-3) and BO, B1, B2, B3 (B0-3), and produces a 4-bit 
output, FO, F 1, F2, F3 (FO-3" The output function is determined by the states on the control lines So and 51. The inputs and outputs of the 
9340 may be considered to be active level LOW or active level HIGH. Logic equivalents for four representations of the 9340 are shown in 
Figure 1a, b, c, and d. 

The add and subtract operations are performed on the entire word, with carries or borrows propagated between bits of different weight. The 
arithmetic may be performed in 1's complement, 2's complement, or sign-magnitude notation. In the logic modes, carries are inhibited and the 
device acts like four gates of the type shown in Figure 1. 

To achieve high speed operation, the 9340 is designed to be used in a carry lookahead system. Full carry lookahead is used inside the device to 
propagate carries between bits. Carry lookahead functions over the 4-bit block are available as outputs. These outputs are labeled CO/CG (Carry 
Out/Carry Generate) and CP (Carry Propagate) on the logic symbol. The carry in to the device is formed from a set of Carry Generate and 
Carry Propagate inputs (equation 1) so that three 9340's can be interconnected without any additional gates to form a 12-bit· full carry 
lookahead ALU with a carry in. The pin labeled COE (Carry Out Enable) controls the CO/CG output according to equation 2. When COE is 
HIGH, CO/CG becomes a Carry Out which can be used to ripple carries between blocks of 12 bits. The CG1 input can be used for a ripple 
carry input, since this signal is sufficient to produce a carry in. 

EQUATION: 
(1) (CG1) + (CP1) (CG2) + (CP1) (CP2) (CG3) = Cin (internal) 
(2) CO/CG = (CG) + (CP) (Cin) (COE) 

Fig. 1-FUNCTION TABLES FOR LOGIC EQUIVALENTS OF THE 9340 

Note that when the input operants are defined as active HIGH, the carry lookahead inputs and outputs are not formally carry generate and 
carry propagate. Consequently, these pins have been relabeled CX and CY in the active HIGH cases. However, the signals are connected in the 
same manner as CG and CP. 
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FAIRCHILD TTL/MSI • 9340 
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FAIRCHILD TTL/MSI • 9340 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 

* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (dc) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

SUPPL Y VOLTAGE (VCC) 

PART NUMBER MIN,. TYP. 

9340XM 4.5 V 5.0V 

9340XC 4.75 V 5.0 V 

-65°C to +150°C 

-55°C to +125°C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +VCC value 

+30mA 

MAX. TEMPERATURE 

5.5 V -55°C to 125°C 

5.25 V O°C to 75°C 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 
(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed I nput LOW Threshold 

Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC=MIN.,IIN=-12mA, T A =25°C 

VOH Output HIGH Voltage 2.4 3.6 Volts VCC = MIN., IOH = -800 p,A 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = MIN., IOL = 16 mA 

VIN = VIH or VIL per Truth Table 

IIH Input HIGH Current p,A VCC = MAX., VIN = 2.4 V 

SO, Sl, CP1, CP2, CG3 10 40 

COE 15 60 

CG2 20 80 

AO to A3, 80 to 83, CGl 30 120 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 

All Inputs 
-_ .. 

IlL Input LOW Current mA VCC = MAX., VIN = 0.4 V 

SO, Sl, CP1, CP2, CG3 -0.96 -1.6 

COE -1.44 -2.4 

CG2 -1.92 -3.2 

AO to A3, 80 to 83, CG 1 -2.88 -4.8 

ISC Output Short Circuit Current -30 -65 -100 mA VCC = MAX. VOUT = 0.0 V 

(lOS) (Note 5) 

ICC Power Supply Current 85 135 mA 9340XM I VCC = MAX. 

85 146 mA 9340XC 1 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product I\.~arketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
(5) Not more than one output should be shorted at a time. 
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FAIRCHILD TTL/MSI • 9340 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS LIMITS 

SYMBOL PARAMETER (Add Mode) (Subtract Mode) UNITS TEST CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 

tpLH Turn off delay} Data Inp~t to ~ta 23 30 28 37 ns See Table 1 and 

tpHL Turn on delay Output (BO to F3) 23 30 25 32 ns Fig. 3 

tpLH Turn off delay} Data Inp~t to Carry 15 20 18 25 ns See Table 1. and 

tpHL Turn on delay Output (BO to CO/CG) 16 20 17 22 ns Fig. 3 VCC = 5.0V 

tpLH Turn off delay} Carry Input to C~ 15 19 15 19 ns See Table 1 and CL = 15pF 

tPHL Turn on delay Output (CG3 to CO/CG) 15 19 15 19 ns Fig.4 

tpLH Turn off delay} Carry Input to D~ta 23 31 23 31 ns See Table 1 and 

tpHL Turn on delay Output (CG3 to F3) 22 29 22 29 ns Fig. 4 

TABLE I SWITCHING TEST CONDITIONS 

PARAMETER OPERATION INPUTS AT 4.5V INPUTS AT GND WAVEFORM 

tPLH (801=3) 
Add SO, CG1, CP1, 81,82 Sl,AO,Al,A2,A3,83 1 

tpHL (80 F3) 

tpLH (80 F3) 
CG1, CP1, 83 

50,51, AO, Al, A2, A3 2 

tpHL (80 F3) 
Subtract 

81,82 

tpLH (BO CO/CG) 
Add SO, CG1, CP1, 81,82,83 51, COE, AO, Al, A2, A3 1 

tpHL (80 CO/CG) 

tpLH (80 CO/CG) 
CG1, CP1 

SO, Sl, COE, AO, Al, A2, A3 

tpHL (80 CO/CG) 
Subtract 

81,82, B3 
2 

tpLH (CG3 CO/CG) 
Add 

SO, CG1, CG2, 51,80,81, B2, 83 
1 

tpHL tCG3 CO/CG) COE, AO, Al, A2, A3 CP 1 ,CP2 

tPLH (CG3 F3) 
Add 

SO, CG 1, CG2, 83 Sl,BO, Bl, B2 
1 

tPHL (CG3 F3) AO, Al, A2, A3 CP 1 ,CP2 

SWITCHING WAVEFORMS TYPICAL PROPAGATION DELAYS TYPICAL PROPAGATION DELAYS 
DATA INPUT TO DATA OUTPUT CARRY INPUT TO CARRY OUTPUT 

AND AND 
DATA INPUT TO CARRY OUTPUT CARRY INPUT TO DATA OUTPUT 

(ADD MODE) (ADD MODE) 
42 34 

38 31 
INPUT UNDER L ______ ~ 

28 "'" 
_J

3 
T01r; ./ -:::: TEST ----c \----1.5V 

~ 34 

~ ----1 
~ ........... r-:::: Nll;i k ~ V - --tPLH -tPHL-

~ 30t--... 
/. 25 
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/"" 0 

S±-r OUTPUT -7 ~----- --~ K=1.5V 
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il:'=,.5V 
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10 10 
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TTL/MSI 9341/54181, 74181 
4-81T ARITHMETIC LOGIC UNIT 

DESCRIPTION - The TTL/MSI 9341/54181,74181 is a 4-bit high speed Arithmetic Logic Unit 
(ALU) which can perform all the possible 16 logic operations on two variables and a variety of 
arithmetic operations; the Add and Subtract modes are the most important. The ALU is fully com­
patible with all members of the Fairchild TTL family. 

• PROVIDES 16 ARITHMETIC OPERATIONS 
ADD, SUBTRACT, COMPARE, DOUBLE, 
PLUS TWELVE OTHER ARITHMETIC OPERATIONS 

• PROVIDES ALL 16 LOGIC OPERATIONS OF TWO VARIABLES 
EXCLUSIVE-OR, COMPARE, AND, NAND, OR, NOR, PLUS 
TEN OTHER LOGIC OPERATIONS 

• FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC OPERATION ON LONG WORDS 
• INPUT CLAMP DIODES 
• TTL COMPATIBLE 

PIN NAMES 

AO to A3, 80 to 83 
SO,S1,S2,S3 
M 
Cn 
Fa, F1, F2, F3 
A=8 
G 
P 
Cn + 4 
NOTES: 

Operand (Active LOW) Inputs 
Function - Select Inputs 
Mode Control I n put 
Carry Input 
Function (Active LOW) Outputs (Note b) 
Comparator Output 
Carry Generate (Active LOW) Output (Note b) 
Carry Propagate (Active LOW) Output (Note b) 
Carry Output (Note b) 

LOADING 
(Note a) 

3 U.L. 
4 U.L. 
1 U.L. 
5 U.L. 

10 U.L. 
Open Collector 

10 U.L. 
10 U.L. 
10 U.L. 

a. 1 Unit Load (U.L.) = 40,uA HIGH/1.6 mA LOW. 
b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 
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FAIRCHILD TTL/MSI • 9341/54181, 74181 

FUNCTIONAL DESCRIPTION - The TTL/MSI 9341/54181, 74181 is a 4-bit, high speed parallel Arithmetic Logic Unit (ALUl. Controlled by 
the four Function Select Inputs (SO ... S3) and the Mode Control Input (M), it can perform all the 16 possible logic operations or 16 different 
arithmetic operations on active HI GH or active LOW operands. The Function Table below lists these operations. 

When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs Logic operations on the individual bits as 
listed. When the Mode Control Input is LOW, the carries are enabled and the device performs Arithmetic operations on the two, 4-bit words. 
The device incorporates full internal look-ahead carry and provides for either ripple carry between devices using the Cn+4 output, or for carry 
look-ahead between packages using the signals P (carry propagate) and G (carry generate). P and G are not affected by carry in. When speed 
requirements are not stringent, the 9341/54181,74181 can be used in a'simple ripple carry mode by connecting the carry out (Cn+4) signal to 
the carry input (Cn ) of the next unit. For high speed operation the 9341/54181, 74181 is used in conjunction with the 9342/54182, 74182 
carry look-ahead circuit. One carry look-ahead package is required for each group of four 9341/54181, 74181 devices. Carry look-ahead can be 
provided at various levels and offers high speed capability over extremely long word lengths. 

The A = B output from the 9341/54181,74181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic equivalence 
over 4-bits when the unit is in the subtract mode. The A = B output is open collector and can be wire ANDed with other A = B outputs to give 
a comparison for more than 4-bits. The A = B signal can also be used with the carry out signal to indicate A > B and A < B. 

The Function Table lists the Arithmetic operations that are performed without a carry in. An incoming carry adds a one to each operation. 
Thus Select Code LHHL generates A minus B minus 1 (2's complement notation) without a carry in and generates A minus B when a carry is 
applied. Because subtraction is actually performed by complementary addition (1 's complement), a CARRY OUT means BORROW; thus a 
carry is generated when there is no underflow and no carry is generated when there is underflow. 

As indicated the 9341/54181,74181 can be used with either active LOW inputs producing active LOW outputs or with active HIGH inputs 
producing active HIGH outputs. For either case the table lists the operations that are performed to the operands labeled inside the logic 
symbol. 

FUNCTION TABLE LOGIC SYMBOLS 

MODE SELECT ACTIVE LOW INPUTS 
INPUTS & OUTPUTS 

LOGIC ARITHMETIC' • 

S3 S2 S1 So (M = H) (M = L) (C n = L) 

L L L L A A minus 1 

L L L H AS AS minus 1 

L H L A+B ABminus 1 

L H H Logical 1 minus 1 
L H L L A+B Aplus(AfSI 

L H L I·' 13 AB plus (A , B) 

L H H L A 0_B A minus B minus 1 

L H H H A+B AI-a 

H L L L AB A plus (A f BI 

H L L H A0B A plus B 

H L H L ABplus (A' BI 

H L H H A+B A f B 

H H L L Logical 0 A plus A+ 

H H L H AS AB plus A 

H H H L AB ASplus A 

H H H H A A 

ACTI VE HIGH INPUTS 
& OUTPUTS 

LOGIC ARITHMETIC" 
(M H) (M = L) (C n - H) 

.-
A A 

A+B A'B 
AB A f-R 
Logical 0 mrnus 1 

AS A plus AB 

B (A , BI plus AS 

A0B A minus B minus 1 

AS AS minus 1 

A+B A plus AS 

AGB A plus B 

(A , 131 plus AB 

AB AS minus 1 

Logical 1 A plus AO 

A 18 (A + BI plus A 

A + B (A'BlplusA 

A A minus 1 

ACTIVE LOW OPERANDS 

2 I 2322 21 20 19lB 

'll41 '>4181 741S1 

50 
4-811 ARlrHMErIC 

51 
LOGIC UNI1 

52 

5 J fa 

10 13 

H = High Voltage Level 

L = Low Voltage Level 

A B 

16 

14 

17 

15 

ACTIVE HIGH OPERANDS 

2 I 23?2 2120 19lB 

gilll ')11181 74181 

4-81T ARI rHMfTIC 

lOGIC UNIT 

10 II 13 

16 

A B 14 

17 

p -'15 

Vee = Pin 24 

GND=Pin12 

*Each bit is shifted to the next more significant position 
**Arithmetic operations expressed in 2's complement notation 

TYPICAL INPUT AND OUTPUT CIRCUITS 
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EQUIVALENT CIRCUIT 

OUTPUTS 
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Fig. 1 
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Fig. 2 
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FAIRCHILD TTL/MSI • 9341/54181,74181 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 

*Input Voltage (de) 

*Input Cu~rent (de) 

Voltage Applied to Outputs (Output HIGH) 

Output Current (de) (Output LOW) 
*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 
ii, 

9341 XM/54181 XM 4.5 V 5.0 V 

9341 XC/74181 XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65° C to +150° C 

_55° C to +125° C 

-0.5 V to +7.0 V 

-0.5 V to +5.5 V 

-30 mA to +5.0 rnA 

-0.5 V to +VCC value 

+30 mA 

TEMPERATURE 

-55°C to 125°C 

O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

SYMBOL PARAMETER 
MIN. 

LIMITS 

MAX. 
UNITS CONDITIONS 

V,H Input HIGH Voltage 2.0 V 
Guaranteed Input HIGH Voltage for 
all Inputs 

V,L Input LOW Voltage 0.8 V 
Guaranteed Input LOW Voltage for 
all Inputs 

VCD I nput Clamp Diode Voltage -1.5 V VCC = MIN., "N = -12 mA, TA = 25°C 

ICEX 
A - B Output Leakage Current 

250 J.lA VCC = MIN., VOUT = 5.5 V (Open Collector) 

VOH Output HIGH Voltage 2.4 V 
VCC = MIN., 10H = -800 J.lA 
V,N = VIH or V,L per Truth Table 

VOL Output LOW Voltage 0.4 V 
VCC - MIN., 10L - 16 mA 
V,N = VIH or VIL per Truth Table 

"H Input HIGH Current J.lA VCC - MAX., V,N - 2.4 V 
M 40 

AO A1 A2 A3 80 81 82 83 120 

SOS1 S2 S3 160 
Cn 200 
Input HIGH Current All Inputs 1.0 mA VCC = MAX., V,N = 5.5 V 

I,L Input LOW Current mA VCC = MAX., VIN = 0.4 V 
M -1.6 

AO A1 A2 A3 80 8 1 82 83 -4.8 

SOS1 S2 S3' -6.4 
Cn -8.0 

ISC Output Short Circuit Current -20 -55 mA XM 
VCC = MAX., VOUT = 0.0 V 

(lOS) (Note 4) -18 -57 mA XC 

ICC Power Supply Current 127 mA XM VCC = MAX. Cn = 
BO=B1 =B2=B3=GND 

140 rnA XC All Other Inputs = 4.5 V 

135 mA XM VCC = MAX. M = 
So = S 1 = S2 = S 3 = 4.5 V 

150 mA XC All Other Inputs = GN D 
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SWITCHING CHARACTERISTICS (TA = 25°C, VCC = 5.0 V, Pin 12 = GND) 

LIMITS 
CONDITIONS SYMBOL PARAMETER UNITS 

TYP. MAX. 

tpLH (Cn to Cn + 4) 12 16 M = OV, (Sum or Diff Mode) 
ns 

tpHL 13 17 See Fig. 4 and Tables I & II 

tPLH (Cn to F outputs) 15 17 M = OV, (Sum Mode) 
ns 

tpHL 14 17 See Fig. 4 and Table I 

tpLH (A or B inputs to IT output) 16 19 M = S1 = S2 = OV, So = S3 = 4.5 V 
ns 

tPHL 9 12 (Sum Mode) See Fig. 4 and Table I 

tpLH (.4. or 8 inputs to G output) 18 22 M = So = S3 = OV, S1 = S2 = 4.5 V 
ns 

tpHL 13 17 (Diff Mode) See Fig. 5 and Table II 

tpLH (A or B inputs to P output) 16 19 M = S1 = S2 = OV, So = S3 = 4.5 V 

tPHL 11 15 
ns 

(Sum Mode) See Fig. 4 and Table I 

tpLH (A or B inputs to P output) 17 21 M = So = S3 = OV, S1 = S2 = 4.5 V 
ns 

(Diff Mode) See Fig. 5 and Table II tpHL 14 21 

- - -
tpLH (Ai or Bi inputs to F i outputs) 19 26 M = S1 = S2 = OV, So = S3 = 4.5 V 

ns 
tPHL 19 26 (Sum Mode) See Fig. 4 and Table I 

tPLH (Ai or Bi inputs to Fi outputs) 20 26 
ns 

M = So = S3 = OV, S1 = S2 = 4.5 V 

tpHL 26 32 (Diff Mode) See Fig. 5 and Table II 

tpLH (Ai or Bi inputs to Fi + 1 outputs) 23 29 M = OV, So = S3 = 4.5 V, S1 = S2 = OV 
ns 

tpHL 19 25 (Sum Mode) See Fig. 4 and Table I 

tpLH (Ai or Bi inputs to Fi + 1 outputs) 23 29 
ns 

M = OV, So = S3 = OV, S1 = S2 = 4.5 V 

tPHL 24 30 (Diff Mode) See Fig. 5 and Table II 

tpLH (A or B inputs to F outputs) 18 24 M = 4.5 V (Logic Mode) 
ns 

tPHL 19 24 See Fig. 4 and Table III 

tpLH (A or B inputs to Cn + 4 output) 16 21 
ns 

M = OV, So = S3 = 4.5 V, S1 = S2 = OV 

tpHL 26 30 (Sum Mode) See Fig. 6 and Table I 

-
tpLH (A or B inputs to Cn + 4 output) 19 25 M = OV, So = S3 = OV, S1 = S2 = 4.5 V 

ns 
tpHL 26 30 (Diff Mode) 

- -
tpLH (A or B inputs to A=B output) 33 40 M = So = S3 = OV, S1 = S2 = 4.5 V, 

ns Ro = 400 n. to 5.0 V 

tpHL 34 42 (Diff Mode) See Fig. 5 and Table II 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shC?wn in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 

and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

(4) Note more than one output should be shorted at a time. 

SWITCHING TIME WAVEFORMS 

AIN~ 

Fig. 4 Fig. 5 Fig. 6 
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SUM MODE TEST TABLE I FUNCTION INPUTS: So = S3 = 4.5 V, S1 = S2 = M = 0 V 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER 

TEST 
4.5 V GND 4.5 V GND 

TEST 
-" --

Remaining tpLH - - -
Ai Bi None 

AandB 
Cn Fi 

__ ~J:>J::LL ______ f----
Remaining 

--

tpLH - - -
Bi Ai None 

AandB 
Cn Fi 

tpHL 
tpLH 

Ai Bi None Cn 
Remaining -

tpHL AandB Fi + 1 

tpLH 
Bi Ai None Cn 

Remaining F;- + 1 
tpHL AandB 

tpLH - - Remaining -

tpHL 
A B None None 

AandB,Cn 
P 

tpLH B - Remaining -
tpHL 

A None None 
AandB, Cn 

P 

tpLH - B 
Remaining Remaining -

tpHL 
A None 

B A,Cn 
G 

tpLH - - Rem~ning Remaining -
tpHL 

B None A B A, Cn 
G 

tpLH A - Remaining R~aining 
Cn + 4 tpHL 

None B B A,Cn 
tpLH B - Remaining Remaining 

tPHL 
None A B A,Cn 

Cn + 4 

tpLH All All Any F 

tpHL Cn None None A B or Cn + 4 

DIFF MODE TEST TABLE" FUNCTION INPUTS: S1 = S2 = 4.5 V, So = S3 = M = a V 

OTHER INPUT 
OTHER DATA INPUTS INPUT SAME BIT OUTPUT 

PARAMETER UNDER 
APPLY 

UNDER 

TEST 
APPLY APPLY APPLY 

TEST 
4.5 V GND 4.5 V GND 

tPLH - - Rem~ning Remaining 
Fi A None B 

B,Cn tpHL A 

tPLH - A Remaining Re~aining 
Fi B None A tPHL B,Cn 

tPLH - - Re~aining Remaining -
tpHL 

Ai None Bi 
B,Cn A Fi + 1 

tPLH -
Ai 

Re~aining Remaining -
tPHL 

Bi None 
B,Cn A Fi + 1 

tpLH 
A B Remaining -

tPHL 
None None 

A and B, Cn 
P 

tpLH - - Remaining -
tpHL 

B A None None 
A andB, Cn 

P 

tPLH - - Remaining -
tPHL 

A B None None A andB, Cn 
G 

I 
tPLH - Remaining -
tPHL B None A None A andB, Cn 

G 

tPLH - - Remaining Remaining 
tpHL A None B A B,Cn 

A=B 

tpLH - Remaining R~aining 
B A None A=B 

tpHL A B,Cn 
tpLH - B Remaining 
tPHL 

A None None A andB, Cn Cn +4 

tpLH -
A Remaining 

tPHL 
B None None A andB, Cn 

Cn + 4 

tpLH 
Cn None None 

All 
None Cn + 4 tpHL - -

A and B 

LOGIC MODE TEST TABLE III 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER FUNCTION INPUTS 
TEST 

4.5 V GND 4.5 V GND 
TEST 

tpLH A None B None 
Remaining 

AnyF 
S1 = S3 = M = 4.5 V 

tpHL A andB, Cn So = S2 = a v 
tpLH - - Remaining 

AnyF 
S1 - S3 - M - 4~En7 

tpHL 
B None A None 

A and B, Cn So = S2 = a V 
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TTL/M51 93541 
4-81T ARITHMETIC ~~~OGIC UNIT 

DESCRIPTION - The TTL/MSI 93S41 is a 4-bit high speed Arithmetic Logic Unit (ALU) which can 
perform all the possible 16 logic operations on two variables and a variety of arithmetic operations; 
the Add and Subtract modes are the most important. The ALU is fully compatible with all members 
of the Fairchild TTL family and incorporates the Schottky TTL process to achieve super high speeds. 

• PROVIDES 16 ARITHMETIC OPERATIONS 
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS 
TWELVE OTHER ARITHMETIC OPERATIONS 

• PROVIDES ALL 16 LOGIC OPERATIONS OF TWO VARIABLES 
EXCLUSIVE-OR, COMPARE, AND, NAND, OR, NOR, PLUS 
TEN OTHER LOGIC OPERATIONS 

• FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC OPERATION ON LONG WORDS 
• INPUT CLAMP DIODES 
• TYPICAL ADD TIME FOR 16-BITS IS 19n5 
• TYPICAL POWER DISSIPATION OF 500mW 

PIN NAMES 

AO to A3, 80 to 83 

SO,S1,S2,S3 
M 

Cn 
FO,F1,F2,F3 
A=B 
G 

P 
Cn + 4 

LOGIC DIAGRAM 

0= Pin Numbers 

Operand (Active LOW) Inputs 

Function - Select Inputs 

Mode Control Input 

Carry Input 

Function (Active LOW) Outputs 

Comparator Output 

Carry Generate (Active LOW) Output 

Carry Propagate (Active LOW) Output 

Carry Output 
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10 

11 

12 

LOGIC SYMBOL 

2 1 23 22 21 20 19 18 

AO 80 A1 81 A2 82 A3 83 

en Cn+4 16 

A ·8 14 

17 

P <>-- 15 

11 13 

VCC = PIN 24 
GND = PIN 12 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

10 

11 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

FLATPAK (TOP VIEW) 

80 • vee 
Ao Al 

53 81 

52 A2 

51 82 

So A3 

en 83 

M 

Fa cn~ 4 

1'1 

1'2 A=8 

GND F3 

24 

23 

22 

21 

~o 

19 

18 

17 

16 

15 

14 

13 



FAIRCHILD TTL/MSI • 93S41 

FUNCTIONAL DESCRIPTION - The TTL/MSI 93S41 is a 4-bit super high speed parallel Arithmetic Logic Unit (ALU). Controlled by the 
four Function Select I nputs (SO ... S3) and the Mode Control Input (M), it can perform all the 16 possible logic operations or 16 different 
arithmetic operations on active HIGH or active LOW operands. The Function Table below lists these operations. 

When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs Logic operations on the individual bits as 
listed. When the Mode Control Input is LOW, the carries are enabled and the device performs Arithmetic operations on the two, 4-bit words. 
The device incorporates full internal look-ahead carry and provides for either ripple carry between devices using the Cn+4 output, or for carry 
look-ahead between packages using the signals P (carry propagate) and G (carry generate). P and G are not affected by carry in. When speed 
requirements are not stringent, the 93S41 can be used in a simple ripple carry mode by connecting the carry out (Cn+4) signal to the carry 
input (Cn) of the next unit. For high speed operation the 93S41 is used in conjunction with the 93S42 carry look-ahead circuit. One carry 
look-ahead package is required for each group of four 93S41 devices. Carry look-ahead can be provided at various levels and offers high speed 
capability over extremely long word lengths. 

The A = B output from the 93S41 goes HIGH when all four F outputs are HIGH and can be used to indicate logic equivalence over 4-bits when 
the unit is in the subtract mode. The A = B output is open collector and can be wire ANDed with other A = B outputs to give a comparison for 
more than 4-bits. The A = B signal can also be used with the carry out signal to indicate A > B and A < B. 

The Function Table lists the Arithmetic operations that are performed Without a carry in. An incoming carry adds a one to each operation. 
Thus Select Code LHHL generates A minus B minus 1 (2's complement notation) without a carry in and generates A minus B when a carry is 
applied. Because subtraction is actually performed by complementary addition (1's complement), a CARRY OUT means BORROW; thus a 
carry is generated when there is no underflow and no carry is generated when there is underflow. 

As indicated the 93S41 can be used with either active LOW inputs producing active LOW outputs or with active HIGH inputs producing active 
HIGH outputs. For either case the table lists the operations that are performed to the operands labeled inside the logic symbol. 

FUNCTION TABLE LOGIC SYMBOLS 

ACTIVE LOW OPERANDS 
MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS 

& OUTPUTS 

ACTIVE HIGH OPERANDS 
INPUTS & OUTPUTS 2 1 23 22 21 20 19 18 2 1 23 22 21 20 19 18 

LOGIC ARITHMETIC' • LOGIC ARITHMETIC" 
S3 S2 SI So (M ~ H) (M ~ L) (C n ~ L) (M ~ H) (M ~ L) (C n ~ H) 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

H L L 
H L H 

H L H 

H H L 
H H L 
H H H 

H H H 

L A A minus 1 A A 
AO 80 Al 81 A2 82 A3 B3 AO BO Al Bl A2 82 A3 83 

H AS AS minus 1 A+B AcB 
en Cn+4 16 7 --0 en Cn+4 

L A+""B AS minus 1 
H Logical 1 minus 1 

L A+B A plus (A + S) 
H 8 AB plus (A + S) 

L A0B A minus B minus 1 
H A+8 A+8 

L AB A plus (A c B) 
H A0B A plus B 

L B ASPlus(A+B) 
H A+B A+B 

AB A +S 
M 

Logical 0 minus 1 

AS A plus AS 
B (A + B) plus AS 

A<±> B A minus B minus 1 
AS AS minus 1 

A+B ApiusAB 

~ AplusB 

(A + S) plus AB 

AS AS minus 1 

93541 
4BIT ARITHMETIC 

LOGIC UNIT 

14 

17 

p 0-- 15 

M 

Pin 24 

93541 
481T ARITHMETIC 

LOGIC UNIT 

A~8 

L Logical 0 A plus A'" Logical 1 A plus A· 10 11 13 
VCC 
GND Pin 12 10 11 13 

H AS AB plus A 

L AB ASPlus A 

A+S (A+B)plusA 

A+B (A+S)plusA L = LOW Voltage Level H = HIGH Voltage Level 
H A A A A minus 1 * Each bit is shifted to the next more significant position 

* * Arithmetic operations expressed in 2's complement notation 

INPUTS 
EQUIVALENT CIRCUIT 

TYPICAL INPUT AND OUTPUT CIRCUITS 

OUTPUTS 
EQUIVALENT CIRCUITS 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

1.0 

-1.0 

-2.0 

-3.0 

-4.0 

-5.0 

6.0 
-1.0 

M 

./ 

V 
J' 

II .1 
/ 

/ 

i.-,.L 'r{ 
ICn 1 
~ 

--r-------

< 
~/ 

Al,81 

I 

~~; :~:;V-
I 

1.0 2.0 3.0 4.0 5.0 

VIN -INPUT VOLTAGE - VOLTS 

Fig. 1 

I 
c-
Z 

II: 
:0 
U 
c-
:0 

c-
:0 
0 
I 
c-
:0 
0 

80 

60 

40 

20 

LOW 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

LOW STATE 

TAl. 25JC 
-l= I- VCC' 5.0V 

lL' 
/ f-- -

/ 
/ -f---- -----

/ 
/ ---f--- f--1----

o 
o 
/ 

0.4 0.8 1.2 1.6 2.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2 
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z 
II: 
II: 
:0 
u 
c-
:0 

c-
:0 
0 
I 
c-
:0 
9 

r--t------....--oVCC 

OUTPUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

HIGH STATE 
20 I l 
_ ~~; :~o;V +----+-+ __ ) __ 

- f--- - --V 
t!' 1---

-20 

" -r' - f--- -- -- - )---

/' -40 ~ r----
V -- ----

V -60 

----_._--

-800':--'--1"':.0---''---2:L.0:--'---3.J.,0-J--.J.4.0-.l...-...J5.0 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 3 
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FAIRCHILD TTL/MSI • 93S41 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

• Either I nput Voltage Limit or I nput Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93S41XM 4.5 V 5.0 V 

93S41XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

-65° C to +150° C 
_55° C to +125° C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

TEMPERATURE 

_550 C to 1 25° C 

O°C to 75°C 

x = package type; F for F latpak. D for Ceramic Dip. P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage forall Inputs 

VCD Input Clamp Diode Voltage -1.2 Volts VCC = MIN., liN = --18 mA, TA = 25°C 

ICEX A = B Output Leakage Current 
250 J.,tA VCC = MIN., VOUT = 5.5 V (Open Collector) 

2.5 XM VCC = MIN., 10H = -1.0 mA 
VOH Output HIGH Voltage Volts 

2.7 XC VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.5 Volts 
VCC = MIN., 10L = 20 mA 

VIN = VIH or VIL per Truth Table 

IIH Input HIGH Current J.,tA VCC = MAX., VIN = 2.7 V 

M 50 

AO A1 1\2 A3 80 81 B2 B3 150 

So S1 S2 S3 200 

Cn 300 

Input HIGH Current 1.0 mA VCC = MAX., VIN == 5.5 V 

All Inputs 

IlL Input LOW Current mA VCC = MAX., VIN == 0.4 V 

M -1.6 

AO A1 A2 A3 BO B1 B2 83 -4.8 

So S1 S2 S3 -6.4 

Cn -9.6 

ISC Output Short Circuit Current 
-40 -100 mA VCC = MAX., VOUT = 0 V 

(lOS) (Note 4) 

ICC Power Supply Current 95 125 mA XM VCC = MAX., Cn = 

BO=B1 =B2=B3=GN D 

95 140 mA XC All Other Inputs = 4.5 V 

105 135 mA XM VCC = MAX., M = 

SO=S1 =S2=S3=4.5 V 

105 150 mA XC All Other Inputs = GND 
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SWITCHING CHARACTERISTICS (T A = 25°C, VCC = 5.0 V, Pin 12 = GND) 

LIMITS 
SYMBOL PARAMETER 

TYP. MAX. 
UNITS CONDITIONS 

-

tPLH 7.0 12 M = 0 V, (Sum or Diff Mode) 
(Cn to Cn + 4) ns 

tPHL 7.0 12 See Fig. 4 and Tables I & II 
------

tPLH 
(Cn to F outputs) 

7.0 12 M = 0 V, (Sum Mode) 
ns 

tpHL 7.0 1.2 See Fig. 4 and Table I 
-

tPLH (A or B inputs to G output) 
9.5 14 M =S1 =S2=OV,SO=S3=4.5V 

ns 
tpHL 7.0 14 (Sum Mode) See Fig. 4 and Table I 

tpLH (A or B inputs to G output) 
9.5 15 M = So = S3 = 0 V, S1 = S2 = 4.5 V 

ns 
tpHL 9.0 15 (Diff Mode) See Fig. 5 and Table II 

tPLH (A or B inputs to P output) 
8.5 14 M = S1 = S2 = 0 V, So = S3 = 4.5 V 

ns 
tpHL 8.0 14 (Sum Mode) See Fig. 4 and Table I 

tPLH (A or B inputs to P output) 
8.5 15 M = So = S3 = 0 V, S1 = S2 = 4.5 V 

ns 
tPHL 10 15 (Diff Mode) See Fig. 5 and Table II 

tPLH (A or B inputs to any F output) 
15 20 M = S1 = S2 = 0 V, So = S3 = 4.5 V 

ns 
tpHL 9.0 20 (Sum Mode) See Fig. 4 and Table I 

--- -- --- ---- --, ---"--

tpLH (A or B inputs to any F output) 
14 21 M = So = S3 = 0 V, S1 = S2 = 4.5 V 

ns 
tpHL 11 21 (Diff Mode) See Fig. 5 and Table II 

tPLH (A or B inputs to F outputs) 
10 20 M = 4.5 V (Logic Mode) 

ns 
See Fig. 4. and Table III tpHL 10 20 

tPLH (A or B inputs to Cn + 4 output) 
10 18.5 M = 0 V, So = S3 = 4.5 V, S1 = S2 = 0 V 

.ns 
tpHL 13 18.5 (Sum Mode) See Fig. 6 and Table I 

tPLH (A or B inputs to Cn + 4 output) 
12 23 M = 0 V, So = S3 = 0 V, S1 = S2 = 4.5 V 

ns 
tpHL 13 23 (Diff Mode) 

tpLH 13 23 M = So = S3 = 0 V, S1 = S2 = 4.5 V, 

(A or B inputs to A = B output) ns R 0 = 400 n to 5.0 V 

tpHL 13 23 (0 iff Mode) See Fig. 5 and Table II 

NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

4. Not more than one output should be shorted at a time. 

SWITCHING TIME WAVEFORMS 

AIN~ 

Fig. 4 Fig.5 Fig. 6 
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SUM MODE TEST TABLE I FUNCTION INPUTS: So = S3 = 4.5 V, S1 = S2 = M = 0 V 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY 

UNDER 
TEST 

APPLY 
TEST 

4.5 V GND 4.5 V GND 

tpLH 
Ai Bi None 

Remaining 
Cn Fi 

__ t_PHL AandB 

tpLH 
.. ~ f--- --I----

Remaining 

tpHL 
Bi Ai None 

AandB 
Cn Fi 

tpLH 
Ai Bi None Cn 

Remaining 
Fi + 1 tpHL AandB 

tpLH 
Bi Ai None Cn 

Remaining 
Fi + 1 tpHL AandB 

tpLH 
A B None None 

Remaining 
P 

tpHL AandB,Cn 
tpLH 

B A None None 
Remaining 

P 
tpHL AandB, Cn 
tpLH 

A None B 
Remaining Remaining 

G 
tpHL B A,Cn 
tpLH 

B None A 
Remaining Remaining 

G 
tpHL B A,Cn 
tpLH 

A None B 
Rem~ning R~aining 

Cn + 4 tpHL B A,Cn 
tpLH 

B None A 
Remaining Remaining 

Cn + 4 tpHL B A, Cn 
tpLH All All Any F 

tpHL Cn None None A B or Cn + 4 

DIFF MODE TEST TABLE II FUNCTION INPUTS: S1 = S2 = 4.5 V, So = S3 = M = a V 

OTHER INPUT 
OTHER DATA INPUTS INPUT SAME BIT OUTPUT 

PARAMETER UNDER UNDER 
APPLY APPLY APPLY APPLY 

TEST TEST 
4.5 V GND 4.5 V GND 

tpLH 
A None B 

Rem~ning Remaining 
Fi 

tpHL A 8,Cn 
tpLH 

B A None 
Remaining Remaining 

Fi 
tPHL A B,Cn 
tPLH 

Ai None Bi 
Remaining Remaining 

Fi + 1 
tpHL B,Cn A 
tpLH 

Bi Ai None 
Remaining Remaining 

Fi + 1 
tpHL 8, Cn Ii. 
tPLH 

A None B None 
Remaining 

P 
tPHL A and 8, Cn 
tPLH 

B A None None 
Remaining 

P 
tpHL A andB, Cn 
tPLH 

A B None None 
Remaining 

G 
tpHL A andB, Cn 
tPLH 

B None A None 
Remaining 

G 
tPHL A andB, Cn 
tpLH 

A B 
Remaining Remaining 

A=B 
tpHL None A 8,Cn 
tpLH 

B A None 
Remaining R~aining 

A=B 
tPHL A B,Cn 
tPLH 

A B None None 
Remaining 

Cn + 4 tpHL A andB, Cn 
tpLH 

B None A None 
Remaining 

Cn + 4 tpHL A andB, Cn 
tpLH 

Cn None None 
All 

None Cn + 4 tpHL A and B 

LOGIC MODE TEST TABLE III 

INPUT 
OTHER INPUT 

OTHER DATA INPUTS OUTPUT 
SAME BIT 

PARAMETER UNDER 
APPLY APPLY APPLY APPLY 

UNDER FUNCTION INPUTS 
TEST 

4.5 V GND 4.5 V GND 
TEST 

tpLH A None "8 None 
Remaining 

AnyF 
S1 = S3 = M = 4.5 V 

tpHL A and"8, Cn So = S2 = a v 
tpLH B None A None 

Remaining 
AnyF 

S1 = S3 = M = 4.5 V 

tpHL A and B. Cn So = S2 = a V 
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TTL/MSI9342/54182,74182 
LOOKAHEAD CARRY GENERATOR 

DESCRIPTION - The TTL/MSI 9342/54182,74182 is a high speed Lookahead Carry Generator. It 
is generally used with the 9341/54181,74181 4-Bit Arithmetic Logic Unit to provide high speed 
lookahead over word lengths of more than four bits. The lookahead carry generator is fully compatible 
with all members of the Fairchild TTL Family. 

• PROVIDES LOOKAHEAD CARRIES ACROSS A GROUP OF FOUR ALU'S 

• MULTI-LEVEL LOOKAHEAD FOR HIGH SPEED ARITHMETIC OPERATION OVER LONG 
WORD LENGTHS 

• INPUT CLAMP DIODES 
• TTL COMPATIBLE 

PIN NAMES 

Cn 

GO,G2 
G1 
G3 
PO, P1 
P2 
P3 
Cn+x,Cn+y,Cn+z 
G 
P 

Notes: 

Carry Input 

Carry Generate (Active LOW) Inputs 

Carry Generate (Active LOW) Input 

Carry Generate (Active LOW) Input 

Carry Propagate (Active LOW) Inputs 

Carry Propagate (Active LOW) Input 

Carry Propagate (Active LOW) Input 

Carry Outputs (Note b) 

Carry Generate (Active LOW) Output (Note b) 

Carry Propagate (Active LOW) Output (Note b) 

(a) 1 Unit Load (U. L.l = 40 IlA HIGH/l.6 mA LOW 

(b) 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

LOADING 
(Note a) 

1 U.L. 

7 U.L. 

8 U.L. 

4 U.L. 

4 U.L. 

3 U.L. 

2 U.L. 

10 U.L. 

10 U.L. 

10 U.L. 

81 PI 0'= Pin Numbers 
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LOGIC SYMBOL 

4 3 2 1 1514 6 5 

en 9342/54182,74182 

12 11 9 

VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

• Vee Ib (;1 

PI P? 1'0 

(;0 G2 14 

Po en 13 

G.j Cn~ x 12 

P:, Cnty 11 

10 

G~D \...ntz 

10 

I 



TTL/MSI • 9342/54182, 74182 

FUNCTIONAL OESCR IPTION - The TTL/MSI 9342/54182. lookahead carry generator accepts up to four pairs of active LOW Carry Propagate 
(I~iO. P1. P2.153) and Carry Generate (GO. (31.02. (33) signals and an active HIGH Carry Input (Cn) and provides anticipated active HIGH carries 
(~n+x. Cn+y • Cn+z) across four groups of binary adders. The 9342/54182. 74182 also has active LOW Carry Propagate (P) and Carry Generate 
(G) outputs which may be used for further levels of lookahead. 
The logic equations' provided at the outputs are: 

Cn+ x = GO + POCn 

Cn+y = G1 + P1 GO + P1 POCn 

Cn+z = G2 + P2G1 + P2P1GO + P2P1POCn 

G = G3 + P3G2 + P3P2G1 + P3P2P1 GO 

P = P3P2P1 Po 

Also.the9342/54182. 74182 can be used with binary ALU's in an active LOW or active HIGH input operand mode. The connections to and 
from the A LU to the lookahead carry generator are identical in both cases. 

TRUTH TABLE 

INPUTS OUTPUTS 

L H X 

X L 

x x X H H 

H H X 

X L 
H X 

x x X H H 
X H 
H H X H X 

HXHXHX 
X X 

X X L X X 
X L L X L 

X L 

x X H 
H H H 
H X 
H X H X 

X X X X L 

L 
X L 

H - HIGH Voltage Level 

L LOW Voltage Level 
X ' Don't Care 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

<C 
E 

z 

~ 
z 

z 

EQUIVALENT INPUT CIRCUIT 

Vee 
( 

7'\. 1>..1 1>..1 
INPUT 0---

1
-_ ~ '----.. v)l-.I-Iv~.I--.l 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

2.0 .--..----.----r----r-.----.----.-----.-/".-,----, 

J 
PIN 113_ 

PIN»>1l 
-2.0 --

":r9'J --

rrlN/ 
-4.0 -- 1-,3 PIN/I 

----~-- ---~-~ 

-- -j PIN 14 
-6.0 

1/ TA • 25°e 
-- ~--y Vee' 5.0V 

-8.0 

II + ------

-10 II 
-2.0 2.0 4.0 6.0 8.0 

VIN - INPUT VOLTAGE VOLTS 

"" E 

OUTPUT 
HIGH EQUIVALENT CIRCUIT 
0--_-----_--0 Vee 

OUTPUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT HIGH) 

____ TA • 25"e 

Vee' 5.0V--

~------,.-----

/ 
f 

: -10 1-_--I1-~~--I_1--~7----J1----~1---I1----I----J 

u -20 ~-+---I---+-1~/~.~-. :~~~~.--~-jC~----- -j---.-_--_--1 

5 -30 ~--JL7_-+--+--_+---+---+---I 
~-+ ___ /L+-~- --- ---.+--1--- j 

-40 ~-¥/--+-___+_--+____I--_+_--~_I 
/ 

-50 / 
-1.0 1.0 3.0 5.0 7.0 

VOUT - OUT PUT VOLTAGE - VOLTS 
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"" E 

z 

u 

I 

OUTPUT 
LOW EQUIVALENT CIRCUIT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT LOW) 
100 ,...-----,--.-------r--,----,--,--,----. 

TA ·1soe 
-- . -~~---- ~-- ~~--I---+---I 

80r--rv_e_c~·5-.0-V+--_+--~__I~/~~~ 
/'" 

/ 
60~+-~~--+~~~+-~~ 

40r--r--r--+~~-_+--~__I---r~ 
/ 

/ 
20 

~ 
/ 

0.5 1.0 1.5 2.0 

VOUT - OUTPUT VOLTAGE - VOLTS 



TTL/MSI • 9342/54182, 74182 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
* Input Cu rrent (dc) 
Voltage Applied to Outputs (Output HIG H) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or I nput Current limit is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCe) 

MIN. TYP. 

9342XM/54182XM 4.5 V 5.0 V 

9342XC/74182XC 4.75 V 5.0 V 

MAX. 

5.5 V 

5.25 V 

_65° C to +150° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 rnA 
-0.5 V to +VCC value 

+30 mA 

TEMPERATURE 

-55°C to 125°C 

OoC to 75°C 

x = package type; F for Flatpak, D for Ceramic DIP, P for Plastic DIp. See Packaging I nformatlon Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER 

MIN. MAX. 
UNITS CONDITIONS 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., IOH = -800 IlA 
VIN = VIH or VIL per Truth Table 

VOL OutpU! LOW Voltage 0.4 Volts VCC = MIN., IOL = 16 mA 
VIN = VIH or VIL per Truth Table 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 
Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold 
Voltage for All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., liN = -12 mA, TA = 25°C 

IlL Input LOW Current mA VCC = MAX., VIN = 0.4 V 
fn -1.6 
f3 -3.2 
f2_ -4.8 
~O, P1-pr <3 3 -6.4 
.90 or G2 -11.2 
G1 -:12.8 

IIH Input HIGH Current IlA VCC = MAX., VIN = 2.4 V 
fn 40 

~3 80 
~2 _ 120 
fo, P1-pr <3 3 160 
.90 or G2 280 
G1 320 

Input HIGH Current 1.0 mA VCC = MAX., VIN = 5.5 V 
all inputs 

ISC Output Short -40 -100 mA VCC = MAX., VOUT = 0.0 V 
Circuit Current (Note 4) 

ICCH Power Supply Current 
9342XM/54182XM 35 mA VCC = MAX. 
9342XC/74182XC 39 mA All outputs HIGH 

ICCL Power Supply Current 
VCC = MAX. 9342XM/54182XM 65 mA 

9342XC/74182XC 72 mA All Outputs LOW 

NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. f 

2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst .case" conditions. 
3. The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
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TTL/MSI • 9342/54182, 74182 

SWITCHING CHARACTERISTICS (T A = 25°C, VCC = 5.0V, Pin 8 = Gnd) 

SYMBOL CONDITIONS 
LIMITS 

PARAMETER UNITS 
TYP. MAX. 

-----!------------+ ------··~--~~--·----~---I-----+----------------

(Po, P1, or P2 to 

Cn+x, Cn+y , or Cn+z) 

(Go, G1 or G2 to 

Cn+x, Cn+y , or Cn+z) 

12 

15 

B 

9 

8 

9 

12 

15 

12 

15 

12 

15 

16 

19 

10 

11 

10 

11 

16 

19 

16 

19 

16 

19 

SWITCHING TIME WAVEFORMS 

ns 

ns 

ns 

ns 

ns 

ns 

Po = P1 = P2 = Gnd, GO = <3 1 = G2 = 4.5V 

Fig.1 

Px = Gnd (If not under test), 

Cn = GO = G1 = G2 = 4.5V, Fig.2 

Gx = 4.5V (If not under test), 

Cn = Po = P1 = P2 = Gnd, Fig.2 

Px = Gnd (If not under test), 

GO = G1 = G2 = G3= Cn = 4.5 V Fig.1 

Gx = 4.5V (If not under test), 

P1 = P2 = P3 = Gnd, Rg. 1 

Px = Gnd (If not under test), 

Fig. 1 

INPU;e",,"'G, Jr.5-V------~\~~--------------3V 

(l~o.1.2or3): , '--------------oV 
I---tPLH--f , 
I I , 

I ,----------

v'5V ,i \1.5V 
OUTPUT ;- , . 

cn+ x• Cn+y. cn+z• G. OR P ______ ..J I ' ~-------, 
~tPHL__l 

Fig. 1 

Fig. 2 
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TTL/M51 93542 
LOOKAHEAD CARRY GENERATOR 

DESCRIPTION - The TTL/MSI 93S42 is a high speed Lookahead Carry Generator. It is generally 
used with the 93S41 4-Bit Arithmetic Logic Unit to provide super high speed lookahead over word 
lengths of more than four bits. The lookahead carry generator is fully compatible with all members of 
the Fairchild TTL Family. 

• TYPICALLY 4 ns DELAY FOR EACH LEVEL OF LOOKAHEAD 

• PROVIDES LOOKAHEAD CARRIES ACROSS A GROUP OF FOUR ALU'S 
• MULTI-LEVEL LOOKAHEAD FOR HIGH SPEED ARITHMETIC OPERATION OVER LONG 

WORD LENGTHS 

• INPUT CLAMP DIODES 
• TTL COMPATIBLE 

PIN NAMES 

Cn 
60.G2 
61 
G3 
PO.P1 
P2 
P3 
Cn+x.Cn+y.Cn+z 
G 
P 

LOGIC DIAGRAM 

Carry Input 

Carry Generate (Active Low) Inputs 

Carry Generate (Active Low) Input 

Carry Generate (Active Low) Input 

Carry Propagate (Active Low) Inputs 

Carry Propagate (Active Low) Input 

Carry Propagate (Active Low) Input 

Carry Outputs 

Carry Generate (Active Low) Output 

Carry Propagate (Active Low) Output 
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o = Pin Numbers 
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LOGIC SYMBOL 

43 2 1 1514 6 5 

12 11 

VCC = Pin 16 
GND = Pin 8 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

16 

10 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

, 
Vee 16 GI 

PI P2 E) 

Go G2 14 

Po 13 

Gj 12 

P:; II 

10 

GND 

10 

I 



TTL/MSI 9344 
BINARY ( 4-BIT BY 2-BIT ) FULL MULTIPLIER 

DESCRIPTION - The TTL/MSI 9344 is a 4-bit by 2-bit Full Multiplier building block. It multiplies 
two binary numbers and simultaneously adds two other binary numbers to the product. 9344'5 can be 
interconnected to form a high speed multiplier array of any size. The device is constructed with TTL 
compatible inputs and outputs. Inputs are buffered to reduce loading. The device is fully compatible 
with all members of the Fairchild TTL family. 

• PERFORMS DIRECT MULTIPLICATION 
• EXPANDS TO ANY SIZE ARRAY WITHOUT ADDITIONAL COMPONENTS 
• MULTIPLIES AND ADDS SIMULTANEOUSLY 

• TTL COMPATIBLE 

PIN NAMES 

)(0, ~1 ' )(2, )(3 
YO, Y1 

M1 
KO,MO 
K1, 1<2, K3 
SO, 51, S2, S3, 54, S5 

Multiplicand Inputs (Active LOW) 
Multiplier Inputs (Active LOW) 

{

Additive 
Carry Inputs 
(Active LOW) 
Outputs 

Unit Load (U.L.) = 40 J.lA HIGH/1.6 mA LOW. 

LOGIC DIAGRAM 

8-168 

LOADING 

2/3 U.L. 
2/3 U.L. 
1.0 U.L. 
4.0 U.L. 
2.0 U.L. 
10 U.L. 

14 

15 

16 

17 

LOGIC SYMBOL 

19 18 4 5 23 22 21 20 

11 10 

Vcc = PIN 24 

GND=PIN 12 

NC=PIN1,2,3,13 

CONNECTION DIAGRAMS 
DIP (TOP VI EW) 

24 

23 

22 

21 

20 

19 

18 

17 

16 

'10 15 

11 14 

12 13 

FLATPAK (TOP VIEW) 

24 

23 

22 

21 

20 

19 

18 

17 

16 

10 15 

11 14 

12 13 



FAIRCHILD TTL/MSI • 9344 

FUNCTIONAL DESCRIPTION - The 9344 is a binary full multiplier for 4-bit by 2-bit words. It is easily expandable in an array to form a high 
speed parallel multiplier of any length. 

The functional equation is illustrated below: 

S(6-bits) = X(4-bits) times Y(2-bits) plus M(2-bits) plus K(4-bits) 

~unct~nally ~e 93~4 multiplies a 4-bit word (XO - X 3 ) by a two bit word (YO - Y 1)' generating eight partial products. Two other words, 
KO - K3 and MO - M 1, are added to these partial products through a lookahead carry adder, generating a 6-bit product/sum. 

The function can be described by the following equation (note that "+" means arithmetic addition) : 

S = 20 (XOYO + MO + KO) + 21 (X1 Y O + XOY1 + M1 + K1) + 22 (X2YO + )(1Y1 + K2) + 23 ()(3YO + X2Y1 + K3) + 24 (X3Y1). 

All inputs and outputs are active LOW; X and Y inputs are buffered to present only one TTL unit load. 

The device operates only on positive numbers. If two's complement mutliplication is required, then the numbers must be changed to sign­

magnitude before multiplication, or else the product must be corrected following multiplication of the two's complement numbers. The 

correction algorithm depends on whether X or Y or both are negative. 

If X is negative: 

Subtract Y from most significant half of product. 

If Y is negative: 

Subtract X from most significant half of product. 

If both X and Yare negative: 

Add X plus Y to most significant half of product. 

The result will be the correct two's complement product. 

MULTIPLICATION TIME 

NUMBER 
OF PACKAGES TIME (ns) 

BITS 

8x8 8 150 

12 x 12 18 260 

16 x 16 32 350 

24 x 24 72 550 

Fig. 1 

WEIGHTING FACTORS OF THE BASIC MULTIPLIER 

W _ KO 55 r---- W'" 

W!l---.. Kl Xn Ym S4 ~W+4 

W'2 _ K2 53 ~W+3 

W'3_K3 50 S, 52~W''? 
L...----r--r--.... 

! 3, 

This block represents the basic 4 by 2-bit multiplier, and indicates 
the weighting factors (power of two) attached to each of the inputs 
and outputs. 

Fig. 2 

SWITCHING CHARACTERISTICS 

'''"''M,' I,,, ~\".:_ov _____ _ 

Ii-"'" H;"" 
=I" \"" 1-I,_l PLH __ ~I::::-I-tPHL -

-OU-T-rU-T-(S-31-~~\".'_"_V ___________ -Jf-l"-V---- "'''''',' I'w ,\".,_OV ___ _ 

Fi~. 3 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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Fig. 4 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

I 



FAIRCHILD TTL/MSI • 9344 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

9344 XM 4.5 V 5.0 V 5.5 V -55 ° C to 1 25° C 

9344 XC 4.75 V 5.0 V 5.25 V O°C to 75° C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

(Note 4) -
VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage for 

All Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold Votlage for 
All Inputs 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., IOH = -800 p.A, VIN = VIH or VIL 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., IOL = 16 mA, VIN = VIH or VIL 

IIH ~put !:!..IGH Current 

~O, 1; XO,1 ,2,3 27 p.A VCC = MAX., VIN = 2.4 V 

~1 40 

~1 ,2..t? 80 
KO, MO 160 

IlL .0put .!::.OW Current 

~O, 1; XO,1 ,2,3 -1.07 mA VCC = MAX., VIN = 0.4 V 

~1 -1.6 

~1,~3 -3.2 

KO, MO -6.4 

ISC Output Short Circuit -20 -70 mA VCC = MAX., VOUT = 0.0 V 
Current (Note 5) 

ICC Power Supply Current 110 150 mA VCC = MAX. 

VCD Input Clamp Diode -1.5 Volts VCC = MIN., liN = -12 mA,TA = 25°C 
Voltage 

NOTES: 
1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 

copy of this specification can be obtained from Fairchild Digital PrOduct Marketing, Mountain View, California. 
2. Conditions for testing, not shown in the table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable 
system operating ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C, and maximum loading. 
5. Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

tpLH Turn Off Delay I nput to 40 51 ns 
Output (M 1 to 53) 

tpHL Tv n On Delay Input to 40 52 ns 
Output IM1 to 53) VCC = 5.0 V 

tpLH Turn Off Delay I nput to 16 22 ns CL=15pF 
Output (KO to 55) 

tpHL Turn On Delay I nput to 

Output (KO to 85) 30 39 ns 
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FAIRCHILD TTL/MSI • 9344 

TYPICAL MULTIPLICATION ARRAYS 

The 9344 can be assembled in an iterative structure to perform multi-bit multiplication. The blocks are interconnected so that partial product 
sums generated in a particular 9344 are applied, if necessary, to equal weight carry inputs (KO,1 ,2,3 or MO, 1) of succeeding stages. 

In the iteritive multiplication arrays shown, weighting factors of the carry and sums between 9344's are indicated (i.e., 0= 20, 1 = 21,2 = 22, 
etc.). Labels inside the blocks identify bits multiplied in that block. For instance 0-0 refers to multiplicand bits 80, 1,2,3 and multiplier bits 
AO, 1, while 4-2 would represent multiplicant bits 84, 5, 6, 7 and multiplier bits A2, 3. 

LSB 

Po 

MULTIPLIER 

INPUT 

Aa,1,2,3,4,5,6,7 

K2 

Kl 

Ko 

9344 

o 1 

P1 

9344 

0·2 

s; 

P2 

8-BIT BY 5-BIT MULTIPLICATION ARRAY 

55 
10 

S4 9344 9344 

S; 03 41 

52 

PRODUCT 

Fig. 5 

8-BIT BY 8-BIT MULTIPLICATION ARRAY 

M1 )(0,1,2,3 Ya,l 
K3 55 

9344 

0-4 

PRODUCT 

9344 

4-2 

Fig. 6 
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9344 

a G 

84,5.6,7 

8Du 
9344 

43 

9344 

4 4 

12 

10 

9344 

4 G 

AO 

MULTIPLICAND 

INPUl 

BO,1,2,3,4,5,6,7 

P12 P13 P'4 p 1 ~ 
MSB 

I 



BO,1,2,3 

~ A01 ,u. 
- l-

- 0-0 
I-

- -- l-

INPUTS 
B A 

)(0,1,2,3 Yo, 1 

K3 

9344 

X-V 

MULTIPLIER 

INPUT 
AO_15 

51 

~l 1"-

> ... 

tt ~ 

~ 
> ... 

'tt~ 
-- 0-4 --

I-

0-2 
I-
~ 

4-0 

I--

r-
r-
r- 0-6 

~ 

r-
r-
~ 

4-2 

r-

KEY 
X 4 BIT MULTIPLICAND, INPUT B 
Y , 2 BIT MULTIPLIER, INPUT A 
ALL INPUTS ACTIVE LOW 

BO, 1,2,3 

~tt 
- .-

- O-B 
... 

- ... 
- -

~ ~ 

.... .... 
4-4 - -

~ ~ 

r- -... -8-0 
~ -
r- -

P8 Pg 

TYPICAL MULTIPLICATION ARRAYS (Cont'd) 

16-BIT BY 16-BIT MULTIPLICATION ARRAY 

80,1.2,3 8 0,1.2,3 

~~ru3 0D5 

MULTIPliCAND 

INPUT 

Bo-15 - -

§ - 0-12 - 0-14 - -- - -

- - - I-

0-10 - 4-8 - 4-10 - 4-12 I-- 4-14 - - - I-

- - - I-- -.....-

- - - l- I- -- - - I-- I-- -4-6 - 8-4 - 8-6 - 8-8 I- 8-10 I- 8-12 - 8-14 

- - - I-- I-- - -

- - - l- I- - - --- - - I-- I-- - - - I---
8-2 - 12-0 - 12-2 - 12-4 I- 12-6 

~ 
12-8 - 12-10 .... 12-12 - 12-14 I--

- - - ~ ~ - - - r-

PRODUCT 

Note: Each block represents one 9344. Labels inside the blocks identify bits multiplied in that block. The first number is the 4-bit 8 input, and the second number is the 2-bit A input. For 

instance, 12-0 refers to multiplicand bits 812. 13. 14. 15 and multiplier bits AO. 1. 

Fig. 7 

" » 
:::0 
(") 
::c 
r­
o 
-I 
-I 
r-
---s: 
en 
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TTL/MSI9345/5445,7445 
93145/54145, 74145 
I-OF -10 DECODER/DRIVER 

DESCRIPTION - The 9345/5445, 7445 and 93145/54145, 74145 1-of-10 Decoder/Drivers are 
designed to accept BCD inputs and provide appropriate outputs to drive 10 digit incandescent displays. 
All outputs remain off for all invalid binary input conditions. These devices are designed for use as 
indicator/relay drivers or as open-collector logic circuit drivers. Each of the high breakdown output 
transistors (9345/5445, 7445 = 30 V and 93145/54145, 74145 = 15 V) will sink up to 80 mA of 
current. Typical power dissipation is 215 mW. 

PIN NAMES 

PA, PB, PC, Po 

00 to 0.9 

NOTES: 

BCD Inputs 

Outputs 

a. 1 U.L. = 40 J.lA HIGH/1.6 mA LOW. 

b. Output Characteristics. 

MAX. Sinking current in LOW state 80 mAo 

MIN. HIGH Voltage breakdown: 

9345/5445, 7445 30 V 

93145/54145,74145 15 V 

LOGIC DIAGRAM 

DECODER/DRIVER { 
GATES 

INPUTS 
1\ 

LOADING 
(Note a) 

1 U.L. 

(Note b) 

LOGIC SYMBOL 

15 14 13 12 

9345/5445,7445 
93145/54145,74145 

1 2 3 4 5 6 ·7 9 10 11 

Vcc = PIN 16 

GND=PIN8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

PA 15 

14 

13 

12 

11 

10 

GND 0:7 

FLATPAK (TOP VIEW) 

ao Vee 

0 1 PA 

a2 Ps 

°3 Pe 

04 

0 5 a9 

06 as 

GND a7 

16 

15 

14 

13 

12 

11 

10 

Positive Logic: See Truth Table. 
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TTL/MSI • 9345/5445, 7445 • 93145/54145, 74145 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 

_65° C to +150° C 
_55° C to +125° C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

*Input Current (dc) -30 mA to +5.0 mA 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-0.5V to +30V 
+80 mA 

*Either Input Voltage limit or I nput Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9345X M/5445X M 9345XC/7445XC 

PARAMETER 93145XM/54145XM 93145XC/74145XC ,UNITS 
MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage V CC (See Note 3) 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

PARAMETER 
9345/5445, 7445 93145/54145, 74145 

UNITS 
MIN. TYP. MAX. MIN. TYP. MAX. 

Voltage on Any Output (See Note 4) 30 15 Volts 

X = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS TEST 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 
FIGURE 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage 1 & 2 

VIL Inpl}t LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold Voltage 1 & 2 

0.5 0.9 Volts IOL = 80mA 1 
VOL Output LOW Voltage VCC = MIN. 1 

0.4 Volts IOL = 20 mA I 
30 Volts 9345/5445, 7445 1 VCC = MAX. 

VOH Output HIGH Voltage 2 
15 Volts 93145/54145,741451 IOH = 250 p,A 

Input HIGH Current 40 p,A VCC = MAX., VIN = 2.4 V 
IIH 3 

(Each Input) 1.0 mA VCC = MAX., VIN = 5.5 V 

IlL 
Input LOW Current 

(Each Input 
-1.6 mA VCC = MAX., VIN = 0.4 V 4 

43 62 mA 9345/5445,93145/54145 I 
ICC Supply Current VCC = MAX. 4 

43 70 mA 9345/7445, 93145/74145 I 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. FIGURE 

tPLH Turn Off Delay Input to Output 50 ns VCC=5.0V 

CL = 5 pF A 

tpHL Turn On Delay Input to Output 50 ns RL = lOOn. 

NOTES: 

1. For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 

device type. 

2. Typical limits are at Vcc = 5.0 V, 25°C. 

3. These voltage values are with respect to network grou nd terminal 

4. This rating applies when the output is off. 
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INPUT 

TTL/MSI • 9345/5445, 7445 • 93145/54145,74145 

INPUTS 

PD Pc PB PA 

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

H = HIGH Voltage Level 

L = LOW Voltage Level 

TRUTH TABLE 

OUTPUTS 

00 01 02 03 04' 05 06 07 08 
L H H H H H H H H 
H L H H H H H H H 
H H L H H H H H H 
H H H L H H H H H 
H H H H L H H H H 
H H H H H L H H H 
H H H H H H L H H 
H H H H H H H L H 
H H H H H H H H L 
H H H H H H H H H 
H H H H H H H H H 
H H H H H H H H H 
H 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 

SCHEMATIC DIAGRAMS 

09 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 

EACH PAIR OF INPUT INVERTERS EACH DECODER/DRIVER GATE 

3 kn 

1.5 kn 

4 kn 3 kn 

INTERNAL 
A, B, C, OR D 

""---------t---o INTERNAL 
A, B, C, OR l5 

INTERNAL 
CONNECTION 

TO INPUT 
INVERTERS 
(SEE LOGIC 
DIAGRAMI 

NOTE: Component values shown are nominal. 

5 kn 

PARAMETER MEASUREMENT INFORMATION 

VCC 

320 H 

2 kn 

2 kn 

DC TEST CIRCUITS* 

PA 

I~"" PB 
PER 

V IN TRUTH 
TABLE Pc 

PD 

PA 

I~"" PB 
V PER 

IN TRUTH 
TABLE Pc 

PD 

1. Each output is tested separately in the ON state. 1. Each output is tested separately in the OF F state, 

Fig. 1 Fig. 2 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9345/5445, 7445 • 93145/54145, 74145 

PARAMETER MEASUREMENT INFORMATION 
D.C. TEST CIRCUITS* (Continued) 

PA PA 
IIH IlL 

VIN 
--+ +--

PB VIN PB 
SEE 

OPEN SEE 
OPEN NOTE NOTE 

Pc Pc 

Po Po 

1. Each input is tested separately. 1. When testing II L each input is tested separately. 

Fig. 3 

SWITCHING CHARACTERISTICS 

2. When testing ICC all inputs are gounded and 
outputs are open. 

• Arrows indicate actual direction of current flow. 

PARAMETER MEASUREMENT INFORMATION 

Vcc ··5 V 

INPUT 

8421 

TRUTH TABLE 
GENERATOR 
(See Note 1) 

r------i PB 

t--------i PD 

"Includes probe and jig capacitance. 

TYPICAL INPUT 

VOLTAGE 

WAVEFORMS 

(See Note 11 

TYPICAL OUTPUT 

VOLTAGE 

WAVEFORMS 

NOTE: 

TEST CIRCUIT 

u::~:ux" '''' 
, I ...... _______ V

IL 
--11 14- (See Note 11 

- - - - - - __ I I V IH 

INPUTS A 
B, C, OR 0 '~ .... ________ V

IL 

I 

-: tpLH v- VOH 

~----VOL 
I 

~
------VOH 

I 15 V 

I I 
~ tpHL I-t-- VOL 

VOLTAGE WAVEFORMS 

1. The truth-table generator has the following charateristics: 

V OH ;;;. 2.4 V, VOL';;;; 0.4 V, tr and tf < 10 ns, and 

PRR = 1 M Hz. Inputs B, C, and D transitions occur 

simultaneously with or prior to input A transitions. 

Fig. A SWITCHING TIMES 
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TTL/MSI 9348 
12-INPUT PARITY CHECKER/GENERATOR 

DESCRIPTION - The TTLIMSI 9348 is a 12-lnput Parity Checker/Generator generating odd and even 
parity outputs. It can be used in high speed error detection applications. The 9348 uses TTL tech­
nology for high capacitive drive capability, and provides low impedance in both logic states for good 
ac noise immunity. All inputs feature diode clamping to reduce negative line transients. This device 
is compatible with all members of the TTL family of digital integrated circuits. 

• BOTH ODD AND EVEN PARITY OUTPUTS PROVIDED 
• GENERATES A PARITY BIT FOR UP TO 12 BITS 
• CHECKS FOR PARITY ON UP TO 12 BITS 
• EASILY EXPANDABLE 
• HIGH DRIVE OUTPUT CIRCUITRY 
• INPUT CLAMP DIODE LIMITS HIGH SPEED TERMINATION EFFECTS 
• TTL COMPATIBLE 

PIN NAMES 

10 to 111 
PO 
PE 

NOTES: 

Parity Inputs 
Odd Parity Output (Note b) 
Even Parity Output (Note b) 

(a) 1 Unit Load (U.L.) = 40 J.lA H IGH/1.6 rnA LOW. 
(b) 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOG IC DIAGRAM 

LOADING 
(Note a) 

2 U.L. 
10 U.L. 
10U.L. 

>------\,:r-"'>>----<t .>-__ 0.:::..' PO 

0= Pin Numbers 

8-177 

2 

3 
4 

5 
6 
7 
8 

LOGIC SYMBOL 

11 12 13 14 15 1 2 3 4 5 6 7 

9348 

PO PE 

10 

Vcc = Pin 16 
Gnd = Pin 8 

CONNECTION DIAGRAMS 

DIP (TOP VIEW) 

16 

2 15 

3 14 
4 13 
5 12 
6 11 

7 10 

8 9 

FLATPAK (TOP VIEW) 

16 
15 
14 
13 
12 
11 

10 
9 

I 



FAIRCHILD TTL/MSI • 9348 

FUNCTIONAL DESCRIPTION - The MSI 934S is a 12-input parity generator. It provides odd and even parity for up to 12 data bits. The Even 
Parity output (PE) will be HIGH if an even number of logie ones are present on the inputs. The Odd Parity output (PO) will be HIGH if an odd 
number of logic ones are present on the inputs. The logic equations for the outputs are shown below. 

PO 10 $11 $ 12 $ 13 $ 14 $ 15 $ 16 $ 17 $ IS $ 19 $ 110 $ 111 

PE 10 $ 11 $ 12 $ 13 Ell 14 Ell 15 Ell 16 Ell 17 Ell IS Ell 19 Gl 110 Ell 111 

NOTE: Less through delay is encountered from the 10, 11, 12, and 13 inputs than 14 thru 111 inputs. Therefore, if some signals are slower than 
others, the slower signals should be applied to these four inputs for maximum speed. 

TRUTH TABLE 

INPUTS OUTPUTS 

10,11,12,13,14,15,16,17, IS, 19, 110, 111 Po PE 

All Twelve Inputs LOW 0 1 
Any One Input HIGH 1 0 
Any Two Inputs HIGH 0 1 
Any Three Inputs HIGH 1 0 
Any Four Inputs HIGH 0 1 
Any Five Inputs HIGH 1 0 
Any Six Inputs HIGH 0 1 
Any Seven Inputs HIGH 1 0 
Any Eight Inputs HIGH 0 1 
Any Nine Inputs HIGH 1 0 
Any Ten Inputs HIGH 0 1 
Any Eleven Inputs HIGH 1 0 
All Twelve Inputs HIGH 0 1 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT EQUIVALENT CIRCUIT 

vee 

2.0kQ 

INPUT 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

« 
E 

i 

5.0 

j -5.0 

z 
- -10 

I-- _ .. -

I-- -

f--

J ~ 
f 
I-- -

1----

-20 
~I.O 

Jl! vee' 5.0V 

1 rA '2Z/-}A . -55°e I 
'" I I 1-

""""" TA ' 25°e I 

._. _ .. _-
~. 

.. .... 

1.0 2.0 3.0 4.0 

VIN - INPUT VOLTAGE - VOLTS 

Fig. 1 

OUTPUT EQUIVALENT 
CIRCUIT (Output HIGH) 

Vee 

1.5kQ 60Q 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT HIGH) 

VOUT - OUTPUT VOLTAGE - VOLTS 

Fig. 2 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 
*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

S-17S 

OUTPUT EQUIVALENT 
CIRCUIT (Output LOW) 

OUT 

---rr 
OUTPUT CURRENT VERSUS 

OUTPUT VOLTAGE 
(OUTPUT LOW) 

Vee' 5.0V 

-+--
~ 60 I-----+-----l-~_Y:~-""I""'r:-;: 

z 

'" u I 40 

5 T,,' -55°e 

_0 20 f---~'--j--+---+---+----+--+----l 

n.4 0.8 1.2 1.6 

VOUT - OUTP~T VOLTAGE - VOLT> 

Fig. 3 

_65° C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 



FAI RCHI LO TTL/MSI • 9348 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERATURE 
MIN. TYP. MAX. 

9348XM 4.5V 5.0 V 5.5V -55DC to 125
D

C 

9348XC 4.75 V 5.0 V 5.25V ODC to 75DC 

X = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging I nforrnation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS 

MIN. (Note 4) MAX. 
--

VIH Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 

Voltage for All Inputs 

VOH Output HIGH Voltage 2.4 Volts 
VCC = MIN., 10H = -800}.LA 

VIN = VIH or VIL per Truth Table 

VOL Output LOW Voltage 0.4 Volts 
VCC = MIN., 10L = 16 rnA 

VIN = VIH or VIL per Truth Table 

20 80 }.LA VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current -,- _. ---

1.0 rnA VCC = MAX., VIN = 5.0 V 

IlL Input LOW Current • -1.92 -3.2 rnA VCC = MAX., VIN = 0.4 V 
--

ISC Output Short Circuit Current 
-20 -50 -70 rnA VCC = MAX., VOUT = 0.0 V 

(lOS) (Note 5) 
"-'"-

ICC Power Supply Current 47 82 rnA VCC = MAX. 

VCD I nput Clamp Diode Voltage -1.5 Volts VCC=MIN.,IIN=-12rnA, TA =25
D

C 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 

(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0 V, 25
D

C, and maximum loading. 
(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25
D

C) 

MIL LIMITS 
SYMBOL PARAMETER 

MIN. TYP. 

Turn Off Delay Input to Output 
40 tPLH (14 to PO, Pin 15 to. Pin 9) 

Turn On Delay Input to Output 
36 tpHL 

(14 to PO, Pin 15 to Pin 9) 

Turn Off Delay Input to Output 
tPLH 47 

(14 to PE, Pin 15 to Pin 10) 

Turn On Delay Input to Output 
41 tPHL (14 toPE, Pin 15 to Pin 10) 

Turn Off Delay Input to Output 
20 tpLH 

(13 to PO, Pin 14 to Pin 9) 

Turn On Delay Input to Output 
tpHL 19 

(14 to PO, Pin 15 to Pin 9) 

IND LIMITS 
UNITS TEST CONDITIONS 

MAX. MIN. TYP. MAX. 

46 40 48 ns 

46 36 48 ns VCC=5.0V, CL = 15 pF 

Pins 3, 4, 13& 14 = Gnd 
53 47 55 ns Others HIGH 

48 41 50 ns 

VCC= 5.0 V, CL = 15 pF 

27 20 29 
Pins 1,2,4,5,6, 7, 11, 

ns 
12, 13 & 15 = Gnd 

Pin3HIGH 

VCC=5.-OV, CL = 15 pF 

25 19 27 ns Pins 1,2,3,4,5,6,7, 

11,12,13,14 = Gnd 
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TTL/MSI 9350 
DECADl: COU NTER 

DESCRIPTION - The TTL/MSI 9350 is a Monolithic Decade Counter. This multifunctional MSI 
building block is capable of being used as a divide-by-two, divide-by-five or divide-by-ten cout!ter. 
It is useful in a large number of counting applications in digital computer systems, data handling 
systems and control systems .. 

• FUNCTIONALLY EQUIVALENT TO THE 7490 
• STANDARD CORNER POWER PINS FOR EASY USE 
• HIGH SPEED, 18 MHz TYPICAL 
• TYPICAL POWER DISSIPATION OF 160 mW 
• TTL COMPATIBLE 
• ALL CERAMIC, HERMETIC 14-LEAD DUAL IN-LINE PACKAGE 
• INPUT DIODE CLAMPING 

PIN NAMES 

CPo Clock First Stage Negative Edge Input 

CP1 
MR 
MS 

°0,°1,02,03 

Clock Second, Third, and Fourth Stage Negative Edge Input 
"AND" Master Reset to Binary Zero (Asynchronous) Input 
"AND" Master Set to Binary Nine (Asynchronous) Input 
Counter Outputs (Note b) 

NOTES: 
(a) 1 Unit Load (U. L.) = 40 J.lA H IGH/1.6 mA LOW. 
(b) 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

MR 

MR~-""'L.::.._ 

@ 

o = Pin Numbers 

8-180 

LOADING 
(Note a) 

2 U.L. 

4 U.L. 
1 U.L. 
1 U.L. 

10 U.L. 

10 

11 

LOGIC SYMBOL 

1 3 

MS 

9350 

1:' 13 9 5 4 8 

VCC = Pin 14 
GND = Pin 7 
NC = Pins 2, 6 

CONNECTION DIAGRAM 
DIP (TOP V lEW) 

14 

13 

12 

11 

10 

NC - No internal connection 



FAIRCHILD TTL/MSI • 9350 

FUNCTIONAL DESCRIPTION 

The 9350 is an up decade counter. It consists of four dual-rank, master-slave flip-flops internally interconnected to provide a dividy-by-two 
counter and a divide-by-five counter. A gated "AND" Master Reset is provided to inhibit counting and return all outputs to a LOW state. A 
gated" AN D" Master Set is provided which will set the counter to a binary coded decimal count of nine (9), overriding all other count or reset 
conditions. Since the output from the first flip-flop is not internally connected to the succeeding stages, the device may be operated in three 
independent count modes: 

A. BCD Decade Counter - The CP1 input must be externally connected to the 00 output. The CPO input receives the incoming count and a 
BCD count sequence is produced. 

B. Symmetrical Divide-By-Ten Counter - The 03 output must be externally connected to the CPO input. The input count is then applied to 
the CP1 input and a divide-by-ten square wave is obtained at output 00. 

C. Divide-By-Two & Divide-By-Five Counter - No external interconnections are required. The first flip-flop is used as a binary element for the 
divide-by-two function. (CPO as the input and 00 as the output.) The CP1 input is used to obtain binary divide-by-five operation at the 01, 
02, and 03 outputs. 

NOTE: The 9350 flip-flops change state after the HIGH to LOW transition of the clock. 

MODE SELECTION 

RESET/SET INPUTS 

MR1 MR2 MS1 MS2 

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

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care Condition 

X 
L 
H 
X 
L 
L 
X 

OUTPUTS 

00 01 02 

L L L 
L L L 
H L L 

COUNT 
COUNT 
COUNT 
COUNT 

03 

L 
L 
H 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

BCD COUNT SEQUENCE 

OUTPUT 
COUNT 

00 01 O~ 03 

0 L L L L 

1 H L L L 

2 L H L L 

3 H H L L 

4 L L H L 

5 H L H L 

6 L H H L 

7 H H H L 

8 L L L H 

9 H L L H 

NOTE-'-.9utput QO is connected to 
Input CPl for BCD count. 

-65°C to +150°C 
O°C to +75°C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC value 

+30 mA 

9350XC (lND) 
PARAMETER UNITS 

MIN. TYP. MAX. 

Supply Voltage VCC 4.75 5.0 5.25 Volts 

Operating Free Air Temperature Range 0 25 75 °c 

Normalized Fan Out from Each Output, N 10 U.L. 

Width of Input Count Pulse, tp(in) 50 ns 

Width of Reset Pulse, tp(reset) 50 ns 
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FAIRCHILD TTL/MSI • 9350 

ELECTRICAL CHARACTERISTICS (T A = ODC to +75°C, VCC = 5.0 V ±5%) (Part No. 9350XC*) 

LIMITS 
SYMBOL PARAMETER TYP. UNiTS CONDITIONS & COMMENTS 

MIN. (Note 4) MAX. 

V,H Input HIGH Voltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

Voltage for All Inputs 

VIL Input LOW Voltage 0.8 Volts 
Guaranteed Input LOW Threshold 

Voltage for All Inputs 

VOH Output HIGH Voltage 2.4 3.0 Volts VCC = 4.75 V, 10H = -800}.LA 

VOL Output LOW Voltage 0.2 0.4 Volts VCC = 4.75 V, 10L = 16 mA 

Input HIGH Current, MS, MR 10 40 

IIH CPO 20 80 }.LA 
VCC = 5.25 V 

CPl 40 160 
VIN=2.4V 

Input HIGH Current All Inputs 1.0 mA VCC = 5.25 V, VIN = 5.5 V 

Input LOW Current, MS, MR -1.0 -1.6 

IlL CPO -2.0 -3.2 mA 
VCC = 5.25 V, 

CPl -4.0 -6.4 
VIN = 0.4 V 

ISC Output Short Circuit Current 
-18 -57 mA VCC = 5.25 V, VOUT = OV 

(lOS) (Note 5) 

ICC Power Supply Current 30 53 mA VCC = 5.25 V 

*x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and max. loading. 
(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER MIN. 

-
tpLH 

Turn-Off Delay CPO to 

Output 02 

tPHL 
Turn-On Delay CPO to 

Output 02 

fmax 
Maximum Frequency of 

10 
Input Count Pulses 

TYP. MAX. 

60 100 

60 100 

18 

SWITCHING TIME WAVEFORMS 

UNITS 

ns 

ns 

MHz 

1 1 4 5 8 9 

CONDITIONS & COMMENTS 

VCC = 5.0 V, 

CL=15pF 

00 Output Connected 

to CPl Input 

vrNll01~~~ 
r I 
r I 

( °i ;'" «( °1 {m VOUTI41--------..,;t :: :: 
1 lPLH r I tpHL I 
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TTL/MSI9352/5442,7442 
9353/5443,7443-9354/5444,7444 

FOUR LINE TO TEN LINE DECODER (l-OF-IO) 

DESCRIPTION - These monolithic Decimal Decoders consist of eight inverters and ten 4-input 
NAND gates. The inverters are connected in pairs to make BCD input data available for decoding 
by the NAND gates. Full decoding of valid input logic insures that all outputs remain off for all 
invalid input conditions. 

The TTL/MSI 9352/5442, 7442 BCD-to-decimal; TTL/MSI 9353/5443, 7443 excess 3-to-decimal; 
and TTL/MSI 9354/5444, 7444 excess 3 gray-to-decimal decoders feature familiar transistor­
transistor logic (TTL) circuits with in~uts and outputs compatible for use with other TTL and 
DTL circuits. The dc noise margins are typically 1 .OV and power dissipation is typically 140 mW. 
Full fan out of 10 is available at all outputs. 

PIN NAMES 

A,B,C,D 
A,B,C,D 
A,B,C,D 
Ot09 

BCD Inputs (9352) 
Excess 3 Inputs (9353) 
Excess 3 Gray Inputs (9354) 
Decimal Output 

1 Unit Load (U.L.l = 40}.LA HIGH/1.G rnA LOW 

LOGIC DIAGRAM 
9352/5442, 7442 BCD-TO-DECIMAL 

INPUT 
(~ ______________________ ~A~ ______________________ ~\ 

A D 

LOADING 

1 U.L. 
1 U.L. 
l' U.L. 

10 U.L. 

~----------------------------~y~----------------------------~ 

DUTPUT 
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LOGIC SYMBOL 

15 14 13 12 

9352 • 9353 • 9354 

1 2 3 4 5 6 7 9 1011 

VCC = Pin 16 

GND = Pin 8 

9352/5442, 7442 
9353/5443, 7443 
9354/5444, 7444 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

II 

10 

Positive logic: See truth table. 

I 



9352/5442, 7442 
BCD 

INPUT 

D C B A 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 

H H H L 

H H H H 

TTL/MSI • 9352/5442, 7442 • 9353/5443, 7443 • 9354/5444, 7444 

9353/5443, 7443 
EXCESS 3 

INPUT 

D C B 

L L H 

L H L 

L H L 

L H H 

L H H 

H L L 

H L L 

H L H 

H L H 

H H L 

H H L 

H H H 

H H H 

L L L 

L L L 

L L H 

~ 

A 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

TRUTH TABLES 

9354/5444, 7444 
EXCESS 3 GRAY 

INPUT 

D C B A 

L L H L 

L H H L 

L H H H 

L H L H 

L H L L 

H H L L 

H H L H 

H H H H 

H H H L 

H L H L 

H L H H 

H L L H 

H L L L 

L L L L 

L L L H 

L L H H 

LOGIC DIAGRAM 

- "1 0 

L 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 

9353/5443, 7443 EXCESS 3-TO-DECIMAL 

~ 

~7 

"2 3" 

H H 

H H 

L 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 

~ 

~ 

~ 
~ ~ 

"\7 ~7 

~ i i ~ ~ 
II 

T T I III 

1 1 ,1 lUi 

LOGIC DIAGRAM 
9354/5444,7444 EXCESS 3 GRAY-TO-DECIMAL 

~7 

_ .. 

I 

,-­
A 

~~UT ___________________ ~ 

~ ~7 

n ~ 

-';;7 ~ ~7 

1 

I iT I 

~ ~ ~ ~ ~ 1 1 
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ALL TYPES 
DECIMAL 
OUTPUT 

4 5 

H H 

H H 

H H 

H H 

L H 

H L 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

6" "7 8" -
9 

H H H 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 L H H 

H H L 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 



TTL/MSI • 9352/5442, 7442 • 9353/5443,7443 • 9354/5444, 7444 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9352XM/5442XM 9352XC/7442XC 

PARAMETER 9353XM/5443XM, 9354XM/5444XM 9353XC/7443XC, 9354XC/7444XC UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage V CC 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

Normalized Fan Out from Each Output, N 10 10 U.L. 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 1 & 2 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 1 & 2 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -0.4 mA, VIH = 2.0 V 2 

VIL = 0.8 V 
- --

VOL Output LOW Voltage 0.4 Volts VCC = MIN., IOL = 16 mA, VIH = 2.0 V 1 

VIL = 0.8 V 

40 J.LA VCC = MAX., VIN = 2.4 V I 
IIH Input HIGH Current I Each Input 3 

1.0 mA VCC = MAX., VIN = 5.5 V 
---- -_ .. _-

IlL Input LOW Current -1.6 mA VCC = MAX., VIN = 0.4 V Each Input 4 

-20 -55 mA 
9352/5442, 

Output Short Circuit Current 9353/5443,9354/5444 
lOS VCC = MAX. 5 

(Note 3) 
-18 -55 mA 

9352/7442, 

9353/7443,9354/7444 

$ 28 41 mA 
9352/5442, 

9353/5443,9354/5444 
ICC Supply Current VCC = MAX. 4 

28 56 mA 
9352/7442, 

9353/7443, 9354/7444 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 

Turn On Delay Input to Output 
10 22 30 tpHL 

(Through Two Logic Levels) 
ns A 

Turn On Delay Input to Output 
23 35 tpHL 

(Through Three Logic Levels) VCC = 5.0 V 

CL=15pF 
Turn Off Delay Input to Output 

10 17 25 RL = 400n tPLH (Through Two Logic Levels) 
ns A 

Turn Off Delay I nput to Output 
26 35 tPLH 

(Through Three Logic Levels) 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical iimits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
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TTL/MSI • 9352/5442, 7442 • 9353/5443,7443 • 9354/5444, 7444 

DC TEST CI RCUITS* PARAMETER MEASUREMENT INFORMATION 

Vee 

0 
A 1 

2 
TEST B 3 

VIN PER 4 VIN 
TRUTH 5 

TABLE C 6 
7 

D 8 
9 

-= 

1. Each input is tested separately. 

Fig. 1 

Vee 

IIH A 

VIN 
---. 

B 
SEE 

NOTE e 

D 

1. Each output is tested separately. 

Vee 

IlL A 

VIN 
~ 

SEE B 

NOTE OPEN 
e 

D 

1. When testing II L each input is tested separately. 
2. When testing I CC all inputs are grounded and 

outputs are open. 

Fig. 4 

Fig. 3 

Vec 

0 
A 1 

2 
TEST B 3 
PER 4 

TRUTH 5 

TABLE e 6 
7 

D 8 
9 

-= 

1. Each output is tested separately. 

Fig. 2 

OPEN 

Vee 

0 
A 1 

2 
TEST B 3 
PER 4 

TRUTH e 
,5 

TABLE 6 
7 

D 8 
9 

1. Each output is tested separately. 

Fig. 5 

.. Arrows indicate actual direction of current flow. 
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TTL/MSI • 9352/5442, 7442 • 9353/5443, 7443 • 9354/5444, 7444 

PARAMETER MEASUREMENT INFORMATION (Con't.) 

SWITCHING CHARACTERISTICS 

INPUT 

8-4-2-1 A I----.... ---l 

TRUTH TABLE B t--------l 
GENERATOR 
(SEE NOTE 1) C 1--------1 

D 1--------1 

A 

B 

C 

D 

Vcc = 5 V 

OUTPUT 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

*CL includes probe and jig capacitance. 

TYPICAL INPUT 
VOLTAGE 

WAVEFORMS 
(SEE NOTE 1) 

TYPICAL OUTPUT 
VOLTAGE 

WAVEFORMS 

NOTE: 

TEST CIRCUIT 

-~~~~:--~~~------
~ ~ (SEE NOTE 1) 

-TNPUTS--)kt,: I 
B,C, I 

OR D '} ________ _ 

I 
---. tpLH t+-~--

I I 
I 
I 

VOLTAGE WAVEFORMS 

1. The truth table generator has the following characteristics: 
VOH ;;;. 2.4 V, VOL « 0.4 V, tr and tf < 10 ns, and 
PRR = 1 MHz. Input B, C, and D transitions occur simultaneously 
with or prior to input A transitions. 

Fig. A SWITCHING TIMES 
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TTL/MSI 9356 
4-BIT BINARY COUNTER 

DESCRIPTION - The TTL/MSI 9356 is a monolithic 4-Bit Binary Counter. This device is capableof 
being used as a divided-by-two, divided-by-eight or a divided-by-sixteen counter. It is useful in a large 
number of counting applications in digital computer systems, data handling systems and control 
systems. 

• FUNCTIONALLY EQUIVALENT TO THE 7493 
• STANDARD CORNER POWER PINS FOR EASY USE 
• HIGH SPEED, 18 MHz TYPICAL 
• TYPICAL POWER DISSIPATION OF 160 mW 
• INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS 
• TTL COMPATIBLE 
• ALL CERAMIC, HERMETIC 14-LEAD DUAL IN-LINE PACKAGE 

PIN NAMES 

CPo 
CP1 
MR 

00, Q1 ' Q2, Q3 

NOTES: 

Clock First Stage Negative Edge Input 
Clock Second, Third, and Fourth Stage Negative Edge Input 
"AND" Master Reset to Binary Zero (Asynchronous) Input 
Counter Outputs (Note b) 

(a) 1 Unit Load (U.L.) = 40 IJA H IGH/1.6 mA LOW. 
(b) 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

LOADING 
(Note a) 

2 U.L. 
2 U.L. 
1 U.L. 

10 U.L. 

o = Pin Numbers 

8-188 

10 

11 

LOGIC SYMBOL 

9356 

12 13 9 5 4 8 

VCC = Pin 14 
Gnd = Pin 7 
NC = Pins 1,2,3,6 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

NC - No Internal Connection 



FAIRCHILD TTL/MSI • 9356 

FUNCTIONAL DESCRIPTION - The MSI 9356 is an 4-bit up binary counter. It consists of four master-slave flip-flops which are internally 
interconnected to provide a divide-by-two counter and a divide-by-eight counter. A gated "AND" master reset is provided to inhibit the count­
ing and return all outputs to a LOW state. * Since the output from the first flip-flop is not internally connected to the succeeding flip-flops, the 
device may be operated in two independent modes: 

A. 4-Bit Ripple Counter -. The output QO must be externally connected to input CP1. The input count pulses are applied to input CPO. Simul­
taneous divisions of 2, 4, 8, and 16 are performed at the QO, Q1, Q2, and Q3 outputs as shown in the truth table. 

B. 3-Bit Ripple Counter - The input count pulses are applied to input CP1. Simultaneous frequency divisions of 2, 4 and 8 are available at the 
Q1, Q2 and Q3 outputs. Independent use of the first flip-flop is available if the reset function coincides with reset of the 3-bit ripple-through 
counter. 

*(i.e., When both inputs of the "AND" master reset are HIGH outputs 00-3 will be forced LOW, resetting the flip-flops, regardless of all other 
input conditions.) 

NOTE; The 9356 flip-flops change state after the HIGH to LOW transition of the clock. 

MODE SELECTION 

RESET INPUTS 

MR1 MR2 00 
H H L 
L H 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care Cond ition 

OUTPUTS 

Q1 Q2 

L L 
Count 
Count 
Count 

COUNT 

0 
1 
2 
3 

Q3 4 

L 5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

TRUTH TABLE 

OUTPUT 

00 Q1 Q2 Q3 

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

Note: Output 00 connected to input CP 1. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 
MIN. 

Supply Voltage V CC 4.75 

Operating Free-Air Temperature Range 0 

Normal ized Fan Out from Each Output, N 

Width of 'Input Count Pulse, tp(jn) 50 

Width of Reset Pulse, tp(reset) 50 

8-189 

LIMITS 

TYP. MAX. 

5.0 5.25 

25 75 

10 

-65°C to +150°C 
O°C to +75°C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

UNITS 

Volts 

°c 

U.L. 

ns 

ns 

I 



FAIRCHILD TTL/MSI • 9356 

ELECTRICAL CHARACTERISTICS (T A = O°C to +75°C, VCC = 5.0 V ±5%) (Part No. 9356XC*) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS CONDITIONS & COMMENTS 

MIN. Note 4 MAX. 

VIH Input HIGHVoltage 2.0 Volts 
Guaranteed Input HIGH Threshold 

for All Inputs 

Vll Input lOW Voltage 0.8 Volts 
Guaranteed Input lOWThreshold 

for All Inputs 

VOH Output HIGH Voltage 2.4 3.0 Volts VCC = 4.75 V, 10H = -800 J.lA 

VOL Output lOW Voltage 0.2 0.4 Volts VCC = 4.75 V, 10l = 16 mA 

Input HIGH Current, MR 10 40 

IIH J.lA 
VCC = 5.25 V, 

CPO,CPl 20 80 VIN = 2.4 V 

Input HIGH Current All Inputs 1.0 mA VCC = 5.25 V, VIN = 5.5 V 

Input lOW Current, M R -1.0 -1.6 

IlL mA 
VCC = 5.25 V, 

CPO, CPl -2.0 -3.2 VIN = 0.4 V 

ISC Output Short Circuit Current 
-18 -57 mA VCC = 5.25 V, VOUT = OV 

"OS) (Note 5) 

ICC Power Suppl,y Current 30 53 mA VCC = 5.25 V 

*X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

NOTES: 
(1) The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. 

A copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 
(2) Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
(3) The specified LIMITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the tempera­

ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the a"owable system 
operating range. 

(4) Typical limits are at VCC = 5.0 V, 25°C, and max. loading. 
(5) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER MIN. 

tPLH 
Turn-Off Delay CPO to 

Output Q3 

tPHl 
Turn-On Delay CPO to 

Output Q3 

f max 
Maximum Frequency of 

10 
Input Count Pulses 

TYP. MAX. UNITS 

75 135 ns 

75 135 ns 

18 MHz 

SWITCHING TIME WAVEFORMS 

1 2 8 9 16 

VINl101~~~ 
I I 
I I 

CONDITIONS & COMMENTS 

VCC = 5.0 V, 

Cl=15pF 

ao Output Connected 

To CPl Input 

7: -: ."";-- () --: ' .. " :---
) :: 15 V ( ! \ 1.5 V 

VOUTI81 ---------;"\. I I I 1\0· ---

I I I I 
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TTL/MSI9357A/5446,7446 
93578/5447, 7447 

BCD TO 7-SEGMENT DECODER/DRIVER 

DESCRIPTION - The 9357A/5446,7446 and 9357B/5447,7447 are TTL, BCD to 7-segment 
Decoder/Drivers consisting of NAND gates, input buffers and seven AND-OR-INVEAT gates. They 
offer active LOW, high sink current outputs for driving indicators directly. Seven NAND gates and 
one driver are connected in pairs to make BCD data and its complement available to the seven 
decoding AND-OR-INVERT gates. The remaining NAND gate and three input buffers provide 
lamp test, blanking input/ripple-blanking output and ripple-blanking input. 

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on the state of the auxiliary 
'inputs, decodes this data to drive a 7-segment display indicator. The relative positive-logic 
output levels, as well as conditions required at the auxiliary inputs, are shown in the truth tables. 
Output configurations of the 9357 A/5446, 7446; 9357B/5447, 7447 are designed to withstand 
the relatively high voltages 'required for 7-segment indicators. The 9357 A/5446, 7446 outputs 

. will withstand 30 V and the 9357B/5447, 7447 outputs will withstand 15 V with a maximum 
reverse current of 250 IJ-A. Indicator segments requiring up to 20 mA of current may be driven 
directly from the 9357A/5446, 7446 or 9357B/5447, 7447 high performance output transistors. 
Display patterns for BCD input counts above nine are unique symbols to authenticate input 
conditions. 

The 9357 A/5446, 7446; 9357B/5447, 7447 incorporate automatic leading and/or trailing-edge 
zero-blanking control (RBI and RBO). Lamp test (LT) of these types may be performed at any 
time when the BI/BRO node is a HIGH level. Both contain an overriding blanking input (BT) which 
can be used to control the lamp intensity or to inhibit the outputs. 

PIN NAMES 

A, B,C, D 
RBI 
LT 
Bl7RBO 

a, to 9 

LOGIC DIAGRAM 

INPUT 

BLANKING INPUT OR 
RIPPLE-BLANKING 
OUTPUT ----+--~ 

LAMP-TEST 
INPUT 

BCD Inputs 
Ripple Blanking Input 
Lamp Test Input 
Blanking Input or 
Ripple Blanking Output 
Outputs 

~~:~~E-BL~A_NK_IN_G-I-,--__ - ------------------'===LJ 

OUTPUT 

8-191 

LOADING 

1 U.L. 
1 U.L. 
1 U.L. 

2.6 U.L. 
5 U.L. 

12.5 U.L. 

LOGIC SYMBOL 

7 1 2 6 3 5 

9357A.93578 

13 12 11 10 9 15 14 4 

Vee = Pin 16 
GND = Pin 8 

9357A/5446,7446 
9357B/5447,7447 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

II 

10 

Positive logic: See truth table. 

I 



TTL/MSI • 9357 A/5446, 7446 • 93578/5447, 7447 

- - - - - - - -
I I I I II II I II II I I II I - - - - - - - - - - - -
I - I " - - I I - " - I " - I II - - I - I -

10 11 12 13 14 15 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 

TRUTH TABLE 

/ INPUTS -----.\ / OUTPUTS ----___ \ 

DECIMAL - - - -
OR LT RBI D C B A BI/RBO a b c d e f g NOTE 

FUNCTION 

0 H H L L L L H L L L L L L H A 

1 H X L L L H H H L L H H H H A 

2 H X L L H L H L L H L L H L 

3 H X L L H H H L L L L H H L 

4 H X L H L L H H L L H H L L 

5 H X L H L H H L H L L H L L 

6 H X L H H L H H H L L L L L 

7 H X L H H H H L L L H H H H 

8 H X H L L L H L L L L L L L 

9 H X H L L H H L L L H H L L 

10 H X H L H L H H H H L L H L 

11 H X H L H H H H H L L H H L 

12 H X H H L L H H L H H H L L 

13 H X H H L H H L H H L H L L 

14 H X H H H L H H H H L L L L 

15 H X H H H H H H H H H H H H 

BI X X X X X X L H H H H H H H B 

RBI H L L L L L- L H H H H H H H C 

LT L X X X X X H L L L L L L L D 

NOTES: 

(A) BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO). 
The blanking out (BI) must be open or held at a HIGH level when oufputfunctions o through 15 
are desired. and ripple-blanking input (RBI) must be open or at a HIGH level if blankingofa 
decimal 0 is not desired. X = input may be HIGH or LOW. 

(B) When a LOW level is applied to the blanking input (forced condition) all segment outputs go to 
a LOW level regardless of the state of any other Input condition. 

(C) When ripple-blanking input (RBi) and inputs A. B. C. and D are at LOW level. with the lamp 
test input at HIGH level. all segment outputs go to a HIGH level and the ripple-blanking output 
(RBO) goes to a LOW level (response condition)' 

(D) When the blanking input/ripple-blanking output (i3i7FfBO) is open or held at a HIGH level. and 
a LOW level is applied to lamp test input. all segment outputs go to a LOW level. 

RECOMMENDED OPERATING CONDITIONS 

9357 AXM/5446XM 9357AXC/7446XC 
PARAMETER 9357BXM/5447XM 9357BXC/7447XC 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage V CC (See Note 3) 4.5 5.0 5.5 4.75 5.0 5.25 
Operating Free-Air Temperature Range -55 25 125 0 25 70 

Normalized Fan Out From Outputs a through g to Series 54/74 Loads 24 24 
Normalized Fan Out From BT7'FfBO Node to Series 54/74 Loads 5.0 5.0 

.. I Outputs a through 9 40 40 
Output Sink Current. IOL: I BI/RBO Node 8.0 8.0 

UNITS 

Volts 
DC 

mA 

mA 

x = package type; F for Flatpak. D for Ceramic DiP. P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

PARAMETER 
9357 A/5446. 7446 9357B/5447.7447 

UNITS 
MIN. I TYP. I MAX. MIN. I TYP. I MAX. 

Continuous Voltage at Outputs a through 9 I I 30 I I 15 Volts 
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TTL/MSI • 9357 A/5446, 7446 • 93578/5447, 7447 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature . 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
MIN. (Note 2) MAX. 

FIGURE 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 1 & 2 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 1&2 

Von 
On-State Output Voltage at 

0.3 0.4 Volts 
Outputs a through 9 VCC = MIN., 10L = 40 mA 1 

VOL 
Output LOW Voltage at 

0.3 0.4 Volts VCC = MIN., 10L = 8.0 rnA 1 
BI/RBO Node 

Voff 
Off-State Output Voltage at 

30 Volts 9357 A/5446, 7446 
VCC = MAX., 

Outputs a through 9 loff = 250 p,A 
2 

Voff 
Off-State Output Voltage at 

15 Volts 9357B/5447,7447 
VCC = MAX., 

Outputs athrough 9 loff = 250 p,A 
2 

VOH 
Output HIGH Voltage 

2.4 3.7 Volts VCC = MIN., 10H = -0.2 rnA 2 
at 'BIIRBO Node 

~--~ 

I nput LOW Current at 

Any Input Except BI/RBO Node 
-1.6 mA VCC = MAX., VIN = 0.4 V 3 

IlL 
Input LOW Current at 

-- ---- --- -

BI/RBO Node 
-4.2 rnA VCC = MAX., VIN = 0.4 V 3 

~---

Input HI G H Current at 40 JLA VCC = MAX., VIN = 2.4 V 
IIH Any Input Except BI/RBO Node 1.0 rnA VCC = MAX., VIN = 5.5 V 

4 
~----~-

Output Short Circuit Current 
lOS at BI/RBO Node 

-4.0 mA VCC = MAX. 5 
- -~ 

9357A/5446,9357B/54471 64 85 mA 
ICC Supply Current 

64 103 rnA 9357A/7446, 9357B/7447/ VCC = MAX. 4 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at V cc = 5.0 V, 25° c. 
(3) These voltage values are with respect to network ground terminal. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
TEST 

MIN. TYP. MAX. FIGURE 
I--~-- -~--

Turn Off Delay Input to Output 
100 A tpLH A I nput to Any Output 

ns 

Turn On Delay Input to Output 
100 VCC = 5.0 V A tpHL A Input to Any Output 

ns 

Turn Off Delay Input to Output 
CL = 15 pF 

tPLH RBI Input to Any Output 
100 ns RL = 120n. A 

Turn On Delay I nput to Output 
100 A tpHL RBI Input to Any Output 

ns 

--. 
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DC TEST CIRCUITS* 

See 
Note 1 

TTL/MSI • 9357 A/5446, 7446 • 93578/5447, 7447 

PARAMETER MEASUREMENT INFORMATION 

Vee 

a 
b 

IOL VIH 
c 

~ d 
e 

VIL 
9 

Fig. 1 

Vee 

j :'P-: -====_ -====_) OPEN 

'----r----.,;;....J 

IIH 
- See 

VIN Note 1 

vee 

Fig. 2 

A 
B 
e 
D 

Vee 

a 
b 
c 
d 
e 

9 

~ lee 

ap---­
bkr----

cb---­
dp---­
el>---­
f~---

9 

1. Each input is tested separately. 1. Each input is tested separately for II H. 

Fig. 3 

Vee 

ab-----. 
bb---~ 

Ckr----o 

db----o 

e~---o 

9 

1. Each output is tested separately. 

Fig. 5 

Fig. 4 

=i)IOS 

* Arrows indicate actual direction of current flow. Logic symbol used is representative for all types. 
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TTL/MSI • 9357 A/5446, 7446 • 93578/5447, 7447 

PARAMETER MEASUREMENT INFORMATION (con't.) 

SWITCHING CHARACTERISTICS 

INPUT 
V CC o-----4I~--, 

8-4-2-1 
TRUTH TABLEI------I 
GENERATOR I-----~ RL I 

~--r----"" I (See Note 1) 

PULSE 
GENERATOR 

(See Note 1) 

TYPICAL INPUT 
VOLTAGE 

WAVEFORMS 
(See Note 2) 

TYPICAL OUTPUT 
VOLTAGE 

WAVEFORMS 

CL*I r I 

LOAD : 

_ .9~R~':I~ __ 1 

*CL includes probe and jig capacitance. 
TEST CIRCUIT 

~N;U~ ~-n-n--->(~_~5_~ __________ n ___ :,': 

--t too- (See Note 2) 
-----~-r-~~~-::~i~-------- VIH 

INPUTS ~1,--------------------- VIL 
I L.--

~tPLHF: ~---------- VOH 
I 1.5 V 
I 

-------------11-----" - - - - - - ,- - - - - - - - - VOL 
1 ____________ :L----.. ------ --- --------- VOH 

: ~.5V 
I I ...... · ---------- VOL 

--l tpHL I--

VOLTAGE WAVEFORMS - A INPUT TO OUTPUTS 

INPUTS A, B, C, AND D -------__., --------------------- VIH 

~ VIL 

NOTES: 

RBI INPUT ----------------.. --------------- VIH 

~.5V 

OUTPUTa- -------------

I ...... ' ---------- VIL 
I 
I 

~ tPLH:- VOH 

_____ -'!'-----"~·~~ ___ n __ VOL 

VOLTAGE WAVEFORMS - RBI INPUT TO OUTPUTS 

1. The truth table generator and pu Ise generator have the following characteristics: 
VOH ~ 2.4 V, VOL ~ 0.4 V, tr and tf ~ 10 ns, and PRR = 1 MHz. _ 

2. Inputs B, C, and 0 transitions occur simultaneously with or prior to input A transitions. RBI = 4.5 V. 

Fig. A SWITCHING TIMES 
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TTL/MSI • 9357A/5446, 7446 • 9357B/5447, 7447 

TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS 

SWITCHING CHARACTERISTICS (Continued) 

LT Bi 
rA-.. rA--.... 

A :x ------x 
B 

* X ---- X INPUT MAY BE HIGH OR LOW 

OUTPUTS d 

g~~ ____ ~n~ ______ ~r--l~ ____ ~n~ _______ ~ 

NOTE: 

1. This LOW level represents the RBO response. 
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TTLlMSI9358/5448,7448 
9359/5449, 7449 

BCD TO 7-SEGMENT DECODER 

DESCRIPTION - The 9358/5448, 7448 and 9359/5449, 7449 are TTL, 
BCD to 7-Segment Decoders consisting of NAND gates, input buffers and 
seven AND-OR-INVERT gates. The 9358/5448,7448 offers active HIGH, 
open-collector outputs for curre,nt-sourcing applications to drive logic 
circuits or discrete, active components. Seven NAN 0 gates and one driver 
are connected in pairs to make BCD data and its complement available 
to the seven decoding AND-OR-INVERT gates. The remaining NAND gate 
and three input buffers provide lamp test, blanking input/ripple-blanking 
output and ripple-blanking input for the 9358/5448, 7448. Four NAND 
gates and four input buffers provide BCD data and its complement and a 
buffer provides blanking input for the 9359/5449, 7449. 
The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on 
the state of the auxiliary inputs, decodes this data to drive other compon­
ents. The relative positive-logic output levels, as well as conditions required 
at the auxiliary inputs are shown in th{l truth tables. 
The 9358/5448,7448 circuit incorporates automatic leading and/or trailing 
edge zero-blanking control (RBI and RBO). Lamp test (L T) of these types 
may be performed atany time when the BI/RBO node is a HIGH level. They 
contain an overriding blanking input (Bi) which can be used to control the 
lamp intensity or to inhibit the outputs. 

PIN NAMES 

A, B,C, 0 
RBI 
LT 
Bi/RBO 

BT 
a to g 

BCD Inputs 
Ripple Blanking Input 
Lamp Test Input 
Blanking Input or 
Ripple Blanking Output 
Blanking Input 
Outputs 

LOGIC DIAGRAM 

* NOT INCLUDED WITH THE 9359/5449 

LOADING 

1 U.L. 
1 U.L. 
1 U.L. 

2.6 U.L. 
5 U.L. 
1 U.L. 
6 U.L. 
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LOGIC SYMBOL 

7 1 2 6 3 5 

9358/5448, 7448 

13 12 11 10 9 15 14 4 

VCC = Pin 16 
GND = Pin 8 

5 1 2 4 3 

9359/5449, 7449 

11 10 9 8 6 13 12 

VCC = Pin 14 
GND = Pin 7 

CONNECTION DIAGRAM 
FLATPAKS (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

DIP (TOP VIEW) 

GND 

16 

15 

14 

13 

12 

II 

10 

Positive logic: See truth table 

14 

13 

12 

I 11 

10 



TTL/MSI • 9358/5448, 7448 • 9359/5449, 7449 

-
I 

- - I I-II 
-

I - II -I I-I I II I I I I - - - -- -I - - - - -
I I I-I II I - II - I II - I II - - - -- -

10 11 12 13 14 15 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 

TRUTH TABLE 9358/5448,7448 

r------INPUTS ~ /r---OUTPUTS -----, 

DECIMAL 
OR Cf RBI D C B A BI/RBO a b c d e f 9 

FUNCTION 

0 H H L L L L H H H H H H H L 

1 H X L L L H H L H H L L L L 
2 H X L L H L H H H L H H L H 

3 H X L L H H H H H H H L L H 
4 H X L H L L H L H H L L H H 

5 H X L H L H H H L H H L H H 

6 H X L H H L H L L H H H H H 

7 H X L H H H H H H H L L L L 

8 H X H L L L H H H H H H H H 

9 H X H L L H H H H H L L H H 

10 H X H L H L H L L L H H L H 

11 H X H L H H H L L H H L L H 

12 H X H H L L H L H L L L H H 

13 H X H H L H H H L L H L H H 

14 H X H H H L H L L L H H H H 
-

15 H X H H H H H L L L L L L L 

BI X X X X X X L L L L L L L L 

RBI H L L L L L L L L L L L L L 

LT L X X X X X H H H H H H H H 

TRUTH TABLE 9359/5449, 7449 

r--'NPUTS~ r--0UTPUTS---_____ 
- ... -

DECIMAL 
OR D C B A Bi a b c d e f 9 NOTE 

FUNCTION 
--

0 L L L L H H _f:'_ H H H H L 1 

1 L L L H H L H H L L L L --
2 L L H L H H H L H H - c--- f.-H_ t--'=-- --
3 L L H H H H H H H L L H --
4 L H L L H L H H L L H H 

5 L H L H H H L f-H H L H H 
-~ 

6 L H H L H L L H H H H H 
f------._-\---- -. 

7 L H H H H H H H L L L L 

8 H L L L H H H H H H H H 

9 H L L H H H H H L L H H 

10 H L H L H L L L H H L H 

11 H L H H H L L H H L L H 

12 H H L L H L H L L L H H 

13 H H L H H H L L H L H H 

14 H H H L H L L L H H H H 

15 H H H H H L L L L L L L 

BI X X X X L L L L L L L L 2 

NOTE 

1 

1 

2 

3 

4 

NOTES: 

(1) BI/RBO IS wired-AN 0 logic serving as blanking input 
fBi) and/or ripple-blanking output (RBO). The blanking 
out (Bi) must be open or held at a HI G H level when 
output functions 0 through 15 are desired, and ripple­
blanking input (RBI) must be open or at a HIGH level 
if blanking of a decimal 0 is not desired. X=input may be 
HIGH or LOW. 

(2) When a LOW level is applied to the blanking input 
(forced condition) all segment outputs go to a LOW level, 
regardless of the state of any other input condition. 

(3) When ripple-blanking input (RBI) and inputs A, B, C, 

and 0 are at LOW level, with the lamp test input at HIGH 
level, atl segment outputs go to. a HI G H level and the 
ripple-blanking output (RBO) goes to a LO,!" level 
(response condition). 

(4) When the blanking input/ripple-blanking output (s17 
RBO) is open or held at a HIGH level, and a LOW level 
is applied to lamp-test input, all segment outputs go to a 
LOW level. 

NOTES: 

(1) The blanking input m!Jst be open or held at a HI G H level 
when output functions 0 through 15 are desired. 

(2) When a LOW level is applied to the blanking input all 
segment outputs go to a LOW level regarCless of the 
state of any other input condition. X = input may be 
HIGH or LOW. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
* Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +V CC value 

+30 mA 
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TTL/MSI • 9358/5448, 7448 • 9359/5449, 7449 

,RECOMMENDED OPERATING CONDITIONS 

9358XM/5448XM 9358XC/7448XC 

PARAMETER 9359XM/5449XM 9359XC!7 449XC UNITS 
MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage V CC (See Note 3) 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

x == package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

PARAMETER 
9358/5448, 7448 9359/5449, 7449 

MIN. TYP. MAX. MIN. TYP. MAX. 

Continuous Voltage at Outputs a through g 5.5 

Normalized Fan Out From Outputs a through g to Series 54/74 4.0 6.0 
Loads 

Normalized Fan Out From BI/RBO Node to Series 54/74 Loads 5.0 

. I Outputs a through g 6.4 10 
Output Sink Current, 10L: I BI/RBO Node 8.0 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts 

VIL Input LOW Voltage 
0.6 

Volts 
0.8 

Von On-State Output Voltage 0.27 0.4 Volts 

VOL Output LOW Voltage 0.27 0.4 Volts 

Voff Off-State Output Voltage 5.5 Volts 

Output HIGH Voltage at 
2.4 3.7 Volts 

VOH 
BI/RBO Node 
Output HIGH Voltage at 

2.4 4.2 Volts 
Outputs a through g 

10H 
Output HIGH Current at 

-1.3 -2.0 mA 
Outputs a through g 
Input LOW Current at Any Input 

-1.6 mA 
IlL Except BI/RBO Node of 9358/5448,7448 

I nput LOW CUrrent at 
-4.2 mA 

BI/RBO Node 

IIH 
Input HIGH Current at Any Input 40 J.LA 
Except BI/RBO Node of 9358/5448, 7448 1.0 mA 
Output Short Circuit Current at Any 

lOS Output Except Outputs a through g -4.0 mA 
9359/5449, 7449 

53 76 mA 

ICC Supply Current 
53 90 mA 
33 47 mA 
33 56 mA 

SWITCHING CHARACTERISTICS (T A == 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS 
MIN. TYP. MAX. 

tPLH 
Turn Off Delay I nput to Output 100 ns 
A Input to Any Output 

tpHL 
Turn On Delay Input to Output 100 ns 
A Input to Any Output 
Turn Off Delay I nput to Output 100 tPLH RBI Input to Any Output 

ns 

tPHL 
Turn On Delay Input to Output 100 ns 
RBI Input to Any Output 

*RL == 1 k,Q for 9358/5448 and 9359/5449; RL == 667,Q for 9358/7448 and 9359/7449. 

NOTES: 

TEST CONDITIONS (Note 1) 

9359/5449 
9358/5448,7448;9359/7449 

9359/5449, 7449 
VCC == MIN. 
10L == MAX. 

9358/5448, 7448 
VCC - MIN. 
10L == MAX. 

9359/5449, 7449 
VCC - MAX. 
loff == 0.25 mA 

9358/5448, 7448 
VCC - MIN. 
10H == -0.2 mA 

9358/5448, 7448 
VCC - MIN. 
10H == -0.4 mA 

9358/5448, 7448 
VCC - MIN. 
VOUT == 0.85 V 

VCC == MAX., VIN == 0.4 V 

9358/5448 7448 VCC == MAX. 
' VIN==O.4V 

VCC - MAX., VIN - 2.4 V 
VCC - MAX., VIN - 5.5 V 

VCC == MAX. 

9358/5448 
9358/7448 

VCC == MAX. 
9359/5449 
9359/7449 

TEST CONDITIONS 

VCC == 5.0 V 

CL == 15 pF 

RL* 

UNITS 

Volts 

mA 
mA 

TEST 
FIGURE 

1 & 2 

1 & 2 

1 

1 

2 

2 

2 

2 

3 

3 

4 

5 

4 

TEST 
FIGURE 

A 

A 

A 

A 

(1) For conditions shown as MI N. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at VCC == 5.0 V, 25°C. 
(3) These voltage values are with respect to network ground terminal. 
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TTL/MSI • 9358/5448, 7448 • 9359/5449, 7449 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

VIN 

Vee 

a 
b 
c 
d 
e 

9 

V 11-_1 

VIL 

TEST 
PER 

TRUTH 
TABLE 

Vee 

A 
B 
e 

0 
LT* 
RBI* 
BI/RBO§ 

a. 
b' 
c 
d 

e 
f 
9 

10H 

loff 1) 

See Notes 
1 and 2 

~ 

1. Measure Von for 9359/5449, 7449. 1. Measure Voff for 9359/5449, 7449. 

IlL -

Measure VOL for 9358/5448,7448. 2. Measure Va H for 9358/5448, 7448. 

Fig. 1 Fig. 2 

Vee Vee 
~ ICC 

A a 

1 OPEN 

A a 
b B b 
c ~ e c See See 

0 Note 1 d VIN Note 1 d 
e LT* ~ 

RBI* f 
9 BI/RBO§ 9 

1. Each input is tested separately. 1. Each input is tested separately for " H. 

Fig. 3 Fig. 4 

Vee 

=i)IOS 

lOS ~ 
~ __ ~ __ ~gJr--------~ 

1. Each output is tested separately. 

Fig. 5 

* Arrows indicate actual direction of current flow. Logic symbol used is representative for all types. 

+Available on 9358/5448, 7448 only. 
§BI is available on all types. RBO node is available on 9358/5448, 7448 only. 
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TTL/MSI • 9358/5448, 7448 • 9359/5449, 7449 

PARAMETER MEASUREMENT INFORMATION (con't.) 

SWITCHING CHARACTERISTICS 

8-4-2-1 
1---- ---- ---, 

TRUTH TABLEI--------l I RL I 
I - - - - - - -- I I 

GENERATOR 
(See Note 1) 

PULSE. 
GENERATOR 

(See Note 1) 

TYPICAL INPUT 
VOLTAGE 

WAVEFORMS 
(See Note 2) 

TYPICAL OUTPUT 
VOLTAGE 

WAVEFORMS 

: RL II I 
I II I 
1 LOAD C *11 I 
:CIRCUITl LII 71 
I FOR II I 
!9359/5449,74491: LOAD CIRCUIT FOR 1 
L ________ II _ ~~~~4~~ ~~~ _ J 

TEST CIRCUIT 
*CL includes probe and jig capacitance. 

--------------.. ---------------VIH 

INPUT A X 1.5 V 
. I -------------------- VIL 

--l t-- (See Note 2) 

~~;U~-S~-C-~~~-1~5-~ ------------- VIH 
, , -I. 

1'--------------------- VIL 
I L.--

--I tp LH 1 r------------ Vo H 

------------l!-~~ ~~ ~ ----_u - U - VOL 
I 

-------------~I--~ V I ~~.~~------------- OH 

I I VOL ---l tpHL t--

VOLTAGE WAVEFORMS - A INPUT TO OUTPUTS 

9358/5448, 7448 
INPUTS A, B, C, and D 

9358/5448, 7448 

RBI INPUT 

OUTPUT a 

~---------------------~:: 
--- - ----------- VIH 

~.5V 
: '------------ V I L 

1 

-: tpLH :-
I I 
I 
I , 

------------- - - --------IIf--____ ---------- VOH 

: ~.5V 
l : '---------- Vo L 

---t tpH L I.-

VOLTAGE WAVEFORMS - RBI INPUT TO OUTPUTS 

NOTES: 
1. The truth table generator and pulse generator have the following characteristics: 

VOH 2. 2.4 V, VOL ~ 0.4 V, tr and tf ~ 10 ns, and PRR = 1 MHz. 
2. Inputs B, C, and D transitions occur simultaneously with or prior to input A transitions. RBI = 4.5 V. 

+Available on 9358/5448, 7448 only. 
§ Bi is available on all types. RBO node is available on 9358/5448, 7448 only. 

Fig. A SWITCHING TIMES 
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TTL/MSI • 9358/5448, 7448 • 9359/5449, 7449 

TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS 

SWITCHING CHARACTERISTICS (Continued) 

A 

B x- -------x 

C 1 .... __ .J Ix--------x 

Dl~ ____ __' Ix--------X 

9358/5448, 7448 {LT '--_____ I 
ONLY RBI-~----~~----'I .... ~~~~ ________ X--------X* 

. FORCED 
B I/RBO-------------, r See Note 1 r-----''''---____. l.!J I /BLANKING INPUT' 

a 

b 

9358/5448, 7448 d 
9359/5449, 7449 

OUTPUTS e 

u u 

NOTE: 

*X-----X INPUT MAY BE HIGH OR LOW 

u---l ___ _ 
'---y--J 

NOT 
APPLICABLE 

9359/5448, 7449 

1. For the 9358/5448, 7448 th is LOW level represents the REiO response. 
For the 9359/5449, 7449 a LOW level pulse Is applied to the blanking input. 
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TTL/MSI9360/54192,74192 
9366/54193, 74193 

UP/DOWN DECADE AND BINARY COUNTERS 

DESCRIPTION - The TTL/MSI 9360/54192, 74192 is a synchronous Up/Down BCD 
Decade C6unter, and the TTL/MSI 9366/54193, 74193 is a synchronous Up/Down 4-Bit 
Binary Counter. Both counters have separate up/down clocks, parall el load faci I ity, termi nal 
count outputs for multidecade operation and an asynchronous overriding master reset. The 
circuits use TTL technology for high speed, and are compatible with the entire Fairchild 
TTL family. 

• SYNCHRONOUS OPERATION 
• CASCADING CIRCUITRY INTERNALLY PROVIDED 
• PARALLEL LOAD FACILITY 
• ASYNCHRONOUS MASTER RESET 
• 30MHz TYPICAL COUNT FREQUENCY 
• TYPICAL POWER DISSIPATION OF 300mW 
• INPUT CLAMP DIODES 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE PACKAGE 

• TTL COMPATIBLE 

LOGIC SYMBOL 

11 15 1 10 9 

12 

4. 13 

14 3 2 6 7 

9360/54192, 74192 & 9366/54193,74193 

Vee = Pin 16 

GND=Pin8 

CONNECTION DIAGRAMS 

(TOP VIEWS) 

DIP FLATPAK 

PIN NAMES 

PL 

P A, PB, PC, Po 
CPU 
CPO 
MR 

Parallel Load (Active LOW) Input 
Parallel Data Inputs 
Count Up Clock Pulse Input 
Count Down Clock Pulse Input 
Master Reset (Clear) Input 
(Asynchronous) 
Counter Outputs 
Terminal Count Up (Carry) Output 
Terminal Count Down (Borrow) Output 

LOADING 

1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 

10 U.L. 
10 U.L. 
10 U.L. 

1 Unit Load (U.L.) = 40 /-LA HIGH/1.6 rnA LOW 

M R ----I>--­
(CLEARJ@ 0

QA 

9360/54192, 74192 

LOGIC DIAGRAMS 

(BORROW 
OUTPUT! 

GOD 
MR -1>­

(CLEAAI@ 

o ~ PIN NUMBER 
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16 

15 

14 

13 

12 

11 

10 

9366/54193, 74193 

0 00 

Teo 
(BORROW 
OUTPUT) 

16 

15 

14 

13 

I 12 

11 

10 



TTL/MSI • 9360/54192, 74192 • 9366/54193, 74193 

FUNCTIONAL DESCRIPTION - The 9360/54192, 74192 and 9366/54193, 74193 can be reset, preset and count up or down. These operating 
modes of the 9360/54192,74192 and 9366/541'93, 74193are tabulated in Mode Selection table. The operating modes of the 9360/54192, 74192 
and 9366/54193, 74193 are identical; the only difference between the devices is the count sequences. 

Counting is synchronous, with the outputs changing state after the LOW to HIGH transition of either the Count-Up Clock (CPU) or Count-Down 
Clock (CPO)' The direction of counting is determined by which clock input is pulsed while the other clock input is HIGH. (Incorrect counting 
will occur if both the count-up clock and count-down clock inputs are LOW simultaneously.) Both counters will respond to a clock pulse on 
either input by changing to the next appropriate state of the count sequence. (The state diagram for the 9360/54192, 74192 shows the regular 
sequence and in addition shows the sequence of states if a code greater than nine is present in the counter. 

Both the 9360/54192,74192 and the 9366/54193, 74193 have a parallel load (asynchronous) facility which permits the counter to be preset. 
Whenever the parallel load (pL) input is LOW, and Master Reset is LOW, the information present on the Parallel Data inputs (P A, PB, PC, PO) 
will be loaded into the counters and appear on the outputs independent of the conditions of the clock inputs. When the Parallel Load I nput goes 
HI GH this information is stored in the counters and when the counters are clocked they change to the next appropriate state in the count 
sequence. The Parallel Data inputs are inhibited whe[l the Parallel Load is HIGH and have no effect on the counters. 

The Terminal Count-Up (TCU) and Terminal Count-Down (TCO) outputs (carry and borrow respectively) allow multidecade counter operations 
without additional logic. The counters are cascaded by feeding the terminal count-up output to the count-up clock inpWi and terminal count­
down clock input of the following counter. 

The terminal count-up outputs for the 9360/54192, 74192 and 9366/54193, 74193 are LOW when their count-up clock inputs are LOW and the 
counters are in state nine and state fifteen respectively. Similarly, the terminal count-down outputs are LOW when their count-down clock inputs 
are LOWand both counters are in state zero. Thus, when the 9360/54192,74192 counter is in state nine and the 9366/54193,74193 counter is 
in state fifteen and both are counting up, or both counters are in state zero and counting down, a clock pulse will change the counter's state on 
the rising edge and simultaneously clock the following counter through the appropriate active LOW terminal count output. There are two gate 
delays per state when these counters are cascaded. 

The asynchronous Master Reset input (MR), when HIGH, overrides all input and clears the counters. Master reset overrides parallel load so that 
when both are activated the counters will be reset. (Obviously, both parallel load and master reset must not be deactivated simultaneously for 
predictabl e operation). 

9360/54192, 74192 LOGIC EQUATIONS 

FOR TERMINAL COUNT 

TCU 

TCO 

00 . 01 . 02 . 03 . CPU 

00 . 01 . 02 . 03 . CPO 

9360/54192, 74192 STATE DIAGRAM 

COUNT UP 

COUNT DOWN ------. 

9366/54193,74193 LOGIC EQUATIONS 

FOR TERMINAL COUNT 

TCU 

TCO 

00 . 01 . 02 . 03 . CPU 

00'01 ·02· 0 3· CPO 

9366/54193, 74193 STATE DIAGRAM 

COUNT UP 

COUNT DOWN 

MODE SELECTION 

(Both Counters) 

MR 

H 
L 
L 
L 
L 

PL CPU 

X X 

L X 
H H 
H CP 
H H 

H = HIGH Voltage Level 

L = LOW Voltage Level 

8-204 

CPO MODE 

X Preset (Asyn.) 

X Preset (Asyn.) 

H No Change 

H Count Up 
CP Count Down 

x = Don't Care Condition 

CP = Clock Pulse 



TTL/MSt. 9360/54192,74192 • 9366/54193,74193 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-65° C to +150u C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 

-0.5 V to +VCC value 
+30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 
.-

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

TEMPERAT 
MIN. TYP. MAX. 

URE 

9360XM/54192XM; 9366XM/54193XM 4.5 V 5.0 V 5.5 V -55°C to 1 

9360XC/74192XC; 9366XC/74193XC 4.75 V 5.0 V 5.25 V O°C to 

x = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed input HIGH Threshold voltage for all input 

VIL Input LOW Voltage 0.8 Volts Guaranteed input LOW Threshold voltage for all inputs 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -400J.1A, VIH = 2.0 V, VIL = 0.8V 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16mA, VIH = 2.0V, VIL = 0.8V 

IIH Input HIGH Current 40 J.1A VCC = MAX., VIN = 2.4V 
-

1.0 mA VCC = MAX., VIN = 5.5V 

IlL I nput LOW Current -1.6 mA VCC = MAX., VIN = O.4V 
--

ISC Output Short Circuit Current -18 -65 mA VCC = MAX. 

(lOS) (Note 3) 
-

ICC Power Supply Current 65 102 mA VCC = MAX. 

NOTES: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

(2) Typical limits are at V CC = 5.0V, 25°C. 

(3) Not more than one output should be shorted at a time. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS 

f max Maximum Input Count Frequency 30 MHz VCC = 5.0V,CL = 15pF, RL = 400n. 

tPLH Turn Off Delay, Count-Up 22 26 ns 

Input (CPU) to Carry Output (TCU) VCC = 5.0 V 

CL = 15 pF 

tPHL Turn On Delay, Count-Up 18 24 ns RL = 400 n. 
Input (CPu) to Carry Output (TCU) 

tPLH Turn Off Delay, Count-Down 22 24 ns 
Input (CPO) to Borrow Output(TCD) VCC = 5.0 V 

Turn On Delay, Count-Down Input 18 
CL=15pF 

tPHL 24 ns 
RL=400n. 

(CPD) to Borrow Output (TCD) 

tPLH Turn Off Delay, Either Count 27 38 ns 
I nput to a Output VCC = 5.0 V 

CL = 15 pF 
tPHL Turn On Delay, Either Count 37 47 ns 

RL = 400 n 
I nput to a Output 
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TTL/M5193562 
9-INPUT PARITY CHECKER/GENERATOR 

DESCRIPTION - The TTL/MSI 93S63 is a very high speed 9-inputparity checker/generator for use in 

error detection in data transmission applications. The 93S62 is implemented with Schottky barrier 

diode clamped TTL technology to insure high speed. 

The 93S62 provides odd and even parity for up to nine data bits. The even parity output (PE) will be 

HIGH is an even number of logic ones are present on the inputs. The odd parity output (PO) will be 

HIGH if an odd number of logic ones are present. An enable input (E) is provided which forces both 

outputs to a LOW level when the input is HIGH. 

• INPUT TO OUTPUT DELAY 16 ns 
• OUTPUT ENABLE TERMINAL 

• BOTH ODD AND EVEN PARITY OUTPUTS PROVIDED 

• GENERATES A PARITY BIT FOR UP TO NINE BITS 

• CHECKS FOR PARITY ON UP TO NINE BITS 

• EASILY EXPANDABLE 
• SCHOTTKY-CLAMPED TTL DESIGN 

PIN NAMES 

10 to 18 
E 
PO 
PE 

LOGIC DIAGRAM 

Data Inputs 
Output Enable 
Odd parity output 
Even parity output 

18® ~~~------__ --______________________ ~ 

PO=IO®I, ®12®13®14®15®16®17®IS 

PE =1 O®I, ffiI2ffiI3®14ffiI5®16ffiI7ffiIS 

~
8 

® 
PE 

® 
PO 

o = Pin Numbers 

8-206 

LOGIC SYMBOL 

1 2 3 4 10 11 12 13 5 

93562 

PO PE 

Vee = PIN 14 
GND=PIN7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 



TTL/MSI93H72 
HIGH SPEED 4-BIT SHIFT REGISTER WITH ENABLE 

DESCRIPTION - The 93H72 High Speed MSI 4-Bit Shift Register is a multifunctional sequential 
logic block which is useful in a wide variety of register applications. It may be used in serial-serial, 
shift left, shift right, serial-parallel, parallel-serial and parallel-parallel data transfers. The circuit is 
compatible with all Fairchild 9300 MSI/TTL Integrated circuits. 

The 93H72 has three synchronous modes of operation: shift, parallel load and hold (do nothing). The 
hold capability permits information storage in the register independent of the clock. 

• 60 MHz TYPICAL SHIFT FREQUENCY 
• SYNCHRONOUS PARALLEL ENTRY 
• DATA HOLD (DO NOTHING) INDEPENDENT OF CLOCK 
• FULLY SYNCHRONOUS WITH EDGE TRIGGERED TYPE CHARACTERISTICS ON INPUTS 

(EXCEPT ~) 
• ASYNCHRONOUS MASTER RESET 
• TYPICAL POWER DISSIPATION OF 475 mW 
• TTL COMPATIBLE 
• ALL CERAMIC "HERMETIC" 16-LEAD DUAL IN-LINE AND FLAT PACKAGES 
• INPUT CLAMP DIODES 

PIN NAMES 

E Active LOW Enable Input 
PE Active LOW Parallel Enable Input 
Po,P1,P2,P3 Parallel Data Inputs 
CP Clock Input 
MR Active LOW Master Reset Input 
Qo to 03 Parallel Outputs (Note b) 
03 Last Stage Complementary Output (Note b) 
D Serial Data Input 

NOTES: 
a. 1 Unit Load (U.L.) = 40 J.lA HIGH/1.6 mA LOW. 

b. 10 U.L. is the output LOW drive factor and 20 U.L. is the output HIGH drive factor. 

LOGIC DIAGRAM 

@) 
cp----------------~---+--+------+----r--+­

MR--------------------~~-------

(0 
0= Pin Numbers 00 @ 01 @ 

8-207 

LOADING 
(Note a) 

2 U.L. 
1 U.L. 
1 U.L. 
2 U.L. 
1 U.L. 

10U.L. 
10U.L. 

1 U.L. 

@ 

LOGIC SYMBOL 

3 4 5 6 7 

10 CP 
MR 

1 15 14 13 12 

Vee = Pin 16 

GND = Pin 8 

11 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

. 
Mff Vcc 16 

15 

14 

13 

12 

11 

10 
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FAIRCHILD TTL/MSI • 93H72 

FUNCTIONAL DESCRIPTION - The 93H72 is a 4-bit shift register with three modes of operation; shift, parallel load and hold (do nothing). 
The register is fully synchronous with any output change occuring after the rising clock edge. The 93H72 features edge triggered type 
characteristics on all inputs (except M R) which means there are no restrictions on the activity of these inputs (PE, E, PO, P1, P2, P3, D) for logic 
operation except for the set up requirements prior to the LOW to HIGH clock transition. 

The mode of operation of the 93H72 is determined by the two inputs, parallel enable (PE) and enable (E) as shown in Table I. The active LOW 
enable when HI GH, places the register in the hold mode with the register flip-flops retaining their information. When the enable is activated 
(LOW) the parallel enable (PE) determines whether the register operates in a shift or parallel data entry mode. 

When the enable is LOWand the parallel enable input is LOW the parallel inputs are selected and will determine the next condition of the register 
synchronously with the clock as shown in Table II. In this mode the element appears as four common clocked 0 flip-flops. With E LOW and the 
PE input HIGH the device acts as a 4-bit shift register with serial data entry through the 0 input shown in Table III. In both cases the next 
state of the flip-flops occurs after the LOW to HIGH transition of the clock input. 

The asynchronous active LOW master reset overrides all inputs and clears the register forcing outputs 00-3 LOW andQ3 HIGH. 

To provide for left shift operation, P3 is used as the serial data input and 00 is the serial data output. The other outputs are tied back to the 
previous parallel inputs, with 03 tied to P2, 02 tied to P1 and 01 tied to PO. 

TABLE I. MODE SELECTION 

MODE MR E PE Po P, P2 P3 D 

Parallel Load H L L Parallel Data Entry X 

Serial Shift H L H X X X X Serial Data Entry 
Synchronous 

Hold H H L X X X X X 

Hold H H H X X X X X 

Asynchronous Reset L X X All Outputs Set LOW 

TABLE II. PARALLEL DATA ENTRY 

L L 

H H 

TYPICAL INPUT AND OUTPUT CIRCUITS 

TABLE III. SERIAL DATA ENTRY 

o INPUT AT tn 00 AT tn+1 

L L 

H H 

L = LOW Voltage Level 
H = HI G H Voltage Level 
X = Don't Care 
tn = Present State 
tn+1 = State After Next Clock 

INPUTS 
EQUIVALENT CIRCUIT 

OUTPUTS 
EQUIVALENT CIRCUITS 

Vee 

., 
INPUT 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

or-~-r--r-'-/~f~r-'-~ 

T A = 2S"C I---+-f+---f--t----f-----­
Vcc- s.OV 

-1.0 I"--:-r--
t-- - E. CP --+-+---1/1---+-1---1 

-2.0 f----11-+-----<1---+----1i----1/f-I!'t'=:--+--I---I 

f----11-+-----C1---+----1I-
J
+ ~P3 --f---

-3.0 / 0 -I___ 

r--t1-+----11--/-t--~~I--.~-f--1--­

-4.0 1---tH--/-IVf---",.oq---II--H--I--H---I 

-5.0 HA-__II__-+~I___+-I___+__I 

-6.0 '-'---','---'--'---'--'---'--'----' 
-1.0 1.0 2.0 3.0 

V IN -INPUT VOLTAGE - VOLTS 

80 

.. 
E 60 

t-
Z 

II: 
:::l 
U 

40 t-
:::l 

:::l 
0 

t-

_6 20 

~OUTPUT 

-'~r 

LOW 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

LOW STATE 

TAl 25
J
C f-----f--- __ -

Vee -- 5.0 V /"-

--

I--+-H----jo£/--l-+---- --

/ 
1---17/<-+--1 -.. .. --- - -- 1--- ---

o / 
0.4 0.8 1.2 1.6 20 

VOUT - OUTPUT VOLTAGE VOLTS 
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<! 
E 

t-
z 

0: 
::J 
u 
t-
:::l 

t-
:::l 
0 

t-
:::l 

_0 

0 

-10 

-20 

-30 

~ 
J<l:~3 0--0 OUTPUT 

HIGH s:: 
-= 

OUTPUT CURRENT VERSUS 
OUTPUT VOL TAG E 

HIGH STATE 

V 
f-----f-- - f- -/ - - --

V 
./' V 

/V 

-4° 0':---'---'l.
L
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VOUT OUTPUT VOLTAGE - VOLTS 



FAI RCHI LO TTL/MSI • 93H72 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Poten,tial to Ground Pin 
*Input Voltage (dc) 

*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage Limit or Input Current is sufficient to protect the inputs. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN. TYP. 

93H72XM 4.5 V 5.0 V 

93H72XC 4.75 V 5.0V 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 rnA 

TEMPERATURE 
MAX. 

5.5 V -55°C to 125°C 

5.25 V O°C to 75°C 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS (Over operating temperature ranges) 
-

LIMITS 
SYMBOL PARAMETER UNITS CONDITIONS 

MIN. TYP. MAX. 
(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Thres-
hold Voltage For All Inputs 

VIL Input LOW Voltage 0.8 Volts Guaranteed I nput LOW Thres-
hold For All Inputs 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MIN., 
liN = -12rnA, TA = 25°C 

VOH Output HIGH Voltage 2.4 2.7 Volts VCC = MIN., IOH = -800 J.LA 

VOL Output LOW Voltage 0.25 0.4 Volts VCC = MIN., IOL = 16.0 rnA 

IlL Input Load Current MR, D, -1.08 -1.6 mA VCC = MAX., VIN = 0.4 V 
PO,Pl,P2,P3,PE 

IlL I nput Load Current E, CP -2.16 -3.2 mA VCC = MAX., VIN = 0.4 V 

Input Leakage Current MR, 10 40 J.LA VCC = MAX., VIN = 2.4 V 
IIH 

D,PO,Pl,P2,P3,PE 1.0 mA VCC = MAX., VIN = 5.5 V 

Input Leakage Current E, CP 
20 80 J.LA VCC = MAX., VIN = 2.4 V 

IIH 
1.0 mA VCC = MAX., VIN = 5.5 V 

95 120 mA VCC = MAX., 93H72XM 
ICC Supply Current 

100 135 mA VCC = MAX., 93H72XC 

ISC Short-Circuit Output Current 30 75 100 mA VCC = MAX., VOUT = O.OV 
(Note 5) 

NOTES: 

1. The actual testing procedures used to guarantee the Electrical Characteristics are contained in a detailed Customer Sample Specification. A 
copy of this specification can be obtained from Fairchild Digital Product Marketing, Mountain View, California. 

2. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
3. The specified LI M ITS represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature 

and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating 
ranges. 

4. Typical limits are at VCC = 5.0 V, 25°C and max: loading. 
5. Not more than one output should be shorted at a time. 
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FAIRCHILD TTL/MSI • 93H12 

SWITCHING CHARACTERISTICS (T A = 25°C, VCC = 5.0 V, CL = 15 pF) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

f sr Shift Right Frequency 45 60 MHz 

Turn On Delay from Positive 
14.5 21 Fig. 1 tpHL ns 

Clock Edge to Any Output 

Turn Off Delay from Positive 
10 16 Fig. 1 tpLH ns 

Clock Edge to Any Output 

tpHL (MR) 
Delay from Master Reset to 

19 Fig.4 26 ns 
Any Output 

ts (Data) 
Setup Time for Data 

7.0 3.5 Fig. 3 ns 
(0, PO, P1, P2, P3) 

ts (E) Setup Time for Enable, E (H or L) 17 9.0 ns Fig.2 

ts(PE) Setup Time for Parallel Enable, PE 19 10 ns Fig. 1 
--

trec(MR) Recovery Time for MR 7.0 3.0 ns Fig.4 

tpw MR Required Pulse Width for MR 19 11 ns Fig.4 

tHOLD (Data) 
Hold Time for Data, E, or PE 0 Fig. 1, 2 and 3 (E) or (PE) ns 

NOTES: 
6. SET-UP TIME: ts is defined as the minimum time required for the logic level to be present at the logic input prior to the clock transition 

from LOW to HI G H in order for the register to respond. 

7. HOLD TI ME: tHOLD is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be main­

tained to insure continued recognition. 

S. RECOVERY TIME FOR MR: tree (MRl is defined as the minimum time required between the end of the reset pulse and the clock transition 
from LOW to HIGH in order for the flip-flop(sl to respond to the clock. 

SWITCHING TIME WAVEFORMS 

The shaded areas indicate when the input is permitted to change for predictable output performance. 

SET UP TIME (ts) FOR PARALLEL ENABLE 

CLOCK 
ICPI 

_I t='PLH 
OUTPUT ~1.5-V------+""\ 

1001 I ~----

Other Conditions: Po = H 

E=L 
D=L 

Fig. 1 

SET UP TIME Its) FOR DATA (0, PO, 1,2,3) 

, ____ -.Jr 
Other Conditions: E = L 

Fig. 3 

8-210 

SET UP TIME (ts) FOR ENABLE fE') 

,'--------
ENABLE 

CLOCK 

0 0 ------...1/ 

Other Conditions: PE = H 

Fig. 2 

DELAY FROM MR TO OUTPUT tpHL 
MASTER RESET RECOVERY TIME (tree) 

REQUIRED MASTER RESET PULSE WIDTH 

CLOCK 11.5V 

lePI --------'1 
MASTER 
RESET 
IMRI 

°0 . 1. 2. 3 --+--"",\ 

-',ee 

Other Conditions: E = L, PE = L, Po = P1 = P2 = P3 = H 

Fig. 4 



TTLlMSI9375/5475,7475 
9377/5477,7477 

4-81T LATCH 

DESCRIPTION - The TTL/MSI 9375/5475, 7475 and 9377/5477,7477 
are latches used as temporary storage for binary information between 
processing units and input/output or indicator units. Information present 
at a data (D) input is transferred to the a output when the clock is HIGH 
and the a output will follow the data input as long as the clock remains 
HIGH. When the clock goes LOW, the information (that was present at the 
data input at the time the transition occurred) is retained at the a output 
until the clock is permitted to go HIGH. 

The 9375/5475, 7475 features complementary a and Q output from a 4-bit 
latch and is available in the 16-lead pa~kages. For higher c~mponent density 
applications the 9377/5477, 7477 4-bit latch is available in the 14-lead 
package with Q outputs omitfed. 

PIN NAMES 

01,D2,03,04 

CP"1-2 
CP3-4 
01, 02, 03, ~ 
01, 02, Q3, Q4 

Data Inputs 
Clock Input Latches 1 & 2 
Clock I nput Latches 3 & 4 
Latch Outputs 
Complementary Latch Outputs 

LOADING 

2 U.L. 
4 U.L. 
4 U.L. 

10 U.L. 
10 U.L. 

Note: 1 Unit Load (U.L.) = 40 I-£A HIGH/1.6 mA LOW 

TRUTH TABLE 

(Each Latch) 

tn tn+1 

0 

H 

L 

LOGIC DIAGRAM 
(EACH LATCH) 

Q 

a 
H 

L 

CLOCK 

NOTES: 
tn = bit time before clock 
negative-going transition. 

tn+1 = bit time after clock 
negative-going transition. 

(9375/5475,7475 
ONLY) 

DATA 

8-211 

13 

LOGIC SYMBOL 

2 3 6 7 

16 1 15 14 10 11 9 8 

VCC = Pin 5 
GNO = Pin 12 

12 

1 2 5 6 

9377/5477,7477 

14 13 9 8 

VCC = Pin 4 
GNO = Pin 11 
NC = Pin 7, 10 

CONNECTION DIAGRAM 

FLATPAKS (TOP VIEW) 

01· Q l 16 

°1 Q2 15 

°2 14 

CP cp 
3-4 9375/5475,7475 1-2 

13 

Vcc 

°3 

°4 

°4 

12 

03 11 

10 

DIP (TOP VI EW) 

16 

15 

14 

13 

12 

11 

10 

°4 Q4 

Positive logic: See truth table. 
NC - No internal connection. 

14 

13 

12 I 11 

10 



TTL/MSI • 9375/5475, 7475 • 9377/5477, 7477 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin PotentiiJll to Ground Pin 
*Input Voltage (de) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output CUrrent (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9375XM/5475XM 
PARAMETER 9377XM/5477XM 

MIN. TYP. MAX. 

Supply Voltage V CC (See Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan Out from Outputs 10 

9375XC/7475XC 
9377XC/7477XC 

MIN. TYP. 

4.75 5.0 

0 25 

_65° C to + 1 50° C 
-55°C to + 125°C 

-O.5V to +7.0 V 
-O.5V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

UNITS 

MAX. 

5.25 Volts 

70 °c 

10 

x = package type; F for Flatpak, D for Ceramic DIP, P for PlastiC DIp. See Packaging Information Section for packages available on thiS product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 1 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 2 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -0.4 mA 1 & 2 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16 mA 1 & 2 

90 J1A VCC = MAX., VIN = 2.4 V 
Input HI G H Current at D 3 

1.0 mA VCC = MAX., VIN = 5.5 V 
IIH 

160 J1A VCC = MAX., VIN = 2.4 V 
Input HIGH Current at Clock 3 

1.0 mA VCC = MAX., VIN = 5.5 V 

I nput LOW Current at D -3.2 mA VCC = MAX., VIN = 0.4 V 3 
IlL Input LOW Current at Clock -6.4 mA VCC = MAX. 3 

Output Short Circuit Current -20 -57 mA 9375/5475;9377/5477 
lOS VCC = MAX. 4 

(Note 3) -18 -57 mA 9375/7475; 9377/7477 

32 46 mA 9375/5475;9377/5477 
ICC Supply Current VCC = MAX. 5 

32 53 mA 9375/7475; 9377/7477 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 

tsetupH At D Input 7.0 20 ns A 
VCC = 5.0 V 

tsetupL At D Input 14 20 ns A 

tholdH At D Input 0 15* ns 
CL=15pF 

A 

tholdL At D Input 0 6.0* 
RL = 400n 

A ns 

tpLH 16 30 VCC = 5.0 V, CL = 15 pF 
D to Q ns A 

tpHL 14 25 RL = 400n 

tPLH 
D to 5 (9375/5475, 7475) 

24 40 VCC=5.0V,CL= 15pF 
ns A 

tpHL 7.0 15 RL = 400n 

tpLH 
CP to 5 16 30 VCC = 5.0 V, CL = 15 pF 

ns A 
tPHL 7.0 15 RL = 400n 

tpLH 
CP to Q (9375/5475, 7475) 

16 30 VCC=5.0V,CL= 15pF 
ns A tPHL 7.0 15 RL = 400n 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
* These typical times indicate that period occurring prior to the fall of clock pulse (to) below 1.5 V when data at the D input will still be recog­

nized at stored. 
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TTL/MSI • 9375/5475, 7475 • 9377/5477, 7477 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

VCC 

o 

2 V 0---0 

1. Each latch is tested separately. 

See 
Note 

Fig. 1 

Vee 

1. Each input is tested separately. 
2. When testing II H at 0 ground clock. 
3. When testing II H at clock ground all 0 inputs. 

Fig. 3 

VCC 

• 
ICC 

o 

'---QCLOCK Q 

Vce 

10L 

VIL 0 Q ~ 
VOL 10H 

2V CLOCK Q s:. 
VOH t 

":" ~! ":" ":" 

1. Each latch is tested separately. 

Fig. 2 

Vce 

4.

5Vl See 

= Note 1 

}}

OS 
See 

Note2 ~ 

1. I nput conditions are in accordance with truth table. 
2. Each latch and each output is tested separately. 

Fig. 4 

1. All latches are tested simultaneously. 

Fig. 5 

* Arrows indicate actual direction of current flow. Complementary 0: outputs are available on the 9375/5475, 7475. 
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TTL/MSI • 9375/5475, 7475 • 9377/5477, 7477 

PARAMETER MEASUREMENT INFORMATION (con't) 

SWITCHING CHARACTERISTICS* 

DINPUT 

See 
Note 3 

OUTPUT Q 

OUTPUT a 

PULSE 
GENERATOR A 

(See Note 1) 

PULSE 
GENERATOR 8 

(See Note 1) 

NOTES: 

INPUTS 

~ 
D CLOCK VCC 

t--._--t--i D 

OUTPUTS 

~ 
Q Q 

400n RL RL 400n 

Q~ __ -+---""'-KI--""'---+-~ 

CLOCK a t------4~--4..._tO-----I~ .. Dll___i 

*CL includes probe and jig capacitance. 

TEST CIRCUIT 

Vgen 

'------___ ~u_ ----- 0 
--~ ... I ... - -..I thold L 

.,.----~-:-------- Vgen 

I \05 V r VOH 

I '__ ________ ..J --- VOL 

I --l I+-tpLH (C-O) 

I-- tpLH (00011,----------\ -VOH 

o 1.5 V '-- VOL 

VOLTAGE WAVEFORMS 

1. The pulse generators have the following characteristics: Vgen = 3 V, t1 = to ~ 10 ns, and Zout ~ 50n. For pulse 
generator A tp1 = 1 J.ls and PRR = 500 kHz. For pulse generator B, tp2 = 500 ns and PRR = 1 MHz. Positions of 
O-input and clock-input pulses are varied with respect to each other to verify setup and hold times. 

2. Each latch is tested separately. 

3. When measuring tpLH (0-0) and tpHL (0-0) or tpHL (0-0) and tpLH (0-0) for the 9375/5475,7475, clock 
input must be held at high level. 

Fig. A SWITCt-\ING TIMES 

* Complementary 0 outputs are on the 9375/5475, 7475. 
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TTL/MSI9380/5480,7480 
GATED FULL ADDER 

DESCRIPTION - The TTL/MSI 9380/5480, 7480 is a single-bit, high speed, Binary Full Adder 
with gated complementary inputs, complementary sum (~ and ~') outputs and inverted carry out­
put. It is designed for medium and high speed, multiple-bit, parallel-add/serial-carry applications. 
The circuit utilizes DTL for the gated inputs and high speed, high fan out TTL for the sum and 
carry outputs. The circuit is entirely compatible with both DTL and TTL logic families. The 
implementation of a single-inversion, high speed, Darlington-connected serial-carry circuit minimizes 
the necessity for extensive "Iookahead" and carry-cascading circuits. 

PIN NAMES 

A1,A2,B1,B2 
A*, B* 
AC,BC 
Cn 
Cn+1 
~,~ 

A*, B* 

Non Inverting Data Inputs 
Inverting Data Inputs 
Control Inputs 
Carry Input 
Carry Output 
Sum Outputs 
When Used as Outputs 

LOADING 

1 U.L. 
1.65 U.L. 

1 U.L. 
5 U.L. 
5 U.L. 

10 U.L. 
3 U.L. 

1 Unit Load (U.LJ = 40J,LA HIGH/1.6mA LOW. 

Cn B A Cn+1 

L L L H 

L L H H 

L H L H 

L H H L 

H L L H 

H L H L 

H H L L 

H H H L 

~ ~ 

H L 

L H 

L H 

H L 

L H 

H L 

H L 

L H 

TRUTH TABLE 

NOTES: 

1. A=A*·AC,B=B ... ·BC whereA*=A1'A2' 

B* = B1 . B2 

2. When A * or B * are used as inputs, A1 and A2 or 

B1 and B2 respectively must be connected to GND. 

3. When A1 and A2 or B1 and B2 are used as inputs, 

A * or B * respectively must be open or used to 

perform Dot-OR logic. 

LOGIC DIAGRAM 

A1 

A2 
A*------' 

AC------....J 

B1 

B2 
B*------' 

BC --------1 

Cn------------------+--r~ 

r-----~ 

~ 
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LOGIC SYMBOL 

8 9 10 II 12 13 I 2 

9380/5480,7480 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

Positive logic: See truth table 

I 



TTL/MSI • 9380/5480,7480 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 
9380XM/5480XM 

MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Cn+1,N 5.0 

Normal ized Fan Out from Outputs ~ or~, N 10 

A * or B*, N 3.0 

9380XC/7480XC 

MIN. TYP. 

4.75 5.0 

0 25 

_65° C to +150° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

UNITS 
MAX. 

5.25 Volts 

70 "c 
5.0 

10 

3.0 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST CONDITIONS TEST 

SYMBOL PARAMETER TYP. UNITS 
(Note 1) FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1 & 2 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 1 & 2 

VOH Output HIGH Voltage 2.4 3.5 Volts VCC = MIN. 2 

VOL Output LOW Voltage 0.22 0.4 Volts VCC = MIN., 10L = 16 mA 1 

Input HIGH Current at A1, 15 }.LA VCC = MAX., VIN = 2.4 V 
5 

A2, B1, B2, Ac or Bc 1.0 mA VCC = MAX., VIN = 5.5 V 
IIH 

200 /.LA VCC = MAX., VIN "" 2.4 V 
Input HIGH Current at Cn 6 

1.0 mA VCC = MAX., VIN = 5.5 V 

I nput LOW Current at A1 ' 
-1.6 mA VCC = MAX., VIN = 0.4 V 3 

IlL 
A2,B1, B2,Ac,or Bc 

I nput LOW Current at A * or B * -2.6 mA VCC = MAX., VIN = 0.4 V 4 

Input LOW Current at Cn -8.0 mA VCC = MAX., VIN = 0.4 V 4 

Output Short Circuit Current at ~ or ~ -20 -57 mA 9380/5480 
VCC = MAX. 7 

(Note 3) -18 -57 mA 9380/7480 
lOS 

Output Short Circuit Current at Cn+1 -20 -70 mA 9380/5480 

(Note 3) 
VCC = MAX. 7 

-18 -70 mA 9380/7480 

21 31 mA 9380/5480 
ICC Supply Current VCC = MAX. 8 

21 35 mA 9380/7480 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at Vee = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
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TTL/MSI • 9380/5480, 7480 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS FIGURE A 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. TEST NO. 

tPLH 
(Cn to Cn+l) 

13 17 1 
ns VCC=5.0V 

tpHL 8.0 12 2 

tpLH 18 25 
CL = 15 pF 

3 
(Be to Cn+l) ns RL = 780n 

tpHL 38 55 4 

tpLH 52 70 5 
(Ae to 2::) ns VCC=5.0V 

tpHL 62 80 6 

tpLH 38 55 
CL = 15 pF 

7 
(Be to~) ns RL = 400n 

tpHL 56 75 8 

tpLH 48 65 9 
(Al to A *) ns 

tpHL 17 25 VCC = 5.0 V 10 

tpLH 48 65 CL = 15 pF 11 
(Bl to B*) ns 

tpHL 17 25 12 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

VCC 

TEST Cn A* TEST TABLE 
PER 

TRUTH Output Under Test IOL (Min) 
VIN 2:: or 2:: 16 rnA 

AND 
TEST 

Cn+1 8mA 

A * or B* 4.8 mA 
VOL 

1 
1. Each input or output is tested separately. 

2. When A * is tested A1 and A2 are at GND. When B* is tested B1 and B2 are at GND. 

3. When A 1 and A2 or B 1 and B2 is tested, A * or B * respectively, is open. 

Fig. 1 I 
VCC 

TEST TABLE 
TEST 

Cn PER Ae IOH 
TRUTH A1 

11 ~IN TABLE A2 
AND B1 

TEST B2 

Output Under Test IOH (Min) 

2:: or 2:: -400 J.LA 

Cn+l -200 J.LA 

A * or B* -120 J.LA 

TABLE Be 

1. Each input or output is tested separately. 

2. When A * is tested A1 and A2 are at GND. When B * is tested B 1 and B2 are at GN D. 

3. When A1 and A2 or B1 and B2 are tested A or B , respectively, is open. 

Fig. 2 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9380/5480, 7480 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* (continued) 

Vee 

4.5 V 
TEST TABLE 

Apply VIN 

(Test IlL) 
Apply 4.5 V GND 

A1 A2 None 

A2 A1 None 
I!.L- SEE 

VIN TEST 
TABLE B1 B2 None 

B2 B1 None 

Ae None A1 and A2 

Be None B1 and B2 

1. Each input is tested separately. 

Fig. 3 

Vee 

TEST TABLE 

Apply VIN 

(Test IlL) 
Apply 4.5 V GND 

A* Ae A1 and A2 

B* Be B1 and B2 

en None None 

Cn 

VIN Ae 
l: 

} OPEN 
SEE Al 

4.5 V TEST A2 l: 

TABLE B1 
Cn+l 

B2 

Be Unused inputs are open. 

1. Each input is tested separately. 

Fig. 4 

• Arrows indicate actual direction of current flow. 
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TTl/MSI • 9380/5480, 7480 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CI RCUITS* (continued) 

Vee TEST TABLE 

Apply VIN 

(Test IIH) 
GND 

A1 A2 

A2 A1 

B1 B2 

B2 B1 

Ae A* 

Be B* 

OPEN 

li
lH 

VIN - SEE 
TEST 

TABLE 

1. Each input is tested separately. 

Fig. 5 

Vee Vee 

OPEN 
Cn A* 

)OPEN 

VIN Cn A* 

Ae 
2: (See test table) OPEN Ae 

A1 A1 -
A2 l: A2 2; 

B1 
Cn+1 

B1 
Cn+1 

B2 B2 

Be B* OPEN Be B* 

V I N --------'~ OPEN 

OPEN 110S OPEN 

1. Each output is tested separately. 

TEST TABLE 

Output Under Test VIN Value 

l: Vee 

l: or e n+1 GND I 
Fig. 6 Fig. 7 

Vee 

lee 

~ 

OPEN 

Fig. 8 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9380/5480, 7480 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

2.4 V 

SEE 
TEST 

TABLE 

·CL includes probe and jig capacitance. 

NOTES: 
1. Perform test in accordance with test table. 
2. Each output is tested separately. 

INPUT 

3. Voltage values are with respect to network GND terminal. 

OUTPUT VCC 

---------, 
400 n I 

I 
1 
I 
I 
I 
I 

~ -= LOAD CIRCUIT 1 -= I L _____________ ..I 

r- -LOADClRCUIT2 - ~ 
I~~ A~L~D ~R~IT...2J 

i- -L~D~R;;;I";; --, 
SAME AS LOAD CIRCUIT 1 I 

I EXCEPT RL = 780 n I 
L __ ~ee~o~) ___ J 

4. The generator has the following characteristics: V gen = 3 V, t1 = to ,,;;; 15 ns, 
tp = 0.5 J,Ls, PRR = 1 MHz, and Zout 1':::l 50 n. 

5. I nputs and outputs not otherwise specified are open. 
6. Load circuit 2 simulates output load of 5. 

TEST CIRCUIT 

TEST TABLE (SEE NOTE 5) 

OUTPUT APPLY APPLY 
- APPLY APPLY APPLY 

TEST NO. UNDER INPUT Y INPUT Y 

TEST 
+2.4 V TO GNDTO OUTPUT LOADING TO 

TO TO 

1 Cn+1 None Cn None B1 Cn+1 (N = 5) 

I I 
I I 
I I ..,j I. 

~
i rtPLH I I tpHL 

I I 
OUTPUT '1.5 V 1 .5 V 

2 Cn+1 None Cn None B1 Cn+1 (N = 5) VOLTAGE WAVEFORMS 
3 Cn+1 Be None Cn A1, B1 Cn+1 (N = 5) 

4 Cn+1 Be None Cn A1, B1 Cn+1 (N = 5) 

~ (N = 10) 

5 ~ Ae None Cn A1, B1 ~ (N = 10) 

Cn+1 (N = 5) 

~ (N = 10) 

6 ~ Ae None Cn A1, B1 ~ (N = 10) 

Cn+1 (N = 5) 

7 ~ Be None Cn B1 ~ (N = 10) 

8 ~ Be None Cn B1 ~ (N = 10) 

9 A* None A1 A2 None A* (CL = 15 pF) 

10 A* None A1 A2 None A* (CL = 15 pF) 

11 B* None B1 B2 None B* (CL=15pF) 

12 B* None B1 B2 None B* (CL = 15 pF) 

Fig. A - SWITCHING TIMES 
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TTL/MSI9382/5482,7482 
2- BIT FULL ADDER 

DESCRIPTION - The TTLiMSI 9382/5482,7482 is a Full Adder which performs the addition of 
two 2-bit binary numbers. The sum (~) outputs are provided for each bit and the resultant carry 
(C2) is obtained from the second bit. Designed for medium to high speed, multiple-bit, parallel­
add/serial-carry applications, the circuit utilized high speed, high fan out TTL. The implementation 
of a single-inversion, high speed, Darlington-connected serial-carry Circuit within each bit minimizes 
the necessity for extensive "Iookahead" and carry-cascading circuits. 

PIN NAMES LOADING 

A1,B1 Data Inputs 4 U.L. 

A2,B2 Data Inputs 1 U.L. 

CIN Carry Input 4 U.L. 

~1 Sum Output Bit 1 10 U.L. 

~2 Sum Output Bit 2 10 U.L. 

C2 Carry Output Bit 2 5 U.L. 

1 Unit Load (U.L.) = 40 J.lA HIGH/1.6 rnA LOW 

TRUTH TABLE 

LOGIC DIAGRAM INPUT OUTPUT 

WHEN WHEN 

CIN =0 CIN = 1 

A1 B1 A2 B2 ~1 ~2 C2 ~1 ~2 C2 

L L L L L L L H L L 

H L L L H L L L H L 

L H L L H L L L H L 

H H L L L H L H H L 

L L H L L H L H H L 

H L H L H H L L L H 

L H H L H H L L L H 

H H H L L L H H L H 

L L L H L H L H H L 

H L L H H H L L L H 

L H L H H H L L L H 

H H L H L L H H L H 

L L H H L L H H L H 

H L H H H L H L H H 

L H H H H L H L H H 

H H H H L H H H H H 
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LOGIC SYMBOL 

2 3 14 13 

CIN 9382/5482,7482 

12 10 

VCC = Pin 4 
GND = Pin 11 

NC = Pin 6, 7, 8, 9 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

FLAT PAK (TOP VIEW) 

Positive logic: See truth table 

NC - No internal connection 

I 



TTL/MSI • 9382/5482, 7482 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 

VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 
9382X M/5482XM 

MIN. TYP. MAX. 

Supply Voltage VCC (See Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

No'mal ;zed Fan Out fmm Output [ C2 
5.0 

L1 or L2 10 

-65D C to +150
D

C 
-55

D
C to +125

D
C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

9382XC/7482XC 
UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volts 

0 25 70 DC 

5.0 

10 

X == package type; F for Flatpak, D for Ceramic Dip, P for Plastic DIp. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST CONDITIONS TEST 

SYMBOL PARAMETER TYP. UNITS 
(Note 1) FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1&2 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 1 & 2 

VOH Output HIGH Voltage 2.4 Volts VCC == MIN., 10H ==-400 J-LA 2 

VOL Output LOW Voltage 0.4 Volts VCC == MIN., 10L == 16 mA 1 

Input HIGH Current at Al, 160 J-LA VCC == MAX., VIN == 2.4 V 
3 

IIH 
Bl or CIN 1.0 mA VCC == MAX., VIN == 5.5 V 

40 J-LA VCC == MAX., VIN == 2.4 V 
Input HIGH Current at A2 or B2 3 

1.0 mA VCC == MAX., VIN == 5.5 V 

Input LOW Current at Al, 
-6.4 mA VCC == MAX., VIN == 0.4 V 3 

IlL Bl or CIN 

Input LOW Current at A2 or 82 -1.6 mA VCC == MAX., V IN == 0.4 V 3 

Output Short Circuit Current at -20 -55 mA 9382/5482 
VCC == MAX. 4 

lOS 
Ll or L2 (Note 3) -18 -55 mA 9382/7482 

Output Short Circuit Current at C2 -20 -70 mA 9382/5482 
VCC == MAX. 4 

(Note 3) -18 -70 mA 9382/7482 

35 50 mA 9382/5482 
ICC Supply Current VCC == MAX. 3 

35 58 mA 9382/7482 

SWITCHING CHARACTERISTICS (T A == 25°C) 

LIMITS FIGURE A 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. TEST NO. 

tpLH 34 1 
CIN to Ll ns 

tpHL 40 2 

tpLH 40 VCC==5.0V 3 
B2 to L2 ns CL==15pF 

tPHL 35 4 

tPLH 38 RL == 400n 5 
CIN to L2 ns 

tpHL 42 6 

tPLH 17 27 VCC == 5.0 V 7 

CIN to C2 ns CL == 15 pF 

tpHL 12 19 RL == 780n 8 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
dev ice type. 
(2) Typical limits are at V CC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are l(Vith respect to network ground terminal. 
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TTL/MSI • 9382/5482, 7482 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

Vcc Vcc 

TEST CIN 
PER :E1 

A1 :E1 

VIN 
AND 
TEST 

:E2 
VIN B1 

AND :E2 
TEST 

TABLE 
C2 B2 C2 

1. Each input or output is tested separately. 1. Each input or output is tested separately. 

TEST TABLE TEST TABLE 

OUTPUT UNDER TEST 10L OUTPUT UNDER TEST 10H 
:E1 or :E2 16mA :E1 or :E2 -400 }.LA 

C2 8mA C2 -200}.LA 

Fig. 1 Fig. 2 

Vcc 

4.5 V ~ ICC IlL TEST TABLE IIH TEST TABLE 

APPLY VIN 

TEST liN 

CIN 

A1 

B1 

A2 

B2 

.1. Each input is tested separately. 
2. When testing ICC apply 4.5 V to A1. A2. and 

CI N; and ground B1 and B2' 

VCC 

4.5 V 

.... -----ICIN 

_---~A1 

.... -----I B1 

.... -----I A2 

"'-------l B2 

Fig. 3 

1. Each output is tested separately. 

* Arrows indicate actual direction of current flow. 
Fig. 4 
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APPLY VIN 
APPLY 4.5 V TEST liN GND 

A1 and B1 CIN A1 and B1 

CIN and B1 A1 CIN and B1 

CIN and A1 B1 CIN and A1 

None A2 None 

None B2 None 

.IOS 

I 



TTL/MSI • 9382/5482, 7482 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

TEST 
NO. 

1 

2 

3 

4 

5 

6 

7 

8 

2.4 V 

PARAMETER 

VCC = 5 V 

C,N 

SEE A1 1:1 

TEST B1 

TABLE A2 1:2 

B2 C2 

TEST CIRCUIT 

VCC 
OUTPUT 

54 r--- ---------, 
I RL 400 n I 
I I 
I t 

I'-~~--~-----------~-+-K I 

52 

53 

VOLTAGE WAVEFORMS 

I 
I 
I 

1-= -=1 
I LOAD CIRCUIT 1 I L _____________ J 

r- LOADCiRCUIT2 ----I 
~ME AS LOA~CUIT 1 ___ J 
I loAD CIRCUIT3 - -, 

SAME AS LOAD CIRCUIT 1 I 
L EXCE_P~RL = 780 n __ --.J 

·CL includes probe and jig capacitance. 

I I I I 
_lt11_ -ltOI-

I I ~--------_-J--I- - - --- VIH 

PULSE ~I 2 V 2 vj{ 
GENERATOR 1 V ,1.5 V 1.5 "-' I 1 V 

OUTPUT f4 ---- tp ----- ,-.---- V I L 

___ -!-: _"" --J tPLH:-- V 

! \5V i Ev:: OUTPUT 
WAVEFORM A 

--.J tPH L L.--: I 
-.J '-- I 

II tPLH)<~ II 
OUTPUT 
WAVEFORM 8 I 1.5 V I _____ .I __ J 1 

~ ~5-V- VOH 

~VOL 
I--I tPHL 
I 

SWITCHING TIMES TEST TABLE (SEE NOTE 5) 

APPLY PULSE OUTPUT APPLY APPLY 
GENERATOR UNDER S1 

OUTPUT TO TEST (S4) 
2.4 V TO GNDTO 

S2 S3 

tPLH 
CIN 

L1 
A1 A2,B1,B2 CLOSED OPEN OPEN 

tPHL (WAVEFORM A) 

tPLH L2 None 
A1,B1,B2 

OPEN CLOSED OPEN B2 
tpHL (WAVEFORM B) and CIN 

tpLH L2 A1, A2 B1,B2 OPEN CLOSED CLOSED 
tpHL 

CIN 
(WAVEFORM A) 

tPLH C2 B1, B2 OPEN OPEN CLOSED CIN A1, A2 
tPHL (WAVEFORM B) 

NOTES: 

1. The generator has the following characteristics: V I H ;;. 2.4 V, V I L ~ 0.4 V, t1 = 8 to 15 ns, to = 3 to 5 ns, 
PRR = 1 MHz, tp = 200 ns, and Zout ~ 50 n. 

2. Perform test in accordance with test table. 
3. Each output is tested separately. 
4. Voltage values are with respect to network ground terminal. 

5. Inputs and outputs not otherwise specified are open. 

Fig. A - SWITCHING TIMES 
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TTL/MSI9383/5483,7483 
4-BIT BINARY FULL ADDER 

DESCRIPTION - The TTL/MSI 9383/5483,7483 is a Full Adder which performs the addition of 
two 4-bit binary numbers. The sum (~) outputs are provided for each bit and the resultant carry 
(C4) is obtained from the fourth bit. Designed for medium to high speed, multiple-bit, parallel­
add/serial-carry applications, the circuit utilized high speed, high fan out TTL. The implementation 
of a single-inversion, high speed, Darlington-connected serial-carry circuit within each bit minimizes 
the necessity for extensive "Iookahead" and carry-cascading circuits. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias -55°C to +125°C 
VCC Pin Potential to Ground Pin -0.5 V to +7.0 V 
* Input Voltage (dc) -0.5 V to +5.5 V 
*Input Current (dc) -30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) -0.5 V to +VCC value 
Output Current (dc) (Output LOW) +30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

PIN NAMES LOADING 

A1 ,B 1 .A3,B3 Data Inputs 4 U.L. 

A2,B2.A4,B4 Data Inputs 1 U.L. 

CIN Carry Input 4 U.L. 
L1 ,~2,~3,~4 Sum Outputs 10 U.L. 

C4 Carry Out Bit 4 5 U.L. 

Unit Load (U.L.) = 40}.LA HIGH/1.6 mA LOW 

LOGIC DIAGRAM 
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LOGIC SYMBOL 

10 11 8 7 3 4 1 16 

CIN 9383/5483,7483 

9 6 2 15 14 

VCC = Pin 5 
GND = Pin 12 

CONNECTION DIAGRAM 
DIP (TOP VI EW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

. 
A4 84 

~3 ~4 

A3 C4 

B3 CIN 

vce 

L2 8 1 

B2 A1 

A2 

Positive logic: See truth table 

I 

16 

15 

14 

13 

12 

11 

10 



TTL/MSI • 9383/5483, 7483 

TRUTH TABLE (See Note 1) 

INPUT OUTPUT 

zx. WHEN WHEN 

C'N~O~ C'N~' 
WHEN WHEN 

C2 = 0 C2 = 1 

Al/a:l/(l;? ~~Vc:XlX,X A3 83 A4 84 l:3 1:4 C4 1:3 l:3 C4 

L L L L L L L H L L 

H L L L H L L L H L 

L H L 
--C-- H L L L L H L 

---- f----------
H H L L L H L H H L 

L L H L L H L H H L 

H L H 
.- ~--.--- -f----- -- - --L L H H L L H 

L H H 
-- -

L 
----~ ... c-H"- ----;.:----L 

H L H 

H H H L L L H H L H 

L L L H L H L H H L 

H L L H H H L L L H 

L H L H H H L L L H 

1=1"" r- H L H L L H H L H 

L L H H L L H H L H 

H L H H H L H L H H 

L H H 
---,-:--

H 
r----:--

H L H L H H 

H H H H L H H H H H 
------- ---

RECOMMENDED OPERATING CONDITIONS 

9383X M/5483X M 
PARAMETER 

MIN. TYP. 

Supply Voltage VCC (See Note 4) 4.5 5.0 

Operating Free Air Temperature Range -55 25 

Normalized Fan Out I C4, 

from Outputs 1:E1, :E2, :E3 or :E4 

NOTE: 
1. I nput conditions at A1, A2, B 1, B2 and C, N are used to 

determine outputs :E 1 and :E2, and the value of the internal 
carry C2' The values at C2 A3, B3, A4, and B4, are then used 
to determine outputs :E3, 1;4 and C4' 

9383XC17483XC 
UNITS 

MAX. MIN. TYP. MAX. 

5.5 4.75 5.0 5.25 Volts 

125 0 25 70 °c 

5.0 5.0 U. L. 

10 10 U. L. 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYM80l PARAMETER TYP. TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. UNITS 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1 & 2 

Vil Input lOW Voltage 0.8 Volts Guaranteed V I l 1 & 2 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN.,IOH = See Fig.2 2 

VOL Output lOW Voltage 0.4 Volts VCC = MIN.,IOl = See Fig.1 1 

Input HIGH Current at A1, 160 p.A VCC = MAX., VIN = 2.4 V 
3 

IIH 
A3, 81, 83 or CIN 1.0 mA VCC = MAX., VIN = 5.5 V 

Input HIGH Current at A2, 40 p.A VCC = MAX., VIN = 2.4 V 
3 

A4' 82 or 84 1.0 mA VCC = MAX., VIN = 5.5 V 

Input lOW Current at A1, 
-6.4 mA VCC = MAX., VIN = 0.4 V 3 

III 
A3, 81, 83, or CIN 

Input lOW Current at A2, 
-1.6 mA VCC = MAX., VIN.= 0.4 V 3 

A4, 82 or 84 

Output Short Circuit Current at -20 -55 mA 9383/5483 

9383/7483 
VCC = MAX. 4 

:E 1, :E2, :E3 or:E4 (Note 3) -18 -55 mA 
lOS Output Short Circuit Current at -20 -70 mA 9383/5483 

VCC = MAX. 4 
C4 (Note 3) -18 -70 mA 9383/7483 

78 110 mA 9383/5483 
ICC Supply Current Vec = MAX. 3 

78 128 mA 9383/7483 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
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TTL/MSI • 9383/5483, 7483 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS FIGURE A 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. TEST NO. 

tpLH 34 1 
elN to ~l ns 

tpHL 40 2 

tpLH 38 3 
elN to ~2 ns Vec = 5.0 V 

tpHL 42 4 

tPLH 50 
CL = 15 pF 

5 
CIN to ~3 ns RL = 400n 

tpHL 60 6 

tpLH 55 7 
CIN to ~4 ns 

tpHL 55 8 

tpLH 35 48 VCC=5.0V 9 

CIN to C4 ns CL = 15 pF 

tpHL 22 32 RL = 780n 10 

tpLH 40 11 & 13 
A2 or B2 to ~2 ns VCC = 5.0 V 

tpHL 35 12 & 14 

tPLH 40 
CL=15pF 

15 & 17 
A4 or B4 to ~4 ns RL = 400n 

tpHL 35 16 & 18 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUIT* 

Vct 

TEST TABLE 

TEST 
~1 OUTPUT UNDER TEST IOL 

~l, ~2, ~3, or ~4 l6mA 

e4 8mA 

PER ~2 

TRUTH 
VIN TABLE ~3 

AND 
TEST ~4 

TABLE 
C4 

I 
1. Each input or output is tested separately. 

Fig. 1 

Vee 

TEST TABLE 
~1 

TEST 
IOH PER ~2 

TRUTH =;) VIN TABLE ~3 

OUTPUT UNDER TEST IOH 

~1, ~2, ~3, or ~4 -400 p,A 

C4 -200 p,A 

AND 
~4 

TEST 
TABLE 

C4 

1. Each input or output is tested separately. 

Fig. 2 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9383/5483, 7483 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* (continued) 

IlL TEST TABLE 

VCC 

4.5 V + ICC 
APPLY VIN 

APPLY 4.5 V 
TEST liN 

CIN 1:1 
CIN A1 and B1 

A1 
B1 1::2 

SEE A2 

A1 CIN and B1 

B1 CIN and A1 

VIN TEST B2 1::3 OPEN A2 None 
TABLES A3 

B3 1::4 
A4 

B2 None 

A3 A2, B2. and B3 

B4 C4 B3 A2, B2, and A3 

-= -= 
A4 None 

B4 None 

1. Each input is tested separately. 

2. When testing I CC apply 4.5 V to A 1. A2. A3' 

A4. and CIN; and ground B1. B2. B3. and B4' 

Fig. 3 

VCC 

4.5 V 

e------ICIN 
e------t A 1 

e------I B1 
e------I A2 

.... -----I B2 
e------I A3 

.... -----I B3 
e------t A4 
'"------I B4 

1. Each output is tested separately. 

Fig. 4 

* Arrows indicate actual direction of current flow. 
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IIH TEST TABLE 

APPLY VIN 
GND 

TEST liN 

CIN A1 and B1 

A1 CIN and B1 

B1 CIN and A1 

A2 None 

B2 None 

A3 A2, B2. and B3 

B3 A2, B2, and A3 

A4 None 

B4 None 



TTL/MSI • 9383/5483, 7483 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

I , , , 
2.4 V Vee = 5 V -:tli-_-------..... -:~~:~ ____ V'H 

PULSE ~2V 2V~ 
GENERATOR '1.5V 1,5V,,'lV 
OUTPUT 1 V ~ tp 1"""--, __ V'L 

: --j tPL;cH!"- V , '\.,! i i OH ! r\5V : 1,5V 

--l tPHL L.-: : - VOL 

OUTPUT 
WAVEFORM A 

--J _ I 

itPLHyi : 

~~~PE~~RM B , 1.5 V I 
----~,~ I 

VOH 

~ I VOL 
---I tPHL :-

TEST CIRCUIT VOLTAGE WAVEFORMS 

TEST TABLE (SEE NOTE 5) 

-
APPLY PULSE OUTPUT 

TEST PARA- APPLY APPLY 
GENERATOR UNDER S1 S2 S3 S4 S5 

NO. METER 2.4 V TO GNDTO 
OUTPUT TO TEST (S6) 

, -

1 tpLH ~1 B1, A2, 
CIN A1 CLOSED OPEN OPEN OPEN OPEN 

2 tpHL (WAVEFORM A) and B2 

3 tpLH ~2 
CIN 

(WAVEFORM A) 
A1 and A2 B1 and B2 OPEN CLOSED OPEN OPEN OPEN 

4 tpHL 
----

5 tpLH ~3 A1, A2, B1, B2, 
CIN OPEN OPEN CLOSED OPEN OPEN 

6 tpHL (WAVEFORM A) and A3 and B3 

I 
"-,-'" f--.' -, 

7 tPLH ~4 A1, A2, B1, B2, 
8 

CIN 
(WAVE FORM A) 

OPEN OPEN OPEN CLOSED CLOSED 
tpHL A3, and A4 B3, and B4 

-
9 tpLH C4 A1, A2, B1, B2, 

CIN 
(WAVEFORM B) 

OPEN OPEN OPEN OPEN CLOSED 
10 tpHL A3, and A4 B3, and B4 

-----.-
11 tpLH ~2 A1' B1, 

A2 
(WAVEFORM B) 

None OPEN CLOSED OPEN OPEN OPEN 
12 tpHL B2, and CIN 
13 tpLH ~2 A1, B1, 

B2 
(WAVEFORM B) 

None OPEN CLOSED OPEN OPEN OPEN 
14 tpHL A2, and CIN 

-- --
15 tpLH ~4 A3, B3, 

A4 
(WAVEFORM B) 

None OPEN OPEN OPEN CLOSED OPEN 
16 tpHL and B4 

,.- f--- ._--

17 tpl,H ~4 A3, B3, 
B4 

(WAVEFORM B) 
None OPEN OPEN OPEN CLOSED OPEN 

18 tpHL and A4 

NOTES: 
,1. Pulse generator output pulse characteristics: VIH':;;;; 2.4 V, VIL':;;;; 0.4 V, t1 = 8 to 15 ns, to = 3 to 5 ns, PRR = 1 MHz, 

tp = 200 ns, and Zout ~ 50 .r2. 
2. Perform test in accordance with test table. 
3. Each output is tested separately. 
4. Voltage values are with respect to network ground terminal. 

5. I nputs and outputs not otherwise specified are open. 

Fig. A - SWITCHING TIMES 
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TTL/MSI 9386 
4-81T QUAD EXCLUSIVE-NOR 

DESCRIPTION - The 9386 consists of four independent Exclusive-NOR gates with open collector 
outputs. Single 1-bit comparisons may be made with each gate, or multiple bit comparisons may be 
made by connecting the outputs of the four gates together. Typical power dissipation is 170 mW. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature _65° C to +150° C 

-55°C to +125°C Temperature (Ambient) Under 8ias 
VCC Pin Potential to Ground Pin 
* I nput Voltage" (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

PIN NAMES 

AO to A3, 80 to 83 

00 to Q3 

Inputs 

Outputs 

1 Unit Load (U.L.) = 40 /.LA HIGH/1.6 rnA LOW 

TRUTH TABLE 

INPUTS OUTPUT 
A 8 Q 

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

LOGIC DIAGRAM 
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LOADING 

2.0 U.L. 

15 U.L. 

LOGIC SYMBOL 

9386 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

FLATPAK (TOP VI EW) 

14 

13 

12 

11 

10 



FAIRCHILD TTL/MSI. 9386 

RECOMMENDED OPERATING CONDITIONS 

9386XM 9386XC 
PARAMETER UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product; 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 
(Note 4) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

ICEX Output HIGH Leakage Current 150 JJ,A VCC - MIN., VIN = VIH 
VOUT = 4.5 V 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., VIN(A) = 2.0 V, 
VIN(B) = 0.8 V, 10L = 25 mA 
(Note 3) 

IIH Input HIGH Current 80 JJ,A VCC = MAX., VIN(A) = VIN(B) = 
4.5 V (Note 4) 

IlL I nput LOW Current -0.1 -3.2 mA VCC = MAX., VIN(A) = VIN(B) = . 0.4 V (Note 5) 

ICC Supply Current 32 47.5 mA VCC = 5.25 V, VIN(A) = VIN(B) = 
0.4 V 

A Input 5.5 Volts IIN(A) = 10 rnA, VIN(B) = 0 V 
VLV Input Latch 

B Input 5.5 Volts VIN(A) = 0 V, IIN(B) = 10 mA Voltage 
(Note 6) 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL PARAMETER 
LIMITS 

UNITS TEST CON DITIONS 
MIN. TYP. MAX. 

tpLH Turn Off Delay Input to Output 18 25 ns 

tpHL Turn On Delay I nput to Output 18 25 ns 
VCC = 5.0 V 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 

circuit type. 
(2) Typical limits are at Vec = 5.0 V, 25°C. 
(3) Output sink current is supplied through a resistor.to Vee. I 
(4) A and B are tested separately. When A is 4.5 V, B Is 0 V, and vice versa. 
(5) A and B are tested separately. When A is 0.4 V, B Is 5.25 V, and vice versa. 
(6) This test guarantees operation free of input latch-up over the specified operating supply voltage range. 

SCHEMATIC DIAGRAMS SWITCHING CHARACTERISTICS 

Vee 

~"'" 4k!1 
INPUT 

INPUTS! : ~1.5V ---., 

~ l~~Roo~"' 
~ 

f---tpHL_ -tpLH 

2~ .. ~ 
OUTPUT 

~c C 
OUTPUT 7 

..". ..". 
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TTL/MS193H87/54H87,74H87 
HIGH SPEED 4-81T TRUE/COMPLEMENT, ZERO/ONE ELEMENT 

DESCRIPTION - The 93H87/54H87, 74H87 will perform four functions; use of the Band C control 
inputs determine the function performed. A 4-bit binary number (A) can be transferred to the output 
(Y) in either true or complementary form. In addition the control inputs can also set all outputs to 

LOW or HIGH independent of the state of the data inputs. 

PIN NAMES 

A1, A2, A31 A4 
B, C 

Y 1, Y 2, Y 3, Y 4 

Data Inputs 
Control Inputs 
Outputs 

1 Unit Load (U.L.) = 40 IJ,A HIGH/1.6 mA LOW. 

TRUTH TABLE 

CONTROL OUTPUTS 
INPUTS 

B C Y1 Y2 Y3 

L L A1 A2 A3 
L H A1 A2 A3 
H L H H H 
H H L L L 

LOGIC DIAGRAM 

DATA INPUTS 
~ ____________ ~A~ ____________ ~\ 

A4 

Y4 

A4 
A4 
H 
L 

CONTROL INPUTS 

,.....-A--.. 
B C 

y 4 

~--------------~Vr--------------~I 
OUTPUTS 

8-232 

LOADING 

1.0 U.L. 
1.0 U.L. 
10 U.L. 

LOGIC SYMBOL 

2 5 10 13 

93H87/54H87,74H87 

3 6 9 12 

Vcc = PIN 14 

GND=PIN7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

NC - No Internal Connection 
Positive Logic: See Truth Table 



TTL/MSI • 93H87 /54H87, 74H87 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either input voltage or input current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

93H87XM/54H87XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage V CC (See Note 4) 4.5 5.0 5.5 

Operating Free Air Temperature Range -55 25 125 
Normalized Fan Out from Each I LOW Level 10 
Output, N I HIGH Level 20 

-65° C to +150° C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

93H87XC/74H87XC 
UNITS 

MIN. TYP. MAX. ---
4.75 5.0 5.25 Volts 

0 25 70 °c 

10 
20 U.L. 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS (Note 1) 

(Note 2) 
FIGURE 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 1 
Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold 1 
Voltage 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., IOH = -1.0 mA, 
1 

VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., IOL = 20 mA, 
1 

VIH = 2.0 V, VIL = 0.8 V 
- --

VCC = MAX., VI N = 2.4 vt 50 J.LA 
IIH Input HIGH Current Each Input 2 

1.0 mA VCC = MAX., VIN = 5.5 VI' 

IlL I nput LOW Current -2.0 mA VCC = MAX., VIN = 0.4 V, Each Input 3 

lOS Output Short Circuit -40 -100 mA VCC = MAX., VOUT = 0 V 4 
Current (Note 3) 

ICC Supply Current 54 78 mA 93H87/54H87 I VCC = MAX. 5 
54 89 mA 93H87/74H87 I 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. FIGURE 

tpLH Turn Off Delay I nput to 14 20 ns 
Output (Data I nputs to 
Outputs) 

tpHL Turn On Delay Input to 13 19 ns 
Output (Data Inputs to VCC = 5.0 V 

Outputs) CL = 25 pF A 

tpLH Turn Off Delay I nput to 17 25 ns RL = 280 n. 
Output (Control I nputs to 
Outputs) 

tpHL Turn On Delay Input to 17 25 ns 
Output (Control Inputs to 
Outputs) 

NOTE:S: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 

circuit type. 

(2) Typical limits are at Vee = 5.0 V, 25°e. 

(3) Not more than one output should be shorted at a time. 

(4) These voltage values are with respect to network ground terminaL 
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TTL/MSI • 93H87 /54H87, 74H87 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

Vee Vee 

A, Y, 

A2 Y 2 
SEE 

VIH 
NOTE 

TEST A3 Y3 
PER 

TRUTH 
V IL TABLE A4 Y 4 

A, Y, 

}om 
A2 Y2 

A3 Y3 
V IN 

SEE 
NOTES 

A4 Y4 

1. Each output is tested separately. 1. Each input is tested separately. 
2. When testing A1, A2, A3 or A4 input B is at 4.5 V. 

Fig. 1 Fig. 2 

Vee Vee 

A, Y, 

J"" 
A2 Y2 

Y3 

VIN SEE 
NOTES Y 4 

A, Y, 

4.5 V A2 

A3 Y3 

A4 Y4 1105 

4.5 V 

-= -= 

1. Each input is tested separately. 1. Each output is tested separately. 
2. When testing A1, A2, A3 or A4 input B is grounded. 

Fig. a Fig. 4 

Vee 

lee 

TEST TABLE 

A, Y, 

Jo'" 
A2 Y2 

4.5 V 
SEE A3 Y3 

TEST 
TABLE A4 Y 4 

TEST 
APPLY 4.5 V GROUND 

NO. , A" A2, Aa, A4 B,C, 

2 B,C A" A2, Aa, A4 

Fig. 5 

• Arrows indicate actual direction of current flow. 
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SWITCHING CHARACTERISTICS 

PULSE 
GENERATOR 

(Sao Note 1) 

TTL/MSI • 93H87/54H87, 74H87 

PARAMETER MEASUREMENT INFORMATION (cont'd) 

~ 

-<~ 

SEE 
TEST 
TABLE 

50U 

~~ 
~ 

'-

OUTPUT 

---------------, 
.-------------r----+----~ I 

, , 
I r'CL , 

I _ _ I 
L __ :.. __ ~A~ C~C~T.2 ____ : J 

.---------------, 
LO(~~~~R;SU\T 2 I L- _______________ .I 

r - - - - - WA; C;;CC7T ;- - - - - - ~ 
L. ______ ;:A;!E,!S 2! _______ J 

r - - - - - -;:0-;:0 ~R-;;-u7T:;- - - - - - i 
I- _____ ':;A~E~S.2! ______ J 

*CL includes probe and jig capacitance. 

TEST CIRCUIT 

~ to __ TEST TABLE (See Note 2) 

NOTES: 

NONINVERTING 
FUNCTIONS 

INVERTING 
FUNCTIONS 

, , 
~9~0%!""------9-0-%~1- - f- - - - Vgen 

I 
I 
I 
I 

~ 
I 
I 
I 

---' I 
I 

VOLTAGE WAVEFORMS 

, , 
I 

10% 

1. The pulse generator has the following characteristics: V gen = 3 V, t1 = to = 7 ns, 
tp = 500 ns, PRR = 1 MHz, and Zout R:< 50n. 

2. I nputs not specified are open. 

Fig. A - SWITCHING TIMES 
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GND INPUT OUTPUT 
B,C A1 Y1 
B,C A2 Y2 
B,C A3 Y3 
B,C A4 Y4 

C B Y1 
C B Y2 
C B Y3 
C B Y4 
B C Y1 
B C Y2 
B C Y3 
B C Y4 I 



TTL/MSI9390/5490,7490 
DECADE COUNTER 

DESCRIPTION - The TTL/MSI 9390/5490, 7490 is a Decade Counter which consists of four dual 
rank, master slave flip-flops internally interconnected to provide a divide-by-two counter and a 
divide-by-five counter. Count inputs are inhibited, and all outputs are returned to logical zero or a 
binary coded decimal (BCD) count of 9 throu'gh gated direct reset lines. The output from flip-flop 
A is not internally connected to the succeeding stages, therefore the count may be separated into 
these independent count modes: 

A. If used as a binary coded decimal decade counter, the CPBD input must be externally connected 
to the QA output. The CPA input receives the incoming count,and a count sequence is obtained 
in accordance with the BCD count for nine's complement decimal application. 

B. If a symmetrical divide-by-ten count is desired for frequency synthesizers or other applications 
requiring division of a binary count by a power of ten, the QD output must be externally con­
nected to the CPA input. The input count is then applied at the CPBD input and a divide-by-ten 
square wave is obtained at output QA. 

C. For operation as a divide-by-two counter and a divide-by-five counter, no external intercon­
nections are required. Flip-flop A is used as a binary element for the divide-by-two function. 
The CPBD input is used to obtain binary divide-by-five operation at the QB, QC, and QD 
outputs. In this mode, the two counters operate independently; however, all four flip-flops are 
reset simultaneously. 

PIN NAMES 

RO 
R9 
CPA 
CPBD 
QA, QB, QC, QD 

Reset-Zero Inputs 
Reset-Nine Inputs 
Clock Input 
Clock Input 
Outputs 

1 Unit Load (U.L.) = 40J,LA HIGH/1.6mA LOW. 

BCD COUNT SEQUENCE INote 11 RESET/COUNT (see Note 2) TRUTH TABLES 
RESET INPUTS OUTPUT OUTPUT 

,,-
COUNT 

QO Gc Qa QA ROlli ROl21 Ralll R9121 00 Oc a. OA 

~--- L L L L 

1 L L L H 

H H L X LLLL 

2 L L H L 
H L L H 

3 L L H H 
COUNT 

f--4 - L H L L 
COUNT 

5 L H L H 
COUNT 

6 L H H L 
COUNT 

7 L H H H NOTES: 
8 H L L L 

9 H L L H 
. --~--~-

1. Output QA connected to input CPBD for BCD count. 
2. X indicates that either a HI G H level or a LOW level may be present . 

LOGIC DIAGRAM 

epBO --+-I----+--+--I-----+------I--+-...J 

RO IRESET TO ZEROI RglRESET TO NINEI 
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LOADING 

1 U.L. 
1 U.L. 
2 U.L. 
4 U.L. 

10 U.L. 

14 

LOGIC SYMBOL 

6 7 

2 3 

Vcc = Pin 5 
GND = Pin 10 
NC = Pin 4,13 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

FLAT PAK (TOP VIEW) 

Positive logic: See Truth Table. 

NC - No internal connection. 



TTL/MSI • 9390/5490, 7490 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be i!llpaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential fo Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9390XM/5490XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC (Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan Out from Each Output, N 
10 

(Note 5) 

Width of Input Count Pulse, tp(in) 50 

Width of Reset Pulse, tp(reset) 50 

9390XC/7490XC 

MIN. TYP. 

4.75 5.0 

0 25 

50 

50 

-65°C to +150°C 
_55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

UNITS 
MAX. 

5.25 Volts 

70 °c 

10 U.L. 
-_._---- ---- -

ns 
--,-

ns 
------ ----~-------

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 
------1--------

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 1 
---

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 2 
-

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -0.4 mA 2 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16 mA 1 

Input HIGH Current at RO(1). 40 JJ-A VCC = MAX., VIN = 2.4 V 
3 

RO(2), R9(1), or R9(2) 1.0 mA VCC = MAX., VIN = 5.5 V 

Input HIGH Current at Input CPA 
80 JJ-A VCC - MAX., VIN - 2.4 V 

IIH 3 
1.0 mA VCC = MAX., VIN = 5.5 V 

Input HIGH Current at Input CPBD 
160 JJ-A VCC = MAX., VIN = 2.4 V 

3 
1.0 mA VCC = MAX., VIN = 5.5 V 

------- ---

Input LOW Current at RO(1), 
-1.6 mA VCC = MAX., VIN = 0.4 V 4 

IlL 
RO(2), R9(1), or R9(2) 

Input LOW Current at Input CPA -3.2 mA VCC = MAX., VIN = 0.4 V 4 

Input LOW Current at Input CPBD -6.4 mA VCC = MAX., VIN = 0.4 V 4 

Output Short Circuit Current -20 -57 mA 9390/5490 
lOS 9390/7490 

VCC = MAX. 5 
(Note 3) -18 -57 mA 

----_. 

32 46 mA 9390/5490 
ICC Supply Current VCC = MAX. 3 

32 53 mA 9390/7490 
-- --- -- --

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 
--f-- --~-

f max 
Maximum Frequency of Input 

10 18 MHz 
Count Pulse 

Turn Off Delay from Input Count 
VCC = 5.0 V 

tPLH Pulse to Output QC 
60 100 ns CL = 15 pF A 

Turn On Delay from Input Count 
RL = 400n 

tpHL 60 100 ns A 
Pulse to Output QC 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 

(5) Fan out from output QA to input CPBD and to 10 additional series 54/74 loads is permitted. 
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TTL/MSI' • 9390/5490, 7490 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUIT* 

Vce 

1 
TEST 
PER 

VIN TRUTH 
TABLE 

1 
1. Each output is tested in the LOW level state. 

Fig. 1 

Vee 

t lee 

}

OPEN 
Qe 

QD --

1. Each input is tested separately. 
2. When testing RO( 1) or Rg( 1) ground RO(2) or Rg(2)' 
3. When testing RO(2) or Rg(2) ground RO(1) or Rg(l)' 
4. When testing ICC reset all outputs to LOW level, ground 

all inputs, then measure ICC' 

Fig. 3 

1 
TEST 

VIN PER 
TRUTH 
TABLE 

. 1 TEST 
PER 

VIN TRUTH 
TABLE 

Vee 

1. Each output is tested in the HIGH level state. 

Fig. 2 

Vee 

1. Each input is tested separately. 
2. When testing RO(l) or Rg(l) ~pply 4.5 V to RO(2) or Rg(2)' 
3. When testing RO(2) or Rg(2) apply 4.5 V to RO(1) or Rg(l)' 

Fig. 4 

1. Each output is tested in the HIGH level state. 

Fig. 5 

* Arrows indicate actual direction of current flow. 

~-------------------------------------------------------------------------------------------------------------~ 
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TTL/MSI • 9390/5490, 7490 

PARAMETER MEASUREMENT INFORMATION (Con't.) 

Vce 

PULSE 
GENERATOR I----~CPA 
(SEE -NOTE 1) 

SWITCHING CHARACTERISTICS 

Vee 

*CL includes probe and jig capacitance. 

TEST CIRCUIT 

I' 1 I 
t1 -.1:.- \1 

'NPUTCP~:M 
8 9 10 

-I :-tPLH ! ,,.., __ ...;..~ :-tPHL V 

OUTPUTQ_e ________ ~! }J-___ I......,f1.5V t~v-------- v:: 
1 

!lr1-.5-v-----1-.5~v\--VOH 

OUTPUT QD (REF) 
-------~I J .... ----------f/ ,~I ----' VOL 

VOLTAGE WAVEFORMS 

NOTES: 
1. The pulse generator has the following characteristics: Vgen = 3 V, to = t1 ,,;:;; 15 ns, tp = 0.5 MS, PRR = 1 MHz, Zout;::::: 50[2. 

tpHL + tpLH 
2. Propagation Delay = 2 

3. Voltage values are with respect to ground terminal. 

Fig. A - SWITCHING TIMES 
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TTL/MSI9391/5491,7491 
8- BIT SHIFT REGISTER 

DESCRIPTION - The TTL/MSI 9391/5491, 7491 is a serial-in, serial-out, 8-Bit Shift Register 
utilizing TTL technology _ It is composed of eight RS master/slave flip-flops, input gating, and a 
clock driver_ The register is capable of storing and transferring data at clock rates up to 18 MHz 
while maintaining a typical noise-immunity level of 1.0V. Power dissipation is typically 175 mW; 
a full fan out of 10 is available from the outputs. 

Single-rail data and input control are gated through inputs A and B and an internal inverter to 
form the complementary inputs to the first bit of the shift register. Drive for the internal common 
clock line is provided by an inverting clock driver. Each of the inputs (A, B, and CP) appear as 
only one TTL input load. 

The clock pulse inverter/driver causes these circuits to shift information to the output on the 
positive edge of an input clock pulse, thus enabling the shift-register to be fully compatible with 
other edge-triggered synchronous functions. 

PIN NAMES 

A,B 

0.0 
CP 

Data Inputs 

Data Output 
Clock Input 

1 Unit Load (U.L.) = 40 /.LA HIGH/l.G mA LOW 

TRUTH TABLE 

LOGIC DIAGRAM 

INPUTS 

A 
B 

tn 

A 

L 

L 

H 

H 

tn+8 

B Q 

L L 

H L 

L L 

H H 
NOTES: 
tn = Bit time before clock pulse. 
tn+8 = Bit time after 8 clock pulses. 

CP---D~~----~------+-----~----~------+-----~----~ 

8-240 

LOADING 

1 U.L. 

10 U.L. 

1 U.L. 

OUTPUT 

Q 

Q 

LOGIC SYMBOL 

CP 9391/5491,7491 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

r----..... 14 

13 

12 

II 

10 

NC-No Internal Connection 

Positive logic: See truth table. 



TTL/MSI • 9391/5491, 7491 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*1 nput Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9391 XM/5491 XM 
PARAMETER 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 rnA 
-0.5 V to +VCC value 

+30 mA 

9391 XC/7491 XC 
UNITS 

MIN. TYP MAX. MIN. TYP. MAX. 

Supply Voltage VCC (Note 4) 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

Normalized Fan Out from Outputs 10 10 U.L. 

Width of Clock Pulse, tp(clock) (See Fig. A) 25 25 ns 

Input Setup Time, tsetup (See Fig. A) 25 25 ns 

Input Hold Time, thold (See Fig. A) 0 0 

x = package type; F for FlatPak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 2 

VOH Output HIGH Voltage 2.4 3.5 Volts VCC = MIN., IOH = -0.4 rnA 1 

VOL Output LOW Voltage 0.22 0.4 Volts VCC = MIN., IOL = 16 rnA 2 

40 p,A VCC = MAX., VIN = 2.4 V 
IIH Input HIGH Current 4 

1.0 mA VCC = MAX., VIN = 5.5 V 
----

IlL Input LOW Current -1.6 mA VCC = MAX., VIN = O.4V 3 

Output Short Circuit Current -20 -57 rnA 9391/5491 VCC = MAX. 
lOS 5 

(Note 3) -18 -57 mA 9391/7491 VOUT = OV 

35 50 rnA 9391/5491 VCC = MAX. 
ICC Supply Current 6 

35 58 mA 9391/7491 VIN = 4.5 V 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 

f max Maximum Clock Frequency 10 18 MHz VCC = 5.0 V 

tPLH Turn Off Delay from Clock to Output 24 40 ns CL = 15 pF A 

tpHL Turn On Delay from Clock to Output 27 40 ns RL = 400n A 

NOTES: 
(1) For conditions shown as MI N. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
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TTL/MSI • 9391/5491, 7491 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CI RCUITS* 

VCC 

S Q 

SEE 
VIH 

NOTES· 
VIL Q R 

VOH 

-= -= ~l 
1. Each output is tested separately. 

2. When testing VOH and IOH ground all inputs and the 
unused output, then measure parameters specified. 

Fig. 1 

VCC 

-= 

S Q 

}OPEN 4.5V~ CP 

IlL SEE 
4- NOTES R 6 

VIL 

1. When testing input A apply 4.5 V to input B. 

2. When testing input B apply 4.5 V to input A. 

Fig. 3 

VCC 

S Q 

CP 

R Q 

SEE 
NOTE 

1. Ground the unused output then measure parameter specified. 

Fig. 5 

VCC 

S Q 

TEST SEE 
PER CP VIH NOTES 

TRUTH 
VIL TABLE 

R Q AND 
NOTES 

-= -= 
1. Each output is tested separately. 
2. When testing VOL and IOL ground all inputs. Apply a 

momentary ground to the output to be tested then measure 

parameters specified. 

SEE 
NOTES 

Fig.2 

VCC 

S Q 

CP 

R 

1. When testing input A ground input B. 

2. When testing input B ground input A. 

CLOCK 
PULSE 

CLOCK 
PULSE 

Fig. 4 

VCC 
.ICC 

S Q 

} OPEN CP 

R Q 

-= 

- - - - - __ ;t 2-4 V 
8 MEASURE ICC 

Fig. 6 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9391/5491, 7491 

PARAMETER MEAsUREMENT INFORMATION (Can't) 

SWITCHING CHARACTERISTICS 

PULSE 

VCC = 5 V OUTPUT r- - - - - - - LOAD CIRCUIT1- - - - --, 

Vcc = 5 V 

r-------- --, 
I 
I 
1 
I 
I 

I 
,.....-----..... 1 

I 
S Q I-+ .... +--.:-.-.... --__ K 

GENERATOR ~-----------;----i~~~CP 
(See Note 1) 

INPUT A R L-____ ---' 2.4 V 

1 
1 L.. ________ _ 

TEST CIRCUIT 

,. - - - - - - - - - - - - - - - - - - - - --I 
-: LOAD CIRCUIT 2 1 

'-S_A..M..E _A2 !:~.tp EI~~U.!..T..1 _________ j 

*CL includes probe and jig capacitance 

1 2 THRU 7 8 9 THRU 15 16 17 18 19THRU23 24 25 26 27 
CLOCK-PULSE n n----JlJU1---n n n n rr---n n n n n 

INPUT I U L__ __J U U U U L __ J U U U U L 

INPUT A lL_____ L _____ _ 
OUTPUTQ _______ Jl _______________ ~ 

CLOCK-PULSE 
INPUT 

10% 

OUTPUTQOR Q 

tpLH 

OUTPUT Q OR 0: 

TYPICAL INPUT/OUTPUT WAVEFORMS 

1-9-0-%-- 3 V 

I 
-I------OV 

I 

1 
I 
1 

... 1 
I , .., 

CLOCK-PULSE 
INPUT 

INPUT 
AOR B 

INPUT 
AOR B 

r---tpO(clock) ~ tp1 (clock) ~ 
I I ~---3V 
I I , , , 

, 10% 0 V 
~tot4-

r------- VIH 

I 
-'----------- VIL 
~thold(L) 

I 
-,- - - - - - - - - - VIH 

1 1 
,....tsetup(H) ..... ~----------VIL 
1 1 
1 ~thold(H) 

PROPAGATION DELAY TIME VOLTAGE WAVEFORM SWITCHING TIME VOLTAGE WAVEFORM 

NOTES: 
1. The generator has the following characteristics: V I L ~ 0.3 V, V I H .2. 2.4V, 

t1 = to = 10 ns, t p 1(clock) = 500 ns, tpO(clock) = 500 ns, PRR = 1 MHz, 
and Zout ~ 50n. 

2. Each output is tested separately. 

3. Voltage values are with respect to network ground terminal. 

Fig. A 9391/5491,7491 SWITCHING TIMES 
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TTL/MSI9392/5492,7492 
DIVIDE-8Y-TWELVE COUNTER 

(DIVIDE-8Y-TWO AND DIVIDE-8Y-SIX) 

DESCRIPTION - The TTL/MSI 9392/5492, 7492 is a 4-Bit Binary Counter consisting of four master 
slave flip-flops which are internally interconnected to provide a divide-by-two counter and a 
divide-by-six counter. A grated direct reset line is provided which inhibits the count inputs and 
simultaneously returns the four flip-flop outputs to a LOW level. As the output from flip-flop A is not 
internally connected to the succeeding flip-flops, the counter may be operated in two independent 
modes: 
A. When used as a divide-by-twelve counter, output OA must be externally connected to input CPBC· 

The input count pulses are applied to input CPA. Simultaneous divisions of 2, 6 and 12 are 
performed at the OA, Oc and OD outputs as shown in the truth table. 

B. When used as a divide-by-six counter, the input count pulses are applied to input CPBC· 
Simultaneously, frequency divisions of 3 and 6 are available at the Oc and OD outputs. 
Independent use of flip-flop A is available if the reset function coincides with reset of the 
divide-by-six counter. 

These circuits are completely compatible with TTL and DTL logic families. 

PIN NAMES 

RO 
CPA 
CPBC 
OA, OB, 0C, OD 

Reset-Zero Inputs 
Clock Input 
Clock Input 
Count Outputs 

LOADING 

1 U.L. 
2 U.L. 
4 U.L. 

10 U.L. 

Unit Load (U.L.) = 40 /.LA HIGH/1.6 mA LOW. 

COUNT 
°D 

1--
0 L 

1 L 

2 L 

3 L 

4 L 

5 J.. 

6 H 

7 H 

~--~-
9 H 

10 H 

11 H 

LOGIC DIAGRAM 

A 

TRUTH TABLE 
(See Notes 1, 2 and 3) 

OUTPUT 

°c °B °A 
L L L 

L L H 
-~ 

L H L 

L H-r-H~ 

H L L 

H L H 

L L L 

L L H 

f--:-~ H L 
---f---

L H H 
---

H L L 

H L H 

NOTES: 
1. Output QA connected to input CPSC' 
2. To reset all outputs to LOW level both 

RO(1) and RO(2) inputs must be at 
HIGH level state. 

3. Either (or both) reset inputs RO( 1) and 
RO(2) must be at a LOW level to count. 

QD 

RO (RESET ZERO) 
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LOGIC SYMBOL 

9392/5492, 7492 
CPBC 

RO 

6 7 

Vce = Pin 5 
GND = Pin 10 

N.C. = Pins 2,3,4, 13 

CONNECTION DIAGRAM 
DIP (TOP VI EW) 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

14 

13 

12 

II 

10 

Positive logic: See truth table. 

N C - No internal connection. 



TTL/MSI • 9392/5492, 7492 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Appli-ed to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9392X M/5492XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC (Note 4). 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan Out from Each Output, N 
10 

(Note 5) 

Width of Input Count Pulse, tp(in) 50 

Width of Reset Pulse, tp(reset) 50 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

9392XC/7492XC 
UNIT S 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volt 

0 25 70 °c 

10 U.L. 

50 ns 

50 ns 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for paekages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
MIN. MAX. FIGURE 

(Note 2) 
-

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1 
--

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 2 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -0.4 mA 2 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16 mA 1 

Input HIGH Current at RO(1) 40 ~A VCC = MAX., VIN = 2.4 V 
3 

or RO(2) Inputs .1.0 mA VCC = MAX., VIN = 5.5 V 

IIH Input HIGH Current at Input CPA 
80 ~A VCC = MAX., VI N = 2.4 V 

3 
1.0 mA VCC = MAX., VIN = 5.5 V 

- 160 ~A VCC = MAX., VIN = 2.4 V 
Input HIGH Current at Input CPBC 3 

1.0 mA VCC = MAX., VIN = 5.5 V 

Input LOW Current at RO(1) or 
-1.6 mA VCC = MAX., VIN = 0.4 V 4 

RO/2) Inputs 
IlL 

I nput LOW Cu rrent at Input CP A -3.2 mA Vee = MAX., VIN = 0.4 V 4 

Input LOW Current at Input CPBC -6.4 mA Vee = MAX., VIN = 0.4 V 4 

Output Short Circuit Current -20 -57 mA 9392/5492 VCC = MAX. 
lOS 

(Note 3) 9392/7492 
5 

-18 -57 mA VOUT = 0 V 

31 44 mA 9392/5492 VCC = MAX. 
ICC Supply Current 

9392/7492 
3 

31 51 mA VIN=4.5V 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 
-

f max 
Maximum Frequency of Input 

10 18 MHz 
Count Pulse 

Turn Off Delay from I nput Count 
VCC = 5.0 V 

tPLH Pulse to Output QD 
60 100 ns CL = 15 pF A 

RL = 400n ~.-

tpHL 
Turn On Delay from I nput Count 

60 100 ns A 
Pulse to Output QD 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
(5) Fan-out from output QA to input CPBC and to 10 additional series 54/74 loads is permitted. 
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TTL/MSI • 9392/5492, 7492 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUIT* 

VCC 

{

TEST 
PER 

V,N TRUTH 
TABLE VOL 

1 
1. Each output is tested in the LOW level state. 

Fig. 1 

Vee 

~ lee 

ePBC °A 111 ePA 
°B 

} OPEN V,H 
°c 

RO °D 

1. Each input is tested separately. 
2. When testing RO( 1) ground RO(2)' 
3. When testing RO(2) ground RO( 1)' 
4. When testing I CC reset all outputs to LOW 

level, ground all inputs, then measure ICC' 

Fig.3 

1 
TEST 
PER 

V,N TRUTH 
TABLE 

Vce 

1 
TEST 
PER 

V,N TRUTH 
TABLE 

1. Each output is tested in the HIGH level state. 

Fig. 2 

Vee 

~---tCPBC 0A 

- °B 
~---CePA 

1. Each input is tested separately. 
2. When testing RO(l) apply 4.5 V to RO(2)' 
3. When testing RO(2) apply 4.5 V to RO(1). 

Fig. 4 

1. Each output is tested in the HI G H level state. 

Fig. 5 

.. Arrows indicate actual direction of current flow. 
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PULSE 
GENERATOR 
(SEE NOTE 1) 

TTL/MSI • 9392/5492, 7492 

PARAMETER MEASUREMENT INFORMATION (Con't.) 

SWITCHING CHARACTERISTICS 

*CL includes probe and jig capacitance 

TEST CI RCUIT 

I' 'I 
~t1"''''tOi+" 

I I 

- I I ~1\
2 :15,: 

INPUT CPA I I 

, I 

OUTPUT an 

--:tPLH~s 

____________ --'; 1.5 v 
----------------~lj- . 

VOLTAGE WAVEFORMS 

NOTES: 
1. The pulse generator has the following characteristics: Vgen = 3 V, to = t1 ~ 15 ns, tp = 0.5 #J.s, PRR = 1 MHz, Zout ~ 50n. 

. tpHL + tpLH 
2. Propagation delay = -----

2 
3. VOltage values are with respect to ground terminal. 

Fig. A - SWITCHING TIMES 
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TTL/MSI9393/5493,7493 
4-BIT BINARY COUNTER 

DESCRIPTION - The TTL/MSI 9393/5493, 7493 is a 4-Bit Binary Counter consisting of four master/ 
slave flip-flops which are internally interconnected to provide a divide-by-two counter and a 
divide-by-eight counter. A gated direct reset line is provided which inhibits the count inputs and 
simultaneously returns the four flip-flop outputs to a LOW level. As the output from flip-flop A is not 
internally connected to the succeeding flip-flops the counter may be operated in two independent 
modes: 

1. When used as a 4-bit ripple-through counter, output OA must be externally connected to input 
CPB. The input count pulses are applied to input CP A. Simultaneously divisions of 2,4,8 and 16 
are performed at the 0A, 0B, OC, and OD outputs as shown in the truth table. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input CPB. 
Simultaneous frequency divisions of 2, 4, and 8 are available at the 0B, OC, and OD outputs. 
Independent use of flip-flop A is available if the reset function coincides with reset of the 3-bit 
ripple-through counter. 

These circuits are completely compatible with TTL and DTL logic families. 

PIN NAMES 

RO 
CPA 

CPB 
0A, 0B, 0C, 0D 

TRUTH TABLE (See Notes 1, 2 and 3) 

OUTPUT 

Go Gc -oa- DA. 

7 

8 H 

9 

-II 
LOGIC DIAGRAM 

CPs------..... 

Reset-Zero Input 
Clock (Active LOW going edge) Input 
Clock (Active LOW going edge) Input 

Outputs 

LOADING 

1 U.L. 
2 U.L. 
2 U.L. 

10 U.L. 

Unit Load (U.L.) = 40}.LA HIGH/1.6 mA LOW 

NOTES: 
1. Output QA connected to input CPS. 
2. To reset all outputs to LOW level both RO( 1) and 

RO(2) inputs must be at HIG H level state. 
3. Either (or both) reset inputs RO(l) and RO(2) must be 

at a LOW level to count. 

RO (RESET ZERO) 
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LOGIC SYMBOL 

CPA 

9393/5493, 7493 
CPs 

RO QAQSQCQD 

2 3 12 9 8 11 

VCC = Pin 5 
GND = Pin 10 

N.C. = Pins 4,6, 7, 13 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

14 

13 

12 

II 

10 

FLATPAK (TOP VI EW) 

14 

13 

12 

II 

10 

NC - No Internal Connection 
Positive logic: See Truth Table 



TTL/MSI • 9393/5493, 7493 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9393XM/5493XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC (Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan-Out from Each Output, N 
10 

(Note 5) 

Wklth of Input Count Pulse, tp(in) 50 

Width of Reset Pulse, tp(reset) 50 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

9393XC/7493XC 
UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volts 

0 25 70 °c 

10 U.L. 

50 ns 

50 ns 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Flackaging Information Section for packages available on this product 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 
--

VIH Input HIGH Voltage 2.0 Volts 1 

VIL Input LOW Voltage 0.8 Volts 2 
-

VOH Output HIGH Voltage 2.4 Volts Vec = MIN., 10H = -0.4 mA 2 

VOL Output LOW Voltage 0.4 Volts Vce = MIN., 10L = 16 mA 1 
- ---

Input HIGH Current at RO(1) 40 JJ,A VCC = MAX., VIN = 2.4 V 
3 

IIH 
or RO(2) Inputs 1.0 mA VCC = MAX., VIN = 5.5 V 

Input HIGH Current at 80 JJ,A Vec = MAX., VIN = 2.4 V 
3 

Inputs CPA or CPB 1.0 mA VCC = MAX., VIN = 5.5 V 

I nput LOW Current at RO( 1) 
-1.6 mA VCC = MAX., VIN = 0.4 V 4 

IlL 
or RO(2) Inputs 

I nput LOW Current at 
- - -3.2 mA VCC = MAX., VIN = 0.4 V 4 

Inputs CPA or CPB 

Output Short Circuit Current -20 -57 mA 9393/5493 VCC = MAX. 
lOS 5 

(Note 3) -18 -57 mA 9393/7493 VOUT = 0 V 

32 46 mA 9393/5493 Vce = MAX. 
ICC Supply Current 3 

32 53 mA 9393/7493 V IN = 4.5 V 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

FIGURE MIN. TYP. MAX. 
-- ---,,-"_.- ---

f max 
Maximum Frequency of Input 

10 18 MHz 
Count Pulse 

Turn Off Delay from Input Count 
VCC = 5.0 V 

tpLH Pulse to Output QD 
75 135 ns CL = 15 pF A 

Turn On Delay from Input Count 
RL = 400.11 

tpHL Pulse to Output QD 
75 135 ns A 

NOTES: 
(1) For conditions shown as MI N. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
(5) Fan-out from output QA to input CPS and to 10 additional series 54/74 loads is permitted. 
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DC TEST CIRCUITS* 

TEST 
PER 

TRUTH 
TABLE 

Vee 

TTL/MSI • 9393/5493, 7493 

PARAMETER MEASUREMENT INFORMATION 

.1 

TEST 
PER 

TRUTH 
TABLE 

Vee 

1 
1. Each output is tested in the LOW level state. 1. Each output is tested in the HIGH level state. 

Fig. 1 Fig. 2 

Vee Vee 

+ lee 

CPB QA ePB QA 

'1 ePA 
QB 

} OPEN "1 CPA 
QB 

}OPEN VIH VIL 
Qe Qe 

RO QD RO QD 

1. Each input is tested separately. 1. Each input is tested separately. 
2. When testing RO(1) ground RO(2)' 
3. When testing RO(2) ground RO(1). 
4. When testing I CC all inputs and outputs are open. 

2. When testing RO(1) apply 4.5 V to RO(2)' 
3. When testing RO(2) apply 4.5 V to RO( 1)' 

Fig. 3 Fig. 4 

Vee 

lOS 

{

TEST 
V PER 

IN TRUTH 
TABLE 

~ 

1. Each output is tested in the HI G H level state. 

Fig. 5 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9393/5493, 7493 

PARAMETER MEASUREMENT INFORMATION (con't.) 

INPUT 

CPB 

PULSE 
GENERATOR t-4II~-~ CPA 
(SEE NOTE 1) 

RO 

SWITCHING CHARACTERISTICS 

OUTPUT A 

-----, 
I 

RL I 
I 

QAr-__ ------~--~.--«.r---~--~;~~~~ I 
C * I L'T' I 

L _-= __ ~A£..C~~ !...- _ ~ _ -1 

r - - -LOADCiRCUiT-;- - --1 
(SAME AS 1) L ___________ ...J 

'----t' - - -LMD CiRCUtT3 - - - i 
L ____ (SA~ ~!2) ____ ..J 
r------------, 

OUTPUT D o-...... ---~ LOAD CI RCUIT 4 I 
(SAME AS 1) L ___________ ...J 

*CL includes probe and jig capacitance 

TEST CIRCUIT 

8 9 

I I 

---:tPLH~s 

OUTPUT QD __________ ~ '-~----------'; 1.5 V 
Jj-. . 

VOLTAGE WAVEFORMS 

1. The pulse generator has the following characteristics: Vgen = 3 V, to = t1 ,,;;;; 15 ns, tp = 0.5 JJ.s, PRR = 1 MHz, Zout::::: 50n. 
tpHL + tpLH 

2. Propagation delay = 
2 

3. Voltage values are with respect to ground terminal. 

Fig. A - SWITCHING TIMES 
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TTL/MSI 9394/5494, 7494 
4-81T SHIFT REGISTER 

DESCRIPTION - The TTL/MSI 9394/5494, 7494 is composed of four RS master/slave flip-flops, 
four AND-OR-INVERT gates and four inverter-drivers. Internal interconnections of these functions 
provide a versatile register which performs right-shift operations as a serial-in, serial-out register 
or as a dual-source, parallel-to-serial converter. A number of these registers may be connected in 
series to form an n-bit register. 

All flip-flops are simultaneously set to the LOW state by applying a HIGH level voltage to the clear 
input. This condition may be applied independent of the state of the clock input, but not independ­
ent of state of the preset input. Preset input is independent of the clock and clear states. 

The flip-flops are simultaneously set to the HIGH state from either of two preset input sources. 
Preset inputs P1 A through P1 D are activated during the time that a positive pulse is applied to 
preset 1 if preset 2 is at a LOW level. When the logic levels at preset 1 and preset 2 are reversed, 
preset inputs P2A through P2D are active. 

Transfer of information to the outputs occurs when the clock input goes from a LOW to a HIGH 
level. Since the flip-flops are RS master/slave circuits, the proper information must appear at the 
RS inputs of each flip-flop prior to the rising edge of the clock input waveform. The serial input 
provides this information for the first flip-flop. The outputs of the subsequent flip-flops provide 
information for the remaining RS inputs. The clear input, preset 1, and preset 2 must be at a LOW 
state when clocking occurs. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature -65° e to +150° e 
Temperature (Ambient) Under Bias -55°e to +125°e 
Vee Pin Potential to Ground Pin -0.5 V to +7.0 V 
*Input Voltage (dc) -0.5 V to +5.5 V 
*Input Current (dc) -30 mA to +5.0 mA 
Voltage Applied to Outputs (Output HIGH) -0.5 V to +VCC value 
Output Current (dc) (Output LOW) +30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

PIN NAMES LOADING 

P1A - P2D Preset Inputs 1 U.L. 

PL1 Preset 1 Input 4 U.L. 

PL2 Preset 2 Input 4 U.L. 

DS Serial Data Inputs 1 U.L. 
CP Clock Input 1 U.L. 

CL Clear Input 1 U.L. 

QD Serial Data Output 10 U.L. 

1 Unit Load (U.L.) = 40~A HIGH/1.6mA LOW. 

LOGIC DIAGRAM 
PRESETS 

PL2 PRESET 2 o--I><>---~--..-l--+--_-+--+----+-~---I-----, 

PL 1 PRESET 1 o--I><>---H--+-I-------+_._----I--+--+-<I>----+-+----I---. 

OUTPUT 

CP CLOCK O--I><>--+------jf-----*---+---+----+----...-J 

CL CLEAR o----I><>-------4>--------+-----~~----_J 
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LOGIC SYMBOL 

1 16 2 14 3 13 4 11 

10 

VCC = Pin 5 
GND = Pin 12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

P18 PL2 15 

P1C P28 14 

PlD P2C 13 

vcc GND 12 

PL 1 P2D II 

DS CL 10 

CP Q D 

FLAT PAK (TOP VIEW) 

16 

15 

14 

13 

12 

II 

10 

Positive Logic: HIGH input to clear 

sets QA, QB, QC and QO to LOW 
level. 



FAIRCHILD TTL/MSI • 9394/5494,7494 

TRUTH TABLE 

CLOCK CLEAR COMMON PRESETS BIT PRESETS 

INPUT INPUT 1 2 1A-10 2A-20 

X H L L Inhibit Inhibit 

X X H L Active Inhibit 

X X L H Inhibit Active 

Active L L L Inhibit Inhibit 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 
MIN. 

Supply Voltage VCC (See Note 4) 4.5 

Operating Free-Air Temperature Range -55 

Normalized Fan Out from Output 

Width of Clock Pulse, tp(clock) 35 

Width of Preset Pulse, tp(preset) 30 

Width of Clear Pulse, tp(clear) 30 

I tsetup (HIGH) 35 
Serial Input Setup Time, I tsetup (LOW) 25 

Serial Input Hold Time, thold 0 

QO 

L 

Follows 10 

Follows 20 

Follows Serial Input by 
4 Bits 

9394XM/5494XM 

TYP. MAX. 

5.0 5.5 

25 125 

10 

Common Presets (PL1, PL2) not activated (H) 
simultaneously X-either H or L. 

States of internal Flip-Flops 0A, OS, 0C, will 
follow either 1 A - 1 C or 2A - 2C depending 
upon common preset condition. 

Serial input is overridden except when clocking. 

9394XC/7494XC 
UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.5 Volts 

0 25 70 °c 
-

10 U.L. 

35 ns 

30 ns 

30 ns 

35 ns 

25 ns 
--

0 

X = package type; F for Flatpak, D for Ceramic DIP, P for Plastic DIp. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISnCS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 

-

--

-

-

-

---
VOH Output HIGH Voltage 2.4 3.5 Volts VCC = MIN., 10H = -0.4 mA 

VOL Output LOW Voltage 0.22 0.4 Volts VCC = MIN., 10L = 16 mA 

Input HIGH Current at Any 40 p,A VCC = MAX., VIN = 2.4 V 
--- --

IIH 
Input Except Preset 1 and Preset 2 1.0 mA VCC = MAX., VIN = 5.5 V 

Input HIGH Current at 160 p,A VCC = MAX., VIN = 2.4 V 
- ----"-

Preset 1 and Preset 2 1.0 mA VCC = MAX., VIN = 5.5 V 

I nput LOW Current at Any 
-1.6 mA VCC = MAX., VIN = 0.4 V 

IlL 
Input Except Preset 1 and Preset 2 

Input LOW Current at 
-6.4 mA VCC = MAX., VIN = 0.4 V 

Preset 1 and Preset 2 

-20 -57 mA 9394/5494 
lOS Output Short Circuit Current (Note 3) 

-18 -57 mA 9394/7494 
VCC = MAX., VOUT = 0 V 

35 50 mA 9394/5494 
ICC Supply Current 

35 58 mA 9394/7494 
VCC = MAX. 

-"-------

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. 
- -

f max Maximum Clock Frequency 10 MHz 

tpLH Turn Off Delay Clock to Output 25 40 ns 

tpHL Turn On Delay Clock to Output 25 40 ns 
VCC = 5.0 V 

tpLH Turn Off Delay Preset to Output 35 ns 
CL=15pF 

tPHL Turn On Delay Clear to Output 40 ns 
RL = 400n 

-----

NOTES: 
(1) For conditions shown as. MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
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TTL/MSI9395/5495,7495 
4-81T RIGHlr -SHIFT, LEFT-SHIFT REGISTER 

DESCRIPTION - The TTLIMSI 9395/5495, 7495 Shift Register is composed of four RS master/ 
slave flip-flops, four AND-OR-INVERT gates, one AND-OR gate and six inverters-drivers. Internal 
interconnections of these functions provide a versatile register which will perform right-shift or 
left-shift operations dependent upon the logic input level to the mode control. A number of these 
registers may be connected in series to form an n-bit right-shift or left-shift register. This register 
can also be used as a parallel-in, parallel-out storage register with gate (mode) control. 

When a LOW level is applied to the mode control input, the number 1 AN D gates are enabled and 
the number-2 AND gates are inhibited. In this mo~e the output of each flip-flop is coupled to the 
RS inputs of the succeeding flip-flop and right-shift operation is performed by clocking at the 
clock 1 input. In this mode, serial data is entered at the serial input. Clock 2 and parallel inputs A 
through D are inhibited by the number 2 AND gates. 

When a HIGH level is applied to the mode control input, the number 1 AND gates are inhibited (de­
coupling the outputs from the succeeding RS inputs to prevent right-shift) and the number 2 AND 
gates are enabled to allow entry of data through parallel inputs A through D and clock 2. This 
mode permits parallel loading of the register, or with external interconnection, shift-left operation. 
In this mode, shift-left can be accomplished by connecting the output of each flip-flop to the 

parallel input ofthe previous flip-flop (QD to input C, and etc.), and serial data is entered at input D. 

Clocking for the shift register is accomplished through the AND-OR gate E which permits separate 
clock sources to be used for the shift-right and shift·left modes. If both modes can be clocked 
from the same source, the clock input may be applied lcommonly to clock 1 and clock 2. Informa­
tion must be present at the R-S inputs of the master-slave flip-flops prior to clocking. Transfer of 
information to the output pins occurs when the clock input goes from a HI GH to a LOW level. 

PIN NAMES 

CP1 
CP2 
M 

Clock 1 Input: 
Clock 2 Input 
Mode Control Input 

PA, PB, PC, PD Parallel Data Inputs 
QA, QB, QC, QD Parallel Data Outputs 
DS Serial Data Input 

Unit Load (U.L.) = 40 /J-A HIGH / 1.6 mA LOW 

LOGIC DIAGRAM 

LOADING 

1 U.L. 
1 U.L. 
2 U.L. 
1 U.L. 

10 U.L. 
1 U.L. 

(CL~~~ 1)-------'--.. 

r-----------------_L ---------------.,., 
~ ~ ~ 

'--+---_-4--++------+---+.----.-----------~__t_-----~ 

P s f'c 
'---------------,-----
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LOGIC SYMBOL 

6 2 3 4 5 

13 12 11 10 

VCC = Pin 14 
GND = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

1 ] 

12 

11 

10 

FLATPAK(TOP VIEW) 

Positive logic: 
Mode control = LOW for right shift 

Mode control = HIGH for left shift 
or parallel load 



TTL/MSI • 9395/5495, 7495 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) U'nder Bias 
VCC Pi n Potential to Ground Pin 
*Input Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 
9395X M/5495XM 

MIN TYP MAX 

Supply Voltage V CC (See Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

I HIGH Level 20 
Normalized Fan Out from Each Output 

I LOW Level 10 

Width of Clock Pulse tp(clock) (See Fig. A) 20 10 

Setup Time Required at Serial, A, B, C, or D Inputs tsetup (See Fig. A) 10 

Hold Time Required at Serial, A, B, C, or D Inputs thold (See Fig. Al 0 

LOW Level Setup Time Required at Mode Control (tl in Fig. B) 
(With Respect to Clock 1 Input) 

15 

HiGH Level Setup Time Required at Mode Control (t2 in Fig. B) 
15 

(With Respect to Clock 2 Input) 

LOW Level Setup Time Required at Mode Control (t3 in Fig. B) 
5.0 

(With Respect to Clock 2 Input) 

HIGH Level Setup Time Required at Mode Control (t4 in Fig. B) 
5.0 

(With Respect to Clock 1 Input) 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

9395XC/7495XC 
UNITS 

MIN TYP MAX 

4.75 5.0 5.25 Volts 

0 25 70 °c 
---

20 
U.L. 

10 

15 10 ns 

10 ns 

0 ns -_ .. 
15 ns 

15 ns 

5.0 ns 

5.0 ns 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

PARAMETER 
TEST CONDITIONS TEST 

SYMBOL MIN. TYP. MAX. UNITS 

(Note 2) 
(Note 1) FIGURE 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 1 & 3 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 2&4 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., IOH = -0.8 mA 1 & 3 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., IOL = 16 mA 2&4 

Input HIGH Current at 40 J..LA VCC = MAX., VIN = 2.4 V 
6 

Any I nput Except Mode Control 1.0 mA Vec = MAX., VI N = 2.4 V 
IIH 

Input HIGH Current at 80 J..LA VCC = MAX., VIN = 2.4 V 
6 

Mode Control 1.0 mA Vec = MAX., VIN = 5.5 V 

I nput LOW Current at 
-1.6 mA VCC = MAX., VIN = 0.4 V 5 

IlL Any I nput Except Mode Control 

Input LOW Current at Mode Control -3.2 mA VCC = MAX., VIN = 0.4 V 5 

lOS Output Short Circuit Current (Note 3) -18 -57 mA Vec = MAX. 7 

ICC Supply Current 39 63 mA VCC = MAX. 8 

NOTES: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 

(2) Typical limits are at VCC = 5.0 V, 25°C. 

(3) Not more than one output should be shorted at a time. 

(4) Voltage values are with respect to network ground terminal. 
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TTL/MSI • 9395/5495, 7495 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS 

MIN. TYP. MAX. 

f max Maximum Clock Frequency 25 36 MHz 

Turn Off Delay Clock 1 or Clock 2 to 
18 27 tpLH ns 

Outputs 

Turn On Delay Clock 1 or Clock 2 to 
21 32 tpHL ns 

Outputs 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

VCC 

VIH 
MODE 
CONTROL 

OPEN r~~0~L QA 

PA 
IOH 

PB ~ Pc QC 

OPEN 
Po Q 
CLOCK 1 0 

CLOCK 1 -=- -=-

1.5 V 1.5 V 
CLOCK OV 

TEST VOH 

Fig. 1 

VCC 

VIL 0-----4 MODE 
CONTROL 

VIH 0-----4 r~~J~L QA~----...... 

CLOCK 
OPEN 

PA 

PB 
Pc QC 
Po Q 
CLOCK 1 0 
CLOCK 2 

r-------,..- - 3 V 

VIH o-----t 

CLOCK 0-----4 

CLOCK 1.5 V 

TEST CONDITIONS 

VCC = 5.0 V 

CL = 15 pF 

RL = 400[2 

VCC 

MODE 
CONTROL 

r~~J~L QA 

PA 
PB 
Pc QC 

Po Q 
CLOCK 1 0 

l CLOCK 2 

-= -= 

OV 

TEST VOL 

Fig. 2 

VCC 

CLOCK 1.5 V 1.5 V 1.5 V 
I I OV OV 
J..-- ~20 ns~ 

TEST VOH TEST VOL 

Fig. 3 Fig.4 

*Anrows indicate actual direction of current flow. 
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TTL/MSI • 9395/5495, 7495 

PARAMETER MEASUREMENT INFORMATION (con't.) 

DC TEST CIRCUITS*(Continued) 

4.5 V 

SEE 
TEST 

TABLE 

VCC 

MODE 
CONTROL 

f~t'J~L QA 

PA QB 
PB 
Pc QC 
Po Q 
CLOCK 1 0 
CLOCK 2 

1. Each I nput is tested separately. 

VCC 

MODE 
CONTROL 

4.5 V F~pRJ~L QA 

} OPEN 

IIH SEE PA QB 
VIN - TEST PB 

TABLE Pc QC 
Po Q 
CLOCK 1 0 
CLOCK 2 

VCC 

VIH o-...... ---t~8~.fROL 

OPEN F~pRJ~L QA 

~---fPA QB 
~---fPB 
....----tPC QC 
'--_--I Po 
OPEN CLOCK 1 QO 

CLOCKo------t CLOCK 2 

CLOCK 
OV 

Fig. 5 

Fig. 6 

TEST TABLE 

Test Apply 4.5 V Apply GNO 

Mode Control Clock 2 None 

Serial Input None Mode Control 

Input PA Mode Control None 

Input PB Mode Control None 

Input Pc Mode Control None 

Input Po Mode Control None 

Clock 1 None Mode Control 

Clock 2 Mode Control None 

TEST TABLE 

Test Apply 4.5 V Apply GNO 

Mode Control None Clock 2 

Serial Input Mode Control None 

Input P A None Mode Control 

Input PB None Mode Control 

Input Pc None Mode Control 

Input Po None Mode Control 

Clock 1 Mode Control None 

Clock 2 None Mode Control 

VCC 

+ ICC 

VIH o-----f~8~.fROL 

OPEN 
SERIAL 
INPUT QA 

VIL O-..... ---f PA QB 
..... ---tPB 
...-----1 Pc QC 
'-----I Po 
r-----ICLOCK 1QO 

CLOCK o-...... ----tCLOCK 2 

CLOCK 
3V 

OV 

---

TEST lOS TEST ICC 

Fig. 7 Fig. 8 

* Arrows indicate actual direction of current flow. 
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TTL/MSI • 9395/5495, 7495 

PARAMETI:R MEASUREMENT INFORMATION (can't.) 

SWITCHING CHARACTERISTICS 

NOTES: 

PULSE 
GENERATOR A 

(See Note 1) 

PULSE 
°CI--....... --h 

VCC 

r--- ---------, 
RL 400n : , 

I 
I 
I 
I 

I'=' '='1 

GENE RATOR B t--+ ..... ---O"ln.._.-1 L __ ~O!~ ~~C~~ 2 ___ 1 
(See Note 1) 

INPUT PB 
(CLOCK 1 or 2) 

1 V 

r --LOAD CIRCUIT2---i 

L _(~a.T~a!. L2~ ~~c~i.!. '!.l_ .J 
r - - LO-AD CIRCUIT3 - -l 
L _ (~a~~a!. ,:?~d_C.!!"~~ '!.l_ ...J 
r-- LOAD ci"FicUIT 4 - -l 
L _ (~~~a!. ~~ ~i~'!!.tJ!..._J 

*CL includes probe and jig capacitance. 

TEST CIRCUIT 

I 
I OV 

r--tp(Clock) 

I 

OUTPUTS /r-----i----.\. I i VOH 

°A. °B. _o_c._o_r_o_
D
_. ___ --' ~,-1._5_V __ -+! _--,+~.~ ~ _____ VOL 

I : I 
-..4tPHL*- ...... tPLH ..... 

VOLTAGE WAVEFORMS 

1. The pulse generators having the following characteristics: V gen = 3 V, t1 = to ~ 10 ns, and 
Zout ~ 50n.. For pulsc3 generator A: tp L 20 ns and PRR = 500 kHz. For pulse generator B: 

tp L 15 ns and PRR = 1 MHz. When testing f max vary PRR. 
2. Voltage values are with respect to network ground terminal. 

Fig. A SWITCHING TIMES 

~~~~~L J~J~---------::: 
CLOCK 1 ~t ~--'----------VIH 

INPUT 1.5 V 1.5 V 

i 'I VIL 

CLOCK 2 ~: : /\------VIH 
INPUT I 1 1.5V 1.5V I / ~ ---- I: -r----- VI L 

-=-----"I I I./, 1 t\. / _______ VVIIHL MODE CONTROL ~.5 vt 1 ",5 VI : \ 
INPUT :.: I .\ : 1""" ___ --J 

.....-l t1 14- 1-' t2 I+- 1 
1 1 1 1 
I+-- t3 --.I "-- t4 ~ 

OUTPUT 0A 

Note: Input P A is at VI L. 

Fig. B RIECOMMENDED MODE CONTROL SETUP TIMES 
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TTL/MSI9396/5496,7496 
5-81T SHIFT REGISTER 

DESCRIPTION - The TTL/MSI 9396/5496, 7496 5-Sit Shift Register consists of five RS master/ 
slave flip-flops connected to perform parallel-to-serial or serial-to-parallel conversion of binary 
data. Since both inputs and outputs to all flip-flops are accessible, parallel-in/parallel-out or 
serial-in/serial-out operation may be performed. 

All flip-flops are simultaneously set to the LOW state by applying a low level voltage to the clear 
input. This condition may be applied independent of the state of the clock input. 

The flip-flops may be independently set to the HIGH state by applying a high level voltage to both 
the preset input of the specific flip-flop and the common preset input. The parallel enable input is 
provided to allow setting each flip-flop independently or setting two or more flip-flops simultane­
ously. Preset is independent of the state of the clock input or clear input. 

Transfer of information to the output pins occurs when the clock input goes from a LOW level to a 
HIGH level. Since the flip-flops are RS master/slave circuits, the proper information must appear 
at the RS inputs of each flip-flop prior to the rising edge of the clock input voltage waveform. The 
serial input provides this information to the first flip-flop, while the outputs of the subsequent 
flip-flops provide information for the remaining RS inputs. The clear input must be at a HIGH 
level and the preset input must be at a LOW level when clocking occurs. 

PIN NAMES 

PL 

PA,PS,PC,PD,PE 
Os 
CP 

Parallel Load Input 
Parallel Data Inputs 
Serial Data Input 
Clock Input 

CL Clear Input 
QA, QS, QC, QD, QE Parallel Data Outputs 

Unit Load (U.L.) = 40 J.l.A HIGH/l.6 mA LOW 

TRUTH TABLE 

CLOCK OUTPUT 

enable 

Clear all output to logical "L". 

Preset outputs to 1 input 

bit configuration. 

Serial input shift right. 

enable Serial-ta-parallel conversion. 

NOTES: 

LOADING 

5 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 

10U.L. 

(a) After loading data, set clear to "H" and preset to "L" clock to give parallel to serial conversion. 
(b) I nformation transferred on rising edge of clock pu Ise. 

L ____ -J1r------ H 

(c) Do not enable preset and clear simultaneously. 
Preset - "H" Clear - "L" = undefined output. Dependent upon which enable is removed first. 

(d) X Either logical "L" or logical "Hit. 

LOGIC DIAGRAM 

PL 
(PARALLEL ------+-+---+--...... ---tl---~--+--_+ ....... -_+_-___+_. 

LOAD! 

Os 
(SERIAL -....f':l~.-<IDI 
INPUT) 

CL 

(CLEAR! 

CP -I~~~----+-----~------~----~ 
(CLOCK! 

8-259 

LOGIC SYMBOL 

DS 

CP 

2 3 4 6 7 

9396/5496. 7496 

16 15 14 13 11 10 

Vcc = Pin 5 
GND = Pin 12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

PL DS 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

Positive Logic: LOW input at clear 
sets all outputs tD LOW level. 

I 



TTL/MSI • 9396/5496, 7496 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

9396XM/5496XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC (See Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range --55 25 125 

Width of Clock Pulse, tp(clock) 35 

Width of Preset Pulse, tp(preset) 30 

Width of Clear Pulse, tp(c\earl 30 

Serial Input Setup Time, tsetup 30 

Serial Input Hold Time, thold 0 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

9396XC/7496XC 
UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volts 

0 25 70 °c 

35 ns 

30 ns 

30 ns 

30 ns 

0 ns 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise noted) 

LIMITS TEST CONDITIONS 
SYMBOL PARAMETER TYP. UNITS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed V I H 

VIL Input LOW Voltage 0.8 Volts Guaranteed V I L 

VOH Output HIGH Voltage 2.4 3.5 Volts VCC = MIN., 10H = -0.4 m A 

VOL Output LOW Voltage 0.22 0.4 Volts VCC = MIN., IOL = 16 mA 

Input HIGH Current at Any 40 p,A VCC = MAX., VIN = 2.4 V 

I nput Except Parallel Load 1.0 mA VCC = MAX., VIN = 5.5 V 
IIH 

Input HIGH Current at 200 p,A VCC = MAX., VIN = 2.4 V 

Parallel Load 1.0 mA VCC = MAX., VIN = 5.5 V 

Input LOW Current at Any 
-1.6 mA VCC = MAX., VIN = 0.4 V 

Input Except Parallel Load 
IlL 

I nput LOW Current at 
Parallel Load 

-8.0 mA VCC = MAX., VIN = 0.4 V 

Output Short Circuit Current (Note 3) 
-20 -57 mA 9396/5496 VCC = MAX. 

lOS 
-18 -57 mA 939617496 VOUT = 0 V 

48 68 mA 9396/5496 
ICC Supply Current 

48 79 mA 939617496 
VCC = MAX. 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. 

f max Maximum Clock Frequency 10 MHz 

tpLH Turn Off Delay Clock to Output 25 40 ns 

tPHL Turn On Delay Clock to Output 25 40 ns 
VCC = 5.0 V 

Turn Off Delay Preset or Parallel 
CL=15pF 

tPLH 28 35 ns RL = 400[2 
Load to Output 

tpHL Turn On Delay Clear to Output 55 ns 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
circuit type. 
(2) Typical limits are at V CC = 5.0 V, 25° c. 
(3) Not more than -one output should be shorted at a time. 
(4) This voltage value is with respect to network ground terminal. 
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TTL/MSI 93141/74141 
1- OF-10 DECODER/DRIVER (NIXIE) 

DESCRIPTION - The 93141/74141 is a BCD-to-Decimal Decoder Driver that is designed to take a 
4-bit BCD code input and drive cold-cathode indicator tubes. This decoder utilizes design improve­
ments that minimize switching transients in order to maintain a stable display. 

The segments and numeric designations chosen to represent the decimal numbers are shown below. 
For binary inputs 10 through 15, the outputs are off. These invalid codes can be used in blanking 
leading or trailing-edge zeros in a display. 

The ten high performance, NPN output transistors have a maximum reverse current of 50}.lA at 55V. 
Typical power dissipation is 55 mW. 

PIN NAMES 

PA 
PB,PC,PD 
00 to 0.9 

*See output characteristics. 

Address Input 
Address Input 
Outputs 

Max. Current'lnto Output During "ON" state 
Output Leakage at 55 V 

7mA 
50}.lA 

1 U.L. = 40}.lA HIGH/1.6 mA LOW. 

LOGIC DIAGRAM 

8-261 

LOADING 

1 U.L. 
2 U.L. 

LOGIC SYMBOL 

3 6 7 4 

93141174141 

16 15 8 9 13 14 11 10 1 2 

VCC=PIN5 

GND=PIN12 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

Positive Logic: See Truth Table 

TRUTH TABLE 

INPUT 

Po Pc 
L L 
L L 
L L 
L L 
L H 
L H 
L H 
L H 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H H 

H = HIGH level, 

L = LOW level. 

PB PA 
L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 
L L 
L H 
H L 
H H 

t All other outputs are off 

OUTPUT 

ONt 
0 
1 
2 
3 
4 
5 
6 
7 

8 
9 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 

I 



TTL/MSI • 93141/74141 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
* I nput Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

-65°C to +150°C 
O°C to 70°C 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

93141 XC174141 XC 
PARAMETER UNITS 

MIN. TYP. MAX. 

Supply Voltage V CC (See Note 3) 4.75 5.0 5.75 Volts 

Operating Free Air Temperature Range 0 25 70 °c 

Output Voltage (See Notes 3 & 4) 65 V 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS 
(Note 2) 

FIGURE 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH 1 & 2 
Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW 1 & 2 
Voltage 

VOL Output LOW Voltage 2.5 Volts VCC = MIN., IOL = 7.0 mA 1 

VOH 
Output HIGH Voltage 60 Volts VCC = MAX., IOH = 0.5 mA 2 
for input counts 0 thru 9 

Output HIGH Current 50 p,A VCC = MAX., VOUT = 55 V 2 

IOH Output HI G H Current 5.0 p,A VCC = MAX., VOUT = 30 V 2 
for input counts 10 thru 15 

Input HIGH Current at PA 
40 p,A VCC = MAX., VIN = 2.4 V 

3 
1.0 mA 

. 
VCC = MAX., VIN = 5.5 V 

II H 
80 p,A VCC = MAX., VIN = 2.4 V 

Input HIGH Current at PB, PC, or PD 3 
1.0 mA VCC = MAX., VIN = 5.5 V 

Input LOW Current Into PA -1.6 mA 
VCC = MAX., VIN = 0.4 V 4 

IlL Input LOW Current Into PB, PC, -3.2 mA 
or PD 

ICC Supply Current 16 25 mA VCC = MAX. 3 

NOTES: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

(2) Typical limits are at Vcc = 5.0 V, 25°C. 

(3) Voltage values are with respect to network ground terminal. 
(4) This is the maximum voltage which should be applied to any output when it is in the off state. 
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TTL/MSI • 93141/74141 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS· 

VIH=fTEST PER 
TRUTH 

VIL TABLE 

Vee 

oo..---~~ 
°1P---~. 
°2P----_~ 
°3P------o 
°4P------O 
°5k>------­
°6b-----~ 

°7b---~ 
°sb-----
°9b--~-­

L..---,_ ...... 

Each output is tested separately. 

PA 

IIH Ps -- SEE 
'VIN NOTES Pe 

Po 

VOL 

1 

) "''' 

1. When testing II H, each input is tested separately 
with all other inputs grounded. 

2. When testing ICC, all inputs are grounded. 

Fig. 3 IIHI ICC 

nOL 

I 

Vee 

°0 

PA 
°1 
°2 ''"=f''~ PB 
°3 

PER °4 
TRUTH 

°5 V
IL 

TABLE Pe 
°6 

Po °7 
Os 

°9 

1. Each output is tested separately. 

2. VOH is tested at IOH == 0.5 mA and IOH is 
tested at VOH == 55 V for all inputs counts. 

IOH is tested also at VOH == 30 V for input 
counts 10 through 15. 

Vee 

4.5 V 

PA it PB 
VIN +-- SEE NOTE 

Pc 

Po 

Each input is tested separately, with 
all other inputs at 4.5 V. 

Fig.4 IlL 

) "''' 

• Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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TTL/MSI • 93141/74141 

APPLICATIONS 

GENERAL - When these decoder/drivers are used in close proximity (on the same circuit board) with standard digital integrated circuits, care 

should be exercised to ensure that the impedance of the ground bus (including interconnections) is sufficiently low to absorb the normal energy 

levels resulting from switching the tube elements. 

DRIVING INDICATOR TUBES - As shown in Figure 5, the 93141/74141 requires no external components for driving cold-cathode indicator 

tubes. The versatility here is limited only by the system capability to control the data inputs. 

A suggested method for blanking extraneous zeros is shown in Figure 6. Any input count above decimal 9 may be used for blanking. In the 
following application decimal 12 is used. When the most significant bit (MSB) or the least significant bit (LSB) is decimal 0(0000), that indicator 
is blanked while decimal 12 (binary 1100) is applied to the 93141/74141 inputs causing all the outputs to be off. If the MSB or LSB is decimal 
o and being blanked, this signal is gated with and blanks the next smaller digit. This scheme is easily expandable to n digits. 

A I--__ f---~ 

9390 174901 

STROBEo---~--------------------+-----. 

SERIAL COUNT FROM 
LESS SIGNIFICANT BIT 

NOTES: 

9390174901 

B+ 

ISee Note AI 

RL 
INDICATOR TUBE 

-= 

BCD TO DECIMAL 

DECODER DRIVER 

"----.r----' 
BCD INPUT 

Fig. 5 

VCC" 5 V 

10 

10 

20 

2Ci 

30 OPEN 

3Ci 

40 OPEN 

4Ci 

10 

jQ 

20 

2Q 

30 OPEN 

3Q 

40 OPEN 

40 

9375174751 

A. Values for B+ and R L are as specified by the tube manufacturer. 

INDICATOR TUBE 

INDICATOR TUBE 

B. Blanking is assured only if the anode of the indicator tube is clamped at 150 volts maximum. 

Fig. 6 
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TTL/MSI93150/54150,74150 
93151/54151,74151-93152/54152,74152 

16-INPUT AND 8-INPUT MULTIPLEXER 

DESCRIPTION - The 93150/54150, 74150 is a 16-lnput Multiplexer which features active LOW 
strobe and internal select decoding. A HIGH at the..i.trobe input forces the output HIGH regardless 
of input conditions. ." 

The 93151/54151, 74151 is an 8-lnput Multiplexer with active LOW strobe, internal select decoding 
and complementary outputs. 

The 93152/54152, 74152 is an 8-lnput Multiplexer with internal select decoding and a single inverted 
output. 

In each of the multiplexers data is routed from a particular input to the output according to the 
binary code applied to the select inputs. 

Typical power dissipations are: 93150/54150, 74150 - 200 mW; 93151/54151, 74151 - 145 mW; 
93152/54152,74152 - 130 mW. 

PIN NAMES 

EO to E15 

DO to 07 
S 
A, S,C, 0 
W 
y 

Data Inputs 
Data inputs 
Strobe (Enable) Input 
Data Select Inputs 
Data Output 
Data Output 

LOADING 

1 U.L. 
1 U.L. 
1 U.L. 
1 U.L. 

10 U.L. 
10 U.L. 

NOTE: U.L. = 40}.LA HIGH/1.6 mA LOW. 

CONNECTION DIAGRAMS 

DIP (TOP VIEWS)* 

24 

23 

22 
16 

21 15 

20' 
14 

19 13 

18 12 

17 11 

16 10 

15 

11 14 

13 

93150/54150, 74150 93151/54151, 74151 

*Pin assignments for these circuits are the same for all packages. 

8-265 

LOGIC SYMBOLS 

876543212322212019181716 

93150/54150,74150 

Vee = PIN 24 

GND = PIN 12 

4 3 2 1 15 14 13 12 

11 A 

10 

9 

Vee=PIN16 

GND=PIN8 

10 A 

9 

Vee = PIN 14 

GND= PIN 7 

93151/54151,74151 

w y 

6 5 

93152/54152,74152 

w 

14 

13 

12 

II 

10 

93152/54152, 74152 

I 



STROBE 

TTL/MSI. 93150/54150,74150. 93151/54151,74151 • 93152/54152,74152 

LOGIC DIAGRAMS 

93150/54150,74150 

DATA INPUT DATA SELECT (BINARY) 
STROBE ,r-__________ """"'/I \ ~ 

(ENABLE) EO El E2 E3 E4 E5 E6 E7 EB Eg E10 Ell E12 E13 E14 E15 A 
9 Y 

I 
~7 U~ 7 ~ '7 ~7 

Ar 
r- , -

7 ~ 7 i ~ '7 ~7 
A 

Il 
B 

C 
C 

IL 0 

Il II. It II. III. 
D 

III. 

J ) ) mm9~IJ' 
ji 
OUTPUT W 

Positive Logic 

W = S(ABCDEO + ABCDEl + ABCDE2 + ABCDE3 + ABCDE4 + ABCDE5 + ABCDES + ABCDE7 

+ ABCDES + ABCDEg + ABCDE10 + ABCDEll + ABCDE12 + ABCDE13 + ABCDE14 + ABCDE15) 

93151/54151, 74151 93152/54152, 74152 

DATA INPUTS DATA SELECT (BINARY) DATA INPUTS DATA SELECT (BINARY) 
/~ __________ --J/I~ __________ ~\ ~ 

/r-------------~/I~-----~ ~ 
A A 

OUTPUT Y OUTPUT W OUTPUT W 

Positive Logic Positive Logic 

Y = S(ABCDO + ABCD1 + ABCD2 + ABCD3 + ABCD4 

+ ABCD5 + ABCDS + ABCD7) W = Y 
W = (ABCDO + ABCD1 + ABCD3 + ABCD4 + ABCD5 

+ ABCDS + ABCD7) 
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TTL/MSI. 93150/54150,74150. 93151/54151,74151 • 93152/54152,74152 

TRUTH TABLES 

93150/54150, 74150 

INPUTS 

D C B A STROBE EO E1 E2 E3 E4 E5 ES E7 Ea Eg ElO Ell E12 E13 
X X X X H X X X X X X X X X X X X X X 
L L L L L L X X X X X X X X X X X X X 
L L L L L H X X X X X X X X X X X X X 
L L L H L X L X X X X X X X X X X X X 
L L L H L X H X X X X X X X X X X X X 
L L H L L X X L X X X X X X X X X X X 
L L H L L X X H X X X X X X X X X X X 
L L H H L X X X L X X X X X X X X X X 
L L H H L X X X H X X X X X X X X X X 
L H L L L X X X X L X X X X X X X X X 
L H L L L X X X X H X X X X X X X X X 
L H L H L X X X X X L X X X X X X X X 
L H L H L X X X X X H X X X X X X X X 
L H H L L X X X X X X L X X X X X X X 
L H H L L X X X X X X H X X X X X X X 
L H H H L X X X X X X X L X X X X X X 
L H H H L X X X X X X X H X X X X X X 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

When used to Indicate an Input condition, X = LOGICAL H or LOGICAL L. 

93151/54151, 74151 AND 93152/54152, 74152 

INPUTS 

C B A STROBE(l) DO D1 D2 D3 D4 D5 
X X X H X X X X X X 
L L L L L X X X X X 

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

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

NOTES: 
1. 54151,74151 only. 
2. When used to indicate an Input, X = irrelevant. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

DS D7 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

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

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
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OUTPUTS 

YO) W 

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

OUTPUT 

E14 E15 W 

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

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

I 



TTL/MSI • 93150/54150, 74150. 93151/54151, 74151 • 93152/54152, 74152 

RECOMMENDED OPERATING CONDITIONS 

93150X M/54150XM 93150XC/74150XC 

PARAMETER 93151XM/54151XM 93151XC/74151XC UNITS 
93152XM/54152XM 93152XC/74152XC 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free Air Temperature Range -55 25 125 0 25 70 °c 

Normalized Fan Out from Each I LOW Level 10 10 

I 
U.L. 

Output, N HIGH Level 20 20 

X = package type; F for Flatpak,D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

(Note 2) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 1 
Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold 2 
Voltage 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -800 }.LA, 1 & 2 
VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16 mA, 1 & 2 

VIH = 2.0 V, VIL = 0.8 V 
IIH Input HIGH Current 40 }.LA VCC - MAX., VIN - 2.4 V 

3 
(Each Input) 1.0 mA VCC = MAX., VIN = 5.5 V 

IlL Input LOW Current -1.6 mA VCC = MAX., VIN = 0.4 V 3 
(Each Input) 

lOS Output Short Circuit -20 -55 rnA 93150/54150,93151/54151, 

Current (Note 3) 93152/54152, VCC=MAX.,Vout=OV 
4 

-18 -55 mA 93150/74150,93151/74151, 
93152/74152, VCC=MAX.,Vout=OV 

ICC Supply Current 40 68 mA 93150/54150,74150 

29 48 mA 93151/54151,74151 
VCC = MAX. 

5 

26 43 mA 93152/54152,74152 
VIN = 4.5 V 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYM- LIMITS TEST 

BOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS FIGURE 

tPHL A, B, or C Input to Y Output, 20 30 ns 

tpLH 4 Levels 35 52 ns 

tpHL A, B, C, or 0 Input to W 22 33 ns 

tpLH Output, 3 Levels 22 35 ns 

tpHL Strobe I nput to Y Output 19 30 ns 

tpLH 35 52 ns 

tpHL Strobe I nput to W Output 21 30 ns 
VCC = 5.0 V 

CL = 15 pF A 
tPLH 15.5 24 ns 

tpHL DO thru 0 7 Input to Y 16 24 ns RL = 400 n 

tPLH Output 19 29 ns 

tpHL EO thru E15, DO thru D7 8.5 14 ns 

tpLH I nput to W Output 13 20 ns 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommmended operating conditions for the applicable 

device type. 

(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output of the 93151/54151,74151 should be shorted at a time. 
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TTL/MSI. 93150/54150,74150. 93151/54151,74151 • 93152/54152,74152 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CI RCUIT0* 

STROBE 
EO or DO 

E1 or D1 

E2 or D2 

TEST 
PER 

TRUTH 
TABLE 

IOH 

~ ~ 
E3 or D3 

E4 or D4 

E5 or D5 

E6 or D6 
y 

IOL 

~ 
¢ 

I 

IH PER v 9 TEST 
VOL VOH I 

,Li~ 
V L TRUTH 

I TABLE 

1. VI L is applied to STROBE; 8-4-2-1 code is 

applied to A, B, C, 0; and input/output con­
dition is tested for each step of the code. 

2. VI H is applied to STROBE at which time 

VOL is measured at Y and VOH is measured 
at W. 

Fig. 1 

Vce 

INPUT 
CONDITIONS E1 or D1 

E2 or D2 

E3 or D3 

E4 or D4 

E5 or D5 
y 

}." E6 or D6 

IIH 
E7 or D7 --- SEE 
ES 

VIN TEST Eg 
W ---- TABLE ElO 

IlL 
E11 

E12 

E13 

E14 

E15 

1. When testing strobe input, all other inputs 
are open. 

A B C D 

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

TEST 
PER 

TRUTH 
TABLE 

v 9 TEST IH PER 
V IL TRUTH 

TABLE 

E7 or D7 

ES 

Eg 

E10 
w 

E11 

E12 

E13 

E14 

E15 

1. VI L is applied to STROBE; 8-4-2-1 is applied 
to A, B, C, 0; and input/output condition is 
tested for each step of the code. 

Fig. 2 

TEST 
INPUT 

TEST 
CONDITIONS 

',L "H A B C D ',L 
EO or DO E15 or D7 L L H H E12 
E1 or D1 E14 or D6 H L H H E13 
E2 or D2 E13 0rD5 L H H H E14 
E3 or D3 E12 or D4 H H H H E15 
E4 or D4 E11 or D3 L A 
E5 or D5 E10 or D2 L B 
E6 or D6 Eg or D1 L C 
E7 or D7 E8 or DO L D 
E8 E7 H 
Eg E6 H 
E10 E5 H 
Ell E4 H 

Fig. 3 

I 

I 

E3 
E2 
El 
EO 

"H 

A 
B 
C 
D 

*Arrows indicate actual direction of current flow. Tests as shown, are for the 93150/54150,74150. Identical tests as applicable are performed 
for the 93151/54151, 74151 and 93152/54152, 74152. 
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TTL/MSI. 93150/54150,74150. 93151/54151,74151 • 93152/54152,74152 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* (Continued) 

4.5V~SEE fLom 

y 

w 

1. When testing W output, apply GN D to DO 
and EO input. 

2. When testing Y output of 93151/54151, 
74151 apply 4.5 V to DO and measure lOS. 

Fig. 4 

4.5 V 

OPEN 

EO or DO 

E, or D, 

E2 or D2 

E3 or D3 

E4 or D4 

ES or DS 

E6 or D6 

E7 or D7 

Ea 

Eg 

ElO W 

E, , 

E12 

E13 

E14 

Fig. 5 

OPEN 

• Arrows indicate actual direction of current flow. Tests as shown, are for the 93150/54150, 74150. Identical tests as applicable are performed 
for the 93151/54151,74151 and 93152/54152, 74152. 

SWITCHING CHARACTERISTICS 

STROBE INPUT 0------------, 

STROBE 

DATA INPUT o--------t EO or DO 

E, or D1 

E2 or D2 

E3 or D3 

E4 or D4 

E5 or DS 

E6 or D6 

V, E7 or D7 

Ea 

Eg 

ElO 

E" 

E'2 

E13 

E'4 

SELECT INPUTo---------...J 

W 

OUTPUTS 

~ 
y 

r 

r' 

Vcc = 5 V 

Vce" 5 V 

·CL Includes probe and jig capacitance. 

Fig. A SWITCHING TIMES 
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TTL/MSI • 93150/54150, 74150. 93151/54151, 74151 • 93152/54152, 74152 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS (cont'd) 

-1 '0 ~ ~ " r-
----9 ....... 0%1l. I Vi '--90-% --- V,H 

'5V I I '5V 

STROBE INPUT I I I 
ISeeNolesland4} I ..... '_0% __________ '0% .... 0 -I--------V,l 

1f4·------,p-----...., .. Oo-jI 

--1 'PLH ~ I --VOH 

i %' i'\ 'oc -------~I-' 1_ -I 'PHL f---'------
--i 'pHL r-- -I I---________ ..... I I 'pLH I ,. _____ VOH 

\' 'I ____ ,,, 

Y OUTPUT 

WOUTPUT 

STROBE-TO-OUTPUT VOLTAGE WAVEFORMS 

-1 '0 ~ ~ I, r-
--~90%1l1 Vi "'-90%--- V'H 

1.5V I II I 1 1.5V SELECT INPUT 
(SecNotes3and4 ) 

I ..... '_O% _________ '_O%.J , _________ V,L 

1-001 O------Ip-------'"'"l. I 

I -j 'pLH i---

-----i~\, i l'--v --- ::~ 
---...j 'PHL 1--~---------__l--tJ,PHL I----

YOUTPUT ____ --l--JY- \,------ ::~ 
SELECT INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 

~ I, ~ ~ '0 ~ 

NOTES: 
EO OR DO INPUT 

(See Notes2and 4) 

w-r-V9-
O%-------90% ..... ,1l------- V'H 

1. When measuring strobe to output times 

select input is at a LOW level, EO or DO 

is at a HIGH level, V1 = 4.5 V. 

WOUTPUT 

YQUTPUT 

______ '_O%.J. , I . 10% V
,L 

"""I·O---------,p-----....,·o-tl 

: \ -l ',," V-,----. -- V
OH 

! i '" ! I'"' 
-+-I 1- I - ----- VOL 

'pHL r-- -I 'pHL I------
-.j 'pLH I-- I l' \~----- '00 

________ ..... ...... _____ VOL 

2. When measuring dtat input-to-output 

times strobe and select inputs are at a 

LOW level and V1 = 4.5 V. 
3. When measuring select input-to-output 

times strobe input is at a LOW level, data 

input is at a HIGH level and V1 = O. 
4. The input pulse has the following VI L 

characteristics: V I H = 3 V, V I L = 0 V; 
t1 = to= 10 ns, PRR = 1 MHz, duty 

cycle = 50%, and generator Zout ~ 50n. 

DATA INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 

Fig. A SWITCHING TIMES 

tTests, as shown, are for the 93150/54150,74150. Identical tests as spplicable are performed for the 93151/54151,74151 and 93152/54152, 

74152. 
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TTL/MSI93153/54153,74153 
DUAL 4-INPUT DATA SELECTOR/MULTIPLEXER 

DESCRIPTION - The 93153/94153, 74153 is a monolithic, high speed, Dual 4-lnput Digital Multi­
plexer. It consists of two multiplexing circuits with separate strobe inputs for each of the two 4-line 

sections, and with common input select logic. Active pull up outputs ensure high drive and high speed 
performance with a full fan out of 10 unit loads in the LOW state. Typical power dissipation is 180 mW. 

PIN NAMES 

lG,2G, lCO_3, 2CO_3,A,B 
lY,2Y 

Inputs 

Outputs 

Unit Load (U.L.) = 40 /.lA H IGH/1.6 mA LOW 

LOGIC DIAGRAM 

STROBE 

ADDRESS 

INPUTS 

x 
x 

TRUTH TABLE 

DATA INPUTS 

x 
x 

x 

X 

L 

X 

L 

------ -

STROBE OUTPUT 

__________________ L __ ----' 

Address I nputs A and B are common to both sections 

H = HIGH level, L = LOW level, X = irrelevant 

1G 
(ENABLE) DATA 1 
~ ______ A-______ ~ ADDRESS 

~ 
A 

STROBE 
2G 

~---D_A.II:_A_2--_;.;( ~NABLE) 

1Y OUTPUT 2Y OUTPUT 

8-272 

LOADING 

1 U.L. 

10 U.L. 

LOGIC SYMBOL 

10 11 12 13 15 14 6 5 4 3 

VCc=PIN16 
GND = PIN 8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

Vee 

STROBE 
2G 

1Y 

GND 

16 

15 

14 

13 

12 

11 

10 

Positive Logic: See Truth Table. 



TTL/MSI • 93153/54153, 74153 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITLONS 

PARAMETER 
93153XM/54153XM 

MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan Out from Each I HIGH Level 20 

Output, N I LOW Level 10 

-65°C to +150°C 
-55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

93153XC/74153XC 

MIN. TYP. 
UNITS 

MAX. 

4.75 5.0 5.25 Volts 

0 25 70 °c 

20 U.L. 

10 

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging I nformation Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS (Note 1) 

(Note 2) 
FIGURE 

V,H Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold 1 & 2 
Voltage 

V,L Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold 1 & 2 
Voltage 

VOH Output HIGH Voltage 2.4 3.1 Volts VCC == MIN., 10H == -800/.lA, 1 
V,H == 2.0 V, V,L == 0.8 V 

VOL Output LOW Voltage 0.2 0.4 Volts VCC == MIN., 10L == 16 mA, 2 
V,H == 2.0 V, V,L == 0.8 V 

"H Input HI G H Current 40 /.lA VCC == MAX., V,N == 2.4 V 
3 

1.0 mA VCC == MAX., V,N == 5.5 V 

I,L I nput LOW Current -1.6 mA VCC == MAX., V,N == 0.4 (each input) 3 

Output Short Circuit -20 -55 mA 93153/54153 
lOS VCC == MAX. 4 

Current (Note 3) -18 -57 mA 93153/74153 

36 52 mA 93153/54153 
'CCL Supply Current LOW VCC == MAX. 5 

36 60 mA 93153/74153 

SWITCHING CHARACTERISTICS (T A == 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. FIGURE 

tpLH 12 18 
Data I nput to Y Output ns 

tpHL 15 23 

tpLH 22 34 VCC == 5.0 V 
Address I nput to Y Output ns CL == 30 pF A 

tpHL 22 34 

tpLH 19 30 RL == 400 n 
Strobe Input to Y Output ns 

tpHL 15 23 

NOTES: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

(2) Typical limits are at VCC == 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
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TTL/MSI • 93153/54153, 74153 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

TEST 
PER 

TRUTH 
TABLE 

SEE 

Vee 

lY~--------~--~ 

V OH 

I t 1 t 
TEST 
PER 

TRUTH 
TABLE 

INPUT CONDITIONS 

Vee 

IOL 

+--
lY 

IOL 

+--
2Y 

TEST TABLE 

APPLY VIN 

B A 1G 2G TEST IlL TEST IIH 

L L H H 1C3,2C3 

L H H H 1C2,2C2 

H L H H 1C1,2C1 

H H H H 
A,B, 1G, 2G, 

1CO,2CO 
4.5 V TEST 

A,B, 1G, 2G, TABLE 

2.4 V 
L L L L 

1CO,2CO 
O.4V 0---1101 L H L L 1C1,2C1 

H L L L 1C2,2C2 

H H L L 1C3,2C3 

H=2.4V,L=0.4V 

Note: Each input is tested separately. When II H is tested, all C inputs not under test are grounded. When II L is tested, 
all C inputs not under test are at 4.5 V. 

Fig. 3 IIH, IlL 

Vee vee 

~leeL 

4.5 V 

lY 

~s 
lY 

} 0'" 
2Y 2Y 

Note: Each output is tested separately. 

Fig. 4 lOS Fig. 5 ICCL 

*Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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SWITCHING CHARACTERISTICS 

PULSE 
GENERATOR 

(See Note) 

INPUTS 

OUTPUT WAVEFORM A 

OUTPUT WAVEFORM B 

TTL/MSI • 93153/54153, 74153 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

10% 

SEE 
TEST 
TABLE 

Vcc 

TEST CI RCUIT 

OUTPUTS 

1Y 2Y 

'cL = 

'J30PF 

RL =400n 

"Includes probe and jig capacitance. 

:.,.. __ <:_lO_ns _______ --I_vt --- -r=-=~ ~o.:s _____ 3 V 

90% 90"10 I 
I 
I 
I 

10% 

(Sec Notel 

"-______ 0 V 

tpHL f4-­

,....---------+-~---i------ -- VOH 

I 
I 
I 
I 
I , 

---I 

I 
I 

_-- VOH 

-~--------_./..- -- - - - - - - -- VOL 

NOTE: The pulse generator has the following characteristics: PRR = 1 MHz, duty cycle = 50%, and Zout R< 50 n. 

VOL TAGE WAVEFORMS 

TEST TABLE 

INPUTS OUTPUT Y 

B A Co C1 C2 C3 G 
WAVEFORM 

GND GND INPUT X X X GND A 

GND 4.5V X INPUT X X GND A 

4.5V GND X X INPUT X GND A 

4.5V 4.5V X X X INPUT GND A 

GND INPUT GND 4.5V X X GND A 

INPUT GND GND X 4.5V X GND A 

GND GND 4.5V X X X INPUT B 

X = irrelevant 

Fig. A SWITCHING TIMES 
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TTL/MSI 93164/54164, 74164 
8-81T SERIAL TO PARALLEL CONVERTER 

ANNOUNCED 

DESCRIPTION - The 93164/54164, 74164 are a-Bit Shift Registers with gated serial inputs and 
an asynchronous clear facility. The gated serial inputs (A and B) permit control over incoming 
data, as a LOW at either (or both) input(s) inhibits entry of the new data and resets the first flip­
flop to the LOW level at the next clock pulse. A HIGH level input enables the other input which 
will then determine the state of the first flip-flop. Data at the serial inputs may be changed while 
the clock is HIGH, but only information meeting the setup requirements will be entered. Clocking 
occurs on the LOW to HIGH level transition of the clock input. All inputs are diode-clamped to 
minimize transmission-line effects and are buffered to present one TTL load. 

PIN NAMES 

CP 

CL 
A,B 
QA to QH 

Clock Pulse Input 
Clear Input 
Serial Inputs 
Parallel Outputs 

1 Unit Load (U.L.) = 40j.lA HIGH/1.6mA LOW. 

TRUTH TABLE 

SERIAL INPUTS A AND B 

lOGIC DIAGRAM 

OUTPUT 
QA 

OUTPUT 
Qs 

~ CLOCK CLEAR 

SERIAL INPUTS 

INPUTS OUTPUT 

AT tn AT tn+1 

A B QA 

H H H 

L H. L 

H L L 

l L L 

OUTPUT OUTPUT OUTPUT 
Qc Qo QE 

OUTPUT OUTPUT 
QF QG 

8-276 

LOADING 

1 U.L. 
1 U.L. 
1 U.L. 
5 U.L. 

OUTPUT 
QH 

lOGIC SYMBOL 

93164/54164,74164 

QA Qs Qc QD QE QF QG QH 

3 4 5 6 10 11 12 13 

VCC = Pin 14 
GND = Pin 7 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

GND CP 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

LOW input to clear resets all outputs 
to the LOW level. 



TTL/MSI • 93164/54164, 14164 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (de) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

93164XM/54164XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

l H I G H Logic Level 10 
Normalized Fan Out from Each Output, N I 

LOW Logic Level 5.0 

Input Clock Frequency, fCLOCK 0 25 

Width of Clock or Clear Input Pulse tpw 20 

Data Setup Time, tsetup (See Fig. A) 15 

Data Hold Time, tHOLD (See Fig. A) 0 

-65°C to +150°C 
_55° C to +125° C 

-D.5 V to +7.0 V 
-D.5 V to +5.5 V 

-30 mA to +5.0 mA 
-D.5 V to +VCC value 

+30mA 

93164XC/74164XC 

MIN. TYP. 
UNITS 

MAX. 

4.75 5.0 5.25 Volts 

0 25 70 °c 

10 
U.l. 

5.0 

0 25 MHz 

20 ns 

15 ns 

0 ns 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage' 2.0 Volts Guaranteed V I H 

VIL Input LOW Voltage 0.8 Volts Guaranteed VI L 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MAX., liN = -12 mA 

VOH Output HIGH Voltage 2.4 Volts 
VCC = MIN., 10H = -0.4 mA, 

VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts 
VCC = MIN., 10L = 8.0 mA, 

VIH = 2.0 V, VIL = 0.8 V 

II Input Current at Maximum Input Voltage 1.0 mA VCC = MAX., VIN = 5.5 V 

IIH Input HIGH Current 40 /JA VCC = MAX., VIN = 2.4 V 

IlL Input LOW Current -1.6 mA VCC = MAX., VIN = 0.4 V 

Output Short Circuit Current -10 -27.5 mA 93164/54164 1 
lOS 

(Note 3) -9.0 -27.5 mA 93164/74164 1 VCC = MAX. 

30 mA VIN(clock) = O.4V I VCC = MAX. 
ICC Supply Current 

37 54 mA VIN(clock) = 2.4V I (Note 4) 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. 

fmax Maximum I nput Count Frequency 25 36 MHz CL=15pF 

Turn On Delay Clear to 24 .36 CL=15pF 
tPHL ns 

CL = 50 pF Outputs 28 42 VCC = 5.0 V 

Turn Off Delay Clock to 8.0 17 27 CL-15pF RL = 800n 
tpLH ns 

(See Fig. A) Outputs 10 20 30 CL=50pF 

Turn On Delay Clock to 10 21 32 CL = 15 pF 
tpHL ns 

Outputs 10 25 37 CL = 50 pF 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than two outputs should be shorted at a time. 
(4) Measured with outputs open, serial inputs grounded, and a momentary ground, then 4.5 V, applied to clear. 
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TTL/MSI • 93164/54164, 74164 

TYPICAL CLEAR, INHIBIT, SHIFT, CLEAR AND INHIBIT SEQUENCES 

CLEAR~ 

SERIAL { A i 
INPUTS I 

B _-+! ___ ---I ~--------------+-----------
CLOCK I 

I 

QA===~l ___________ ~~~ _______ ~~ _________ _ 

QB===l ~------7------------
Qc===l ~~ __ -+ ________ ___ 

OUTPUTS 
QD ===..J.J __________ --I~_+---------
QE===..J.1 ___________________ ~~ 

~I--------

QF===l r-----l~-+: _______ _ 
QG ===1 ~I-: ________ _ 
QH:::..J.l _______________________________ ~r_l~: ________ __ 

I 
CLEAR CLEAR 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

NOTES: 

CLEAR 
PULSE 
GENERATOR 
(PRR" 1 MHzl 

OUTPUT 

·CL include. probe end jig capacitance. 

TEST CIRCUIT 

r-------------------,~----------------------3V 

-- --------- -- -- --- -------oV 

CLOCK 
PULSE 
GENERATOR 
(PRR.; 1 MHzl 

SERIAL INPUTS 
A AND B PULSE 
GENERATOR 
(PRR'; 1 MHzl 

---I ...- tpHL 
I (See Note 31 
I 

QA OUTPUT I 
(See Note 21 

I.-- tpw -eI 

~
I : 3V 
I I 

1.5 V 1.5 V 

-:----oV 
1.5 V 

-..j :- thold 
t.etup --, I 3 V 

II 
I 

1.5 V 

VOLTAGE WAVEFORMS 

1. The pulse generators have the following characteristics: tr ~ 1 Ons, tf ~ 1 Ons, duty cycle ~ 50%, ZOUT = 50.0. 
2. QA output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence. 
3. Outputs are set to the HIGH level prior to the measurement of tpHL from the clear input. 

Fig. A SWITCHING TIMES 
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TTL/MSI93165/54165,74165 
8-BIT PARALLEL TO SERIAL CONVERTER 

DESCRIPTION - The 93165/54165, 74165 is an 8-Bit Serial Shift Register which features parallel-in 
access to each stage, gated clock input, complementary outputs from the last stage and input clamp 
diodes. Parallel-in access to each stage is made possible by eight individual direct data inputs which are 
enabled by a LOW level at the shift/load input. 

Clocking is accomplished through a 2-input positive-NOR gate, permitting one input to be used as a 
clock-inhibit function. Holding either of the clock inputs HIGH inhibits clocking, and holding either 
clock input LOW with the load input HIGH enables the other clock input. The clock-inhibit input 
should be changed to the HIGH level only while the clock input is HIGH. Parallel loading is inhibited 
as long as the load input is HIGH. When taken LOW, data at the parallel inputs are loaded directly into 
the register independently of the state of the clock. 

Typical power dissipation is 210 mW and maximum input clock frequency is typically 26 MHz. 

PIN ~AMES 

Ato H 

SI 
CP 

SL 
CLOCK INHIBIT 

QH,OH 

Parallel Inputs 
Serial Input 
Clock Input 
Shift Load 
Clock Inhibit 
Outputs 

NOTE: 1 U.L. = 40 p,A HIGH/1.6 rnA LOW. 

LOGIC DIAGRAM 

PARALLEL 
INPUTS ~ ______________________ .JA~ ______________________ ~ 

I A H \ 

SERIAL SHIFT/ CLOCK CLOCK 
INPUT LOAO INHIBIT 
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LOADING 

1 U.L. 
1 U.L. 
1 U.L. 
2 U.L. 
1 U.L. 

OUTPUT 
Q H 

OUTPUT 
ITH 

10 U.L. 

10 

LOGIC SYMBOL 

15 11 12 13 14 3 4 5 6 

CP 93165/54165,74165 

Vee = PIN 16 

GND=PIN8 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

GNO Q H 

FLATPAK (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

Positive Logic: See Description. 

I 



TTL/MSI • 93165/54165,74165 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
* I nput Voltage (de) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

93165XM/54165XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage V CC 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

Normalized Fan Out from Each l HIGH Level 20 

Output, N I LOW Level 10 

Input clock frequency, f clock 0 20 

Width of clock input pulse, tw(clock) 25 

Width of load input pulse, tw(\oad) 15 

Clock-enable setup time, tsetup (See Fig. 1) 30 
Parallel input setup time, tsetup (See Fig. 1 ) 10 

Serial input setup time, tsetup (see Fig. 2) 20 
Shift setup time, tsetup (See Fig. 2) 45 

Hold time at any input, thold 0 

-65
D

C to +150DC 
-55

D
C to +125DC 

-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

93165XC/74165XC 
UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volts 

0 25 70 DC 

20 
U.L. 

10 

0 20 MHz 

25 ns 

15 ns 

30 ns 

10 ns 

20 ns 
45 ns 

0 ns 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CON DITIONS (Note 1) 

(Note 2) 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HI G H 
Threshold Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW 
Threshold Voltage 

VCD Input Clamp Diode Voltage -1.5 Volts VCC == MAX., liN == -12 mA 

VOH Output HIGH Voltage 2.4 Volts VCC == MIN., 10H == -800 J.lA, 
VIH == 2.0 V, VIL == 0.8 V 

VOL Output LOW Voltage 0.4 Volts VCC == MIN., 10L == 16 mA, 
VIH = 2.0 V, VIL == 0.8 V 

II Input Current at MAX. 1.0 mA VCC == MAX., VIN == 5.5 V 
Input Voltage 

IIH 
Input HIGH Other Inputs 40 

J.lA VCC == MAX., VIN == 2.4 V 
Current Load Inputs 80 

IlL 
Input LOW Other Inputs -1.6 mA VCC == MAX., VIN == 0.4 V 
Current Load Inputs -3.2 

lOS 
Output Short Circuit Current -20 -55 rnA 93165/54165 1 V == MAX. 
(Note 3) -18 -55 mA 93165/74165 I CC 

ICC Supply Current (Note 4) 42 63 mA VCC == MAX. 

NOTES: 

(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

(2) Typical limits are at VCC == 5.0 V, 25
D

C. 

(3) Not more than one output should be shorted at a time. 

(4) With the outputs open, clock inhibit and shift/load at 4.5 V, and a clock pulse applied to the clock input, ICC is measured first with the 
parallel inputs at 4.5 V, then with the parallel inputs grounded. 
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TTL/MSI • 93165/54165, 74165 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS 

f max 

tpLH 
tpHL 

tpLH 
tpHL 

tpLH 
tPHL 

tpLH 
tpHL 

Max. Input Count Frequency 20 26 MHz 

Load Input to Any Output 
21 31 
27 40 

ns 

Clock Input to Any Output 
16 24 

ns 
21 31 

H I nput to QH Output 

H I nput to OH Output 

11 17 
24 36 

ns 

18 27 
18 27 

ns 

TYPICAL SHIFT, LOAD, AND INHIBIT SEQUENCES 

CLOCK 

CLOCK INHIBIT 

SERIAL INPUT _____ __+--------______ _ 
SHIFT/LOAD ~ 

DATA 

A --IlHl 
B IL'----+---------------

i 
c-Fl D IL'----+---------------

I 

E--IlHl~_~ _______________ _ 
IL 

G---f:Hl~_~ ______________________ __ 
H~L._ __ ~ _________________________ __ 

OUTPUT QH ----i-
I 
-----i-;-;---:-;-, 

OUTPUT riH : :'~=L-___ ~:_L_--, 
I--INHIBIT .... -----SERIALSHIFT-----­

LOAD 

PARAMETER MEASUREMENT INFORMATION 

VCC = 5.0 V 

CL = 15 pF 

RL = 400n. 

(See Figs. 1 Thru 3) 

SWITCHING CHARACTERISTICS 

CLOCK INHIBIT 
INPUT 

CLOCK 
INPUT 

\,:v- ------ -- ~,{:}~,:,:~ 

'","p--loo--.l 

.L\,"" C-,v 
T 15V 

~I~ __ ---------------,-------:-------------' '-'W"'OCkl...j t - - --ov 
- - - -: - - - - - - I - - - -- 3 V 

SHIFT! 
LOAD 

OUTPUTQH 

NOTES: 
1. The remaining six data inputs and the serial input are LOW. 

2. Prior to test, HIGH level data is loaded into H input. 
3. The input pulse generators have the following characteristics: 

I I 

tr';;; 10 ns, tf .;;; 10 ns, PR R .;;; 1 MHz, duty cycle';;; 50%, Zout '" 50 n. When testing f max , vary clock PRR. 

SHIFTI 
LOAD 

SEAIAl 
INPUT 

CLOCK 
INPUT 

NOTES: 
1. The eight data Inputs and the clock·lnhibit input are LOW. 

Results are monitored at output QH at tn + 7. 
2. The inputs pulse ganerators have the following characteristics: 

Fig. 1 VOLTAGE WAVEFORMS 

tr';;; 10 ns, tf';; 10 ns, PRR .;; 1 MHz, duty cycle';; 50%, Zout "" 50 n. 

Fig. 2 VOLTAGE WAVEFORMS 
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OU~TeU'VC:l 

FROM OUTPUT 
uNOERTEST lC l 

'CL includes probe 

and jig capacitance: 

Fig. 3 LOAD CIRCUIT FOR SWITCHING TESTS 

I 



TTL/MSI93176/54176,74176 
93177/54177,74177 

BCD DECADE/4-BIT BINARY COUNTER 

DESCRIPTION - The 93176/54176, 74176 is a Decade Counter that can be connected in BCD 
counting mode, in a divide-by-two and divide-by-five configuration, or in the bi-quinary mode. The 
93177/54177, 74177 can be connected as a divide-by-two, eight, or sixteen counter. Both counters 
feature strobed parallel-entry capability. A LOW at the Data Strobe inputs transfers the data at the 
parallel inputs to the outputs. Each counter is provided with a reset input, which when LOW resets 
the outputs to LOW state. The counting operation is performed on the negative going edge of the 
clock pulse. 

LOGIC DIAGRAM 93176/54176, 74176 

93177/54177, 74177 

8-282 

LOGIC SYMBOL 

10 11 

C1 93176 • 93177 
C2 

13 RD 

12 

Pin numbers are shown for DIP only. 

CONNECTION DIAGRAMS 
DIP (TOP VIEW) 

14 

13 

12 

10 

FLATPAK (TOP VIEW) 

14 

13 

12 

11 

10 



TTL/MSI 93178/54178, 74178 
93179/54179, 74179 

4-81T SHI FT REGISTERS 

DESCRIPTION - The 93178 and 93179 are 4-Bit Shift Registers with both serial 
and parallel data entry capability. T~e 93179 features a direct reset (RO), and a 
Dout line in addition to the available outputs of the 93178. The truth table 
below indicates the three possible control states: shift right, parallel entry and 
hold. The clock line is buffered to minimize input clock loading. All changes 
occur on the negative-going clock transition. Since data transfer is sync­

hronous with the clock, data may be transferred in any serial/parallel input/out­
put relationship. 

TRUTH TABLE 

CONTROL STATE LOAD SHIFT 

Hold L L 
Parallel Entry H L 
Shift Right L H 
Shift Right H H 

LOGIC DIAGRAM 

Os Oc aD 

~-i>-----T-

11 
9 

A 
CLOCK 
DS 
SHIFT 
LOAD 

QA 

LOGIC SYMBOL 

13 12 

93178 

10 

4 
13 
10 

Pin numbers are shown for DIP only. 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

11 

10 

15 14 

12 

11 

16 

15 

14 

13 

12 

11 

10 

93178/54178, 74178 93179/54179, '74179 

FLATPAK (TOP VIEW) 

16 
14 

15 
13 

12 
14 

11 
13 

10 12 

11 

10 

(93179/54179,741790NlY) 

93178/54178,74178 93179/54179, 74179 
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TTL/MSI 93180/54180, 74180 
8-BIT PARITY GENERATOR/CHECKER 

DESCRIPTION - The93180/54180or 74180 are monolithic, 8-Bit Parity Check/Generators which 
,feature control inputs and even/odd outputs to enhance operation in either odd or even parity 
applications. Cascading these circuits allows unlimited word length expansion. Typical applica­
tion would be to generate and check parity on data being transmitted from one register to 
another. Typical power dissipation is 170 mW. 

As with all Fairchild TTL products, all inputs are diode-clamped to minimize transmission-line 
effects and simplify system design. 

PIN NAMES LOADING 
Parity Inputs 
Odd Parity Input 
Even Parity Input 
Sum Odd Outputs 
Sum Even Outputs 

Note: 1 U.L. = 40 IlA HIGH/l.6 rnA LOW 

TRUTH TABLE 

INPUTS OUTPUTS 

~OF1'sAT 
EVEN ODD 

~ 

o THRU 7 EVEN 

EVEN H L H 

ODD H L L 

EVEN L H L 

ODD L H H 

X H. H L 

X L L H 

x = irrelevant 

LOGIC DIAGRAM 

DATA 
INPUTS 

I~~~T 0----------------' 
~:~~o----------------~ 

~ 

ODD 

L 

H 

H 

L 

L 

H 
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~ EVEN 
OUTPUT 

~ODD 
OUTPUT 

1 U.L. 
2 U.L. 
2 U.L. 

10U.L. 
10 U.L. 

LOGIC SYMBOL 

£ 9 10 11 12 13 1 2 

93180/54180,74180 

VCC = Pin 14 
GND = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP V lEW) 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

14 

13 

12 

11 

10 

Positive logic: See truth table. 



TTL/MSI • 93180/54180, 74180 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 
*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

• Either I nput Voltage limit or Input Current limit is sufficient to protect the inputs. 
RECOMMENDED OPERATING CONDITIONS 

93180XM/54180XM 
PARAMETER 

MIN. TYP. MAX. 

Supply Voltage VCC (See Note 4) 4.5 5.0 5.5 

Operating Free-Air Temperature Range -55 25 125 

. I LOW Level 10 
Normalized Fan Out from Each Output, N I 

HIGH Level 20 

MIN. 

4.75 

0 

-65°C to +150°C 
_55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

93180XC/74180XC 
UNITS 

TYP. MAX. 

5.0 5.25 Volts 

25 70 °c 

10 
U.L. 

20 
X=package type; F for F latpak, D for Ceramic DIP, P for Plastic DIp. See packaging I nformatlon Section for packages available on th IS product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER UNITS TEST CON DITIONS (Note 1) TEST 

TYP. FIGURE 
MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed I nput HIGH Voltage 1 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 1 

VOH Output HIGH Voltage 2.4 Volts 
VCC = MIN., 10H = -800 }.LA, 

1 
VIH = 2.0 V, VIL = 0.8 V 

""- ~"-

VOL Output LOW Voltage 0.4 Volts 
VCC = MIN., 10L = 16 mA, 

1 
VIH = 2.0 V, VIL = 0.8 V 

Input HIGH Current at 40 }.LA VCC = MAX., VIN = 2.4 V 
IIH 2 

Each Data Input 1.0 mA VCf; = MAX., VIN = 5.5 V 

IIH 
Input HIGH Current at 80 }.LA VCC = MAX., VIN = 2.4 V 

Even or Odd Input VCC = MAX., VIN = 5.5 V 
2 

1.0 rnA 

IlL 
Input LOW Current at 

Each Data Input 
-1.6 mA VCC = MAX., VIN = 0.4 V 2 

IlL 
Input LOW Current at 

VCC = MAX., VIN = 0.4 V 2 
Even or Odd Input 

-3.2 mA 

lOS 
Output Short Circuit Current -20 -55 mA 93180/54180 

(Note 3) -18 -55 93180/74180 
VCC = MAX. 3 

mA --
ICC Supply Current 

34 49 mA 93180/74180 
VCC = MAX. 3&4 

34 56 mA 93180/54180 

SWITCHING CHARACTERISTICS (T A = 25°C) 

SYMBOL 
LIMITS TEST 

PARAMETER UNITS TEST CONDITIONS 
MIN. TYP. MAX. FIGURE 

tPLH Data Input to 40 60 VCC = 5.0 V 

L Even Output 
ns 

tpHL 45 68 CL = 15 pF 
A 

tpLH Data I nput to 32 48 RL = 400n 

tpHL L Odd Output 25 
ns 

38 Odd Input Ground 

tpLH Data I nput to 32 48 
ns 

VCC = 5.0 V 

tpHL L Even Output " 25 38 CL = 15 pF 
A 

tPLH Data I nput to 40 60 
ns 

RL = 400n 

tpHL L Odd Output 45 68 Even Input Ground 

tpLH 
Even or Odd I nput to 

13 20 ns VCC = 5.0 V 
L Even or L Odd Output 

CL = 15 pF A 
Even or Odd Input to 

tpHL L Even or L Odd Output 
7.0 10 ns RL = 400n 

NOTES 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the particular 
circuit type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) These voltage values are with respect to network ground terminal. 
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TTL/MSI • 93180/54180, 74180 

PARAMETER MEASUREMENT INFORMATION 

de TEST CIRCUITS* 

Vee 

VIH TEST I:Q 
PER EVEN 

TRUTH 
VIL TABLE 

I:Q 
ODD 10H 

Fig. 1 

Vee 

I:Q 
EVEN 

OPEN II I:Q 
ODD 

lOS 

NOTES: 
1. Each output is tested separately. 
2. When testing I CC both outputs are open. 

Fig. 3 

VIN 

8-286 

Vee 

I:Q 

} OPEN 

EVEN 
IIH .. SEE ... NOTES I:Q 

ODD 
IlL 

NOTES: 
1. Each output is tested separately. 
2. Odd and even inputs are each tested for II Hand 

II L with both an even-code and an odd-code 
applied at the data inputs. 

Fig. 2 

2.4 V 

Fig. 4 

Vee 

+ ICC 

I:Q 
EVEN 

I:Q 
ODD 



TTL/MSI • 93180/54180, 74180 

PARAMETER MEASUREMENT INFORMATION (con't) 

SWITCHING CHARACTERISTICS 

OUTPUT 

--------- -, 
RL I 

I 
l:Q 

10
000 

11 
SEE 

TEST 
1-4._--4 TAB LE 

12 
1
3 

1
4 

15 
1
6 

EVEN ...... ----.L---4.-....e< t--_--4 
I 
I 
I 
I 
I 

PULSE 
GENERATOR 
(See Note 1) 

: . 

AND 
NOTES 

I 

l:Q 1--___ 

ODD 

? EVEN 

*CL includes probe and jig capacitance. 

~ to --
I I 

.,... ________ ~L- - ...!. - - - - V GEN 
I 

90% I 
I 

10% ~ ________ tp __________ ~ 
~---o 

~ tpLH ~,-____________ ~~ 
I I 

NON-INVERTING I I 

FUNCTIONS I 
I 

I 
I 
I 
I , 

VOH 

-...t tPHL ..... VOL 
I : 

__ tpHL ~ I 

INVERTING 
FUNCTIONS 

NOTES: 

I -j tPLLHH ~ ~ VOH 

~.5 \I ~ 1.5 \I 
~. ________ J ____ VOL 

VOLTAGE WAVEFORMS 

1. The pu Ise generator has the following characteristics: V gen = 3V, 
t1 = to = 10 ns, tp = 500 ns, PRR = 1 MHz, and ZOUT R> 50 n. 

2. Inputs not specified are open. 

':" I 
LOAD CIRCUIT 1 I L.. __________________ -' 

r------- -- - --- ----., 
LOAD CIRCUIT 2 I 

I (SAME AS 1) I L _______________ ~ 

TEST TABLEt 

INPUT CONDITIONS OUTPUT 
APPLY PULSE GND TESTED 

--
0 ODD l: EVEN 

1 ODD l: EVEN 

2 ODD l: EVEN 

3 ODD l: EVEN 

4 ODD l: EVEN 

5 ODD l: EVEN 

6 ODD l: EVEN 

7 ODD l: EVEN 

0 ODD l: ODD 

1 ODD l: ODD 

2 ODD l: ODD 

3 ODD l: ODD 

4 ODD l: ODD 

5 ODD l: ODD 

6 ODD l: ODD 

7 ODD l: ODD 

EVEN 0 l: EVEN 

ODD NONE l: EVEN 

EVEN NONE l: ODD 

ODD 0 l: ODD 

t Repeat all but the last 4 tests with the 
even input grounded. 

Fig. A - SWITCHING TIMES 
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TTL/MSI93H183/54H183,74H183 
HIGH SPEED DUAL CARRY/SAVE FULL ADDER 

DESCRIPTION - The 93H183/54H183, 74H183 features two independent, high speed, Full 
Adders. Typical average sum and carry propagation delay times are 11 ns. Each adder has an 
individual carry output from each bit for use in multiple-input, carry/save techniques to produce 
the true sum and true carry outputs. 

PIN NAMES 
1 A, 18,1 Cn, 2A, 28, 2Cn 
1Cn+1,1~, 2Cn+1, 2~ 

NOTES: 
a. 1 Unit Load (U.L.) = 40 J..LA H IGH/1.6 mA LOW. 

Inputs 
Outputs (Note b) 

LOAD~G (Note a) 

3.75 U.L. 
12.5 U.L. 

b. 12.5 U. L. is the LOW drive factor and 25 U. L. is the HI G H drive factor. 

LOGIC DIAGRAM 
(EACH ADDER) 

INPUTS 

TRUTH TABLE 

INPUTS OUTPUTS 

Cn 8 A ~ Cn+1 

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

OUTPUTS 

8-288 

LOG IC SYMBOL 

1 3 4 13 12 11 

lA 18 lC n 2A 28 2Cn 

93H 183/54H 1 83, 74H 1 83 

5 6 10 B 

Vcc = Pin 14 

GND = Pin 7 

«:;:()NNECTION DIAGRAMS 
DIP (TOP V lEW) 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

NC - No internal connection 
Positive logic: See truth table 



HIGH SPEED TTL/MSI • 93H183/54H183, 74H183 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (de) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30mA to +5.0 mA 
-0.5 V to +VCC value 

+30 mA 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

93H 183XM/54H 183XM 93H 183XC/74H 183XC 
PARAMETER UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage VCC (See Note 4) 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 DC 

X=package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
TEST 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
FIGURE 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage 1 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold Voltage 2 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -1 mA, VIH = 2.0 V 1 

VOL Output lOW Voltage 0.4 Volts VCC = MIN., 10l = 20 mA, Vil = 0.8 V 2 

150 p.A VCC = MAX., VIN = 2.4 V I 
IIH Input HIGH Current Any Input 3 

1.0 mA VCC = MAX., VIN = 5.5 V I 
IlL Input LOW Current -6.0 mA VCC = MAX., VIN = 0.4 V, Any Input 3 

lOS 
Output Short Circuit Current 

-40 
(Note 3) 

-100 mA VCC = MAX. 4 

ICCH Supply Current HIGH 40 mA 
VCC = MAX., VIN = 4.5 V, 

5 
All Outputs HIGH 

48 69 mA 93H183/54H183I VCC = MAX., VIN=OV 
ICCL Supply Current LOW 5 

48 75 mA 93H 183/74H 183! All Outputs LOW 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS TEST 
SYMBOL PARAMETER UNITS TEST CONDITIONS 

MIN. TYP. MAX. FIGURE 

tPLH Turn Off Delay Input to Output 10 15 ns VCC = 5.0 V 

CL = 25 pF A 

tpHL Turn On Delay Input to Output 12 18 ns RL = 280n 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time, and duration of short-circuit test should not exceed 1 second. 
(4) Voltage values, except interemitter voltage, are with respect to network ground terminal. 
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HIGH SPEED TTL/MSI • 93H183/54H183, 74H183 

PARAMETER MEASUREMENT INFORMATION 

DC TEST CIRCUITS* 

A 

11 
Each output is tested separately. 

Fig. 1 - VIH, VOH 

4.5 V VCC 

OPEN 

Cn+1 OPEN 

Each input is tested for both combina­
tions of states of the other inputs. 

VCC 

A 

4.5 V 

Cn+1 

1m Cn 

Each output is tested separately. 

Fig. 4- lOS 

A 

~OL 

Each output is tested separately. 

Fig. 2 - Vll, VOL 

TEST TABLE 

APPLY VIN, CONDITIONS ON 
MEASURE OTHER INPUTS 

IIH/IIL 4.5 V GND 
B,Cn NONE 

A B Cn 
Cn B 

NONE B,Cn 
A,Cn NONE 

B A Cn 
Cn A 

NONE A,Cn 
A, B NONE 

Cn 
A B 
B A 

NONE A,B 

VCC 

ICCH ~ ~ ICCl 

A 

OPEN 

V1N 

Cn+1 OPEN 

Cn 

Both adders are tested simultaneously. 

Fig. 5 - ICCH, ICCl 

*Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 
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HIGH SPEED TTL/MSI • 93H183/54H183, 74H183 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

3V Vcc OUTPUT 

y 
- -

I l~ SEE - A l:-----q. 
PULSE '\. L~1$H>l-GENERATOR TEST - B 'O----+--.-t,K 

(See Note) f TABLE - C
n 

Cn+l --0 1 
I 

'CL = 25 pF 

- -

"CL incluees probe and jig capacitance. 

NOTE: 

<;;10 ns --' ..- --oof - <0;10 ns 
I I : I 

INPUT 

OUTPUT 
WAVEFORM 1 

) 1,:"' ~sr--------" 
10% ViI.' 'VN 10% OV 

: ! 
I I 

--oof tpLH I-- I 
I I I 

i I" l ~~----v," 
-----+I--.J, I I' VOL 

I -.l tpHL"-

OUTPUT 
WAVEFORM 2 

I I 

! ~ .... 5v _____ --1_1 _tP,J_'_v _____ ::: 
-..j tpHL I*-

The generator has the following characteristics: PRR = 1 MHz, Zout ~ 50n. 

TEST CI RCUIT 

TEST TABLE FOR FIG. A (EACH ADDER) 

TEST, 
NO. PARAMETER 

1 tPLH 

2 tPHL 

3 tPLH' 

4 tPHL 
5 tpLH 

6 tpHL 

7 tPLH 

8 tpHL 

9 tpLH 

10 tpHL 

11 tpLH 

12 tpHL 

13 tpLH 

14 tPHL 
15 tpLH 

16 tpHL 

17 tpLH 

18 tpHL 

19 tPLH 

20 tPHL 
21 tPLH 
22 tPHL 
23 tpLH 

24 tpHL 

25 tpLH 

26 tpHL 

27 tpLH 

28 tpHL 

29 tpLH 

30 tPHL 
31 tPLH 
32 tPHL 
33 tPLH 
34 tPHL 
35 tpLH 

36 tpHL 

Fig. A - SWITCHING TIMES 

APPLY 
PULSE 

GENERATOR 

A 

A 

A 

A 

A 

A 

B 

a 

a 

a 

a 

a 

Cn 

Cn 

Cn 

Cn 

Cn 

Cn 

APPLY 
3V 

a 

a 

A,Cn 

A 

A 

A,a 

A 

a 

A 

a 

8-291 

VOLTAGE WAVEFORMS 

APPLY 
GND 

a 

a 

A 

A,Cn 

A 

B 

A 

A,a 

a 

A 

OUTPUT 
UNDER 

TEST 

Cn+1 

Cn+1 

Cn+1 

Cn+1 

Cn+1 

,Cn+1 

OUTPUT 
WAVEFORM 

2 

2 

2 

2 

2 

2 

I 



TTL/MSI93190/54190, 74190 
93191/54191, 74191 

UP/DOWN DECADE AND BINARY COUNTER 

DESCRIPTION - The 93190/54190, 74190 and 93191/54191, 74191 are Synchronous Up/ 
Down Counters with enable control presetting facility, single line up/down control, cascading 
for multi-decade operation and buffered inputs. The 93190/54190, 74190 is a BCD counter, 
while the 93191/54191, 74191 is a 4-bit binary counter. Synchronous operation is provided by 
having all flip-flops clocked simultaneously so that the outputs change coincident with each other 
when input conditions are met. This mode of operation will eliminate the output counting spikes 
which are normally associated with asynchronous (ripple clock) counters. 

A HIGH at the enable input inhibits counting. A LOW at the enable input and a LOW-to-H IGH 
clock transition triggers the four master/slave flip-flops. The enable input should be changed only 
when the clock is HIGH. The down/up input determines the direction of the count. When LOW, 
the count goes up; when HIGH, the count goes down. 

These counters are fully programmable. The outputs may be preset to any state by placing a LOW 
on the load input and entering the desired data at the data inputs. The output wi" change to agree 
with the data inputs independently of the state of the clock input. This feature allows the counters 
to be used as modulo-N dividers by simply modifying the count length with the preset inputs. 

Two outputs have been made available to perform the cascading function: ripple clock and 
maximum/minimum count. The latter output produces a HIGH level output pulse with a duration 
approximately equal to one complete cycle of the clock when the counter overflows or under­
flows. The ripple clock output produces a LOW level output pulse equal in width to the LOW 
level portion of the clock input when an overflow or underflow condition exists. The counters can 
be easily cascaded by feeding the ripple clock output to the enable input of the succeeding counter 
if para"el clocking is used, or to the clock input if para"el enabling is used. The maximum/ 
minimum count output can be used to accomplish lookahead for high speed operation. 

Power dissipation is typically 325 mW for either the decade or binary version. Maximum input 
clock frequency is typically 25 MHz and is guaranteed to be at least 20 MHz. 

PIN NAMES 
L 
A,B,C,D 
E 
CP 
ON/UP 
R/C 
QA, QB, QC, QD 
Max/Min 

Load Input 
Parallel Input 
Enable Input 
Clock Input 
Down/Up Input 
Ripple Clock Output 
Para"el Output 
Max./Min. Output 

1 Unit Load (U.L.) = 40 /.LA HIGH/1.6 mA LOW 

LOADING 
1 U.L. 
1 U.L. 
3 U.L. 
1 U.L. 
1 U.L. 

lOU. L. 
10 U.L. 

10 U.L. 

14 

LOGIC SYMBOL 

11 15 1 10 9 

CP 93190/93191 MAX/MIN 

13 3 2 6 7 

VCC=Pin16 
GND = Pin 8 

93190/54190, 74190 
93191/54191, 74191 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

16 

15 

14 

13 

12 

11 

10 

FLATPAK (TOP VIEW) 

• Vcc s 
Os A 

°A CP 

E RIC 

ON/UP MAX/MIN 

°c [" 

°0 

GNO 

Asynchronous inputs: 

12 

16 

15 

14 

13 

12 

11 

10 

LOW input to load sets QA = A, 
Q B = B, QC = C, and QD = D 
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TTL/MSI • 93190/54190, 74190 • 93191/54191, 74191 

LOGIC DIAGRAMS 

DOWN! DATA ENABLE 
CLOCK UP INPUT A G 

DATA 
INPUT B 

DATA 
INPUTC 

DECADE COUNTER 
93190/54190, 74190 

DATA 
INPUT 0 

DOWNI DATA ENABLE 
CLOCK UP INPUT A G 

DATA 
INPUT B 

DATA 
INPUTC 

BINARY COUNTER 
93191/54191, 74191 

TYPICAL LOAD, COUNT, AND INHIBIT SEQUENCE 

LO{A:~~= 
B I I -

DATA -n-r~­
INPUTS C ~ -

--J i ;L_ 
D I 1,...---r-.u -

CLOCK 

DOWN/UP 1.....,...-+'--_____ ---' 
ENABLE 1L-+--'-7-_____ -! 

The following sequence is illustrated: 

1. Load (preset) to BCD seven. 

DATA 
INPUT 0 

II 

MAX/MIN :::~ nL--__ _ 
2. Count up to eight, nine (maximum), zero, one, and two. 
3. Inhibit. 

4. Count down to one, zero (minimum), nine, eight, and seven. RIPPLE CLOCK :::::r::---u u 
:7,,8 9 0 1 2 211 0 9 8 7 

UI---COUNT UP-IjNHIBI-ri I---COUNT DOWN--

LOAD 

DAT:OA{':~~~ 
INPUTS C~"::= 

D~--

CLOCK : i 1-_ 

DOWN/UP ""'L--;--: --:-;-_____ --' 

ENABLE 'I 1 I I r---1!---i,------
QA:::'~ 

~~~~ : Ii :! : L 
MAXIMIN :: 

RIPPLE CLOCK::] 
113: 114 15 0 1 2, 2 12 I 1 a 15 14 13 

UI-- COUNT UP ---IJNHIBI7 I-- COUNT DOWN­

LOAD 

DECADE COUNTER 
93190/54190, 74190 

The following sequence is illustrated: 
1. Load (preset) to binary thirteen. 

2. Count up to fourteen, fifteen (maximum), zero, one, and two. 

3. Inhibit. 

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

BINARY COUNTER 
93191/54191, 74191 
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TTL/MSI • 93190/54190, 741.90 • 93191/54191, 74191 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
V CC Pin Potential to Ground Pin 
*Input Voltage (dc) 
*Input Current (dc) 
Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

• Either I nput Voltage lim it or I nput Current I im it is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

93190XM/54190XM 

PARAMETER 93191XM/54191 XM 

MIN. TYP. MAX. 

Supply Voltage VCC 4.5 5.0 5.5 

Operating Free Air Temperature Range -55 25 125 

1 HIGH Level 20 
Normalized Fan Out from Each Output, N I 

LOW Level 10 

Input Clock Frequency, fclock 0 20 

Width of Clock Input Pulse, tw(clock) 25 

Width of Load Input Pulse, tw(load) 35 

Data Setup Time, tsetup (See Fig. 1 and 2) 20 

Data Hold Time, thold 0 

_65° C to +150° C 
_55° C to +125° C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 rnA to +5.0 rnA 
-0.5 V to +V CC value 

+30 rnA 

93190XC/74190XC 
93191 XC/74191 XC UNITS 

MIN. TYP. MAX. 

4.75 5.0 5.25 Volts 

0 25 70 °c 

20 
U.L. 

10 

0 20 MHz 

25 ns 

35 ns 

20 ns 

0 ns 

X = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Threshold Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Threshold Voltage 

VCD Input Clamp Diode Voltage -1.5 Volts VCC= MIN., liN = -12mA 

VOH Output HIGH Voltage 2.4 Volts 
VCC = MIN., 10H= -800 MA, 

VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts 
VCC = MIN., 10L = 16 rnA, 

VIH = 2.0 V, VIL = 0.8 V 

II Input Current at Max Input Voltage 1.0 mA VCC= MAX., VIN = 5.5 V 

Input HIGH Other Inputs 40 
IIH 

Current Enable Input 120 
MA VCC = MAX., VIN = 2.4 V 

Input LOW Other Inputs -1.6 
VCC = MAX., VIN = 0.4 V IlL mA 

Current Enable Input -4.8 

Output Short Circuit Current -20 -65 93190/54190; 93191/54191 1 V = MAX. 
lOS rnA 

(Note 3) -18 -65 93190/74190; 93191174191 1 CC 

ICC Supply Current (Note 4) 65 105 rnA VCC= MAX. 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 

(2) Typical limits are at VCC = 5.0 V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) ICC is measured with all inputs grounded and all outputs open. 
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TTL/MSI • 93190/54190, 74190 • 93191/54191, 74191 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
TEST CONDITIONS SYMBOL PARAMETER UNITS A 

MIN. TYP. MAX. 

f max 
Max. Input Clock 

20 25 MHz 
Frequency 

tpLH Load I nput to 22 33 
ns 

tPHL QA, QB, QC, QD Output 33 50 

tPLH Data Input A, B, C, D, to 14 22 
ns 

tpHL QA, QB, ac, QD Output 35 50 

Clock Input to Ripple 13 20 
VCC=5.0V 

tPLH 
ns CL = 15 pF 

tpHL Clock Output 16 24 

Clock Input to 16 24 
RL = 400.11 

tPLH 
ns (See Fig. 1 and Fig. 3 thru 7) 

tpHL QA, QB, QC, QD Output 24 36 

tpLH Clock Input to 28 42 
ns 

tPHL Max./Min. Output 37 52 

tpLH Down/Up Input to 30 45 
ns 

tpHL Ripple Clock Output 30 45 

tPLH Down/Up Input to 21 33 
ns 

tpHL Max./Min. Output 22 33 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

DATA 
INPUT 

(SEE NOTE) 

OUTPUT Vcc 

*C L =15pF J 
*CL includes probe & jig capacitance. 

Fig. 1 - LOAD CIRCUIT FOR SWITCHING 
TIME MEASUREMENT 

--: :- <IOns 

".. ...... ------g~O%""I~~--!~- - - -- -- - - - -- 3V 

---. 1.
5V X 10% OV 

I I 

LOAD 
INPUT 

(SEE NOTE) ..... 
I 

a OUTPUT / -----

.... tsetupi .Jr!.g"""0%----3V 

1.5V I 
_.....;.;;.10%--=. __ L _______ 0 V 

-l ~<10ns 

~::: 
Fig. 2 - SETUP TIME VOLTAGE WAVEFORMS 

NOTE: 

INPUT 
(SEE NOTE) 

NONINVERTING 
OUTPUT 

INVERTING 
OUTPUT' 

<IOns --.. 

10% 

.... 
I 

..,.I a.- <10 ns 

f 
..JI!'-90-%---"'9~0%"!IL.:- -, - - - - - - - - 3 V 

I 
f 

10% -,riiii------_oV 

See waveform sequences in Figures 4 through 7 for propa­
gation times from a specific input to a specific output. For 
simplification, pu Ise rise times, reference levels, etc., have 
not been shown in Figures 4 through 7. 

Fig. 3 - GENERAL VOLTAGE WAVEFORMS FOR 
PROPAGATION TIMES 

The Input pulses are supplied by generators having the following characteristics: Zout = 50.11, duty cycle';;; 50%, PRR .;;; 1 MHz. 
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TTL/MSI • 93190/54190, 74190 • 93191/54191, 74191 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS (cont'd) 

LOAD ~--------------------
ANY DATA INPUT 

1 I 
1 1 

1 
1 

CORRESPONDING - - - - - -l I 
Q OUTPUT - - - - - _ .... ------...I,~i 

1 , 
: ~I------------~:~I 

tpLH -: :--

, , 1 I 

-: :- tpHL tpLH ~ :--

NOTE: Conditions on other inputs are irrelevant. 

Fig. 4 - LOAD TO OUTPUT AND DATA TO OUTPUT 

LOAD-U 

DOWN/UP 

CLOCK I 1 
1 I 

ENABLE G 
I I 
1 1 

tpHL --i '-L.I ____ ~_:~r tpLH 
tpHL --: 

A IPPLE CLOCK 1 
I 

tpLH--.t 
1 

MAX/MIN 

NOTE: All data inputs are LOW. 

, 1 

-! :-tPHL 

L-
1 
1 

,- _, 
:_tPLH 1 I 

I I I 1 :- 1 1 - '-tpHL 

1 L 

Fig. 5 - ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DOWN/UP TO MAX/MIN 

LOAD-U u 

DOWN/UP 

u , w , -' r- tPLH -. :-tpHL : I 

I 

CLOCK 

OUTPUT IS) UNDER TEST: -=- J:...... _________ --' 
ENABLE ~ LOW 

NOTES: 
1. To test QA. QB. and QC outputs of 93190/54190: Data inputs A. B. and C are shown by the solid line. Data input D is shown by the 

dashed line. 
2. To test QD output of 93190/54190: Data inputs A and D are shown by the solid line. Data inputs Band C are held at the LOW logic 

level. 
3. To test QA. QB. QC. and QD outputs of 93191/54191: All four data inputs are shown by the solid line. 

Fig. 6 - CLOCK TO OUTPUT 

LOAD-U u 
DATA A 

DATs~~'~6~~)D D _______________ .... I ______________ _ 

DOWN/UP 

CLOCK u ~ U ~ -: f- tpLH -1:- tpHL -I \-tPLH -=I l-tPHL 
MAX/MIN __________ --'i-I -.;;...-.---1...-:1 _________ ..:1 --~---~..;L-

ENABLE = LOW 

NOTE: Data inputs Band C are shown by the dashed line for 93190/54190 and the solid line for 93191/54191. Data input D is shown by 
the solid line for both devices. 

Fig. 7 - CLOCK TO MAX/MIN 
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TTL/MS193196/54196,74196 
93197/54197, 74197 

HIGH SPEED DECADE AND BINARY COUNTER 

DESCRIPTION - The 93196/54196, 74196 and 93197/54197,74197 High Speed Counters will 
provide either a divide-by-tWb and a divide-by-five counter (93196/54196, 74196) or a divide-by­
two and a divide-by-eight counter (93197/54197, 74197). The counters are fully presettable to any 
output state by placing a LOW on the count/load input and entering the desired data at the data 
inputs. The outputs will change to agree with the data inputs regardless of the state of the clocks. 

These counters may also be used as 4-bit latches by using the count/load input as the strobe and 
entering data at the data inputs. The outputs will directly follow the data inputs when the count/ 
load is LOW, but will remain unchanged when the count/load is HIGH and the clock inputs are 
inactive. 

These high spi!ed counters will accept cdunt frequencies of 0 to 50 MHz at the clock 1 input and 
o to 25 MHz at the clock 2 input. During the count operation, transfer of information to the 
outputs occurs on the negative-going edge of the clock pulse. These counters feature a direct clear 
which, when taken LOW, sets all outputs LOW regardless of the states of the clocks. 

All inputs are diode-clamped to minimize transmission-line effects and simplify system design. 
Typical power dissipation is 240 mW. 

PIN NAMES 

~~, P~PC, Po 
CP1,CP2 
CLEAR 
COUNT/LOAD 

QA, QB, QC, QO 

NOTES: 
(a) 1 U.L. = 40 J.l.A HIGH/1.6 mA LOW 
(b) CP2 - 3 U.L. on 93196 

LOGIC DIAGRAM 

93196/54196, 74196 

~;~:~~------rf~~----~ 
LOAD 

CLEAR ~ .. ~~ ..... 

Parallel Inputs 
Clock Inputs (Note b) 

Clear Input 
Count Load Input 
Parallel Outputs 

Oc 

93197/54197, 74197 

D~~:T~ <>--------:::irl~_-----, 
LOAD 

CLEAR 

CLOCK 1 <>------+--i--+----</ 

DATA PB ~---t~),.~-----, 

CLOCK 2 ~---+-f----t---~ 

DATA Pc o-----tJR),.~_+=~ 

DATA PD <>------H~""),..t___+==:::; 

8-297 

LOADING 
(Note a) 

1 U.L. 
2 U.L. 
2 U.L. 
1 U.L. 

10 U.L. 

LOG IC SYMBOL 

4 10 3 11 

13 5 9 2 12 

VCC = Pin 14 
Gnd = Pin 7 

CONNECTION DIAGRAM 
DIP (TOP VIEW) 

14 

13 

12 

II 

10 

FLATPAK (TOP VIEW) 

14 

13 

12 

II 

10 

Asynchrom:>us input: LOW input to 
clear sets QA, QB, QC and QO LOW. 

I 



HIGH SPEED TTL/MSI • 93196/54196, 74196 • 93197/54197, 74197 

RECOMMENDED OPERATING CONDITIONS 

93196XM/54196XM 93196XC/74196Xe 

93197XM/54197XM 93197XC/74197Xe 
PARAMETER UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 
Normalized Fan Out from Each Output, N 

20/10 20/10 U.l. 
HIGH Logic/LOW Logic 

Count Frequency (See Fig. 1) CP1 /CP2 0/0 50/25 0/0 50/25 MHz 

I CP1/CP2 10/20 10/20 
Pulse Width, tw (See Fig. 1) I ns 

Clear/Load 15/20 15/20 

Input Hold Time, thold HIGH & LOW tw tw 
ns 

(See Fig. 1) Level Data (Load) (Load) 

Input Setup Time, 
HIGH Data/LOW Data 10/15 10/15 ns 

tsetup (See Fig. 1) 

Count Enable Time, tenable* (See Fig. 1) 20 20 ns 

Clock Input Pulse Fall Time tf (See Fig. 1) 75 75 ns 

x = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 

*Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which interval the count/load and 
clear inputs must be both HIGH to ensure counting. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 

SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 
MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MAX., lIN = -12 mA 

VOH Output HIGH Voltage 2.4 Volts 
VCC = MIN., 10H = -800 IJ.A, 

VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts 
VCC = MIN., 10L = 16 mA, (Note 4) 

VIH = 2.0 V, VIL = 0.8 V 

II 
Input Current at Max. Input 

Voltage 
1.0 mA VCC = MAX., VIN = 5.5 V 

Data, Count/Load 40 IJ.A 

Input HIGH Clear, CP1 80 IJ.A 
IIH 

Current 120 IJ.A 93196/54196,74196 
VCC = MAX. 

CP2 
80 IJ.A 93197/54197, 74197 

VIN = 2.4 V 

Data, Count/Load -1.6 mA 

Clear -3.2 mA 

IlL 
Input LOW 

CP1 -4.8 mA 
VCC= MAX. 

Current 
-6.4 

VIN = 0.4 V 

CP2 
mA 93196/54196, 74196 

-3.2 mA 93197/54197, 74197 

Output Short Circuit Current -20 -57 mA 93196/54196,93197/54197 I 
lOS 

(Note 3) -18 -57 mA 93196/74196,93197/74197 I VCC = MAX. 

ICC Supply Current (Note 5) 48 59 mA Vec = MAX. 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. . 
(2) Typical limits are· at VCC = 5.0V, 25°C. 
(3) Not more than one output should be shorted at a time. 
(4) QA outputs are tested at IOL = 16 mA plus the limit value of II L for the clock 2 input. This permits driving the clock 2 input while fanning 
out to 10 Series 54/74 loads. 
(5) ICC is measured with all inputs grounded and all outputs open. 
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HIGH SPEED TTL/MSI • 93196/54196, 74196 • 93197/54197, 74197 

TYPICAL COUNT CONFIGURATIONS 

93196/54196, 74196 93196/54196, 74196 
TRUTH TABLES 

The output of flip-flop A is not internally con­
nected to the succeeding flip-flops; therefore, the 
count may be operated in three independent modes: 

1. When used as a BCD decade counter, the clock 2 
input must be externally connected to the QA 
output. The clock 1 input receives the incoming 
count, and a count sequence is obtained in 
accordance with the BCD count sequence truth 
table shown at the right. 

2. If a symmetrical divide-by-ten count is desired 
for any application requiring division of a binary 
count by a power of ten, the QD output must 
be externally connected to the clock 1 input. 
The input count is then applied at the clock 2 
input and a divide-by-ten square wave is obtained 
at output QA in accordance with the bi-quinary 
truth table shown at the right. 

COUNT 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NOTES: 

DECADE (BCD) 
(See Note A) 

OUTPUT 

QD QC QB QA 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 3. For operation as a divide-by-two counter and a 
divide-by-five counter, no external interconnec­
tions are required. Flip-flop A is used as a binary 
element for the divide-by-two function. The 
clock 2 input is used to obtain binary divide-by­
five operation at the QB, QC, and QD outputs. 
In this mode, the two counters operate inde-

A. Output QA connected to clock 2 input. 
B. Output QD connected to clock 1 input. 

pendently; however, all four flip-flops are loaded 
and cleared simultaneously. 

93197/54197, 74197 

The output of flip-flop A is not internally connected to the succeeding flip-flops, therefore the 
counter may be operated in two independent modes: 

1. When used as a high speed 4-bit ripple counter, output QA must be externally connected to the 
clock 2 input. The input count pulses are applied to the clock 1 input. Simultaneous divisions 
by 2, 4, 8 and 16 are performed at the QA, QB, QC, QD output as shown in the truth table at 
the right. 

2. When used as a 3-bit ripple counter, the input count pulses are applied to the clock 2 input. 
Simultaneous frequency divisions by 2, 4 and 8 are available at the QB, QC, and QD outputs. 
Independent use of flip-flop A is available if the load and clear functions coincide with those 
of the 3-bit ripple counter. 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
* I nput Current (del 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

BI-QUINARY (5-2) 
(See Note B) 

OUTPUT 
COUNT 

QA QD QC Q B 
0 L L L L 

1 L L L H 

2 L L H L 

3 L L H H 

4 L H L L 

5 H L L L 

6 H L L H 

7 H L H L 

8 H L H H 

9 H H L L 

93197/54197, 74197 
TRUTH TABLE 

(See Note A) 

OUTPUT 
COUNT 

QD QC QB Q A 

0 L L L L 

1 L L L H 

2 L L H L 

3 L L H H 

4 L H L L 

5 L H L H 

6 L H H L 

7 L H H H 

8 H L L L 

9 H L L H 

10 H L H L 

11 H L H H 

12 H H L L 

13 H H L H 

14 H H H L 

15 H H H H 

NOTE: 
A. Output QA connected to 

clock 2 input. 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

-----------------------------------------------------------------------------------------------------------------
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HIGH SPEED TTL/MSI • 93196/54196, 74196 • 93197/54197, 74197 

SWITCHING CHARACTERISTICS (T A = 25°C) (see Fig. 1) 

SYM-
SOL 

fMAX 
tPLH 
tpHL 

tPLH 
tpHL 

tpLH 
tpHL 

tPLH 

-
tpHL 

tpLH 

tpHL 

tPLH 
tpHL 

tpHL 

PARAMETER 
LIMITS 

UNITS TEST CONDITIONS 
MIN. TYP. MAX. 

(MAX. Input Count Frequency) 50 70 MHz 

Clock 1 Input to QA Output 
7.0 12 

ns 
10 15 

12 18 
Clock 2 Input to QS Output ns 

14 21 

Clock 2 Input to QC Output 
24 36 

ns 
28 42 

14 21 ns 93196/54196, 74196 

36 54 93197/54197,74197 
Clock 2 Input to QD Output 

ns 

12 18 93196/54196, 74196 

A, S, C, D Inputs to 

QA, aS, Qc, QD Outputs 

Load I nput to Any Output 

Clear Input to Any Output 

ns 

42 63 ns 

16 24 
ns 

25 38 

22 33 
ns 

24 36 

25 37 ns 

PARAMETER MEASUREMENT INFORMATION 

TO OUTPUT 
UNDER TEST 

Vcc 

~L 'l:.' Cl.· . 
-=- "=" 

'C L includes probe and jig capacitance. 

LOAD CIRCUIT 

~ -I tw(clock) 

93197/54197, 74197 

~
-I------3.5V 

CLOCK lOR I I 
CLOCK 2 INPUT 1.5 V I 1.5 V 

, V,L (See Note 1) 

COUNT/LOAD ~3.5V 
ORC~~=~ ____ _ 

-! -"::;'~;=tf(Se~ ~~te 2) L.o-tPLH'" 

OUTPUT I I I FVOH ---.... 'S-Oo...:*' ,- - -- 3.5 V 
CLOCK 1 115 V : 

0A, OS, 0C, Or 0D : 1.5V 

-----:-I.-~.I..JtPHL -VOL 
INPUT :" 10% 

" 0 V 

~
:-----VOH 

OUTPUT 1.5 V 

tenable- 100--i VOH 
OUTPUT 

°A 0A, OS, 0C, or °D VOL _____ ---J -- VOL 

CLOCK-MODE VOLTAGE WAVEFORMS CLOCK ENABLE TIME VOLTAGE 
WAVEFORMS 

, 
COUNT/LOAD I 

INPUT : 

-I 

1.5 V 

NOTES: 

~~--~--~~~---OV 

VOH 

CLEAR AND LOAD VOLTAGE WAVEFORMS 

1. The input pulse generator has the following characteristics: for testing f max VIL = 0.3 ± 0.1 V, 
duty cycle = 50%, tr < 5 ns, and tf < 5 ns; for all other measurements VIL"; 0, PRR "" 1 MHz, 
duty cycle < 50%, tr < 5 ns, and unless otherwise specified, tf < 5 ns. 

2. Fall time of clock 1 is measured with count/load and clear high. When measuring clock enable 
time, tf < 5 n5. 

3. Unless otherwise specified, 0A is connected to Clock 2. 

Fig. 1 
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TTL/MSI 93198/54198, 74198 
8-BIT SHIFT REGISTER 

DESCRIPTION - The 93198/54198, 74198 are Bidirectional Registers that are designed to incor­
porate virtually all of the features a system designer may want in a shift register. The 93198/54198, 
74198 feature 35 MHz shift frequency, parallel inputs, parallel outputs, right-shift and left-shift 
serial inputs, operating mode-control inputs and a direct overriding clear line. The register has four 
distinct modes of operation: (1) parallel (broadside) load, (2) shift right (in the direction QA 
toward QH), (3) shift left (in the direction QH toward QA)' (4) inhibit clock (do nothing). 

Synchronous parallel loading is accomplished by applying the eight bits of data and taking both 
mode control inputs, So and Sl, HIGH. The data is loaded into the associated flip-flop and appears 
at the outputs after the positive transition of the clock input. During loading, serial data flow is 
inhibited. 

Shift right is accomplished synchronously with the rising edge of the clock pulse when So is HIGH 
and Sl is LOW. Serial data for this mode is entered at the shift-right data input. When So is LOW 
and Sl is HIGH, data shifts left synchronously and new data is entered at the shift-left serial input. 

Clocking of the flip-flop is inhibited when both mode control inputs are LOW. The mode controls 
should be changed only while the clock input is HIGH. 

Typical power dissipation is 360 mW and all inputs are diode-clamped. 

PIN NAMES 

PA to PH 

SO,Sl 
L 

R 

CP 

CL 

QA to QH 

Parallel Data Inputs 

Mode Control Inputs 

Shift Left Serial Input 

Shift Right Serial Input 

Clock (Active HIGH Going Edge) Input 

Clear (Active LOW) Input 

Data Outputs 

1 Unit Load (U.L.) = 40 /.LA HIGH/lo6 rnA LOW 

TRUTH TABLE OPERATION OF MODE CONTROL 

INPufs 
MODE 

S1 So 
L L INHIBIT CLOCK 
L H SHIFT RIGHT 
H L SHIFT LEFT 
H H PARALLEL LOAD 

LOGIC DIAGRAM 

SHIFT 
CLOCK RIGHT 51 So PA 

8-301 

SHIFT 

LOADING 

1 U.L. 

1 U.L. 

1 U.L. 

1 U.L. 

1 U.L. 

1 U.L. 

10 U.L. 

PH LEFT CLEAR 

1 

23 

22 
2 

11 

LOG IC SYMBOL 

3 5 7 9 15 17 19 21 

51 

So 
93198/54198, 74198 

R 
CP CL 0A Os Dc 00 De OF ~ Ilti 

13 4 6 8 10 14 16 18 20 

VCC = Pin 24 
GND = Pin 12 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

So Vee 24 

51 23 

PA 22 

4 °A PH 21 

Pa °H 20 

°a PG 19 

Pc ~ 18 

Dc PF 17 

Po °E 16 

10 °0 PE 15 

11 CP °E 14 

12 GNO c\ 13 

FLATPAK (TOP VIEW) 

50 VCC 24 

51 23 

PA 22 

°A PH 21 
Pa °H 20 

°a PG 19 

Pc °G 18 

°c PF 17 

Po °E 16 

10 0 0 PE 15 

11 cp °E 14 

12 GND c\ 13 

Positive logic: See truth table for 
mode control (SO. S 1) 

I 



TTL/MSI • 93198/54198, 74198 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 

Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (dc) 
* I nput Current (dc) 

Voltage Applied to Outputs (Output HIGH) 
Output Current (dc) (Output LOW) 

* Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 

RECOMMENDED OPERATING CONDITIONS 

-65°C to +150°C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-30 mA to +5.0 mA 
-0.5 V to +VCC value 

+30mA 

PARAMETER 
93198XM/54198XM 93198.XC/74198XC 

UNITS 
MIN. TYP. MAX. MIN. TYP. MAX. 

Supply Voltage V CC 4.5 5.0 5.5 4.75 5.0 5.25 Volts 

Operating Free-Air Temperature Range -55 25 125 0 25 70 °c 

I HIGH Level 20 20 
Normalized Fan Out from Each Output, N I U.L. 

LOW Level 10 10 

Input Count Frequency, fcount 0 25 0 25 MHz 

Width of Clock or Clear Pulse, tw (See Fig. 1) 20 20 ns 

Mode-Control Setup Time, tsetup 30 30 ns 

Data Setup Time, tsetup (See Fig. 1) 20 20 ns 

Hold Time at Any Input, thold (See Fig. 1) 0 0 ns 

x = package type; F for F latpak, D for Ceramic DiP. P for Plastic DIp. See Packaging I nformatlon Section for packages available on this product. 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

LIMITS 
SYMBOL PARAMETER TYP. UNITS TEST CONDITIONS (Note 1) 

MIN. (Note 2) MAX. 

VIH Input HIGH Voltage 2.0 Volts Guaranteed Input HIGH Voltage 

VIL Input LOW Voltage 0.8 Volts Guaranteed Input LOW Voltage 

VCD Input Clamp Diode Voltage -1.5 Volts VCC = MAX., liN = -12 mA 

VOH Output HIGH Voltage 2.4 Volts VCC = MIN., 10H = -800./JA, VIH = 2.0 V, VIL = 0.8 V 

VOL Output LOW Voltage 0.4 Volts VCC = MIN., 10L = 16 mA, \o'IH = 2.0 V, VIL = 0.8 V 

II 
Input Current at MAX. 

1.0 mA VCC = MAX., VIN = 5.5 V 
Input Voltage 

IIH Input HIGH Current 40 /JA VCC = MAX., VIN = 2.4 V 

IlL Input LOW Current -1.6 mA VCC = MAX., VIN = 0.4 V 

Output Short Circuit Current -20 -57 mA 93198/54198 
lOS 

(Note 3) -18 -57 mA 93198/74198 
VCC = MAX. 

72 104 mA 93198/54198 
VCC = MAX., SO, S1 = 4.5 V 

CP = Momentary GND then 4.5 V 
ICC Supply Current 

CL, PA to PH = GND 
72 116 mA 93198/74198 All Outputs are Open 

SWITCHING CHARACTERISTICS (T A = 25°C) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

MIN. TYP. MAX. UNITS 

fMAX 
Maximum Input Count 

25 35 MHz 
Frequency 

VCC = 5.0 V 
Turn On Delay Clear to 

tpHL 23 35 ns CL = 15 pF 
Output 

RL = 400 n 
Turn Off Delay Clock to 

tPLH 8 17 26 ns (see Fig. 1) 
OU1;put 

Turn On Delay Clock to 
8 20 30 tPHL ns 

Output 

NOTES: 
(1) For conditions shown as MIN. or MAX., use the appropriate value specified under recommended operating conditions for the applicable 
device type. 
(2) TYpical limits are at V CC = 5.0 V, 25° c. 
(3) Not more than one output should be shorted at a time. 
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TTL/MSI • 93198/54198, 74198 

TYPICAL CLEAR, LOAD, RIGHT-SHIFT, LEFT-SHIFT, INHIBIT, AND CLEAR SEQUENCES 

CLOCK 

So :-_J : i 
S1---r+-,: 

--- I ~----------------------~ 
CLEAR~: 

SERIAL R :: IlLB_I_T_A _____________ --:---:-___________ ....:...J 

DATA { :: 
INPUTS L~I~I--~-------------------~~~ 

PARALLEL 
DATA 

INPUTS 

OUTPUTS 

I ' 
I 

I ' 

~ 
I 

---"fO---INHIBIT--.J 
CLEAR 

SWITCHING PARAMETER MEASUREMENT INFORMATION 

LOAD FOR OUTPUT UNDER TEST TEST TABLE FOR SYNCHRONOUS INPUTS 

NOTES: 

DATA INPUT 

FOR TEST 
Sl So 

OUTPUT 

FROM 
OUTPUT~ __ -KI~~~1)r_~~~ 

PA 4.5 V 4.5 V 

PB 4.5 V 4.5 V UNDER 
TEST Pc 

Po 

PE 

PF 

PG 

4.5 V 4.5 V 

4.5 V 4.5 V 

4.5 V 4.5 V 

4.5 V 4.5 V 

4.5 V 4.5 V 

*CL includes probe and jig capacitance. PH 4.5 V 4.5 V 
L Serial Input 4.5 V OV 

R Serial Input OV 4.5 V 

--t tw(clear) 1_-------------------- 3 V 

CLEARPULSE~1.5V 
I - - - - - 7n+1 (Se~No; 4) - ~+1 
, tn t-- tn t--
: I'---~~" I ----3V 

1.5 V I! I~ ______ -J II 
- ~ I-thold 0 V --..r tw(clock) ~ t I I 

I ~"set,~ 3V 
DATA up I I 
INPUT ~ 1.5V , _1~~ ___ OV (SEE TEST ____ ---1., _________ -' , 

TABLES) 
tpHL .j I ·-ItPHLt--

(clear-O) r- --..r tPLH I.- (CLK·O) 
~ (CLK.OII,r--( f-l----""'t- - - - - VOH 
\. 1.5 V T 1.5 V '\ 1.5 V 

'-. ______________ -J .... ____ VOL 

--- OV 

CLOCK PULSE 

OUTPUT ° 
VOLTAGE WAVEFORMS 

OUTPUT TESTED 

(SEE NOTE 3) 

0A at t n+1 

0B at t n+1 

0c at t n+1 

00 at t n+1 

0E at t n+1 

OF at t n+1 

0G at t n+l 

0H at t n+1 

0A at tn+8 

0H at t n+8 
"-

1. The clock pulse has the following characteristics: tw(clock);;;;' 20 ns and PRR = 1 MHz. The clear pulse has the following characteristics: 
tw(clear) ;;;;. 20 ns and thold = 0 ns. When testing fMAX, vary the clock PR R. 

2. A clear pu Ise is applied prior to each test. 
3. Propagation delay times (tpLH and tpHL) are measured at t n +1. Proper shifting of data is verified at t n +8 with a functional test. 
4. tn = bit time before clocking transition 

t n +1 = bit time after one clocking transition 
t n +8 = bit time after eight clocking transitions 

Fig. 1 
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