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TRIODE REGION (Vs < Vs - Vin)

D y Iy
ip = Knlz Vas = Vi Vps - V;SJ G | :}\
LTHIES‘H-O\:D 'l-: ___DS
where &S =
S

For small v,

ip = Kn[z (Vs — TN)vDS}
ip _ _ 1
;1; - Kn[z (Vs VTN)] R,

(A voltage-controlled resistor) A
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SATURATION REGION (Vs> Ves-Vin)
AD

ip = K, ("Gs B VTN)2

Ay>0  Ngg>Voy
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EXAMPLE 1 Vr
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k=80 A/V? V, =2V,

L=10pm W=100pum

k'’ -6
k- |W) K _100(s0anysy .
2 10 2

Vps=5, V=5 (saturation)



ip = K, (vGS B VTN>2

= 0.4mA/V*(5 - 2)* = 3.6 mA

EXAMPLE 2

VDS = 19 VGS — 5 tl‘iOde Vq S 7VT”

ip = K, [20vgs = Vi vps - ";s]

i = 0.4 mA/V2[2(5 - 2)1 - 12] = 2 mA



MOSFETs: DC operating conditions--
Determine I, and V

sV

']

Vs = Vpp - IR, (a load-line
equation)
Ves = Ve

If in Saturation: I, = K, (Vg - V)2
VDs > VGS - vTN

If in the triode region:

Ipo = K, [2(Vgs - Vin)Vos - v052]

If in cutoff: I, =0



Vop = 20 V. Ve =5 V. R, =2k
Vin=2V. k,” = 80 uA/V?
W=50um L=10pum

K,=0.2mA/V?

Saturation, triode, or cutoff?

Try saturation:

I, =K, (Vgs - V)’ =0.2(5-2)2=1.8 mA
Vos = Vpp - IR, =20-1.8 (2) = 16.4 V.

check: Vo > V-V, ,? vyes
~Saturation

If we had tried the triode region,
I, = k, [2(Vgs - Vin)Vps - Vps’]
Vbs = Vpp = I;R,

Solve simultaneously



CHANGE RD TO 10k

Vpp = 20 V. Vi =5V. R, =10k
Vin=2V. k,”= 80 uA/V2
W =50 um L=10pum

K, = 0.2 mA/V?

Try saturation:

I = K (Vgs - Vin)° = 0.2 (5-2)2=1.8 mA
Vps = Vpp - IpR, = 20 - 1.8 (10) = 2 V.

check: Vg > V-V ? 2>5-2? ho
not Saturation, not cutoff, .. triode

triode region:

I, =K, [2(Vgs - Vin)Vps - VDSZ]
and V4 = Voo - I;R,

Solution gives I, = 1.75 mA, V,, =2.5 V.



Vos

Vq5=sv

R: Km Q/qs'v'm)L
= QS‘)(S'- 3) = 2

Vps = 10=Ip 3K
/o= ()(@mR) = 8V

R>S5-3 vV
.. SAT.

Load \-INE/
Vgs= S




