1. MOSFET Equations

a) N-channel MOSFET

Cut Off Ve =V, 1,,=0
Linear V..>V.,V, <V -V W 2
ool I =u,C, f|:(VG -V )VDS - ZS 1+ AVy)
Saturation | V..>V., V., . >V.. -V 1 w
os 7 V1> Yos = Vas = ' Iy = Euncnx Z(VGS _VT)2(1 + AVis)

l 5 Non-
ID

M1
+
+—| Vos
VG:S -

saturation

VGS3

Saturation

Vpg = -1/

VDS

The simplest model in SPICE (Level 1 or default model) uses the above equations.

Parameter SPICE Parameter Units Typical Values
U Cox KP A/V? 200u
V1o VTO \Y 0.5-1.0
A LAMBDA V! 0.05 — 0.005
b) P-channel MOSFET
Cut Off Ve = Vi I, =0
Linear Vo >|Vils Vip = Vi = Vi w V. ?
Iy, = MPCUXT (VSG - |VT |)VSD - s2D 1+ AVyp)
Saturation | V. >|V.|, V., > V.. - V. 1 w
% | T % | T| Iy, = Eupcox T(VSG - |VT|)2(1+ AVp)
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Example)

Vs=4V,Vg=2V,Vp=1V
Vr=-0.8V,A=0,Kp=100 uA/V*
W=10 wum, L=2 um

Find MOSFET type, operation region, Ips.

- Solution

|VDS| > |VGS| - |VT| => saturation

1, =108 5 1 6 8)2(1+0) = 3604
2 2u

I, =-360uA

2. MOSFET Circuits

Example) The PMOS transistor has V1 =-2 V, Kp = 8 uA/V?,
L=10 wm, A=0.

Find the values required for # and R in order to establish

a drain current of 0.1 mA and a voltage Vp of 2 V.

- Solution
Vo=V, =V, >V, - |VT| = saturation
1. W 8u W
| = EKpT(VSG ~ VD2 + AV, = 7@(3_2)2(“0) =0.1mA
I, =V—D=z=0.1mA
R

W =250um, R =20k

‘/)/) e



Example) The PMOS transistor has Vr=-1 V, Kp = 8 uA/V?,
W/L =25,A=0.

For I =100 nA, find the Vsp and Vg for R =0, 10k, 30k, 100k. l

- Solution
A =0 (no channel length modulation)

) R=0
Vp=V;=Vy, >V = |VT| => saturation

1, W 8
Iy = Kp= (Vg =[Vi* = 5+ 25+ (Vs = 1)* = 100u

Vi =2V Vg, =2V

2) R=10k

V, -V, =IR=100u-10k =1=V,, =V, - |VT| = saturation or linear
1, W 8

Iy = =Kp—(Vis = Vi )? = 2225+ (Vg =1)> = 100u
2 L 2

Ve =2V Vg, =1V

3) R=30k
V, =V, =IR=100u" 30k = 3=V, <V, ~|V,| = linear
w Ve Ve
I, =Kpf((VSG = VDV, - SzD )=8u-25-((Vy, +3-1V,, - SzD )=100u
Vy, =024V V. =324V
4) R=100k
V, =V, =IR=100u-100k =10 = V,,, <V, - |V,|= linear
w Ve Ve
I, =Kpf((VSG =V DVsp - 520 )=8u-25-((Vg, +10 - 1)V, - 520 )=100u

V=006V V,, =10.06V
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