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* N-MOS Operation - Cutoff
* Vgs < Vi
* No inversion region is formed
* No electrons flow from source to drain

* No current flow from drain to source

Gate Metal (Al) or PolySi

Dielectric SiO,

N+ Si
Source

Body P-Si

N+ Si

Drain
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* N-MOS Operation — Linear o

* Vs > Vin s Vis < Vpssat s &
* Inversion region is formed
* Electrons can flow from source to drain
e Current can flow from drain to source v
* Greater Vg = deeper channel >more current 5

Gate Metal (Al) or PolySi H
Dielectric Si0, e ,—4\/

AR AT R ehisbb ol | N+ Si
Vacated Acceptor Cites ) )
Source Drain
Body P-Si
Vissat = Vs — Vin Ip = Kn[Z(VGS 7 th)VDS n VlgS]
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* N-MOS Operation — Saturation o

* Vs > Vin s Vos > Vpseat
* Inversion region is formed

* V, is high enough to counteract the V; near
the drain = “pinch-off” of the channel

/ VDSsat

A
increasing Vg

Vv

* No additional current flow is allowed s

Gate Metal (Al) or PolySi / H

Dielectric Si0 e ,—4\/
U TR TN T AT N+ Si
Source Drain
Body P-Si
Vipssat = Vas = Vin Ip = K, (VGS i th)z
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* P-MOS Operation - Cutoff
* Voo < Vi,
* No inversion region is formed
* No holes flow from source to drain

* No current flow from source to drain

Gate Metal (Al) or PolySi

Dielectric SiO,

P+ Sj
Source

Body N-Si

P+ Si

Drain
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e P-MOS Operation — Linear o

* Vs > Vin s Vsp < Vopgat increasing Ve,
* Inversion region is formed
* Holes can flow from source to drain
e Current can flow from source to drain v
* Greater Vi, = deeper channel >more current '3

Gate Metal (Al) or PolySi #
Dielectric Si0, ,—4\/

| — |
P+ Si + +++++++++++++ P+ Si
Vacated Donor Cites ]
Source Drain
Body N-Si
MeptateVse = Vin Ip = Kp|2(Vsg — Vip)Vsp — Vb |
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e P-MOS Operation — Saturation o

* Vo > Vi s Vop > Vpeat
* Inversion region is formed

* Vyis low enough to counteract the V; near
the drain = “pinch-off” of the channel

* No additional current flow is allowed

Gate Metal (Al) or PolysSi /

/ VSDsat

A
increasing Vg

Dielectric SiO
P+ S ++++++++++++7+ ! P+ Si
Source Drain
2
Vspsat =Vse ~ Vin Ip = K, (VSG - th)
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Peh = Wiy Cox
* Parameters “»=—%5;
ki, W
L, L
k;l = UnCox

3 Wiy, Cox

. 2L
k, W
K, = DY
oo Of
kzlo = UpCox

Un, Un, C,y fixed for a given semiconductor process =
k., K',, fixed for a given semiconductor process

Ip = Kn[Z(VGs D} th)VDS - Vgs]
Linear k'

ik i = [20os ~ VendVos — V|

Ip = Kp[Z(VSG o th)VSD 3l VSZD]

!

14
lp = TPT [Z(VSG 13 th)VSD O VSZD]

Vs > Vpssat Vipssat = Vas = Vin

. Ip = Kn(Vgs — th)z
Saturation K

w
Ip = 7? (VGS th)z
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VSDsat 3 VSG T Vth VSD > VSDsat

Ip = K,(Vsg — Vi)

kl
Iy = (VSG Vip)”
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* Parameters

* W —Transistor Width
e L—Transistor length (channel length)

t., — thickness of the oxide

e 15-20 Angstroms — 3 to 4 atom layers

e 1.5-2.0x10° m

* g,— permittivity (dielectric constant) of free space
e 8.85x101°F/m

e (Si0,) — relative permittivity multiplier for SiO,

* 39

CG:WxLxCOX=W><L><80x/t0x=W><L><EOE’”/t

ox

k' k'
Cen =W XLX "™/ C S )/ 3L X p/up
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