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4. {10%) The following components of the currents have been determined as:

n-u&
I rrzltfk
Ip, =2.712x10°A, I, =0678mA, I, =9.4x10°"A, and/,, =0.6779mA,  1Zer iy <Iien

Detetmine: (a) the injection efficiency, {b) the tra:i;port factor, {c) alpha, and (d) beta. rﬁ' ]'1
: Fi‘j +4
5. (10%) Sketch the energy band diagram for the electrons in an NPN transistor for (@)
thermal equilibrium and (b) saturation. b
6. (10%) For a silicon P substrate doping N, = 10" cm™ and at the onset of strong
inversion, calculate: _
(2) The width of the depletion layer. Vs r. .@ | .
(b) The charge density in the depletion layer. : o
(¢} The eleciron density #, at the surface. > Kox -
(€} The threshoid voltage. _ . F;‘ﬁ ; FA

Given for silicon: £=11.8x8.854x10™ Flem, and », (300K)=1x10" cm™.

Given for the oxide: ¢, =3.9%8.854x 10~ Flem and t,, =90 Angstroms=90x 107 cm.

7. {10%) Determine the flatband voltage and the threshold voltage for an NMOS _ y
silicon device thathas N, =4x10"cm™ anduses Si0, andan N s 93

polysilicon gate, given the fixed charge at the oxide-senﬁcunuctor intexface £
1 .

0, =8x107°C/em?, ¢, =200 Angstroms.

o

—p——r——

_ - Y g =415V
F{?'? Eg =Lz E’V:E;;"EV

8.(10%) InFig. 8, use £=11.8x8.854x10“Flem, N, =4x10%cm™>, ¢, =0.4 Vi
Vo, .
V,and C, =11.5x10*F/om®. Determine the required substrate bias that > ”‘Eﬁz‘m‘r 1"13

will increase the threshold voltage from 0.78V to (a) 1.0V and (b) 1.2V.

Given: ¥, =¥, +2¢r +yy2p; where y = (1/C, W 2eqN, .

£ry
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