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FAST AND LS TTL DATA

8-INPUT MULTIPLEXER
The TTL/MSI SN54/74LS151 is a high speed 8-input Digital Multiplexer.

It provides, in one package, the ability to select one bit of data from up to eight
sources. The LS151 can be used as a universal function generator to
generate any logic function of four variables. Both assertion and negation
outputs are provided.

• Schottky Process for High Speed
• Multifunction Capability
• On-Chip Select Logic Decoding
• Fully Buffered Complementary Outputs
• Input Clamp Diodes Limit High Speed Termination Effects

CONNECTION DIAGRAM DIP (TOP VIEW)

14 13 12 11 10 9

1 2 3 4 5 6 7

16 15

8

VCC

I3

I4 I5 I6 I7 S1S0 S2

I2 I1 I0 Z Z E GND

PIN NAMES LOADING (Note a)

HIGH LOW

S0–S2
E
I0– I7
Z
Z

Select Inputs
Enable (Active LOW) Input
Multiplexer Inputs
Multiplexer Output (Note b)
Complementary Multiplexer Output

(Note b)

0.5 U.L.
0.5 U.L.
0.5 U.L.
10 U.L.
10 U.L.

0.25 U.L.
0.25 U.L.
0.25 U.L.

5 (2.5) U.L.
5 (2.5) U.L.

NOTES:
a) 1 TTL Unit Load (U.L.) = 40 µA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

SN54/74LS151

8-INPUT MULTIPLEXER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL

VCC = PIN 16
GND = PIN 8

11
10

9

6 5

7 4 3 2 1 15 14 13 12

E I0 I1 I2 I3 I4 I5 I6 I7
S0
S1
S2 Z Z
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FAST AND LS TTL DATA

1-OF-8 DECODER/
DEMULTIPLEXER

The LSTTL/MSI SN54/74LS138 is a high speed 1-of-8 Decoder /
Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables allow parallel ex-
pansion to a 1-of-24 decoder using just three LS138 devices or to a 1-of-32
decoder using four LS138s and one inverter. The LS138 is fabricated with the
Schottky barrier diode process for high speed and is completely compatible
with all Motorola TTL families.

• Demultiplexing Capability
• Multiple Input Enable for Easy Expansion
• Typical Power Dissipation of 32 mW
• Active Low Mutually Exclusive Outputs
• Input Clamp Diodes Limit High Speed Termination Effects

14 13 12 11 10 9

1 2 3 4 5 6 7

16 15

8

VCC

A0

O0 O1 O2 O3 O5O4 O6

A1 A2 E1 E2 E3 O7 GND

CONNECTION DIAGRAM DIP (TOP VIEW)

NOTE:
The Flatpak version
has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

PIN NAMES LOADING (Note a)

HIGH LOW

A0–A2
E1, E2
E3
O0–O7

Address Inputs
Enable (Active LOW) Inputs
Enable (Active HIGH) Input
Active LOW Outputs (Note b)

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.

5 (2.5) U.L.

NOTES:
a) 1 TTL Unit Load (U.L.) = 40 µA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

SN54/74LS138

1-OF-8 DECODER/
DEMULTIPLEXER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL

VCC = PIN 16
GND = PIN 8

15 14 13 12 11 10 9

1 2 3 4 5 6

1 2 3

A0 A1 A2 E

O0 O1 O2 O3 O4 O5 O6 O7

7

LOGIC DIAGRAM
A2 A1 A0 E1 E2 E3

O7 O6 O5 O4 O3 O2 O1 O0

VCC = PIN 16
GND = PIN 8

 = PIN NUMBERS

3 2 1 4 5 6

7 9 151413121110
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74AHC74; 74AHCT74

FEATURES

• ESD protection:
HBM EIA/JESD22-A114-A
exceeds 2000 V
MM EIA/JESD22-A115-A
exceeds 200 V

• Balanced propagation delays

• Inputs accepts voltages higher than
VCC

• For AHC only:
operates with CMOS input levels

• For AHCT only:
operates with TTL input levels

• Output capability: standard

• ICC category: flip-flops

• Specified from
−40 to +85 and +125 °C.

DESCRIPTION

The 74AHC/AHCT74 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard
No. 7A.

The 74AHC/AHCT74 dual
positive-edge triggered, D-type
flip-flops with individual data (D)
inputs, clock (CP) inputs, set (SD) and
reset (RD) inputs; also
complementary Q and Q outputs.

The set and reset are asynchronous
active LOW inputs and operate
independently of the clock input.
Information on the data input is
transferred to the Q output on the
LOW-to-HIGH transition of the clock
pulse. The D inputs must be stable
one set-up time prior to the
LOW-to-HIGH clock transition for
predictable operation.

Schmitt-trigger action in the clock
input makes the circuit highly tolerant
to slower clock rise and fall times.

QUICK REFERENCE DATA
GND = 0 V; Tamb = 25 °C; tr = tf ≤ 3.0 ns.

Notes

1. CPD is used to determine the dynamic power dissipation (PD in µW).

PD = CPD × VCC
2 × fi + ∑ (CL × VCC

2 × fo) where:

fi = input frequency in MHz; fo = output frequency in MHz;

∑ (CL × VCC
2 × fo) = sum of outputs;

CL = output load capacitance in pF;

VCC = supply voltage in Volts.

2. The condition is VI = GND to VCC.

FUNCTION TABLES

Table 1 See note 1

Table 2 See note 1

Note to Tables 1 and 2

1. H = HIGH voltage level;

L = LOW voltage level;

X = don’t care;

↑ = LOW-to-HIGH CP transition;

Qn+1 = state after the next LOW-to-HIGH CP transition.

SYMBOL PARAMETER CONDITIONS
TYPICAL

UNIT
AHC AHCT

tPHL/tPLH propagation delay CL = 15 pF;
VCC = 5 VnCP to nQ, nQ 3.7 3.3 ns

nSD, nRD to nQ, nQ 3.7 3.7 ns

fmax max. clock frequency 130 100 MHz

CI input capacitance VI = VCC or GND 4.0 4.0 pF

CPD power dissipation
capacitance

CL = 50 pF;
f = 1 MHz;
notes 1 and 2

12 16 pF

INPUT OUTPUT

nSD nRD nCP nD nQ nQ

L H X X H L

H L X X L H

L L X X H H

INPUT OUTPUT

nSD nRD nCP nD nQn+1 nQn+1

H H ↑ L L H

H H ↑ H H L
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Philips Semiconductors Product specification

Dual D-type flip-flop with set and reset;
positive-edge trigger

74AHC74; 74AHCT74

ORDERING INFORMATION

PINNING

OUTSIDE
NORTH

AMERICA
NORTH AMERICA

PACKAGE

TEMPERATURE
RANGE

PINS PACKAGE MATERIAL CODE

74AHC74D 74AHC74D −40 to +85 °C 14 SO plastic SOT108-1

74AHC74PW 74AHC74PW DH 14 TSSOP plastic SOT402-1

74AHCT74D 74AHCT74D 14 SO plastic SOT108-1

74AHCT74PW 74AHCT74PW DH 14 TSSOP plastic SOT402-1

PIN SYMBOL DESCRIPTION

1 and 13 1RD and 2RD asynchronous reset-direct input (active LOW)

2 and 12 1D and 2D data inputs

3 and 11 1CP and 2CP clock input (LOW-to-HIGH, edge-triggered)

4 and 10 1SD and 2SD asynchronous set-direct input (active LOW)

5 and 9 1Q and 2Q true flip-flop outputs

6 and 8 1Q and 2Q complement flip-flop outputs

7 GND ground (0 V)

14 VCC DC supply voltage

Fig.1  Pin configuration.
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5-1

FAST AND LS TTL DATA

DUAL JK FLIP-FLOP
WITH SET AND CLEAR

The SN54/74LS76A offers individual J, K, Clock Pulse, Direct Set and Di-
rect Clear inputs. These dual flip-flops are designed so that when the clock
goes HIGH, the inputs are enabled and data will be accepted. The Logic Level
of the J and K inputs will perform according to the Truth Table as long as mini-
mum set-up times are observed. Input data is transferred to the outputs on the
HIGH-to-LOW clock transitions.

MODE SELECT — TRUTH TABLE

OPERATING MODE
INPUTS OUTPUTS

OPERATING MODE
SD CD J K Q Q

Set
Reset (Clear)
*Undetermined
Toggle
Load “0” (Reset)
Load “1” (Set)
Hold

L
H
L
H
H
H
H

H
L
L
H
H
H
H

X
X
X
h
l
h
l

X
X
X
h
h
l
l

H
L
H
q
L
H
q

L
H
H
q
H
L
q

*Both outputs will be HIGH while both SD and CD are LOW, but the output states are unpredictable
if SD and CD go HIGH simultaneously.

H,h = HIGH Voltage Level
L,l = LOW Voltage Level
X = Immaterial
l, h (q) = Lower case letters indicate the state of the referenced input (or output) one setup time prior
to the HIGH-to-LOW clock transition

LOGIC DIAGRAM

Q

CLEAR (CD)

J

CLOCK (CP)

K

SET (SD)

Q

SN54/74LS76A

DUAL JK FLIP-FLOP
WITH SET AND CLEAR

LOW POWER SCHOTTKY

LOGIC SYMBOL

16

1

4

15

14

K Q

CP

J Q

SD

VCC = PIN 5
GND = PIN 13

12

6

9

11

10

K Q

CP

J QCD

7

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

2

3 8

CD

SD

� �V� ^EihW�t{m � �z�

PREB

CLRB

CLK

D Q

QB

1CLK

1J

1K

1PREBAR

1CLRBAR

1Q

1QBAR

PREB

CLRB

CLK

D Q

QB

7474

1CLK

1J

1K

1PREBAR

1CLRBAR

1Q

1QBAR

74112

� �V� ^EihW�t{m ���w�
��� � � ! 
-" �b& � � ' �:"%$�&�')2�$
�)U � ��� � ������������� � ��� ���]ª � �7¢ ª _NijS � � d Z i � WNdjl9_{iji � f:S9a Z _B¢£vbdj_{aE_)S9djdjS9a � � WbUVf:S9a Z S ` S9UVUVS�l%W Z S9aES ` �

� ��v�_ �E� _{i Z ^EacWbf:S9a Z S~l9_{UVUVS � W Z ��Z ihWkUV_{ij_kS ` ^ Z � U �V�9� W Z ��� S9iNf:S9f:_{i �V�9� WbijS]^EacW r d Z i � a � W r
���



� � d � _{d �[Z � Y{_ �c^Ea � � _{aES
 bu ��� l9_{a � a � ijS9djd ��` � �4ijS9djS Z S���UVS%Wbi
 zt � � l9_{a � a � ijS9djd ��` � �4ijS9djS Z S���UVS%Wbi
 {� ��� l9_{a � a � ijS9djd ��` � �4ijS9djS Z S���UVS%Wbi
 b� �N^cWbU ���
  � �N^cWbU Z �V� _ �

  � �N^cWbU ���
t u � ��� l9_{a�l9UV_zl��kSel9_{a � a � ijS9djd ��` � �4ijS9djS Z S ��UVS%Wbi
t¦ �� � ^cW `�Z �V� _ �

�{ b� � l Z WbU Z �V� _ �

�{  � � ^cW ` ���

�� �� � l Z WbU Z �V� _ �

�oWbg�S9UVUXW�t{m ���w�

` � g �[Z d9m �4d � d Z S�^EacW � ihWba ` SkYbWbi � S Z sW ` � � �em ��_{aEd �V` S9i � Wbf:_�l9_{f:S � i � f:_�S9djS9f � � _;^EaE_
� � djS9i � WbUVS:ijS%WbU �V�9� W Z _#l9_{a � � ` �4Z �V� _ �~m � � l9_{i ` � Wbf:_�lyxES � a Z WbUVS Z �V� _ ` � � � � U ` W Z _
� ijS9djS9a Z S-dj^EUVU}| � a � ijS9djdj_ � Y � S9aES Z ihWbd � S9i �[Z _ � a ^Edjl �[Z W�ª � ¢�WbUVU}| Wbiji � Y{_ ` � ^Ea � f � ^EUVdj_ ` �

l9UV_zl��;ª � a � S9aES9ijS)dj^EU � ij_{a Z S ` � dhWbU �[Z W ` � \B^ES9d Z _B¢£m �TaE_ � � l9_{d Z �[Z ^ �[Z _ ` W � � ` ��Z �V� _ � sS
f:_{d Z ihW Z _ � a ¨c� ^EihW#t{m �� zm

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

PREB

CLRB

CLK

D Q

QB

Clock

Dati

Q0=D1 Q1=D2 Q2=D3 Q3D0

� �V� ^EihW�t{m �� z�
�7f:f:S ZjZ � Wbf:_�lyxES-^Ea t,ª U � Y{S9UVUV_�WbU Z _B¢�d � W W �E� U � l%W Z _ WbUVU}| � a � ijS9djdj_�ª � � ¢ ` S9U � i � f:_

� ��v�f:S9a Z ijS � U � � a � ijS9djd �)` � �4ijS9djS Z S ��UVS%Wbi ` �)Z ^ ZjZ � � � ��Y{S9a � _{aE_ fkWba Z S9aB^ Z � WbU Z � m
�4| W �E� U � l%W � � _{aES ` � ^Ea-djS � acWbUVS ` � l9UV_zl�� Z ihWbd � S9i � i sW Z WbUVS ` W Z _ � a � � � �

� m7npUodj^El9l9S9djd � Y{_
djS � acWbUVS ` � l9UV_zl�� Z ihWbd � S9i � i sW � U ` W Z _ � a � � � �

� v � U Z S9i � _�UV_ Z ihWbd � S9i � i sW � a � � � �
� S `

� a ¨ aES � Uc\B^cWbi Z _ � a � � m �7UVUXW ¨ aES~ª«Wbf:f:S ZjZ S9a ` _]lyxES �
� d � W)f:S9djdj_~W � S9ij_ ` _ � _ � U � i � f:_

� f � ^EUVdj_ ` � ��UV_zl��w¢4UVSq^Edjl �[Z S � ��� � � � � ��� � � l9_{a Z S9ijihWbaEaE_6aES9UVU}| _{i ` � aES � g �[Z d7ª«uwv uwv uwv[t¦¢£m � S
W �E� U � l%Wbdjd � f:_ � a � a � ijS9djdj_�UXW#djS9\B^ES9a � W ` � g �[Z ªFt u{uwt¦¢7S ` � a � WbdjS:l9_{a Z WbUVS:W �E� U � l%W � � _{aES
� U � � f � ^EUVd ��` � l9UV_zl��PvPW%YzijS9f:f:_�UXW~d �[Z ^cW � � _{aES � UVUV^Ed Z ihW Z W � a ¨c� ^EihW#t{m ���wm

��S ` � Wbf:_ lyxESbv ` _ � _�U}| W �E� U � l%W � � _{aES ` S9U{\B^cWbi Z _ � f � ^EUVdj_ ` � l9UV_zl��Pv¦aES � ijS � � d Z i � � ��� � � � � �dj_{aE_Nl9_{a Z S9aB^ Z � � g �[Z t u{uwt{m �7gEg � Wbf:_Tl9_{d s � Z ihWbd � _{ijfkW Z _T^EacW ` � d Z i � gE^ � � _{aES�djS9i � WbUVS ` � g �[Z d9v
W �E� U � l%W Z � djS9\B^ES9a � � WbUVf:S9a Z S � a � a � ijS9djdj_Ev � a~^EacW � WbihWbUVUVS9UXWwv¦dj^EUVUVS��NU � aES9S ` | ^Edjl �[Z W � � � � � m

���



-0 0 .0.u 20.0u 40.0u 60.0u 80.0u 100u
Tempo (us)

Ck

Q3

Q2

Q1

Q0

D0 1111

1

0

0

1

01001

� �V� ^EihW�t{m ���w�

RT_ Z � Wbf:_�lyxESbv�djSkY{_ � U � Wbf:_�lyxES � U>aB^Ef:S9ij_;i � fkWba � W�aES9U�ijS � � d Z ij_ ` _{gEg � Wbf:_Ev ` _ � _
� U�\B^cWbi Z _ � f � ^EUVdj_ ` � l9UV_zl��Pv�WbijijS9d Z WbijS~\B^ES9d Z | ^EU Z � f:_EmNn ` W Z �o� _{djdj_{aE_#WbU Z S9ijacW Z � YbWbf:S9a Z S
S9djdjS9i � ijS9UVS�YbW Z � � a � _{ijfkW;djS9i � WbUVS#W �E� U � l%Wba ` _-WbU Z i � \B^cW ZjZ ij_ � f � ^EUVd �>` � l9UV_zl��Pm � ^ES9d Z _
Z �V� _ ` � ijS � � d Z ij_EvBlyxESTxcWe^Ea � a � ijS9djdj_]djS9i � WbUVS�S ` ^Ea�| ^Edjl �[Z W � WbihWbUVUVS9UXWwv sSqlyx � WbfkW Z _ r � S9i � WbU§¥
npaz¥F�oWbihWbUVUVS9U§¥ � ^ Z r ª _ � nF� � ¢£m

<>=?< �7=?< ��M)D���H�OcCwJ�A ���)D �hG ����H���DFCBGEH�O
npUBl � ijl9^ �[Z _qlyxES�_{ihWqS9dhWbf � aES9ijS9f:_ � ^ s_TS9djdjS9ijS ^ Z � U �V�9� W Z _ � a ` � ��S9ijS9a Z S9f:S9a Z S � S9i � f:f:S ZjZ S9ijS
` S �o` W Z � � a � WbihWbUVUVS9UV_�S ` S9d Z ihWbijU � � a�f:_ ` _kdjS9i � WbUVSbv�_kY � l9S�Y{S9ijdhWwm)�4djdj_ � ^ s_�WbaElyxES~S9djdjS9ijS
W ` _ � S9ihW Z _ � S9i UVS �{� S9ijS ��` W Z � � a�djS9i � SNS ` S9d Z ihWbijU � � a�djS9i � SbvE_ � S9i UVS �{� S9ijU � � a � WbihWbUVUVS9UV_]S `
S9d Z ihWbijU � � a � WbihWbUVUVS9UV_Em � Z WbUVSqdjl9_ � _6d �P� W]^Edj_ ` � ^EacW]U � aES%W ` � l9_{a Z ij_{UVUV_ � S9i>U}| Wbg � U �[Z W � � _{aES
` S9UVU}| � a � ^ Z � a � WbihWbUVUVS9UV_Em �Ta,S9djS9f � � _ ` � Z WbUVS�l � ijl9^ �[Z _ ª � RN  ��� � t � � �)¢ sS#f:_{d Z ihW Z _ � a
¨c� ^EihW�t{m �{�wm��4djdj_ sSeaE_ Z _�l9_{f:S r �Ta � Y{S9ijdhWbU � x �[� Z �qS � � d Z S9i r m
�oWbUVS ` � d � _{d �[Z � Y{_ sS:^ Z � U �V�9� Wbg � UVS � a�^Ea�| Wbf � � W#l9UXWbdjdjS ` � W �E� U � l%W � � _{a � v�lyxESkYbWbaEaE_ ` W

_ � S9ihW � � _{a ��` � r djx �[� Z r WbUol9_{a Z S �{� � _kS ` WbUVU}| � fkW � W �9� � acWbf:S9a Z _ ` S ��` W Z � mN�4djdj_Ev�_ � S9ihWba ` _
W�Y{S9UV_zl �[Z sW S9UVS�YbW Z S,ª ` S9UVU}| _{i ` � aES ` � ��u � � � ¢£v � ^ s_,S���S ZjZ ^cWbijS Z ihWbd � S9i � f:S9a Z _ ` S �)` W Z �
� WbihWbUVUVS9UV_�� djS9i � WbUVSbvBdjS9i � WbUVS � WbihWbUVUVS9UV_~Sedjx �[� Z djS9i � WbUVSbm

��W Z Wbg�S9UVUXW ` S9UVUVS~Y{S9i �[Z sW�f:_{d Z ihW Z W � a ¨c� ^EihW t{m ��u � UVUV^Ed Z ihW�UVS�l%WbihW ZjZ S9i � d Z � lyxES ` �4� ^Eaz¥
� � _{acWbf:S9a Z _Em

n ` W Z � dj_{aE_ � f:fkW � W �9� � acW Z � aES � \B^cW ZjZ ij_ � �,f:_{d Z ihW Z � � a ¨c� ^EihWwm � S6U}| � a � ijS9djdj_ � a ` � ¥
l%W Z _#l9_{a � � ª«�4ijS9djS Z �4acWbgEUVS ¢ sS�WbU Z _Ev �4` W Z ��� _{djdj_{aE_#S9djdjS9ijS:l%Wbi � l%W Z � � a-f:_ ` _�djS9i � WbUVS
W ZjZ ihW%Y{S9ijdj_ � U � � a � ijS9djd ��� S !�lyxES7dj_{aE_ � a � S9aES9ijSN^Ea �[Z � � aEd � S9f:Sbm � S � a � W ZjZ ��� � ! � t{v
Wbf:f:S ZjZ S9a ` _elyxESTd � W � � � ukª �

�
� t¦¢�UXW � i � fkW ` S9UVUVS Z ijS � _{i Z S	�NR � aES9U � i � f:_)gEUV_zl9l9_

W)d � a � d Z ihW � a ¨c� ^EihWeW%Yzi sWeU}| ^Edjl �[Z W)WbU Z WNSbvBW)l%Wb^EdhW ` S9UVUXW ` _ �E� � W � a�Y{S9ijd � _{aES � ijS9djS9a Z SNWbUVU}| ^z¥
� �



5-2

FAST AND LS TTL DATA

SN54/74LS195A

LOGIC DIAGRAM
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FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Table indicate the functional
characteristics of the LS195A 4-Bit Shift Register. The device
is useful in a wide variety of shifting, counting and storage
applications. It performs serial, parallel, serial to parallel, or
parallel to serial data transfers at very high speeds.

The LS195A has two primary modes of operation, shift right
(Q0 → Q1) and parallel load which are controlled by the state of
the Parallel Enable (PE) input. When the PE input is HIGH,
serial data enters the first flip-flop Q0 via the J and K inputs and
is shifted one bit in the direction Q0 → Q1 → Q2 → Q3 following
each LOW to HIGH clock transition. The JK inputs provide the
flexibility of the JK type input for special applications, and the
simple D type input for general applications by tying the two

pins together. When the PE input is LOW, the LS195A appears
as four common clocked D flip-flops. The data on the parallel
inputs P0, P1, P2, P3 is transferred to the respective Q0, Q1,
Q2, Q3 outputs following the LOW to HIGH clock transition.
Shift left operations (Q3 →Q2) can be achieved by tying the Qn
Outputs to the Pn–1 inputs and holding the PE input LOW.

All serial and parallel data transfers are synchronous,
occurring after each LOW to HIGH clock transition. Since the
LS195A utilizes edge-triggering, there is no restriction on the
activity of the J, K, Pn and PE inputs for logic operation —
except for the set-up and release time requirements.

A LOW on the asynchronous Master Reset (MR) input sets
all Q outputs LOW, independent of any other input condition.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODES

MR PE J K Pn Q0 Q1 Q2 Q3 Q3
Asynchronous Reset L X X X X L L L L H

Shift, Set First Stage H h h h X H q0 q1 q2 q2
Shift, Reset First H h I I X L q0 q1 q2 q2
Shift, Toggle First Stage H h h I X q0 q0 q1 q2 q2
Shift, Retain First Stage H h I h X q0 q0 q1 q2 q2

Parallel Load H I X X pn p0 p1 p2 p3 p3
L = LOW voltage levels
H = HIGH voltage levels
X = Don’t Care
I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition.
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition.
pn (qn) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to
HIGH clock transition.
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characteristics of the LS195A 4-Bit Shift Register. The device
is useful in a wide variety of shifting, counting and storage
applications. It performs serial, parallel, serial to parallel, or
parallel to serial data transfers at very high speeds.

The LS195A has two primary modes of operation, shift right
(Q0 → Q1) and parallel load which are controlled by the state of
the Parallel Enable (PE) input. When the PE input is HIGH,
serial data enters the first flip-flop Q0 via the J and K inputs and
is shifted one bit in the direction Q0 → Q1 → Q2 → Q3 following
each LOW to HIGH clock transition. The JK inputs provide the
flexibility of the JK type input for special applications, and the
simple D type input for general applications by tying the two

pins together. When the PE input is LOW, the LS195A appears
as four common clocked D flip-flops. The data on the parallel
inputs P0, P1, P2, P3 is transferred to the respective Q0, Q1,
Q2, Q3 outputs following the LOW to HIGH clock transition.
Shift left operations (Q3 →Q2) can be achieved by tying the Qn
Outputs to the Pn–1 inputs and holding the PE input LOW.

All serial and parallel data transfers are synchronous,
occurring after each LOW to HIGH clock transition. Since the
LS195A utilizes edge-triggering, there is no restriction on the
activity of the J, K, Pn and PE inputs for logic operation —
except for the set-up and release time requirements.

A LOW on the asynchronous Master Reset (MR) input sets
all Q outputs LOW, independent of any other input condition.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODES

MR PE J K Pn Q0 Q1 Q2 Q3 Q3
Asynchronous Reset L X X X X L L L L H

Shift, Set First Stage H h h h X H q0 q1 q2 q2
Shift, Reset First H h I I X L q0 q1 q2 q2
Shift, Toggle First Stage H h h I X q0 q0 q1 q2 q2
Shift, Retain First Stage H h I h X q0 q0 q1 q2 q2

Parallel Load H I X X pn p0 p1 p2 p3 p3
L = LOW voltage levels
H = HIGH voltage levels
X = Don’t Care
I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition.
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition.
pn (qn) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to
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FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Table indicate the functional
characteristics of the LS194A 4-Bit Bidirectional Shift Regis-
ter. The LS194A is similar in operation to the Motorola LS195A
Universal Shift Register when used in serial or parallel data
register transfers. Some of the common features of the two
devices are described below:

All data and mode control inputs are edge-triggered,
responding only to the LOW to HIGH transition of the Clock
(CP). The only timing restriction, therefore, is that the mode
control and selected data inputs must be stable one set-up
time prior to the positive transition of the clock pulse.

The register is fully synchronous, with all operations taking
place in less than 15 ns (typical) making the device especially
useful for implementing very high speed CPUs, or the memory
buffer registers.

The four parallel data inputs (P0, P1, P2, P3) are D-type
inputs. When both S0 and S1 are HIGH, the data appearing on
P0, P1, P2, and P3 inputs is transferred to the Q0, Q1, Q2, and

Q3 outputs respectively following the next LOW to HIGH
transition of the clock.

The asynchronous Master Reset (MR), when LOW, over-
rides all other input conditions and forces the Q outputs LOW.

Special logic features of the LS194A design which increase
the range of application are described below:

Two mode control inputs (S0, S1) determine the synchro-
nous operation of the device. As shown in the Mode Selection
Table, data can be entered and shifted from left to right (shift
right, Q0 → Q1, etc.) or right to left (shift left, Q3 → Q2, etc.), or
parallel data can be entered loading all four bits of the register
simultaneously. When both S0 and S1,are LOW, the existing
data is retained in a “do nothing” mode without restricting the
HIGH to LOW clock transition.

D-type serial data inputs (DSR, DSL) are provided on both
the first and last stages to allow multistage shift right or shift left
data transfers without interfering with parallel load operation.

MODE SELECT — TRUTH TABLE

OPERATING MODE
INPUTS OUTPUTS

OPERATING MODE
MR S1 S0 DSR DSL Pn Q0 Q1 Q2 Q3

Reset L X X X X X L L L L

Hold H I I X X X q0 q1 q2 q3

Shift Left H h I X I X q1 q2 q3 L
H h I X h X q1 q2 q3 H

Shift Right H I h I X X L q0 q1 q2
H I h h X X H q0 q1 q2

Parallel Load H h h X X Pn P0 P1 P2 P3
L = LOW Voltage Level
H = HIGH Voltage Level
X = Don’t Care
I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition
pn (qn) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to HIGH clock transition.
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ter. The LS194A is similar in operation to the Motorola LS195A
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register transfers. Some of the common features of the two
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P0, P1, P2, and P3 inputs is transferred to the Q0, Q1, Q2, and

Q3 outputs respectively following the next LOW to HIGH
transition of the clock.

The asynchronous Master Reset (MR), when LOW, over-
rides all other input conditions and forces the Q outputs LOW.

Special logic features of the LS194A design which increase
the range of application are described below:

Two mode control inputs (S0, S1) determine the synchro-
nous operation of the device. As shown in the Mode Selection
Table, data can be entered and shifted from left to right (shift
right, Q0 → Q1, etc.) or right to left (shift left, Q3 → Q2, etc.), or
parallel data can be entered loading all four bits of the register
simultaneously. When both S0 and S1,are LOW, the existing
data is retained in a “do nothing” mode without restricting the
HIGH to LOW clock transition.

D-type serial data inputs (DSR, DSL) are provided on both
the first and last stages to allow multistage shift right or shift left
data transfers without interfering with parallel load operation.
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INPUTS OUTPUTS

OPERATING MODE
MR S1 S0 DSR DSL Pn Q0 Q1 Q2 Q3

Reset L X X X X X L L L L

Hold H I I X X X q0 q1 q2 q3

Shift Left H h I X I X q1 q2 q3 L
H h I X h X q1 q2 q3 H

Shift Right H I h I X X L q0 q1 q2
H I h h X X H q0 q1 q2

Parallel Load H h h X X Pn P0 P1 P2 P3
L = LOW Voltage Level
H = HIGH Voltage Level
X = Don’t Care
I = LOW voltage level one set-up time prior to the LOW to HIGH clock transition
h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition
pn (qn) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the LOW to HIGH clock transition.
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FAST AND LS TTL DATA

PRESETTABLE BCD/DECADE
UP/DOWN COUNTERS
PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTERS

The SN54/74LS190 is a synchronous UP/DOWN BCD Decade (8421)
Counter and the SN54/74LS191 is a synchronous UP/DOWN Modulo-16
Binary Counter. State changes of the counters are synchronous with the
LOW-to-HIGH transition of the Clock Pulse input.

An asynchronous Parallel Load (PL) input overrides counting and loads the
data present on the Pn inputs into the flip-flops, which makes it possible to use
the circuits as programmable counters. A Count Enable (CE) input serves as
the carry /borrow input in multi-stage counters. An Up/Down Count Control
(U/D) input determines whether a circuit counts up or down. A Terminal Count
(TC) output and a Ripple Clock (RC) output provide overflow/underflow
indication and make possible a variety of methods for generating
carry /borrow signals in multistage counter applications.

• Low Power . . . 90 mW Typical Dissipation
• High Speed . . . 25 MHz Typical Count Frequency
• Synchronous Counting
• Asynchronous Parallel Load
• Individual Preset Inputs
• Count Enable and Up/Down Control Inputs
• Cascadable
• Input Clamp Diodes Limit High Speed Termination Effects

NOTE:
The Flatpak version
has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.

CONNECTION DIAGRAM DIP (TOP VIEW)

14 13 12 11 10 9

1 2 3 4 5 6 7

16 15

8

VCC

P1

P0 CP RC TC P2PL P3

Q1 Q0 CE U/D Q2 Q3 GND

PIN NAMES LOADING (Note a)

HIGH LOW

CE
CP
U/D
PL
Pn
Qn
RC

TC

Count Enable (Active LOW) Input
Clock Pulse (Active HIGH going edge) Input
Up/Down Count Control Input
Parallel Load Control (Active LOW) Input
Parallel Data Inputs
Flip-Flop Outputs (Note b)
Ripple Clock Output (Note b)
Terminal Count Output (Note b)

1.5 U.L.
0.5 U.L.
0.5 U.L.
0.5 U.L.
0.5 U.L.
10 U.L.
10 U.L.
10 U.L.

0.7 U.L.
0.25 U.L.
0.25 U.L.
0.25 U.L.
0.25 U.L.

5 (2.5) U.L.
5 (2.5) U.L.
5 (2.5) U.L.

NOTES:
a. 1 TTL Unit Load (U.L.) = 40 µA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
b. Temperature Ranges.

SN54/74LS190
SN54/74LS191

PRESETTABLE BCD/DECADE
UP/DOWN COUNTERS

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTERS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL

VCC = PIN 16
GND = PIN 8

5

4

14

3 2 6 7

13

91011511
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Q0 Q1 Q2 Q3
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P3P2P1P0PL
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` � ^EaE_ ` S � U � _ �{� S ZjZ � S aE_{a Wbiji � YbW�\B^ � a ` � WbUVUXW�l9S9UVUV^EUXW � _ Z _zS9UVS ZjZ i � l%Wwm �Ta l9_{a Z W Z _{ijS
_ �E� _{i Z ^EaE_ � aEl9ijS9f:S9a Z S9i sW ` � ^Ea�| ^Ea �[Z sW � UEl9_{a Z S �{� � _e_ � a � Y{_{U Z W)lyxES � U � Wbiji � Y � ^Ea � f � ^EUVdj_Em
�Ta�l9_{a Z W Z _{ijS)djS � WbihW Z _:l9_{a Z S9i sW � U�aB^Ef:S9ij_ ` � � f � ^EUVd � lyxES � U ��� S9i?Y{S9a � _{aE_Ev � S9aES9ihW Z ��` W
^Ea�_ �E� _{i Z ^EaE_;_{djl � UVUXW Z _{ijS;ª l9UV_zl��w¢ � ijS�Y � Wbf:S9a Z S�l%WbU � gEihW Z _EvolyxES � _{ija � i sW�U}| � a � _{ijfkW � � _{aES

�{�



Z S9f � _{ihWbUVSbm ��_{djd � Wbf:_ ^ Z � U �V�9� WbijS�^Ea ` � d � _{d �[Z � Y{_�d � f � UVS � S9i�f � dj^EihWbijS�U}| � a Z S9i?YbWbUVUV_ ` �

Z S9f � _ Z ihW ` ^ESeS�Y{S9a Z � m ��W ¨c� ^EihW�t{m �{  � UVUV^Ed Z ihW6^Ea�d � d Z S9fkW ` � \B^ES9d Z _ Z �V� _Em

t

t

clock

B

A Contatore

B
Q

Q

R

S

_

� �V� ^EihW�t{m �{ z�
�)U � r S�Y{S9a Z � r � a:\B^ES9d Z _�l%Wbdj_6dj_{aE_6l9_{d Z �[Z ^ �[Z �P` WbU � WbdjdhW �{� � _ ` � ^Ea�_ �{� S ZjZ _6W ZjZ ihW%Y{S9ijdj_

` ^ES Z ihW � ^cWbi ` � � S � ª l9_{f:S�aES9U�l%Wbdj_ ` S9U>acWbd Z ij_ Z ihWbd � _{i Z W Z _{ijS ¢£m �Ta � i � f:_ � f � ^EUVdj_
Y � S9aES � S9aES9ihW Z _:WbU Z S9f � _�� � ` WbU � WbdjdhW �{� � _ ` S9UVU}| _ �{� S ZjZ _ ` W%YbWba Z � WbU Z ihW � ^cWbi ` _
� S ` ^Ea
djS9l9_{a ` _�WbU Z S9f � _�� � � a#l9^ � U}| _ �{� S ZjZ _ � WbdjdhW ` W%YbWba Z � WbU Z ihW � ^cWbi ` _ �7m

�4| � f � ^EUVdj_ � � d � W � a�Y � W Z _,WbUVU}| � a � ijS9djdj_ ` � � S Z�` � ^Ea � � ` �)Z �V� _ � � ª � a l9^ � S9ihW
� a �V� � WbUVf:S9a Z S � � uwv � � t¦¢�f:S9a Z ijS�U}| � f � ^EUVdj_ � S9aES9ihW Z _ WbUVU}| � d Z Wba Z S � � d � W � a�Y � W Z _
WbUVU}| � a � ijS9djdj_ ` � �qS9djS Z m npU � W Z S �NR ��lyxES�djS � ^ES sS�l9_{UVUVS � W Z _ W-YbWbUVUVS�W ` ^Ea l9_{a Z W Z _{ijS
ª _ �E� _{i Z ^EacWbf:S9a Z Sel%WbU � gEihW Z _B¢£vEf:S9a Z ijS ` S ��` ^ES � a � ijS9djd � vc^EaE_ sSel9_{UVUVS � W Z _:WbU � ` S9U�� ��S
U}| WbU Z ij_~i � l9S�Y{S]^EacW�djS9\B^ES9a � W ` � � f � ^EUVd ��` � l9UV_zl��Pv ` ��� ijS9\B^ES9a � W:aE_ Z Wwm

npU � ^Ea � � _{acWbf:S9a Z _ ` S9U�l � ijl9^ �[Z _ sS � U�djS � ^ES9a Z Sb� \B^cWba ` _kU}| � f � ^EUVdj_ � S9aES9ihW Z _kWbU Z S9f � _
� ��Wbiji � YbWkWbU � ��v�\B^ES9d Z _#W%Yzi sW � �~t{v ���)u:S~\B^ � a ` � � �~t{m � ^Eg �[Z _ ` _ � _�dhWbi sW � � ���)ukS
\B^ � a ` � UV_7d Z W Z _ ` S9U � �#i � fkWbaES � a�YbWbi � W Z _ ¨ aE_NWbU Z S9f � _ � � vb\B^cWba ` _ � ` � Y{S9a Z W]t�S�\B^ � a ` �

� YbW�W�uwm)RTS9UVU}| � a Z S9i?YbWbUVUV_ ` ��Z S9f � _ � � � � � � a;l9^ � � �~t{v�UXW � _{i Z W �NR � sS�Wbg � U �[Z W Z W�S
\B^ � a ` � S9djdhW~UXWbdjl � W � WbdjdhWbijS � U � � f � ^EUVd �P` � l9UV_zl�� � a�Wbiji � Y{_Em�npU�l9_{a Z W Z _{ijSNlyxESNdjS � ^ES)l9_{a Z W
Z WbU � � f � ^EUVd ��` � l9UV_zl��Pv � U�l9^ � aB^Ef:S9ij_ sS � ij_ � _{i � � _{acWbUVS)WbUVU}| � a Z S9i?YbWbUVUV_ ` ��Z S9f � _�� � � � �om

npUed � d Z S9fkW,Wba ` i sW,_ YBY � Wbf:S9a Z S	l%WbU � gEihW Z _ � ijS�Y{S9a Z � YbWbf:S9a Z Sbm �Ta ` ^EgEg � _,lyxES � ^ s_
Y{S9a � ijS sS � UNdjS � ^ES9a Z Sbm � � W U}| � f � ^EUVdj_ � S9aES9ihW Z _,WbU Z S9f � _ � � lyxES \B^ES9UVUV_ � S9aES9ihW Z _,WbU
Z S9f � _ � � dj_{aE_ � ij_ ` _ ZjZ ��` WbU�f:S ` S9d � f:_ ` � d � _{d �[Z � Y{_�ª l9S9UVUV^EUXW � _ Z _zS9UVS ZjZ i � l%W�djS � ^ �[Z W ` W
f:_{aE_{d Z Wbg � UVS ¢£m ��_{f:S � _{djd � Wbf:_ � Wbi]d s � lyxES ` S �>` ^ESkdjS � acWbU ��� S9aES9ihW Z � dj^ ` � ^EacW�d Z S9djdhW
U � aES%Wwvc^EaE_�YbW ` WkWbUVU}| � a � ijS9djdj_ � S]U}| WbU Z ij_:WbUVU}| � a � ijS9djdj_�� � � � s_ sS]djS9f � U � l9SedjS]dj_{d Z �[Z ^ � Wbf:_
� U � � � � l9_{a�^Ea ��� � a#l9^ ��� � � �~t{vEl9_{f:Sef:_{d Z ihW Z _ � a ¨c� ^EihW�t{m � �wm

� S � a �V� � WbUVf:S9a Z S>S9ihW � �)uwv{U}| Wbiji � Y{_ ` S9UEdjS � acWbUVS � S9aES9ihW Z _]WbU Z S9f � _ � ��fkWba ` W � � a�t{v
f:S9a Z ijS � UPdj^El9l9S9djd � Y{_kWbiji � Y{_ ` S9U�djS � acWbUVS � S9aES9ihW Z _�WbU Z S9f � _
� � fkWba ` W � � a�u6S � � a�t{m
�Ta ` � d � _{d �[Z � Y{_�f:_{U Z _�d � f � UVSNW�\B^ES9d Z _ � ^ s_:S9djdjS9ijS~W ` _ � S9ihW Z _�djS]d � Yz^E_{UVS)f � dj^EihWbijS)^EacW
� ijS9\B^ES9a � WwvPl � _ sS � U�aB^Ef:S9ij_ ` � � f � ^EUVd � � djS9lbm �oWbUVS ` � d � _{d �[Z � Y{_ sS)f:_{d Z ihW Z _ � a ¨c� ^EihW#t{m �b�wm

�)U � � f � ^EUVd � � a Wbiji � Y{_�ª ` ��� _{ijfkW � S9aES9i � l%Wwv4W ` S9djS9f � � _;d � aB^Edj_ �V` WbUVS ¢NY{S9a � _{aE_ Z ihW¦¥
d � _{ijfkW Z � � a � f � ^EUVd � ijS ZjZ Wba � _{UXWbi � S ` � a�Y � W Z � W ` ^EaE_ ` S � U � � a � ijS9djd ��` � ^EacW � _{i Z W��NR �~m
�4| WbU Z ij_ � a � ijS9djdj_ ` S9UVUXW � _{i Z W sS�l9_{UVUVS � W Z _#WbUVU}| ^Edjl �[Z W � ` � ^Ea � � ��� l9_{a � � � �~t{v�lyxES
i � l9S�Y{S6dj^EUVU}| � a � ijS9djdj_ ` � l9UV_zl��#^Ea�djS � acWbUVS]_ ZjZ S9aB^ Z _ ` S9f:_{U Z �V� U � l%Wba ` _ � S9iT^Ea � W ZjZ _{ijS�t u�	
^Ea djS � acWbUVS ` � t ��x � m~npa Z WbUVS~l � ijl9_{d Z Wba � W � sS~^ � ^cWbUVS�W ` t � S9i)^Ea Z S9f � _ ` � t%d9m ��W
� _{i Z W��NR � dhWbi sW6\B^ � a ` � Wbg � U �[Z W Z W � S9iTtNd�S ` � UPl9_{a Z W Z _{ijS7l9_{a Z S9i sW � UcaB^Ef:S9ij_ ` � � f � ^EUVd �
lyxES � a Z WbUVS Z S9f � _ � U � Wbiji � YbWbaE_Ev�l � _ sS�UXW � ijS9\B^ES9a � W Y{_{UV^ Z Wwm�R7W Z ^EihWbUVf:S9a Z S�_zl9l9_{ijijS9i sW

� �



segnale

1

Ck

clock

Contatore

B
Q

Q

K

J

_

� �V� ^EihW�t{m � �w�

1 secondo

6

10

divisore di frequenza 
oscillatore

1 Mhz

1

Ck

impulsi da contare

Contatore

B
Q

Q

K

J

_

� �V� ^EihW�t{m �b�w�

W �{� � ^Ea � S9ijSk\B^cWbUVl9_{dhW;WbU>l � ijl9^ �[Z _ � S9i � Wbi6d s � lyxES#WbUVUXW ¨ aES ` S9UVU}| � a Z S9i?YbWbUVUV_ ` ��Z S9f � _�ª ` �

tedy¢£v � U�d � d Z S9fkW�d � WbijijS9d Z � Sel9_{aEdjS9a Z W:UXW~UVS ZjZ ^EihW ` S9U�l9_{a Z W Z _{ijSbm
�7aElyxES djS-aE_{a d � S9l �[¨ l%Wbf:S9a Z S-ijS9UXW Z � Y{_ W ` W �E� U � l%W � � _{a � � a/S9d � S9i � f:S9a Z �N` �T¨ d � l%Wwv

� aEl9_{a Z ihWbaE_eWbf � � _7^ Z � U �V�9� _ � l9_{a Z W Z _{i �E` S9l � fkWbU � m�npa � W ZjZ � v � a�^Ea�l9_{a Z W Z _{ijS � � � ª � � acWbi �
��_ ` S ` �NS9l � fkWbU ¢]^Ea aB^Ef:S9ij_ sS�S9d � ijS9djdj_�l9_{f:S�^EacW djS9\B^ES9a � W ` � l �[� ijS ` S9l � fkWbU � m � `
S9djS9f � � _Ev � U�aB^Ef:S9ij_:�� bu�� sSef:S9f:_{i �V�9� W Z _~l9_{f:Sef:_{d Z ihW Z _�aES9UVUXW Z Wbg�S9UVUXW�t{m ���wm

u{uwt{t uwt{t{t u{u{u{u u{uwt u
�   u t

�oWbg�S9UVUXW�t{m ���w�
n ` W Z � � ij_ Y{S9a � S9a Z ��` WbUVUXW Z Wbd Z � S9ihW ` � ^Ea�l9_{f � ^ Z S9i~dj_{aE_ aE_{ijfkWbUVf:S9a Z SkS9d � ijS9djd � � a

� � �~v¦WbaElyxES�djS>d ��Z ihW ZjZ W ` � l%WbihW ZjZ S9i � m�npa � W ZjZ � v Wql � Wbdjl9^EaE_ ` � \B^ES9d Z � sS � _{djd � g � UVS4Wbdjdj_zl � WbijSbv
f:S ` � Wba Z S�^Ea l9_ ` � l9S�ª«W ` S9djS9f � � _ � UTl9_ ` � l9S�� � ��njn�¥
�7f:S9i � l%Wba � Z Wba ` Wbi ` ��_ ` S � _{i
npa � _{ijfkW Z � _{a#���wlyxcWba � S ¢£v � a#fkWba � S9ihW ` S9U Z ^ ZjZ _kWbacWbUV_ � W�W � aB^Ef:S9i � vc^EacW:d Z i � a � W ` � g �[Z m
npUNl9_ ` � l9S�� � ��njn sS W� �g �[Z m n � i � aEl �V� WbU � l%WbihW ZjZ S9i � S ` � l9_ ` � l � l9_{iji � d � _{a ` S9a Z � dj_{aE_
f:_{d Z ihW Z � aES9UVUXW Z Wbg�S9UVUXW ` ��¨c� ^EihW�t{m �{uwm �4| � a Z S � ihW Z _#  ��� � �{�wv�lyxES�l9_{aEdjS9a Z S � U�l9_{a Z S �{� � _
¨ aE_�W�t��wv � ^ s_�S9djdjS9ijS�W �9� S9ihW Z _Ev�l9_{f:S6d � sS]Y � d Z _Ev � a�l9_{iji � d � _{a ` S9a � W ` S9UoaB^Ef:S9ij_��wmN��|
� S9i s_ � � s^kl9_{a�Y{S9a � S9a Z Se^EdhWbijS)^Ea�l9_{a Z W Z _{ijS � ijS ` � d � _{d Z _ � S9i l9_{a Z WbijS � a�gcWbdjS�t uwvwl9_{f:S � U
  ��� � �{uwm

� �



RTS9UVUXW Z Wbg�S9UVUXW ` ��¨c� ^EihW#t{m �{uwvPUXW � i � fkW�l9_{UV_{aEacW�l9_{a Z � S9aES � U�aB^Ef:S9ij_ � a ` S9l � fkWbUVSbvEUXW
djS9l9_{a ` W � U�l9_{iji � d � _{a ` S9a Z SeYbWbUV_{ijSNS9dhW ` S9l � fkWbUVSbvEUXW Z S9i � W � U�l9_{iji � d � _{a ` S9a Z Sed � f~g�_{UV_Em
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ASCII codes table - Format of standard characters  

 

 
ASCII 

 
Hex 

 
Symbol 

 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

NUL 
SOH 
STX 
ETX 
EOT 
ENQ 
ACK 
BEL 
BS 

TAB 
LF 
VT 
FF 
CR 
SO 
SI 

 

 
ASCII 

 
Hex 

 
Symbol 

 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
1D 
1E 
1F 

DLE 
DC1 
DC2 
DC3 
DC4 
NAK 
SYN 
ETB 
CAN 
EM 
SUB 
ESC 
FS 
GS 
RS 
US 

 

 
ASCII 

 
Hex 

 
Symbol 

 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 

(space) 
! 
" 
# 
$ 
% 
& 
' 
( 
) 
* 
+ 
, 
- 
. 
/ 

 

 
ASCII 

 
Hex 

 
Symbol 

 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
: 
; 
< 
= 
> 
? 

 
 

ASCII 
 

Hex 
 

Symbol 
 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4C 
4D 
4E 
4F 

@ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 

 

 
ASCII 

 
Hex 

 
Symbol 

 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
5A 
5B 
5C 
5D 
5E 
5F 

P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
[ 
\ 
] 
^ 
_ 

 

 
ASCII 

 
Hex 

 
Symbol 

 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
6B 
6C 
6D 
6E 
6F 

` 
a 
b 
c 
d 
e 
f 
g 
h 
i 
j 
k 
l 
m 
n 
o 

 

 
ASCII 

 
Hex 

 
Symbol 

 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
7A 
7B 
7C 
7D 
7E 
7F 

p 
q 
r 
s 
t 
u 
v 
w 
x 
y 
z 
{ 
| 
} 
~ 
� 
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ª gcWbdjS:t���¢£m ��_{f:S)Y � d Z _Ev � a Z WbUVS)ihW �E� ijS9djS9a Z W � � _{aESbv�^Ea�aB^Ef:S9ij_:Sbm � m ` � ��g�� Z S9d�ªFt���g �[Z ¢
sSkihW �E� ijS9djS9a Z W Z _ ` W�^EacW�d Z i � a � W ` � ��l%WbihW ZjZ S9i � S9dhW ` S9l � fkWbU � m � ` S9djS9f � � _Ev � U4aB^Ef:S9ij_
g � acWbi � _E� t uwt u~t{t uwtTuwt{t ueu{uwt{t sS)ihW �E� ijS9djS9a Z W Z _ � a#S9dhW ` S9l � fkWbUVS ` Ww� � � �{�wm
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��� � � � ' �q8#+-"�� �q3]&�8:2�",'�� "%$ � �93��
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_ YBY � Wwv ` � Y � dj^cWbU �V�9� WbijS�_ � a � d � a � _{UV_�g �[Z f:S ` � Wba Z S�^Ea ��� �~m � S � U ��� � sS�Wbl9l9S9dj_ � U�g �[Z
l9_{iji � d � _{a ` S9a Z S�YbWbUVS�t{v�djS�S9djdj_ sS�d � S9a Z _�YbWbUVS�uwm
�oWbUVS�dj_{UV^ � � _{aES�aE_{a sS � ihW Z � l%W � S9i)UXW
Y � dj^cWbU �V�9� W � � _{aES ` � aB^Ef:S9i � l9_{a~f:_{U Z � g �[Z mo�4djdhW � aE_{U Z ijS>aE_{a~_b��ijS ^EacW7UVS ZjZ ^EihW � f:f:S ` � W Z W
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FAST AND LS TTL DATA

BCD TO 7-SEGMENT
DECODER

The SN54/74LS48 is a BCD to 7-Segment Decoder consisting of NAND
gates, input buffers and seven AND-OR-INVERT gates. 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 input for the LS48.

The circuit accepts 4-bit binary-coded-decimal (BCD) and, depending on
the state of the auxiliary inputs, decodes this data to drive other components.
The relative positive logic output levels, as well as conditions required at the
auxiliary inputs, are shown in the truth tables.

The LS48 circuit incorporates automatic leading and/or trailing edge
zero-blanking control (RBI and RBO). Lamp Test (LT) may be activated any
time when the BI /RBO node is HIGH. Both devices contain an overriding
blanking input (BI) which can be used to control the lamp intensity by varying
the frequency and duty cycle of the BI input signal or to inhibit the outputs.
• Lamp Intensity Modulation Capability (BI/RBO)
• Internal Pull-Ups Eliminate Need for External Resistors
• Input Clamp Diodes Eliminate High-Speed Termination Effects

14 13 12 11 10 9

1 2 3 4 5 6

VCC

7

16 15

8

f g a b c d e

B C LT BI / RBO RBI D A GND

CONNECTION DIAGRAM DIP (TOP VIEW)

LOGIC DIAGRAM

INPUT

BLANKING INPUT OR
RIPPLE-BLANKING
OUTPUT

RIPPLE-BLANKING
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INPUT
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C

D

a

b

c

d

e

f

g

OUTPUT

SN54/74LS48

BCD TO 7-SEGMENT
DECODER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC

CASE 620-09

N SUFFIX
PLASTIC

CASE 648-08

16
1

16

1

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

16
1

D SUFFIX
SOIC

CASE 751B-03

LOGIC SYMBOL

VCC = PIN 16
GND = PIN 8

7 1 2 6 3 5

13 12 11 10 9 15 14 4

A B C D LT RBI

a b c d e f g
BI/
RBO

SN54/74LS48
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NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

0 1 2 3 4 5 6 7 8 9 10 11 12 13

NOTES:
(1) BI/RBO is wired-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 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 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).

(4) When the blanking input/ripple-blanking output (BI/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.

TRUTH TABLE
SN54/74LS48

INPUTS OUTPUTS
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FAST AND LS TTL DATA

SN54/74LS48

PIN NAMES LOADING (Note a)

HIGH LOW

A, B, C, D
RBI
LT
BI /RBO

BI

BCD Inputs
Ripple-Blanking (Active Low) Input
Lamp-Test (Active Low) Input
Blanking Input or Ripple-
Blanking Output (Active Low)
Blanking (Active Low) Input

0.5 U.L.
0.5 U.L.
0.5 U.L.
0.5 U.L.
1.2 U.L.
0.5 U.L.

Open-Collector

0.25 U.L.
0.25 U.L.
0.25 U.L.
0.75 U.L.
2(1) U.L.
0.25 U.L.
3.75 (1.25) U.L. (48)

NOTES:
a) Unit Load (U.L.) = 40 µA HIGH / 1.6 mA LOW
b) Outut current measured at VOUT = 0.5 V

Output LOW drive factor is SN54LS / 74LS48: 1.25 U.L. for Military (54), 3.75 U.L. for Commercial (74).

DECIMAL
OR

FUNCTION
LT RBI D C B A BI / RBO a b c d e f g NOTE

0 H H L L L L H H H H H H H L 1

1 H X L L L H H L H H L L L L 1

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 2

RBI H L L L L L L L L L L L L L 3

LT L X X X X X H H H H H H H H 4
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ultiplexer

DM74LS154
4-Line to 16-Line Decoder/Demultiplexer

General Description
Each of these 4-line-to-16-line decoders utilizes TTL cir-
cuitry to decode four binary-coded inputs into one of six-
teen mutually exclusive outputs when both the strobe
inputs, G1 and G2, are LOW. The demultiplexing function
is performed by using the 4 input lines to address the out-
put line, passing data from one of the strobe inputs with the
other strobe input LOW. When either strobe input is HIGH,
all outputs are HIGH. These demultiplexers are ideally
suited for implementing high-performance memory decod-
ers. All inputs are buffered and input clamping diodes are
provided to minimize transmission-line effects and thereby
simplify system design.

Features
■ Decodes 4 binary-coded inputs into one of 16 mutually

exclusive outputs

■ Performs the demultiplexing function by distributing data
from one input line to any one of 16 outputs

■ Input clamping diodes simplify system design

■ High fan-out, low-impedance, totem-pole outputs

■ Typical propagation delay

3 levels of logic 23 ns

Strobe 19 ns

■ Typical power dissipation 45 mW

 

Ordering Code:

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagram Logic Diagram

Order Number Package Number Package Description

DM74LS154WM M24B 24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide

DM74LS154N N24A 24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0.600 Wide
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TIL311 HEXADECIMAL DISPLAY WITH LOGIC
SOLID-STATE HEXADECIMAL DISPLAY WITH INTEGRAL TTL CIRCUIT TO

ACCEPT, STORE, AND DISPLAY 4-BIT BINARY DATA

   7,62-mm (0.300-Inch) Character Height

   High Brightness

   Left-and-Right-Hand Decimals

   Separate LED and Logic Power Supplies
   May Be Used

   Wide Viewing Angle

   Internal TTL MSI Chip With Latch, Decoder,
   and Driver

   Operates from 5-V Supply

   Constant-Current Drive for Hexadecimal
   Characters

   Easy System Interface

LEFT DEC. PT. CATHODE

RIGHT DEC. PT. CATHODE

TOP VIEW

1

2

3

4

5

6

7 8

9

10

11

12

13

14
LOGIC V+ (5 V)

LATCH DATA INPUT C

LATCH DATA INPUT D

NO PIN

NO PIN

BLANKING INPUT

LED V+ (5 V)

LATCH  DATA INPUT B

LATCH DATA INPUT A

LATCH STROBE INPUT

NO PIN

COMMON GROUND

LSB MSB

LATCH STROBE INPUT (PIN 5) - When low, the data in the latches follow the data on the latch data
inputs. When high, the data in the latches will not change.

BLANKING INPUT (PIN 8 ) - When high, the display is blanked regardless of the levels of the other
inputs. When low, a character is displayed as determined by the data in the latches.

DECIMAL POINT CATHODES are not connected to the logic chip. External current limiting resistors
must be used.
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TIL311
HEXADECIMAL DISPLAY WITH LOGIC
SODS001D – D1176, MARCH 1972 – REVISED FEBRUARY 1992

POST OFFICE BOX 655303 •  DALLAS, TEXAS 752652

description

This hexadecimal display contains a four-bit latch, decoder, driver, and 4 × 7 light-emitting-diode (LED)
character with two externally-driven decimal points in a 14-pin package. A description of the functions of the
inputs of this device follows.

FUNCTION PIN NO. DESCRIPTION

LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch data inputs. When high, the data
in the latches will not change, If the display is blanked and then restored while the enable input
is high, the previous character will again be displayed.

BLANKING INPUT 8 When high, the display is blanked regardless of the levels of the other inputs. When low, a
character is displayed as determined by the data in the latches. The blanking input may be
pulsed for intensity modulation.

LATCH DATA INPUTS
(A, B, C, D)

3, 2, 13, 12 Data on these inputs are entered into the latches when the enable input is low. The binary
weights of these inputs are A = 1, B = 2, C = 4, D = 8.

DECIMAL POINT
CATHODES

4, 10 These LEDs are not connected to the logic chip. If a decimal point is used, an external resistor
or other current-limiting mechanism must be connected in series with it.

LED SUPPLY 1 This connection permits the user to save on regulated VCC current by using a separate LED
supply, or it may be externally connected to the logic supply (VCC).

LOGIC SUPPLY (VCC) 14 Separate VCC connection for the logic chip

COMMON GROUND 7 This is the negative terminal for all logic and LED currents except for the decimal points.

The LED driver outputs are designed to maintain a relatively constant on-level current of approximately 5 mA
through each LED that forms the hexadecimal character. This current is virtually independent of the LED supply
voltage within the recommended operating conditions. Drive current varies slightly with changes in logic supply
voltage resulting in a change in luminous intensity as shown in Figure 2. This change willl not be noticeable to
the eye. The decimal point anodes are connected to the LED supply; the cathodes are connected to external
pins. Since there is no current limiting built into the decimal point circuits, this must be provided externally if the
decimal points are used.

The resultant displays for the values of the binary data in the latches are as shown below.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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functional block diagram

4-Bit
Latch Decoder

Constant
Current
Driver

Latch
Data

Inputs

A

B

C

D

Left Decimal
Point Cathode

Right Decimal
Point Cathode

Latch Strobe
Input

Blanking
Input

Logic
Supply

LED
Supply

absolute maximum ratings over operating case temperature range (unless otherwise noted)

Supply voltage, VCC, logic (see Note 1)  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Supply voltage, LED (see Note 1)  7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input voltage (pins 2, 3, 5, 8, 12, 13) (see Note 1)  5.5 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Decimal point current  20 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Operating case temperature range (see Note 2)  0°C to 85°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Storage temperature range  –25°C to 85°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

NOTES: 1. Voltage values are with respect to common ground terminal.
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may be

required to maintain this temperature.

recommended operating conditions

MIN NOM MAX UNIT

Supply voltage, VCC, logic 4.5 5 5.5 V

Supply voltage, VLED, LED 4 5 5.5 V

Decimal point current, IF(DP) 5 mA

Pulse duration, tw, latch strobe 40 ns

Setup time, tsu 50 ns

Hold time, th 40 ns
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