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Notes: —
VIN = VGs

Vout = Vos = Vpp — Rpip

As v, (or vgg)increases from zero to V.
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Notes: —

Vin = Vs
Vout = Vos = Vpp — Rpip

As v, (or vgg)increases from zero to V.



Notes:
VIN = VGs

Vout = Vos = Vb — Rpip

As v, (or vgg)increases from zero to V.
Modes: cutoff, saturation, triode



Rp 1. Cutoff Mode:
2.ip=0
v 3. Vout(Vin) = Voo
ouT

VIN ’_"I 4.vgs—V,, <0

Vin < Vin

Notes: - Voutr(Vin) = Vpp for viy < Vi,

ViN = Vas
Vout = Vos = Voo — Roip



forv,y <V,

Vout(Vin) = Voo



Saturation Mode:

Device Parameter:
Rp k,=k,’ (W/L)

ip = 0.5K,(Vgs — Vin)?

Vout(Vin) = Vpp — Rp0.5K,(Viy — Vin)?

VouTt
vin I Ves— Vin >0

Vin> Vin
Notes: - Vps > Vas — Vin
VIN = VGs Vpp — Rp0.5K, (Vin = Vin)? > Vi = Vin

Vout = Vbs = Vbp — Rpip Vin < Vi H((1#2Rpk, Vpp) ">-1)/Rpk,




Vout(Vin) = Vpp for viy < Vi,

Vout(Vin) = Vpp — Rp0.5k, (viy — Vi) for

Vin < Vin < Vi H((1+2Rpk,Vpp) >—1)/Rpk,,




Voo Triode Mode:

k,=k,’ (WI/L)

ip = Kn(Vgs — Vin — 0.5vpg)Vps

Vout = Voo — RpKn(Vin = Vin — 0.5Voy1)Vour

Vourt

Notes:
VIN = VGs .
Vout = Vps = Vpp — Rpip

Vout(Vin) = SEE NEXT PAGE for
Vin > VinH((1+2Rpk,,Vpp) '*-1)/RpK,



Triode Mode:

k,=k,’ (WIL)

ip = Kn(Vgs — Vin— 0.5vpg)Vps

Vout = Voo — RoKn(Vin— Vin — 0.5Vour)Vour
Rp0.5k,Vour? = (Rpkn(Vin = Vin)¥1)Voyr + Vpp =0

a=0.5Rpk,
b = -(Rpkn(Vin— Vin)+1)
c=Vpp

Vout = (-b — sqrt(b? — 4ac))/(2a)



ViN O—O—I

Notes:
VIN = VGs

Vout = Vbs = Vpp — Rpip

Triode (small vpg) Mode:
k,=k,’ (WIL)

ip = Kn(Ves — Vin)Vos

Vout = Voo — RoKn(Vin— Vin)Vour
Vout = Voo/(1+Rpk, (Vin — Vin))

Vbs << Vgs— Vin
Voo/(1+RpK,(Vin = Vin)) << (Vin = Vi)




V,, VIN
Vout(Vin) = Vpp for viy < Vi,

Vout(Vin) = Vpp — Rp0.5k, (viy — Vi) for

Vin < Vin < Vi H((1+2Rpk,Vpp) >—1)/Rpk,,

Vout(Vin) = Voo/(1+RpK,(Vin— Vi) for
VIN >> vtn + ((1 '|'2RDknvDD)1,2 -1 )IRDkn



VouTt

V,, VIN

Vout(Vin) = Vpp for viy < Vi,

Vout(Vin) = Vpp — Rp0.5k, (viy — Vi) for

Vin < Vin < Vi H((1+2Rpk,Vpp) >—1)/Rpk,,

Vout(Vin) = Voo/(1+Rpk,(Vin—Vy,)) for
VIN >> vtn + ((1 '|'2RDknvDD)1,2 -1 )IRDkn



NMOS Inverter/Amplifier

m— Cutoff

I Saturation

ey Triode

e Triode (Small v o S)

ouT

Cutoff:
Vout(Vin) = Voo

fOf' V|N < th .0 _ . . ! ! &

Saturation:
Vout(Vin) = Vpp = Rp0.5k,,(Viy = Vin)?
for Vi, < viy < Vi #((1#2Rpk,,Vpp) ?-1)/Rpk,,

Triode:
Vout = ((Rpkn(Vin = Vin) 1) = ((Rokn(Vin = Vin)+1)2 = 2Rpk,, Vpp) "2)(Rpk,)
for viy > Vi #((1+2Rpk, Vpp) "%-1)/Rpk



MOSFETs can be used in Digital Logic Applications.

NMOS Inverter/Amplifier
5

Triode

o_ . . . .&

0 0.5 1 15 2 2.5 3 35 4 4.5 5

The Cutoff and Triode Regions exhibit a definite digital
high or low output. Saturation region is more ambiguous
and is not good for logic application.



MOSFETs can be used Amplifier (Analog Applications).

NMOS Inverter/Amplifier
5

mmmmm Cutoff

I Saturation
Triode

I Triode (Sma” \ Ds )

Vout(Vin) = Vpp — Rp0.5K, (Vi = V)2

ouT

|[dvour/dvinl = Rpkn(Vin— Vin)
vine V
k,: up to 10 to 100+ mA/V?
Rp: up to 100 kQ
Gain: V¥*M00mA/VZ*100k(V/A) = very large

The Saturation region exhibits a slope with a large
absolute value, |dvy ;/dv,\|>>1 (can’t be done with passive
components). In this region, small variations in the input
will result in large variations in the output.
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