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As you know increase  your channel narrows down close to drain until it pinches 
off. 

DSV

 
 

Set V  in equation (I) thGSDS VV −=

 
 current saturates. 
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Condition for pinch off: thGSDS VVV −> . 
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Secondary effects 
 
1. Channel length modulation 

By changing the V  you effectively shorten the channel 
length  current increases. 
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2. Body effect 

 

Change in the threshold voltage as you bias the substrate. 

 

( )FFSBthth VVV Φ−Φ++= 220 γ  

  

 γ : Body effect constant 

  increases as you increase the source-body voltage thV
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3. Velocity saturation 

 

 present in the short channel devices. 

 

Take triode region equation and substitute  with (constant ). DSV satDSV v3.0~
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Long channel device  no velocity saturation. Short channel device 

DI

GSV

quadratic

linear

Short channel

Long 
channel 

 

 



 11

MOS small signal model 
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. . 
gsmvg sbsvg

sbC

gsv
_ 

S 

oxovox CWLWLC +
3
2

transconductance due to the 
body effect 
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       This is a parasitic effect. 
If source is grounded do not calculate (although 
value from above equation is non-zero), but in 
reality 
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Channel length modulation      [ ]( ))(1)(
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Bipolar Junction Transistors 

 
NPN transistor 

BW C 

N N P E C 

B 

Emitter Collector 
B 
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Actual NPN transistor 
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