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Example Circuit (2)
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The resistor divider is a common bias circuit.
To solve the DC bias condition, it means to solve
I D> VDS ’ VGS

The NMOS has V, =1V, k, =u,C,. % =1mA/V?

_Re 9> _sy
R, +R;, 5+5

Voo =5-1,R;=5-61, (withl, in mA)
Next, assume the transistor is in saturation:

I, = %knvév =0.5(Vys-V,) =0.5(5-61,-1)’

First, solve V. =V,

7

181, -251,+8=0 -> I,=0.89mA or 0.5mA

If 1, =0.89mA, V.. =-0.34V,NMOS will be cut-off
--> not a physical solution.

Ifl,=05mA, V=2V, V, =2-1=1V
Vs =Vop —Ip(Ry+R)=10-6=4V >V,

Saturation assumption verified !
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Right Side Up!
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PMOS |-V Equations

Triode Region:
¢ 4
. w 1
Ip ox f(|vov||vps| - EVLZ)S)
Vov = |vSG|_ V.,

Use same equation as NMOS but

add absolute sign on all voltages

since most voltages are negative:
V, <0, v, <0, v5 <0

So either use v, or |vDS|

¥4

@ —>l<— Saturatiop/ —>
3 | | Usp 2 Uov|

A

Usg = |th| + |vov|

Cutoff
Usg < |Vrp |
4 .

|vov| Usp

Saturation Region:
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Example Circuit (3)
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Design Problem:
Design the circuit such that 7, =0.5mA and V,, =3V.
PMOS has V,, =-1V, u.C, (W /L)=1mA/V".

Also find the maximum R,, for PMOS to remain in

Saturation

Solution:
1
I, = EkaOZV =0.5mA > |V,,|=1v

Vis|= V| +|Voy | =1+1=2V

V=5V ->V,=3V

We can choose R;, =2MQ and R, =3MQ
Saturation: V, <5- |V0V| =4V

V, 4

RD max = D.max = = SkQ
’ I, 05

711 BSAC
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Finite Output Resistance due to
Channel Length Modulation

When v, =v,,, the channel pinch of near the Drain. With further increase
in v,, the pinch off point moves slowly towards the source, effectively reducing the
channel length from L to L — AL (this is called "channel length modulation"):

1 w

. 2
Ip = Euncox m("cs - Vm)
The continual increase of i,, with v, 1s modeled by
| W 2
Ip = Etuncox Z(VGS - Vm) (1 + )LVDS)
- —Siurcc Channel Drain -

Qe ‘aaies
Y

\
Y
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Output Resistance of MOSFET
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