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��S�T�7��U
ก (Block diagram)

��S�T�7�
��ก (Logic Diagram)

�Schematic diagram
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�S�T�7��U
ก (BLOCK DIAGRAM)
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LOGIC DIAGRAM ���SCHEMATIC DIAGRAM

 

      ������  AND      F = A.B  =   A.B   = )BA( +  

 ������  NAND  F =  A.B   =  BA +  

 ������  OR        F = A + B  = BA +  =  B.A  

 ������  NOR     F =  BA+  =  B.A  

�����ก����ก� (Gate Symbols)
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":�
��__�J���	�������
�� (SIGNAL NAMES AND ACTIVE LEVELS)

� '()*����+�*���,-.�/����+��*+-��,- 012�34�'()*5*6��1.32  .�/0127867*ก�9+�/-:+6+� 
(Active)  18+�34�  high @2(* low   9B+-:+6+�CB1D�9+�/ low E@B'()*����+�FG5GC*DH87�'()*����+� 
�'8�  A, B, F, Y, ENABLE,  .�/ 

� 	�����
��ก���
��2

2� (PIN) 
̀Lก	J9

     2H3.77�����ก����*��ก�/E'B bubble 7*ก2/C�7 active low �'8� 16�29*C2@�� 2-to-4 line  
����+� EN, Y0, Y1, Y2 .�/ Y3 -:+6+�CB1D2/C�7 0
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5+*,3ก2�� Active Low '()*5+UF8�B*6FG5GC7�'()*

'()*����+��B*6FG5GC7�'()*

7

BUBBLE-TO-BUBBLE LOGIC DESIGN
� FGกV�ก�W� 2/C�7 active 5*6����+��*+-��,-.�/����+�*���,-012�26ก�72/C�7 active 5*6

5+*,3ก2��  �'8� ����+�*���,- FAIL .�/ ����+� OVERFLOW  -:+6+�CB1D2/C�7 low .�/ 
�*+-��,- ERROR -:+6+�CB1D2/C�7 high  2H3 (ก) �5GD�[�C 2H3 (5) �5GD�9Hก 
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DRAWING LAYOUTS

� CB+�*���,-012*DH8CB+�\B+D  CB+��*-��,-012*DH8CB+�51+ 
� ����+�U@��+ก\B+DU351+ 
� �+D5B+F 
� �+D�8* 
� 012FG'()*2/7,7�� 
� ����+�-G)C]6**ก�+ก7���B*62/7,'()* 
� -�^-+6����+�  - Unidirection                  

- Bidirection
� Multiple pages schematics:

- Flat Structure.
- Hierarchical Structure.
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	;L��� 5-6 ก+2�5GD�����+�

Schematic diagram/Logic Diagram
Schematic diagram 012�5GD�.77 Bubble-to-Bubble Logic .�/012
32/ก*7CB1D  IC-Type-Logic Family   Pin numbers- Pin Diargam
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Delay depends on 
- Internal circuit structure
- Logic Family type
- Source Voltage
- Temperature

�S�T�7���� (timing diagram)
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�
�	�
��ก��� 
�!���"����
� (Combinational Logic Circuit)
16�2�*��ก-G)08+�*+-��,-5]i�*DH8ก�708+*���,-��GD6*D8+6�CGD1

�
�	�
��ก���8�� ���"�P� (Sequential Logic Circuit)
 16�2�*��ก-G)08+�*+-��,-5]i�*DH8ก�708+*���,-.�/�9+�/�ก8+5*6�*+-��,-

Combinational Logic Design Structure
�+F+29��C32/�j-5*616�2C����*�UCB�34� 2 .77E@�8k0(*
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ก�	

ก����
�	 
�!���"����
�g���ก

5�i��*�-G) 1 1��02+/@�3l�@+  .�/ก:+@�C��1.32.�/08+5*6��1.32�8+6k
5�i��*�-G) 2 �5GD��+2+6ก+2-:+6+�
5�i��*�-G) 3 �C-*�ml6ก�'�)� .�/�5GD�ml6ก�'�)��*��ก
5�i��*�-G) 4 �5GD�UC*/.ก2F16�2(Circuit Diagram) �+กml6ก�'�)�E�5B* 3 
5�i��*�-G) 5 -C�*7ก+2-:+6+�
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��1*D8+616�20*FU7��'�)��*�

� Decoders  .�/  Encoders

� Multiplexers  .�/  Demultiplexers

� Comparators 

� Parity Circuits

� Adders/ Subtracters .�/ Arithmetic Logic Units ( ALUs)
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�
�	$
�	�������
�	�23�	��� (DECODER CIRCUIT)

�
�	$
�	���!���	�  �34�16�29*C2@������+�*���,--G)�34���5U7�+2G)
 E@B�34�����+�.77�8+6k

� 2-to-4 line decoder  �34�16�29*C2@��.77 *���,- 2 7�� �*+-��,- 4 7�� @2(*16�2.3�6��5q+� 2 
�34�q+� 4

� 3-to-8 line decoder  �34�16�29*C2@��.77 *���,- 3 7�� �*+-��,- 8 7��@2(*16�2.3�6��5q+� 2 
�34�q+� 8

� 4-to-16 line decoder  �34�16�29*C2@��.77 *���,- 4 7�� �*+-��,- 16 7��@2(*16�2.3�6��5q+� 2 
�34�q+� 8

� BCD TO DECIMAL DECODER  16�2.3�62@��7G\GCG�34�2@��q+���7
� BCD TO 7 SEGMENT DECODER  16�2.3�62@��7G\GCG�34�2@��j+0.�C6[� 7 �81�
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��1*D8+6ก+2-:+6+�5*62/770170,FUm�2+�2

      �1�+     .C6   �@�(*6    �5GD1

0 00 1 0 0

1 01 0 1 0

2 10 0 0 1

1 .-�Um��C 0 .-�UmC�7
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��1*D8+6ก+2-:+6+�5*62/770170,FUm�2+�2

      �1�+     .C6   �@�(*6    �5GD1

0 00 1 0 0

1 01 0 1 0

2 10 0 0 1

1 .-�Um��C 0 .-�UmC�7
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��1*D8+6ก+2-:+6+�5*62/770170,FUm�2+�2

      �1�+     .C6   �@�(*6    �5GD1

0 00 1 0 0

1 01 0 1 0

2 10 0 0 1

0 .-�UmC�71 .-�Um��C
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2-TO-4 LINE DECODER

Input Output

S1 S0 Q3 Q2 Q1 Q0

0 0 1 1 1 0

ก:+@�CE@B  �*+-��,- Q3 v
Q0 .*0-Gm 0 wCD�/E@B08+
�34� 0 �F()**���,- S1 S0 FG
08+�26ก�7ก�7�*+-��,-��i�

0
1
1

1
0

0

2-TO-4 LINE DECODER

Input Output

S1 S0 Q3 Q2 Q1 Q0

0 0 1 1 1 0

0 1 1 1 0 1

ก:+@�CE@B  �*+-��,- Q3 v
Q0 .*0-Gm 0 wCD�/E@B08+
�34� 0 �F()**���,- S1 S0 FG
08+�26ก�7ก�7�*+-��,-��i�

0
1
1

0
1

1
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2-TO-4 LINE DECODER

Input Output

S1 S0 Q3 Q2 Q1 Q0

0 0 1 1 1 0

0 1 1 1 0 1

1 0 1 0 1 1

ก:+@�CE@B  �*+-��,- Q3 v
Q0 .*0-Gm 0 wCD�/E@B08+
�34� 0 �F()**���,- S1 S0 FG
08+�26ก�7ก�7�*+-��,-��i�

1
0
1

1
1

0

2-TO-4 LINE DECODER

Input Output

S1 S0 Q3 Q2 Q1 Q0

0 0 1 1 1 0

0 1 1 1 0 1

1 0 1 0 1 1

1 1 0 1 1 1

ก:+@�CE@B  �*+-��,- Q3 v
Q0 .*0-Gm 0 wCD�/E@B08+
�34� 0 �F()**���,- S1 S0 FG
08+�26ก�7ก�7�*+-��,-��i�

1
1
0

1
1

1
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2-TO-4 LINE DECODER �������__�J �� `�

ก:+@�CE@B  �*+-��,- Y3 v Y0 .*0-Gm 1 
wCD�/E@B08+�34� 1 �F()**���,- S1 S0 FG
08+�26ก�7ก�7�*+-��,-��i� -�i6�Gi *���,- G 
�B*6�34� 1 �*ก�+ก�Gi.�B1�*+-��,-
-�i6@FC�/�34� 0

23

2-TO-4 LINE DECODER

24
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74X139 !
8� 2-TO-4 LINE DECODER

25

 3-TO-8 DECODER

26
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74x138 Truth table

          Inputs                                                   Outputs
G1  /G2A  /G2B  C   B    A        /Y7   /Y6   /Y5  /Y4   /Y3  /Y2  /Y1  /Y0
0        x         x      x    x    x           1 1       1      1      1       1      1      1     
x        1         x      x    x    x           1 1       1      1      1       1      1      1
x        x         1      x    x    x           1       1       1      1      1       1      1      1
1        0         0      0    0    0           1       1       1      1      1       1      1      0
1        0         0      0    0    1           1       1       1      1      1       1      0      1  
1        0         0      0    1    0           1       1       1      1      1       0      1      1 
1        0         0      0    1    1           1       1       1      1      0       1      1      1
1        0         0      1    0    0           1       1       1      0      1       1      1      1
1        0         0      1    0    1           1       1       0      1      1       1      1      1
1        0         0      1    1    0           1       0       1      1      1       1      1      1
1        0         0      1    1    1           0       1       1      1      1       1      1      1
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CASCADING DECODERS: 4-TO-16 DECODER
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Cascading Decoders: 
5-to-32 Decoder

29

F
X Y Z

=∑ ( , , )
, ,

2 4 7

IMPLEMENTING THE CANONICAL SUM

30
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THE BCD TO DECIMAL DECODER

ก+2-:+6+�
�����+�E�2H32@��7G\GCG (BCD) -G)*���,- 

�/-:+E@B�*+-��,- -G)�*C0�B*6ก�72@����i�
.*0�Gm0(*FG�*��ก�34� x0y �*+-��,-*()�k
�34��*��ก x1y �'8�9B+*���,-�34� z0101{ 
�*+-��,-�/�34� z1111011111{ 

�*+-��,- 0�*+-��,- 9
31

��19*C2/@��.*�*GCG 7 �81�

.*�*GCG 7 �81� (7 Segment LEDs )

32
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.*�*GCG 7 �81� (7 SEGMENT LEDS )

0 .-� LED C�7

1 .-� LED ��C
5+0+w9CUF8�8*U3-G)Um�7

33

��19*C2/@��.*�*GCG 7 �81�

��()*6�+ก7*2�C-C�*6
�8**DH8.�B1 34
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ml6ก�'�)�5*6��19*C2/@��.*�*GCG 7 �81�

_ (0, 2,3,5,6,7,8,9)

( 3. 2. 1) ( 3. 2. 0) ( 2. 1. 0) ( 3. 1)

seg a m

b b b b b b b b b b b

=

= + + +

∑

รูปแบบ b3 b2 b1 b0 เซกเมนต a
0 0 0 0 0 1
1 0 0 0 1 0
2 0 0 1 0 1
3 0 0 1 1 1
4 0 1 0 0 0
5 0 1 0 1 1
6 0 1 1 0 1
7 0 1 1 1 1
8 1 0 0 0 1
9 1 0 0 1 1

ดับ 1 x 1 x 0

35

 Lamp Test (LT) �F()*�3}� 0 -,ก�\ก�F�-��/ ON .�/ BI/RBO �/�34� 1

 ripple Blank Input (RBI) 9B+ LT = 1, Rbi = 0 .�/ A = B = C = D = 0 -,ก�\ก�F�-��/ OFF

 Blanking Input/Ripple Blanking Output (BI/RBO) ����+��Gi�34�-�i6*���,-.�/�*+-��,-E'B�:+@2�7
ก+2�8*j+0.�C6[�@�+Dk@��ก wCD�B*6ก+2�/ Blank ',C�:+.@�86�H6

!
8� 7447 BCD TO 7 SEGMENT DECODER

36
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��1*D8+6ก+2E'B6+�.*�*GCG 7 �81� 4 @��ก

37

��1*D8+6ก+2E'B6+�.*�*GCG 7 �81� 4 @��ก

38
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��1*D8+6ก+2E'B6+�.*�*GCG 7 �81� 4 @��ก

39

�
�	�23�	���(ENCODER CIRCUIT)

      

16�2�5B+2@���/-:+6+��265B+Fก�716�29*C2@��   E�
-G)�Gi �/ก�8 +19] 616�2�5B +2@��.77U7�+2G)  (Binary 
Encoder)  wCD����+�*���,-�/�34�����+�*/U2ก�UCB  
.�8����+��*+-��,-�/**กF+�34�����+�U7�+2G)    
�:+�1�7��5*6*���,- �/FG08+�-8+ก�7 2

n 
 wCD n 0(*

�:+�1�7��5*6�*+-��,-
40
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�
�	�23�	���(ENCODER CIRCUIT)

      

� 4-to-2 line encoder  �34�16�2�5B+2@��.77 *���,- 4 7�� �*+-��,- 2 7�� 
@2(*16�2.3�6��5q+� 4 �34���5q+� 2 

� 4-to-2 line priority encoder  �34�16�2�5B+2@��.77 *���,- 4 7�� 
�*+-��,- 2 7�� �@F(*�.77.2ก.�8FGก+2��C�:+C�701+F�:+0��5*6*���,- 

� 16�2�5B+2@��.77*()�k  16�2�5B+2@��0GD� (The Key Encoder)  
41

16�2�5B+2@���5B+ 4 **ก 2  (4-TO-2 LINE BINARY ENCODER)

INPUT OUTPUT

I3 I2 I1 I0 A1 A0

1
1
1
0

1
1
0
1

1
0
1
1

0
1
1
1

0
0
1
1

0
1
0
1

I3.I2.I1.I0

I3.I2.I1.I0
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�
�	�23�	������!7	

	���h(PRIORITY ENCODER)

Input Output

G I3 I2 I1 I0 EO A1 A0

0
0
0
0
1

1
1
1
0
X

1
1
0
X
X

1
0
X
X
X

0
X
X
X
X

1
1
1
1
0

0
0
1
1
1

0
1
0
1
1

16�2F�������ก\�@2(*16�2��(*ก5B*FH�

�16�2F�������ก\�@2(*16�2��(*ก5B*FH��/-:+@�B+-G)E�ก+2
��(*ก5B*FH��+ก5B*FH�*���,-.�B1�86**กU3D�6�*+-��,- 
ก+2�/��(*ก�*+5B*FH��+ก*���,-EC ก2/-:+wCDก+2
ก:+@�C08+.*0�C2�-G)�+D��(*ก (selector)

�16�2F�������ก\���i�FG*DH8@�+D.77 5]i�*DH8ก�7�:+�1�5*6 
*���,- E�-G)�Gi�2+�/ ]̂ก�+��GD6 2 .77 0(*.77 2 *���,-
ก�7.77 4 *���,- 

44



23

2-TO-1 MULTIPLEXER

A b �34�����+�*���,-
S �34�����+���(*ก
Y �34�����+��*+-��,-

9B+ S = 0 E@B Y = a
9B+ S = 1 E@B Y = b

45

2-TO-1 MULTIPLEXER

S a b y
0 0 0 00

0
0

0

46
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2-TO-1 MULTIPLEXER

S a b y
0 0 0 00

1
0

0

0 0 1 0

47

2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0

1

0
1

0

0 1 0 1

48
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2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1

1

1
1

0
0 1 1 1

49

2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1

0

0
0

1 1 0 0 0

50
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2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0

0

1
1

1
1 0 1 1

51

2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1

1

0
0

1

1 1 0 0
52
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2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0

1

1
1

1

1 1 1 1 53

2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1 54



28

2-TO-1 MULTIPLEXER

S a b y
0 0 0 0
0 0 1 0
0 1 0 1
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

9B+ S = 0 E@B Y = a
9B+ S = 1 E@B Y = b 55

4-TO-1 MULTIPLEXER

Y = S1.S0.A0 +S1.S0.A1+S1.S0.A2 +S1.S0.A3
56
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4-TO-1 MULTIPLEXER

Y = S1.S0.A0 +S1.S0.A1+S1.S0.A2 +S1.S0.A3

57

4-TO-1 MULTIPLEXER

58
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4-TO-1 MULTIPLEXER 4 ',C

59

�
�	������7�ก89��� 8 

��7̀�

�S�S�
g���ก (LOGIC DIAGRAM)
2

 74251

60
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��������7�ก89 (DEMULTIPLEXER)

�
�	��������7�ก89��� 4 �
��97`� (1-To-4 Demultiplexer)

61
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��1*D8+6ก+2E'B6+� MUX .�/ DEMUX

63

��1*D8+6ก+2E'B6+� MUX .�/ DEMUX (�8*)
��1��(*ก

��1�ก�75B*FH�

16�2�2B+6����+��+��ก+

16�2��7

64
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��������7�ก89��� 8 �
��97̀� 

.[�[�67��*ก.�C6ก+2-:+6+� .�/.[�[�6w���ก5*6 74LS138 65

��1*D8+6ก+232/D,ก��E'B CGF�������ก\� .77 8 �*+-��,--:+�34�CGF����
���ก\�.77 16 �*+-��,-

66


