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3. ���ก%���������ก (Logic Circuit 

Families)
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NOT Operation

Logic Symbol

Truth Table
A     

0        1

1           0

F = A

Bubble = NOT

Inverter Gate 
��%� NOT Gate

�ก� �ก� InverterInverter ��=��ก� ��=��ก� NOTNOT
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AND OperationAND Operation

Truth Table
A B   F = A.B
0 0 0

0 1 0

1 0 0

1 1 1

Logic Symbol

AND  Gate
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�ก� �ก� ANDAND
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OR OperationOR Operation

Truth Table
A B   F = A+B
0 0 0

0 1 1

1 0 1

1 1 1

Logic Symbol

OR  Gate

NOR Operation

Logic Symbol

Truth Table
A B       
0 0 1

0 1 0

1 0 0

1 1 0

F = A +B

F = A+B

= A.B
Bubble = NOT

DeMorgan’s theorem:
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�ก� �ก� NORNOR

NAND Operation

Logic Symbol

Truth Table
A B
0 0 1

0 1 1

1 0 1

1 1 0

F = A.B

.F A B

A B

=

= +

DeMorgan’s theorem
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�ก� �ก� NANDNAND

XOR Operation

Logic Symbol

F = A.B+A.B

F = A B⊕

Truth Table
A B       
0 0 0
0 1 1
1 0 1
1 1 0

F = A B⊕
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XNOR Operation

Logic Symbol

F = A.B+A.B

F = A B⊕

Truth Table
A B       
0 0 1
0 1 0
1 0 0
1 1 1

F = A B⊕
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�DE
����ก���#���D�
� �������กF����G
�DE
����ก���#���D�
� �������กF����G

ก���2� $�3�ก��!�$	�ก4�	
ก�5��6ก��ก���2� $�3�ก��!�$	�ก4�	
ก�5��6ก��

� ��	������ (Electric Circuit)
◦ ��	���$���ก (Analog Circuit)
◦ ��	�5
	

�� (Digital Circuit)
◦ 6A$A!�4�	
ก (Logic Diagram)
◦ Schematic diagram 

��	�
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ก���2� $�3�ก��!�$�#��$	�ก��	�4�	
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!�� G��  	�ก��	�4�	
ก
G��H$�I	����3�ก��!�$ F

(ก) (�)

(�) (�)

�������

(ก)

A+B

DeMorgan’s theorem
F = (A+B) +C

= (A +B).C
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�����!�K!$"�����G��$
K	$���	
กก!��5��6ก����	
ก
	��2� $ Logic diagram 	�ก ��ก��
G��H$�I
ก)
2)
�)
�)
	)

  ( .   ).( . . )F X Y Z X Y Z= +

  ( .   . ).( .   )F A B C D A B C= + +

  . .   . .   .   .F W U V W U V U V W X= + + +

  (   )  (  ).( . )F X Y X Z U Y= + + +

  ( .   . ).F A B C D C= +

�����!�K!$"�����G��$
K	$���	
กก!��5��6ก����	
ก
ก)   ( .   . ).F A B C D C= +

A.B

C.D

C

(A.B+C.D).C
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!�� G��  	�ก�#��$�3�ก��!�$
G��H$�I	��2� $��	�4�	
ก45 L�M NAND 
Gate ��G�$!I$

(ก)
(2)  
�
"��O�
(ก)  	!5�#H�3�ก��!�$L��G  L�M� #GL$�#H2�� NAND

( )  .F A B C= +

  ( . ) ( . )F A B AC= +

( )

( )

( )( )

  .

.

. .

F A B C

A B C

A B C

= +

= +

=

Digital Circuit FamiliesDigital Circuit Families


!�� G����	�4�	
ก
��ก#�
G��P
� Diode Logic
� Resister-Transistor Logic (RTL)
� Diode-Transistor Logic (DTL)
� Transistor-Transistor Logic (TTL)
� Metal-Oxide Semicoductor (MOS) Logic
� Complementary MOS (CMOS) Logic

Bipolar Junction
Transistor

Metal-Oxide 
Semiconductor 

Transistor
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Diode LogicDiode Logic

Diode LogicDiode Logic

Diode AND Gate
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Diode LogicDiode Logic

Diode OR Gate

ก��FJ�������ก��FJ������� BJTBJT

Saturation (SAT)

Forward Active (FA)

Reverse Active (RA)

Cutoff (OFF) 
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ก��FJ�������ก��FJ������� BJTBJT

ก�	���
�� 	�
��� BC 	�
��� BE

Cutoff Reverse bias Reverse bias

Forward Active Reverse bias Forward bias

Saturation Forward bias Forward bias

Reverse Active Forward bias Reverse bias

ResisterResister--Transistor Logic (RTL)Transistor Logic (RTL)

2-Input RTL NOR Gate
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DiodeDiode--Transistor Logic (DTL)Transistor Logic (DTL)

DTL NAND Gate

OFF

Vf = 5 V

Vx = 0.7V

DiodeDiode--Transistor Logic (DTL)Transistor Logic (DTL)

DTL NAND Gate

OFF

Vf = 5 V

Vx = 0.7V
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DiodeDiode--Transistor Logic (DTL)Transistor Logic (DTL)

DTL NAND Gate

OFF

Vf = 5 V

Vx = 0.7V

DiodeDiode--Transistor Logic (DTL)Transistor Logic (DTL)

DTL NAND Gate

ON

Vf = 0.2 V

Vx = 2.2V Vbe = 0.8 V
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TransistorTransistor--Transistor Logic Transistor Logic ((TTLTTL))

�ก
 Inverter 6�� TTL

‘0’
SAT.

- Vce = 0.2 +

OFF

OFF

SAT

Vout = 5 – Vsat - Vrcp

\1^

TransistorTransistor--Transistor Logic Transistor Logic ((TTLTTL))

�ก
 Inverter 6�� TTL

‘1’

RA

SAT

SAT

OFF

Vout = 0.2

‘0’

+
-

-
+
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�ก� �ก� NAND NAND ���" ���" 2 2 ����DF#   ����DF#   TTLTTL

�!ก_��2����	����5M�$�����K̀��!ก_��2����	����5M�$�����K̀�

� ��	������K`�6�� Common Emitter  
� ��	������K`�6�� Open-Collector
� ��	������K`�6�� Totem-Pole 
� ��	������K`�6�� 3-State
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��	������K`�6�� ��	������K`�6�� Common Emitter  Common Emitter  

��	������K`�6�� ��	������K`�6�� OpenOpen--CollectorCollector
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��	������K`�6�� ��	������K`�6�� TotemTotem--PolePole

��	������K`�6�� ��	������K`�6�� 33--StateState


