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10.50  An n-channel MOSFET has the following parameters: N, = 5 X 10" cm™?,
te = 15 nm = 150 A, , = 450 cm¥/V-s, Viy = —0.5V,L = 1.2 pum, and W = 8 pm.
(a) Determine the body-effect coefficient. (b) Plot \/{, (sar) versus Vs over the
range 0 = I = 0.5 mA for source-to-body voltages of (i) Vs = 0, (if) Veg = 1 V,
(iii) Veg = 2V, and (iv) Vg = 4 V. (¢) What are the threshold voltages for the con-
ditions given in part (£)?

Using MathCAD
Constants
_ _23 _ 12 o, _ ~19
kB ‘= 1380649.10° = JK =0 = 8.8541878-10° ' Fim  ge = 1.602176634-10 C
Given T:=300 K Na =510  m?3 tox = 15-107° m
VFB=—05 V  pn=45010" m¥Vs = W=810°"m L[:=1210°m
Table B.4 St at 300 K ni = 151010 m3 er =117
Table B.6 Si0; at 300 K crox = 3.9
Z -2l — _
(10.35) Cox = 2% Cox = 2.302089x 10> Fim?
tox
I, = _
a) Per (10.82) o = Y2aecreORa = 0559629 VO3
Cox
b) (7.10) vi= BT Vi = 0.025852 A
ge
) Na .
(10.4) bfp = wt-]n[—,] ofp = 0388284  V
i |
4ere0- _
(10.6) 5dT = | Ere0-ofp xdT = 1417202x 107  m
qe-Na
(10.27) QSD_max = ge-Na-xdT QSD_max = 1.135304 x 10 Y
SD
(10.31c) VIN = 0T en o o VTO0 := VIN
Cox
Find AVy & V7 using (10.83) for
(1) Vsg =0 AVTO = (/2 ¢fp + 0 — +/2-¢fp) AVTO = 0 v

VT0 = VIO + AVTO
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(1)) V=1V AVTL = q-.wz.c|1fp+ 1—«U|'[2-E|pr) AVT1 = 025276 V
VT1 := VT0 + AVTI

(iit) Vg =2V  AVT2 = q-.wz.c|1fp+ 2- «Un'rl-r:hfp) AVT2 = 043935 V
VT2 := VIO + AVT2

(iv) V=4V AVT4 = .wz.cpfp +4- «Un'rl-r:hfp) AVT4 = 0.72993 V
VT4 := VIO + AVT4

Use above threshold voltages and (10.69) to calculate the square root of I (sat) versus
Vs for the ranges of Vigy where 0 <1 < 0.5 mA for the various Vg

When Vg = 0. find Vg range for 0 < I < 0.5 mA using (10.45a)

ForIn=10 VGS0 = VTO VGS0 = 0.76973 W

051072 2L

“WonCox  VGS03=1973042 V

For In=0.5 mA VGS05 = VT0 +

When Vg changes. add the appropriate constant AV offset to the above range

VGS05 — VGS0
n=0.50 VG50, = VG50 + n VGS1y = VGS0y + AVTI
VG52 = VGS0y + AVT2 VGS54y = VGS0y + AVT4

. W C .
(i) Veg =0 sqrt_IDsat Oy = | % {VGS0, — VTO)
) Wim C .
(i) Veg=1V sqrt_IDsat_l; = ,’% {VGS1y— VT1)

W-pn-Cox
2L

o

- Wa C |
(W) Vg =4V sqt Dsat 4y = [~ (VG4 — VT4)

(ifi) Veg =2V sqrt_IDsat 2y = {VGS2y — VT2)
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0.02

sqri_IDzat 0y

vy sgrt IDsat 1,

{E sqrt IDsat 2
s.qil’t_.]]}sat_ilﬂ 0.01F

0 ]

0.5 1 1.5 2 2.5
VGS0,. VGS1, . VG52, . VGS4,
V)

c) () Vs =10 VT0 = 076973 | V
(i) Veg=1V VTL = 1.022486 | V

(iif) Vsg =2V VT2

120908 | V

<

VT4 = 1499657 |




