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�����ก���	
� TTL
� ������ ��	
��
� (Supply Voltage)

� ������ !"#���� (Working Temperature)

� ก#�	�����,�-.,/ (Power Dissipation)

� 45� .�657�ก��"#���� (Speed of Operation)

� ;��� !.<��=ก�>�,�	>������ (Current and Voltage parameter)

� �@�.��<= (Fan-Out)

� ,
5�.CDE�,�--���Fก5� (Noise Margin)
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��������������� ��� 
������������� 

���ก�  54 ���ก�  74

<E#�,�� Lก<! ,��,�� <E#�,�� Lก<! ,��,��

��������	
��
� Vcc(volts) 4.5 5 5.5 4.75 5 5.25

������ !"#����   TA (oC) -55 25 +125 0 25 702

� �UV�W���W����������	
��
�"/E��Lก��="/"/��	,� ��U7XY���Z�Y  [�Lก<!�>7XYW���
5[5	"= �<
���7XYZ�Yก�FW���������"/E,����D�<E#�ก5
��/\  WV\���
ก�F���ก� W��Z�]/  ]VE� /��
 2 
���ก�  4D� 74 ,#����F7XY���"�E5^ZL  �	>���ก�  54 ,#����F7XY���ก�F5���"/E<Y��ก��45� 
"�"��,��   W�W����Lก��="/E7XY,#����FL_��������Z@F5ก4D�W�"/E 14 ,#����FZ�]/�FF 14 
W� �	>.L̀�W�"/E 16 ��D� 20 ,#����FZ�]/W��� 16 �	> 20 W�<� 	#���F  ,
5�W��!���D�Z@@_�
W�\5	F �>.L̀�W�"/E 7 ��D� 8 ��D� 10 ,#����FZ�]/W���  14   16 �	> 20 W�<� 	#���F   �<
ก6 /
F��.F��="/E<#����
�W�Z 
Z�Y.L̀�<� �/\ <Y������4�
 D�Z�]/.F��=��\�^ ,
5������� !"#����
� �UV������� !7XY���"/E��Lก��=,� ��U"�Z�Y
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ก����������� �!� (POWER DISSIPATION)  

3

� �UV�ก#�	�����"/E,�-.,/ZL7�<�5Z�]/  4
��/\4#��5�Z�Y��กก�>�,"/E�
�7�Y<�5
��Lก��=4���Y54
���������	
��
�   .X
� 74LS00  ก!�ก�>�,,��,�� 4.4 mA "/E
��������	
��
� 5.25 [5	"= ก6�>"#�7�Y.ก!�ก#�	�����,�-.,/."
�ก�F 4.4 mA x 
5.25 V =  23.1 mW 4
�ก#�	�����,�-.,/�/\�>.L	/E�.L`�;	�����45� �Y�� ]VE�
���"#�7�YZ�]/.,/��Z�YUY� /4
�,��.ก!�ZL

���ก� PD(mWatt) Td (nS) ;	����� (PD x Td)
74/54 10 10 100
74L/54L 1 35 35
74H/54H 25 6 150
74S/54S 19 3 57
74LS/54LS 2 10 20

�.�� �/.0�ก�������� (SPEED OF OPERATION)

4

 .L̀��.�� �/.0�ก��������W����Lก��=  WV\���
ก�F4
�.5	���
5�<
��^ [���Z�Y��ก4
� Propagation Delay Time   
4
� Propagation Delay Time �/\� �UV�4
�.5	�"/E<Y��7XY 7�ก��.L	/E�,�--��.��"=;�". DE�,�--���!�;�".L	/E�,U��>    

 . DE��!�;�"W��.ก<.L	/E��>��F	��!ก��ก 0 ZL.L̀� 1  /
C	"#�7�Y.��"=;�".L	/E���ก 1 ZL.L̀� 0  �<
.��"=;�"�>
Z 
,� ��U.L	/E�<� �!�;�"Z�Y�
��"��"/"��7�  <Y����
7�Y.5	�C
��ZLX�E5�>>.5	���VE�ก
��  �>>.5	��/\
.�/ก5
� Transition time, high-to-low level output  ��D� 
tPHL  7�"#����.�/5ก��. DE��!�;�".L	/E���ก 1 ZL.L̀� 
0 ก6"#�7�Y.��"=;�".L	/E���ก 0 ZL.L̀� 1  ]VE�ก6<Y��7XY
�>>.5	�.X
�.�/5ก��  �>>.5	��/\.�/ก5
� Transition 
time, low-to-high level output ��D� tPLH  4
� .5	���
5�
��D� Propagation Delay Time  4#��5�Z�Y��ก4
�.5	�
��
5� 2 4
��/\ 4D�

tP = (tPHL + tPLH )/2
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"�\�4
�.5	���
5��	>ก#�	�����,�-.,/W��Z�]/  WV\���
ก�F4
�45� <Y��"����7�5���.ก<  Z�]/
<�>ก�	"/"/��	�/\  /��L�FFก�����5����	��FFWV\�ก�F4
���Lก��="/E7XY7�5���  .X
� 
���ก�  74   
���ก� 74L ��กl� L � �UV� Low Power 4
�45� <Y��"����7�5���,��ก!�ก#�	�����<E#�
���ก� 74H ��กl� H � �UV� High speed 4
�45� <Y��"����7�5���<E#�ก!�ก#�	�����,��
���ก� 74S ��กl� S � �UV� Schottky clamp 7XY"���]!,.<��="/E / Schotty diode 
���ก� 74LS ��กl� LS � �UV� Low Power Schottky

>����� ?
�@ก���� (CURRENT PARAMETER)

� High-Level Input Current I
IH

� �UV� ก�>�,�!�;�". DE��!�;�"��
7�,U��> 1
� High-Level Output Current  I

OH
� �UV� ก�>�,.��"=;�". DE�.��"=;�"��
7�,U��> 1

� Low-Level Input Current I
IL

� �UV� ก�>�,�!�;�". DE��!�;�"��
7�,U��> 0
� Low-Level Output Current I

OL
� �UV� ก�>�,.��"=;�". DE�.��"=;�"��
7�,U��> 0

� Off-State Output Current  I
O(off)

� �UV� ก�>�,Z�	.WY�.��"=;�"  . DE�.��"=;�"��
7�,��5> 
off  7XYก�F.��"=;�"�FF Open Collector

� Off-State (high-Impedance-State) Output Current  I
OZ

� �UV� ก�>�,Z�	.WY�.��"=;�"   
. DE�.��"=;�"��
7�,��5>	���D�,��5>45� <Y��"��,�� 

� Short Circuit Output Current I
Os 

� �UV�  ก�>�,.��"=;�"7�,��5>"/E.��"=;�"	��5���
� Supply Current I

CC
� �UV�  ก�>�,W��Z@.	/\�5���

.4�DE��� �"/E.W/�ก#�ก�FW��ก�>�,7XY.L̀�<�5F
�X/\"!n"��W��ก�>�,  UY�ก�>�,Z�	.WY�W�\5
��Lก��=7XY.4�DE��� �F5ก�<
UY�Z�	��ก��ก��Lก��=7XY.L̀�.4�DE��� �	F 6
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ก�>�,(mA) ,��,��

IIL -1.6

IIH 0.04

IOL 16

IOH -0.4

7

�,��"!n"��ก�>�,W��.ก<"/"/��	

>����� ?
�@������ (VOLTAGE PARAMETER)

������([5	"=) <E#�,�� ,��,��

VIL 0.8

VIH 2

VOL 0.4

VOH 2.4
8

� High-Level Input Voltage  V
IH

� �UV� �������!�;�""/EUD�5
�.L̀�	��!ก 1

� High-Level Output Voltage  V
OH

� �UV� ������.��"=;�"7�W�>.��"=;�".L̀�	��!ก 1

� Low-Level Input Voltage  V
IL  

� �UV� �������!�;�""/EUD�5
�.L̀�	��!ก 0

� Low-Level Output Voltage  V
OL

� �UV� ������.��"=;�"7�W�>.��"=;�".L̀�	��!ก 0

� Supply Voltage  V
CC

� �UV� ������,#����F7�Y5���"#����



5

�F� 
�?@ (FAN-OUT)
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 � �UV��#��5��!�;�",��,��"/E,� ��U<
�ก�F.��"=;�"Z�Y7�,��5>"/E�
"/E,��(Worst-case)  4
��/\
4#��5�Z�Y��ก;��� !.<��=ก�>�,    .X
�UY�7�,U��>"/E.��"=;�".L̀� 0 .��"=;�"�>�����Fก�>�, IOL 
Z�Y,��,�� 16 mA 7�W�>"/E�!�;�"�<
	>�!�;�""/E<
���
ก�F.��"=;�"�/\ �>L	
�ก�>�, IIL Z�Y,��,�� 1.6 
mA �����\�  7�,��5>�/\.��"=;�",� ��U�����F�!�;�"Z�Y ."
�ก�F

IOL/IIL = 16/1.6 = 10 <�5
�<
UY�.��"=;�"��
7�,U��> 1 .��"=;�"�>�
�ก�>�, IOH Z�Y,��,�� 0.4 mA �	>ก�>�,�!�;�" IIH �>
�����FZ�Y,��,���!�;�"	> 0.04 mA  �����\� 7�,��5>�/\.��"=;�",� ��U�����F�!�;�"Z�Y ."
�ก�F

IOH/IIH = 0.4/0.04 =10 <�5
�����\��V�,��LZ�Y5
��@�.��"=."
�ก�F 10    �<
UY�4
�"/E4#��5�Z�Y"�\�,��4
�Z 
."
�ก��<Y��7XY4
�<E#�,��  
.X
�UY��#��5��!�;�""/E<
�ก�F.��"=;�"7�W�>.L̀� 0  Z�Y 8 <�5  �	>�#��5��!�;�""/E<
�ก�F.��"=;�"
7�W�>.L̀� 1 Z�Y 15 <�5   �����\��@�.��"=�>."
�ก�F 8 
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?�.
�����!H 4.7   ��4#��5���4
��@�.��<=W��5���.ก<7���L      . DE�7XY5���.ก<�FF.�/5ก��
 �<
�.L̀�[�	�          ก#����7�Y"���]!,.<��= /4��, F�<! .L̀� βF = 25  βR = 0.1  σOL = 
0.85    VBE(FA)  = VBC(RA) = 0.7 V     VBE(SAT) = 0.8   �	>  VCE(SAT) = 0.2 
� �.�<�  F � �UV�"���]!,.<��="#����7�,U��> Forward Active

RA  � �UV�"���]!,.<��="#����7�,U��> Reverse Active
SAT  � �UV�"���]!,.<��="#����7�,U��> Saturation 
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;!�����<��.��"=;�".L`� r0s

,1' ,4
,1'

1'

( ) ( ) 5 0.8 0.2
1

4

− − − −
= = = =

CC BE CE
IL E

SAT SAT
mA

K

V V V
I I R

12

,2 ,4
,2

2

,4
4

4

,1 ,2 ,4
1

1

,2 ,1

,2 ,2 ,2

( ) ( ) 5 0.2 0.8
2.5

1.6

( ) 0.8
0.8

1

( ) ( ) ( ) 5 0.7 0.8 0.8
0.675

4

(1 ) (1 0.1)0.675 0.743

0.74

β

− − − −
= = =

= = =

− − − − − −
= = =

= + = + =

= + =

CC CE BE
C

BE
R

CC BC CE CE
R

B BR

E B C

SAT SAT
mA

K

SAT
mA

K

RA SAT SAT
mA

K

mA

V V V
I R

V
I R

V V V V
I R
I I
I I I

,4 ,2 4

,4 ,4

3 2.5 3.24

3.24 0.8 2.44

(0.85)(25)(2.44) 51.9

51.9

βσ

+ =

= − = − =

= = = =

= =

B E R

OL C BOL F

OL

IL

mA

mA

mA

N

I I I
I I I

I
I
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.�DE����ก. DE�.��"=;�".L`� r1s ก�>�,Z�	.WY��!�;�" IIH �Y� �ก  �����\� IOH/IIH

�> /�#��5�,�� �ก  �����\� Fanout �>."
�ก�F 51

��.� LMH
�������Nก.� (NOISE MARGIN)

14

 ;��� !.<��=4
��/\4#��5�Z�Y��ก;��� !.<��=������  .L̀�4
�"/E7XYF�ก5
���Lก��=	��!ก��\�.CDE�
�>��F������75Y."
�Z�   ��\�� �45� 5
���Lก��=��\�"�<
�,�--���Fก5�."
�Z���\�.��   .X
�
. DE�.��"=;�".L̀� 1 �>7�Y��������ก �<E#�,��Z 
�Y�ก5
� 2.4 [5	"= �<
������"/E�!�;�"UD�5
�
.L̀� 1 ��\���F��ก 2 [5	"=WV\�ZL �����\��>��F	��!ก 1 Z�Y.CDE�������75Y."
�ก�F 

VOH - VIH   =   2.4 -2   =   0.4 [5	"=
7�"#����.�/5ก�� . DE�.��"=;�".L̀� 0 �>7�Y��������ก �,��,��Z 
.ก!� 0.4 [5	"= �<
������"/E
�!�;�"UD�5
�.L̀� 0 ��\���F��ก 0.8 [5	"=	�ZL �����\��>��F	��!ก 0 Z�Y.CDE�������75Y."
�ก�F 

VIL - VOL   =   0.8 - 0.4   =   0.4 [5	"=
��ก4
�"/E4#��5�Z�Y"�\�,��4
��/\,��LZ�Y5
���Lก��="/"/E��	Z�Y.CDE��>��F������75Y."
�ก�F 0.4 [5	"=
�>��F������"/E.CDE��/\4D�4
� ��.� LMH
�������Nก.�  ]VE� /45� � �5
� UY� /,�--���Fก5�
.ก!�W/\� [��>��FW��,�--���Fก5�<E#�ก5
��>��F�/\�>Z 
 /C	<
�ก��"#����W��5���
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��.� LMH
�������Nก.� (NOISE MARGIN) (?�
)

15

Voltage Outputs
Noise
Margin Inputs

Logic 0 Logic 0

Logic 1 Logic 1

Invalid

Z�]/ TTL <�>ก�	<
��^

16

���ก�  74   
���ก� 74L ��กl� L � �UV� Low Power 4
�45� <Y��"����7�5���,��ก!�ก#�	�����<E#�
���ก� 74H ��กl� H � �UV� High speed 4
�45� <Y��"����7�5���<E#�ก!�ก#�	�����,��
���ก� 74S ��กl� S � �UV� Schottky clamp 7XY"���]!,.<��="/E / Schotty diode 
���ก� 74LS ��กl� LS � �UV� Low Power Schottky
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���ก�  74, 54 �	> 74L, 54L

17

R1   R2      R3    R4
74,54 4k    1.6k   130   1k
’L 40k  20k    500   12k

���ก�  74H �	> 54H

18
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���ก�  74S �	> 54S

19

UY� �!�;�""���]!,.<��=��
7�,U��>�!E <�5 (Saturation)  ก���>.L	/E�,U��ก���="#����W��
"���]!,.<��=�/\�
��.�65^ �>"#�Z 
Z�Y.;��>5
�   / Storage time  �����\�UY�,� ��U	� Storage time 
	�	�Z�Y ก6�>	� Propagation Delay time 	�Z�Y 
Schottky Diode . DE� Forward bias  /������<ก4�
� .;/� 0.25 ]VE��Y�ก5
�Z�[��u�� ��"/E /UV� 
0.6 V   �����\�. DE�7XYZ�[���/\<
�4�
� W� B v C W�� BJT �>"#�7�Y"���]!,.<��=��\� Z 
,� ��U
"#����UV�����!E <�5 .;��>5
��������><ก4�
�  B-C .;/� 0.25 V ก6�> /ก�>�,Z�	C
��"��Z�[�� 
Schottky ZL,�
W� C  UY�"���]!,.<��=�>"#�����!E <�5<Y�� /������<ก4�
�  B-C  UV�  0.4 V

���ก�  74S �	> 54S (<
�)

20
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���ก�  74LS �	> 54LS

21

 �,.@< (MOS FET)
(METAL OXIDE SEMICONDUCTOR FIELD EFFECT TRANSISTORS ��D� MOSFET)

22
[4��,�Y��W��"���]!,.<��= �,.@<�FF.�6��X���	.���z�]=. �<=
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X�!�W�� �,.@<

23

ก��������	
��
� F?

24

� �4�"��@ (Cutoff Mode)  
[� �	!.�/�=(Linear Mode) 
[� ��!E <�5(Saturation Mode)    
 �,.@<�>"#��������FF7����\�WV\���
ก�F������"/E gate ก�F source 
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25

Threshold Voltage
. DE�������"/E gate-to-source  /4
� �กก5
�4
�^��VE�  �>.ก!�ก�>�,Z�	��ก 
drain ZL source ������4
��/\.�/ก5
� Threshold Voltage VT  4
��������/\�>
WV\���
ก�FW���"��ก���;�	>;��� !.<��=W�� MOS   .4�DE��� �W�� 
Threshold Voltage .L`�����/\

NMOS PMOS

Enhancement-only + -

Enhancement-depletion - +

26

Cutoff
,#����F NMOS UY�������"/E.ก<."/Fก�F source VGS �Y�ก5
� VT�>Z 
 /

ก�>�, drain ID = 0    NMOS �>"#����7�,��5> cutoff
Linear mode

. DE�.;!E  VGS �� �กก5
� VT   NMOS �>�#�ก�>�,   UY� VDS  > 0 �	>       
VDS < VGS - VT  NMOS �>"#����7�,��5> Linear �	> ID(LN) �> /4
�."
�ก�F

k = Transconductance parameter

]
2

)k[((LN) VVVVI
2

DS
DSTGSD

−−=
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27

Saturation mode
. DE�.;!E  VGS �� �กก5
� VT �	> VDS > VGS - VT  NMOS �>

�#�ก�>�,  "#����7�,��5> Saturation ก�>�, ID(SAT)  /4
�."
�ก�F

)(
2

2 VVI TGS
k

D −=

��ก, ก���/\�,��7�Y.�6�5
� ID 7�,��5>�/\Z 
WV\�ก�F VDS   �<
,!E��/\Z 
7XY
45� ��!�"�\�� �ก��.L	/E��L	�W�� VDS �> /C	<
� ID ����/\

)1(
2

)( )(
2

VVVI DSD TGS
k

SAT λ+= −

28

ก��@4��	�กl�>W�� MOS �,��45� ,� ;��u=W��ID ก�F VDS "/E4
� VGS <
��^ ก��



15

RESISTOR LOADED NMOS GATES

29

5���L�>.�"�/\�>L�>ก�F�Y545� <Y��"���	> NMOS L�>.�" 
Enhancement-only  ."
���\�

5���.ก<W�� Resistor Loaded NMOS Gates

ENHANCEMENT-DEPLETION LOADED NMOS GATES

30

.L`��FF"/E;�~��<
���ก�FF Resistor Loaded NMOS Gates  [��"�"/E�>7XY
45� <Y��"��.L�̀[�	�ก67XY  NMOS L�>.�" Enhancement-Depletion  �"�

5���.ก<W�� Enhancement-depletion Loaded NMOS Gates
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 ก?U!�
� (CMOS GATES)

31

.ก<]/ �,.L`��FF"/E�! 7XY �ก"/E,��7�ก�>F5�.ก<<�>ก�	 �, .ก<
L�>.�"�/\�>L�>ก�F�Y5 "��� ]!,.<��=L�>.�" NMOS �	> PMOS 

CMOS INVERTER

32

Q2  PMOS

Q1  NMOSVin

Vout

VDD

Vin Q1 Q2 Vout

0

5

off

on off

on

0

5

Function Table
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CMOS NAND GATE

33

Q1 

Q3

Q2 Q4

VDD

C

B

A

A Q1 Q2

L off on

Q3 Q4B

L

C

off on H

L off onH on off H

H on offL off on H

H on offH on off L

Function Table

CMOS NOR GATE

34

Q4

Q1

Q2 

Q3

VDD

B

A

C

A Q1 Q2

L off on

Q3 Q4B

L

C

off on H

L off onH on off L

H on offL off on L

H on offH on off L

Function Table
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BUFFER GATE

� Logic Symbol

� Truth Table :                     Circuit Diagram

� CMOS Buffer converts Logic

LOW input Voltage to 0 Volt and 

Logic HIGH input voltage to 5.0 Volt

( Regenerating weak digital signals )
35

X Z

L L
H

VDD

X

Z
H

36

BABAABBAF +=++= )(
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��ก<�5�
���FF<
��^W��5���.ก<  ,� ��U"#�45� .WY�7�Z�Y[�7XYWY�,��.ก<<
��^<
�ZL�/\ 
� ,�--���<
	>,�--��<Y��7XY"���]!,.<��= NMOS �	> PMOS .L`�4�
.X
� Q1ก�F Q2   

Q3 ก�F Q4  �	> Q5 ก�F Q6  
� 7�."� "/E AND ก�� "���]!,.<��= NMOS �><
����ก� ก��  ,
5�"���]!,.<��= PMOS 

�><
�W���ก�� .X
�   Q2 ก�F Q4 <
����ก� ก��,
5� Q1 ก�F Q3 <
�W���ก��
� 7�."� "/E OR ก�� "���]!,.<��= NMOS �><
�W���ก��  ,
5�"���]!,.<��= PMOS �>

<
����ก� ก��  .X
� Q6 W���ก�F (C	ก�� AND W�� Q2 ก�F Q4)   �<
 Q5 ���ก� ก�F (C	
ก�� AND W�� Q1 ก�F Q3)

� 7��<
	>���,��"Y�W��."� �>.L`�."� "/E / Inverter �Y5 

37

�FF��ก���

38

BAF +=

ACBAF +=

CDCACBCAF +++=

CDAF +=

1.
2.
3.
4.
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CMOS FAMILY

� CMOS : Complementary Metal-Oxide Semiconductor.

� CMOS Families 

Series

4000       ( Low Power )

74C        ( Pin- and function-compatible with  TTL )

74HC     ( High Speed )

74HCT   ( TTL compatible )

74AC     ( Advanced CMOS )

74ACT   ( TTL compatible )

74FCT    ( Fast CMOS TTL compatable)

74FCT-T( FCT with TTL VOH )

39


