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4. CMOS$2.3)#($+*2&��

n MOS-02'()#��($+*2&/,1

• 
�	�

• RC��������

n MOS����"�! ($+*2&��
• %2�
����


• ($+*2&��

n CMOS$2.3)����
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CMOS,6480'����$
/,216-��'�!

n ���� : Vin ,	Vout'������"%!��
v���	 Vout&(

� �(�*%!
v IDSn =	– IDSpà IDSn +	IDSp =	0

v/,216-�� : Vin ,	Vout'������+��
v���	 Vout&��#)��C1 ,	C2&�� �"�*)
v IDSn +	IDSp +	Iout=	0	àIout =		– (	IDSn +	IDSp)
vVout 7 VDD�'�� (C1)	:	pMOS����
vVout 7 GND	�'�� (C2):	nMOS����
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MOS>@C9:<.��
� (1)

n MOS8E>
� : CG≅ CGB = COXDWDL
v COX :	��!��4.MOS8E>
�

WL

P

v ���"�/��?B;:.��+	

8E>"���-�4�1)2#8E
>D��� 
�CGD	, CGS3��
�,'
*�65

v CGD	, CGS/CGB-�0*���&$.+
=79<A��+/��+%5,(5

n+n+
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n+
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MOS47:013+��
 (2)

n MOS���
 : CDB ,	CSB = CdepA;W;P	+ CdepS;(2W+2P)
v CdepA :	����"+��"��-+pn�	
 
v CdepS :	����"+��!&�-+pn�	
 

WL

P

v ���)��<58/=,pn�	
 .
��

v ���#
.���)'(��'$��
�+�")�"*�%(
 �.��

n+n+
p

(0V)

S D
G

B CDBCSB
CGB

CGS CGD

W

P
D <�&>6921��=



v φB : pn��!�7��!�8
v Nn ,	Np : �����
v Dn ,	Dp : ��
-�&
v pn����-!� : VC = Vj + φB

à��
-�&.!� Vj,0)*
�
àpn�����.6435!� Vj,
0)*
�'1

6

pn���� 7��8

Cdep =
qεNpNn

2 Np + Nn( )
1

Vj +ϕB

pn���� :	

n	

p	

Dn
Dp

�
�



(Np )

(Nn )

VjφB �Q’

�Q’

VC

Cdep0 =Cdep Vj=0
=

qεNpNn

2ϕB Np + Nn( )
 6435
(Vj = 0�-)	:
pn����

!���-���
.��%��+(
/" 6435�-
���(Cdep0)2�
$1#
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MOS #&�������� (3)

n MOS��	�� : CDB ,	CSB = CdepA'W'P	+ CdepS'(2W+2P)
v CdepA =	Cdep0
v CdepS =	Cdep0 ' D

WL

P

v n���	�����
(Nn)�p�!$
������
(Np)�
�����

à �	Np <<	Nn
n+n+

p
(0V)

S D
G

B CDBCSB
CGB

CGS CGD

W

P

Cdep0 =
qεNpNn

2ϕB Np + Nn( )
≈

qεNp

2ϕB

D (��*"%����)
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VDD – Vout

I2 =C2
dVout
dt

I1 =C1
d(VDD −Vout )

dt
= −C1

dVout
dt

Iout = I2 − I1 = (C1 +C2 )
dV
dt
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CMOS�����
��	��


D
D

VDD

Vin
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Iout

CGp
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G

G

n CMOS�����
��	��
 : CL = CDBn+	CDBp+	CGn+	CGp
v CDBn ,	CDBp :	�����
nMOS/pMOS�����

v CGn , CGp :	�����
���������nMOS/pMOS����


Iout
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CMOS)304,#RC����
n 
�
� : �	Vin���"���&!��5+/.1�	6
n �	����#���
�'RC���� �����&
v 12-*3
� : ���$nMOS[OFF], pMOS[ON]

² Vin : 0à VDD 5��"�� :	nMOS[ON], pMOS[OFF]6
² Vout : VDDà 0	5RC��"%&��6

v 12(.1
� : ���$nMOS[ON], pMOS[OFF]
² Vin : VDDà 0 5��"�� :	nMOS[OFF], pMOS[ON]6
² Vout : 0à VDD 5RC��"%&��6

0V

CL

– Iout

Rn

12-*3
� Vout : VDDà 0

CL

IoutRp

VDD

12(.1
�

Vout : 0	à VDD
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RC���	

������

0V

CL

– Iout

Rn


������ Vout : VDDà 0
−Iout (t) =CL

dVout (t)
dt

Vout (t) = Iout (t) ⋅Rn = −RnCL
dVout (t)
dt

Vout (t) =VDD exp −
t

RnCL

⎛

⎝
⎜

⎞

⎠
⎟

Vout (0) =VDD

f (t) = A ⋅exp a ⋅ t( )
df (t)
dt

= a ⋅ f (t) ln = loge

t

Vout
VDD

0.5VDD
0.1VDD

0 RnCL

0.69RnCL = – RnCL ln(0.5)
2.30RnCL = – RnCL ln(0.1)

RnCL: ���
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RC���	

���
��

Iout (t) =CL
dVout (t)
dt

VDD −Vout (t) = Iout (t) ⋅Rp = RpCL
dVout (t)
dt

Vout (t) =VDD 1− exp −
t

RpCL

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

Vout (0) = 0

t

VoutVDD

0.5VDD
0.1VDD

0 RnCL

0.69RnCL = – RnCL ln(0.5)

2.30RnCL = – RnCL ln(0.1)
0.9VDD RpCL: ���

CL

IoutRp

VDD


���
��

Vout : 0	à VDD

Vout (t) =VDD − RpCL
dVout (t)
dt
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MOS��������!�$#' �� (1)

v %&"�'�� : 	���nMOS[OFF], pMOS[ON]
² Vin : 0à VDD (�
�	� :	nMOS[ON], pMOS[OFF])
² Vout : VDDà 0	(RC�������)

v %&"�'��
�����(VGS =	Vin =	VDD ,	VDS =	Vout)
² Vout : VDDà VDD	– VTn (����)
² Vout : VDD– VTnà 0	(�
��)

DVin

Vout

0V

S
G

CL

Iout
%&"�'��

Iout =
βn
2
Vin −VTn( )2

Iout = βn Vin −VTn( )Vout −
1
2
Vout
2⎡

⎣⎢
⎤

⎦⎥

�
��

����
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MOS�	
������������� (2)

v Vout : VDDà VDD	– VTn  
���!

DVin

Vout

0V

S
G

CL

Iout
�������

Iout =
βn
2
VDD −VTn( )2

Iout = −CL
dVout
dt

= βn
V1
2

2
Vout =VDD −βn

V1
2

2CL

t

Vout = VDD	– VTn=	V1����� ts =
2CLVTn
βnV1

2
ts =

0.625CL

βnVDD

VTn=	0.2VDD��

VDD
VDD – VTn

V1 =	VDD – VTn���
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MOS	������
�������� (3)

v Vout : VDD– VTnà 0	�
����
VDD
VDD – VTn

Iout = −CL
dVout
dt

= βn V1Vout −
1
2
Vout
2⎡

⎣⎢
⎤

⎦⎥
= βn

Vout 2V1 −Vout( )
2

Iout = βn VDD −VTn( )Vout −
1
2
Vout
2⎡

⎣⎢
⎤

⎦⎥

dt
dVout

= −
CL

βn

2
Vout 2V1 −Vout( )

= −
CL

βnV1

1
Vout

+
1

2V1 −Vout

⎛

⎝
⎜

⎞

⎠
⎟

dVout
dt

= −βn
Vout 2V1 −Vout( )

2CL

V1 =	VDD – VTn��


DVin

Vout

0V

S
G

CL

Iout
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MOS	��������������� (4)

v Vout : VDD– VTnà 0	�
����
VDD
VDD – VTn

Iout = βn VDD −VTn( )Vout −
1
2
Vout
2⎡

⎣⎢
⎤

⎦⎥
dt
dVout

= −
CL

βnV1

1
Vout

+
1

2V1 −Vout

⎛

⎝
⎜

⎞

⎠
⎟

t = − CL

βnV1
lnVout − ln 2V1 −Vout( )( )+ ts

V1 =	VDD – VTn���

t =	ts��
 Vout =	V1���

t = − CL

βnV1
ln Vout
2V1 −Vout

⎛

⎝
⎜

⎞

⎠
⎟+ ts

Vout =
2V1

1+ exp βnV1
CL

t − ts( )
⎛

⎝
⎜

⎞

⎠
⎟

ts =
2CLVTn
βnV1

2
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MOS�	
������������� (5)

v Vout : VDD– VTnà 0	���
��

VDD
VDD – VTn

Vout =	kVDD����� t :	

t = − CL

βnV1
ln kVDD
2V1 − kVDD

⎛

⎝
⎜

⎞

⎠
⎟+
2CLVTn
βnV1

2

=
CL

βnV1
ln 2V1

kVDD
−1

⎛

⎝
⎜

⎞

⎠
⎟+
2VTn
V1

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

(VTn=	0.2VDD��)

Vout =	0.5	VDD��� t :	 t = CL

0.8βnVDD
ln 1.6
0.5

−1
⎛

⎝
⎜

⎞

⎠
⎟+
0.4
0.8

⎛

⎝
⎜

⎞

⎠
⎟=
1.61CL

βnVDD

Vout =	0.1 VDD��� t :	 t = CL

0.8βnVDD
ln 1.6
0.1

−1
⎛

⎝
⎜

⎞

⎠
⎟+
0.4
0.8

⎛

⎝
⎜

⎞

⎠
⎟=
4.01CL

βnVDD

ts =
0.625CL

βnVDD
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MOS����������������

v nMOS���� : �����
	�����

VDS

IDS

VGS= VDD

VDD

RON
n

RSATn

IDS = βn VGS −VTn( )VDS −
1
2
VDS
2⎡

⎣⎢
⎤

⎦⎥

RONn =
1

βn VGS −VTn( )
=

1
βn VDD −VTn( )

2���
���

v nMOS���� : �����
	�����

RSATn =
2VDD

βn VDD −VTn( )2
= RONn

2
1−VTn /VDD

IDS =
βn
2
VGS −VTn( )2

RONp =
1

−βn VGS −VTp( )
=

1
βn VDD +VTp( )

RSATp = RONp
2

1+VTp /VDD



19

MOS468-./#.*218,�


v .*218,�
 tp : Vin�0.5VDD"!�����&���
0.5VDD"!'��% #��	

• ��"$.325�� $!�����
"��(������'

n �
#�� : ������#���(��
v570+8�
 : tpL≒ 0.75	RSATnCL
v57)25�
 : tpH≒ 0.75	RSATpCL

0.5VDD

V

t

Vin

Vout

tp

VDS

IDS
VGS=5V

VGS=4V

VGS=3V
VGS=2V

VDS, IDS���
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CMOS�
����� (1)

v Vin : VDDà 0	
²���	CL�Vout : 0à VDD�������

Ein = VDD (−IDSp )dt
0

∞

∫ −IDSp =CL
dVout
dt

Ein =CLVDD
dVout
dt

dt =
0

∞

∫ CLVDD dVout =
0

VDD

∫ CLVDD
2

EC = Vout (−IDSp )dt
0

∞

∫ =CL Vout
dVout
dt

dt
0

∞

∫ =CL Vout ⋅dVout
0

VDD

∫ =
CLVDD

2

2

CL�
���������

Ep = (VDD −Vout )(−IDSp )dt
0

∞

∫ = Ein −EC =
CLVDD

2

2

pMOS����������

VDD

Vin
Vout

0V

CL

Iout
IDSp

IDSn

������������
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CMOS�&5�$,� (2)

v Vin : 0à VDD
²��#"CLIVout : 0à VDDJ/�,1:9

nMOS/�$29=EF>H

En = Vout ⋅ IDSn dt
0

∞

∫ =CL Vout ⋅ −
dVout
dt

⎛

⎝
⎜

⎞

⎠
⎟dt

0

∞

∫ = −CL Vout ⋅dVout
VDD

0

∫ =
CLVDD

2

2

P = Ein ⋅ f =CLVDD
2 f

�$,�IK��84�$1:9�
=EF>HJ

f : 1��85A<CBG?��I���J

VDD

Vin
Vout

0V

CL

Iout

IDSp

IDSn

�$,�����L�39� �.�&�'5��
• ,�,	VDD;�� : 5.0V à 3.3V à 2.5V à 1.8V à 1.2V
• #"
*CL;��L@HD-���.)!%+��
à VDD5��7@HD-���6�&(���;�0
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/,0

n MOS=AC789.��82;:C6@<B
• ���#

• RC���!&�
�

n MOS����-	*(82;:C6��
• 4C��&%���
• 82;:C6"
 : tpL≒ 0.75	RSATnCL ,	tpH≒ 0.75	RSATpCL

n CMOS2C?D9� $�
• $�'��)13>B5D : ���#.��$+� 
• � $� : " = $%&''( )


