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Small vDS
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Linear resistance

Not Small vDS

• As vDS increases we can not assume a 
constant voltage between the gate and 
any point along the channel.

• The voltage at one end of the channel is 0, 
while at the other end is vDS
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Channel Pinch-Off

• In the previous case, vDS is kept small such 
that the vGD > Vt

• When vDS = VOV , the channel width = 0 at 
the drain  Pinch-Off

• Increasing vDS has no effect on the 
channel shape and the current remains 
constant
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Figure 5.10 Cross section of a CMOS integrated circuit. Note that the PMOS transistor is formed in a separate n-type 
region, known as an n well. Another arrangement is also possible in which an n-type substrate (body) is used and the 
n device is formed in a p well. Not shown are the connections made to the p-type body and to the n well; the latter 
functions as the body terminal for the p-channel device.
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Figure 5.11 (a) Circuit symbol for the n-channel enhancement-type MOSFET. (b) Modified circuit symbol with an 
arrowhead on the source terminal to distinguish it from the drain and to indicate device polarity (i.e., n channel). (c)
Simplified circuit symbol to be used when the source is connected to the body or when the effect of the body on 
device operation is unimportant.
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Figure 5.12 The relative levels of the terminal voltages of the enhancement NMOS transistor for 

operation in the triode region and in the saturation region.
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Region of Operation --NMOS
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Operating in Saturation
Ideal, back to this 
point later

Finite Output Resistance --Sat
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• As vDS increases, the channel pinch off moves 
away from the drain (L gets smaller).

• Voltage across the channel remains vov

• A voltage drop of vDS – vov appears across the 
small depletion region 

• This voltage accelerates the electrons that 
reach the drain (increases current)

Channel width 
modulation
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iD = 0 when vDS =-1/= -VA
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Figure 5.19 (a) Circuit symbol for the p-channel enhancement-type MOSFET. (b) Modified symbol with an 

arrowhead on the source lead. (c) Simplified circuit symbol for the case where the source is connected to the 

body.
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Figure 5.20 The relative levels of the terminal voltages of the enhancement-type PMOS transistor for 

operation in the triode region and in the saturation region.
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Figure E5.7

EXAMPLE
Vtp = -1 V, Kp’=60 µA/v2, W/L=10
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Figure E5.7
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Figure 5.21 Circuit for Example 5.3.



3/17/2015

15

Example

• Redesign the previous circuit for:

1.VDD=-VSS=2.5V

2.Vt=1V

3.µnCox=60µA/V2. W/L=120/3

4.ID=0.3mA, VD=+0.4V
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Figure 5.22
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Figure E5.9
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Figure E5.10


