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ballistic MOSFET (MB) 
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ID = WQn VGS,VDS( ) υ 0( )

υ 0( ) =
1− e−qVDS kBTL

1+ e−qVDS kBTL






υT = FSAT VDS( )υT
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ballistic MOSFET (MB) 
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VDS

ID

VGS =VDD

ID = WQn VGS,VDS( ) υT

2kBTL q
VDS

ID = WQn VGS,VDS( )υT

ID = WQn VGS,VDS( )FSAT VD( )υT
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VS model for the MOSFET 
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ID = WQn VGS,VDS( ) υ 0( )

υ 0( ) =
VD VDSAT

1+ VD VDSAT( )β





1/β
















υSAT = FSAT VDS( )υSAT

VDSAT =
υSAT L
µeff
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VS model for the MOSFET 
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VDS

ID

VGS =VDD

ID =
W
L
µeffCinv VGS −VT( )VDS

ID = W CinvυSAT VGS −VT( )

ID = WQn VGS,VDS( )FSAT VD( )υSAT
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VS model vs. ballistic 
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VDS

ID

VGS =VDD

ID = WQn VGS,VDS( )FSAT VD( )υSAT

ballistic 



7 

connecting the two:  linear region 
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ID = WCinv
υT

2kBTL q
VGS −VT( )VDS

ballistic theory 

ID =
W
L

Cinv
υT L

2kBTL q
VGS −VT( )VDS

traditional theory 

ID =
W
L

Cinµeff VGS −VT( )VDS

Dn =
υTλ0

2

µeff =
Dn

kBTL q( )

ID =
W
L

CinvµB VGS −VT( )VDS

µB ≡
υT L

2 kBTL q

µn → µB

“ballistic mobility” 
µeff =

υTλ0

2 kBTL q
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ballistic mobility 
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x

E

EF1 EF 2

L

strong scattering in the S/D contacts 

ballistic channel 

µn =
υTλ0

2 kBTL q

µB =
υT L

2 kBTL q
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ballistic mobility 
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(Thanks to Shuji Ikeda of ATDF for supplying these 
devices in Dec. 2007) 

µeff ≈ 250 cm2 V-s

µB ≈ 3200 cm2 V-s

µB >> µB

µB =
υT L

2 kBTL q
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connecting the two:  saturation region 

Lundstrom 7.2012 

ID = WCinvυT VGS −VT( )

ballistic theory traditional theory 

IDS = WCinvυsat VGS −VT( )

υsat →υT
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injection vs.  saturation velocity 
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υsat →υT

Increasing  VDS 

E
C
 (e

V
)  
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->

 

υ = υT

υ = υsat
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E eV( )



12 

wrap-up 

VDS

ID

VGS =VDD

ballistic • Ballistic and DD MOSFET 
models give similar IV’s because 
the current in controlled by 
modulating barriers. 
 

• Ballistic currents are higher 
and… 
 

• transition from linear to 
saturation is shaper. 



13 

references 

The concept of ballistic mobility was introduced by Shur: 

M.S. Shur, “Low ballistic mobility in submicron HEMTs,” IEEE 
Electron Dev. Letters, 9, 511-513, 2002. 


	Lecture 8:�Connection to�Traditional Model
	ballistic MOSFET (MB)
	ballistic MOSFET (MB)
	VS model for the MOSFET
	VS model for the MOSFET
	VS model vs. ballistic
	connecting the two:  linear region
	ballistic mobility
	ballistic mobility
	connecting the two:  saturation region
	injection vs.  saturation velocity
	wrap-up
	references

