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Outline

 MOSFET structure
« MOSFET operation
 Small dimension effects
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MOS: Metal Oxide semiconductor
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NMOS - off

Gate
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* No inversion layer in channel.
* No drive (drift) current.
* Only leakage current (from gate and drain terminals).
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NMOS - on (saturation)
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* When V>V, , aninversion layer is formed.
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Modes of operation

e Cutoff
V-V
o (Vgs < Vth) gnv .
l, =1, "7
e Saturation
— Vgs > Vi
I'I(:OXW
VDS> (VGS_Vth) Id :Iu o1 (Vgs_vth)2

e Linear region

2
B VGS g Vth Id = Hp'ox ﬂ((\/gs _Vth )‘/ds _Vds J
Vps <(Vas - Vi) L 2

Body effect
* Vin= Vinot Y[(Vep+2P)°>-(20)°07]
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Channel length modulation
» L effective reduce when V>V o

C W 2
la = lunZIO_): (Vgs _Vth) L'=L-AL
L AL
Id:ld sat( )zld sat(1+ )
- L-AL - L
Gate
_ Ves =V, +4
i _ , Saturation
ip Triode :
! Vag =V, +2
I
- /- ,' vGS=V: +1
,’:- = / vas <V
http://en.wikipedia.org/wikiMOSFET VT)S
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Short channel effects
« Charge sharing

Gate
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Drain-induced barrier lowering (DIBL)

* Drain voltage “pull down” electron barrier.
* V,, depends on both L and V..
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Velocity saturation
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electric field IkV/eml
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With velocity saturation***

W V.’ 1
Id = s Cox o (Vgs _Vth )Vds ——
L 2 |1+, /E.L)

***u.¢ and Vy, are treated as constants across channel.
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Narrow width effects Cross section along C
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