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@ PR
fp = ﬂlln (Na/m) = 0.0259 ln(101'5/1010) = 0.298V
o 4qNA ——
Vo = 20 + 5550 (171
.T, 3 Ks & ¢F ol a)
-6 19 15
y (2)(0298) +(113)(5><10 )[(4)(1 6x1019)(10! )(0298)}
e (3.9) (11.8)@8. ssx10-14)
vy = 0800 v
(b In the square-law theory
ZinCo v v
PL 2 (VGT*VT)'Z 12

Co = Kogy _ (3:9)8. 85><10 )
TV xo B (5x10.5)

= 690X 10-3 Flom?

(5X10-3)(800)(6. Ox10° 8)(2-0 )2
(2)(5,><104}

Ipsat =

0.397‘m-A

(c) Inthe bulk-chargc theory we must first det

¢r and VT from part (a), but must computc Vw
expression.

14 :
e [ S8 () @)]lﬂ [(2)(118)(8 85X10° )(2)(0298)] - 0.882um
(1.6xX1019)(10'9) - :

before. substnutmg into the VDsat

-19 15 -5
| V= qNA.wT e 6X10 1(1015)(8.82X10°5) - —0205v.
e G (690x10%)

: thing thai Vg -'VT_ =120V, substt_tuung into Eq.(17.29) then gives

| (1.20) 0205 '21”'2;[ (0.205) }
Vo = 1.20-0205 {[(2)(0 298) (“ (4)(&2_98)) L+ G

17-2

errmn&VDsm usmg Eq (17 29). We know

. “‘"/: . i
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or * ' o ' .
' me = 106V ...smaller than V'Dsa; of square-law theory as expected
NOW .
-3 .' .
ZFaCo _ (SX103)(800X6: 90X10" ) _ 55210 amps/V?
L (5104 - -

Finally, subsnmtmg mto Eq (17 28) gives IDsat ifVp= VDsa[ Thus

osa = (5.52X10) . 20)(1 06)- “ 05)

(1.06) )Sfl( (3)(1 06) ]}

M |
©. 205)(0 293)[(1" @0.298) 4)(0:298)

Ipsa_(:-.— 0.349mA " ¢=bulk chargc result (smaller than the square-law result as
expccted) ‘ .

. (d) Clearly here the devme is biased below edpmch-off From Table 17.1 we note that both
“the square-law and bulk-charge theories reduce to the same result if Vp=0.

= z “" 0 (vg Ve = (5. 52><10-4)(2 0. 8) - 0.662mS

(e} In the square—law theory, VDsa( =Va- VT Thus VDgar = 1. 20V and Vp =2V. Since
Vp> Vpsat, the device is saturation (above- pmch-off) blased and from Table 17 1

g = Z PE 0 (VG VT) = (). 662mS ..same as gd of part},_(d)

“(f) In part (c) we calealated the bulk-charge Vpsat = 1 OGV Since VD > VDsax, the device1 15 -

above *pinch-off biased, and from Table 17.1-
A 1.Co

VDsal = (5 52><10~4)(1 06) = ' o.sss:n's

gm?

(ﬁ) For the applied VG =2V, Vst = 1.20V in the square-law thcory and Vpga = 1.06V-in
bulk-charge theory, Sincein c1ther case VD < VDS;_“, we can utilize the second form of.

Eq(17.37).

2an | (21t)(5><10‘4)
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(a) From Fig. P17.9 we note in general that
VG =Vp+Vp or VD = Vg-Vp

In the squarc-law formulation VDsat =Vg=-V7. If VB V112, then VD Vo-V1/2 > VDsat
and the MOSFET is always bidsed into saturation. Noting Ip = 0 if Vc, <Vrtor:
VD <V1/2, and usmg Eq.(17:22), we concludc

Ip = ‘% (VG—VT)Z Z‘Z'L 9 (VD—V /2)2 T ...VD> VT/2

. Ip. =.‘0 L ' VD<VT/2

(b) If Vp =2V, then Vp = Vg2Vr < Vg-Vp= VDsat and the MOSFET is always b1ased in -

the linear region of operation. The device turns on for Vg > Vror VD > -—VT and is
. therefore on for all VD 20 Usmg Eq. (17 17) we obtain .

Ip = Z*E 0 [(VG VT)VD ?yz] ZL, £C° [vpvp V- VDa]
- -_ZE—L“&(VIZ)IZ'+ ViVp) = Zﬁ‘zfg [vpvp2-vl w20
Ip
A

l‘ } \....VD -

IS

Note that both curves have the same general shape; the part (b) curve is sxmply sl'ufted to
the left and displaced downward

17-10
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