
1

���������		
 �

Gate

Source

Drain

Ids

��������	
����

	���

VGS < Vtn

Gate

Source

Drain

Ids

VGS > Vtn

VGD > Vtn

Gate

Source

Drain

Ids

VGS > Vtn

VGD < Vtn

Cutoff Linear Saturation

�
�

�
�
�

�
--=

2
)(

2
DS

DSTGSnDS

V
VVVkI

2
)( 2

TGS
nDS

VV
kI

-
=0=DSI

���������		
 �

Gate

Source

Drain

Ids

��������	
����

����

VGS < Vtp

VGD < Vtp

Gate

Source

Drain

Ids

VGS < Vtp

VGD > Vtp

Gate

Source

Drain

Ids

VGS > Vtp

Cutoff Linear Saturation

�
�

�
�
�

�
---=

2
)(

2
DS

DSTGSpDS

V
VVVkI

2
)( 2

TGS
pDS

VV
kI

-
-=0=DSI

���������		
 �

Gate

Source

Drain

Ids

��������	
�����	

����

VGS < Vtp

VGD < Vtp

Gate

Source

Drain

Ids

VGS < Vtp

VGD > Vtp

Gate

Source

Drain

Ids

VGS > Vtp

Cutoff Linear Saturation

0=DSI �
�

�
�
�

�
--=

2
)(

2
DS

DSTGSpDS
V

VVVkI
2

)( 2
TGS

pDS

VV
kI

-
=

���������		
 �

����
�	������
�����������
��
�	������

Vin = 0Vin = VDD

• High noise margin
• Ratioless
• low output impedance
• extremely high input impedance
• no static power 
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Vin = VDD � 0 Vin = � � VDD

Low-to-High High-to-Low

To reduce delay:
• Reduce CL
• Reduce Rp,n
• Increase W/L ratio
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VTC: Voltage-Transfer 
Characteristic
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VOLmax: Maximum low 
output voltage produced 
by the driving gate

VILmax: Maximum low input 
voltage recognized by the 
receiving gate
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