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(@) '

op = %m (Na/nj) = 0.0259In(10'5/1010) = 0.298V

Vr = 20 + KXo 4/ 49NA o .(17.12)

‘ Ko Ks&

-6 -19v¢1015 172
_ (20298 + (LLBXSX10 )[(4)(1.6X10 )10 )(0.29{;.)}
(3.9) (11.8)(8.85X10°14)
Vr = 0.800 V
(b) In the square-law theory
ZnC |

Ipsac = =57 © (Vg-V1)? (17.22)

c, = Kom _ 3.9)@85x10)
G (5x10°6)

= 6.90 X 108 F/em?

o o (BX10° 3)(800)(6. 9x1o~8)(2-0 8)2
Dsat
Q)(5X10%

= 0.397mA

(c) In the bulk-charge theory we must first determine Vpgy using Eq (17.29). We know

¢r and VT from part (a), but must compute Vi before substituting into the Vpga;
expression.

| -14 122
W o [Z_I(_S_gg " "’F)Jm: [(2)(11.8)(8.85)(10 )(2)(0.298)] - 0.882um
gNa (1.6x10°19)(1015)

Vi = gNaAWT _ (1.6X10°19)(1015)(8.82%1075)
Co (6.90x108)

=0.205V

Noting that Vg — V1 = 1.20V, substituting into Eq.(17.29) then gives

o (1.20) ©.205) RI"* .. (0205 ]\
¥Daat. = 20 =040 {[(2)«) 298) (1 @0. 298)} [“(4)(0.298)]}

17-2



or
VDsat = 1.06V  ...smaller than Vpgy of square-law theory as expected

Now

Z BnCo _ (5X1073)(800)(6. 90X10" 8) _ 5.52x10% amps/V?

L (5X10%)

Finally, substituting into Eq.(17.28) gives Ipga if VD = Vpsar. Thus

IDsar = (5.52X10°%){(1.20)(1.06) —

P _(1.06) P2 _@@@_”
2 (0.205)(0.298){ I+ o (0.298)_, (1+ (4)(0.298)}

(1.06)2
2

Ipsat = 0.349mA &=bulk charge result (smaller than the square-law result as
expected)

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

g4 = < “L“C (V- V1) = (5.52X104)(2-0.8) = 0.662mS

(e) In the square-law theory, Vpsar= Vg — V1. Thus Vpgey = 1.20V and Vp =2V. Since
VD > Vpsat, the device is saturation (above-pinch-off) biased, and from Table 17.1
Z pnCo

T (Vg - V1) = 0.662mS ...same as g4 of part (d)

8m =

() In part (c) we calculated the bulk-charge Vpga = 1.06V. Since Vp > Vg, the device is
above-pinch-off biased, and from Table 17.1

VA #nco

gm = VDsat = (5.52X104)(1.06) = 0.585mS
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