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1. (5%) (a) At 300 K, the lattice constant for Si is 0.543 nm, Calculate the number
of Si atoms per cubic nanometer.
(5%) (b) What is the distance between nearest neighbors in Si? Give your answer
in nm. V2 =1.732.
2. (4%)(a) If the continuity equation for hole is a—;’ =c152 a‘]” + (Gp — Ryp), Jp is the
hole current density, G, is the hole generation rate, and R, 1s the hole recombination
rate. Find the expression for c¢;.
(3%)(b)Assuming an n-type sample under uniform illumination, the continuity equa-
tion for hole in (a) can be used to find pn(t). R, = 222222 7 is the hole life time. In
steady state (t < 0), agt” = 0, and for uniform distril )utlon, 86”2” =0, and G, = G,
find p,(t) for £ < 0.
(3%)(b) At t =0, the light is turned off. Find p,(t) for ¢t > 0.
3. Consider a silicon pn junction with doping concentrations of N, = 1 x 10! ¢cm™3
and Ng = 2 x 10'7 em™®. Assume Vj; = VE+ V3, W = z, + z,. V{ is the built-in
voltage across the p—81de of the junction, and z, is the depletion width across the
p-side of the junction.
(5%)(a) If VI = Vi, /(1 + 71), calculate ;.
(5%) () If 2, = W/(1 + ry), calculate 7.
4. For steady state and electric field £ = 0, the excess minority carrier hole concen-
tration dp(z) in the n region is determined from with dp(0) = ¢;, and ép(z5) = c; .
(10%) (a,) If 6p(1;) = Ae’® + Be—sz’ find s. If A= W‘lfl(mj)’ and B = EI(ELB find
Lp 1
fl and fg.
(6%) (b) If 6p(z) = f3 - sinh (¥4~ ’”) —I—f4 smh( ) find f3 and f,.
(5%) (c) If 72 — 0, and op(z) = + fo- =, find f5 and fs.
5. Consider a p-type silicon substrate doped to N, = 1 x 10 cm™3. The oxide is
silicon dioxide with a thickness of t,; = 18 nm. Note that kT/q = 0.026 V, n; =
1x10" cm™3, B, = 1.12 ¢V, the electron affinity X = 4.01V, c¢g; = 11.7x8.85x 1014 2.
F/cm = 103.5 x 10714 F/cm €or = 3.9 x 8.85 x 10714 F/cm = 34.5 x 107 F/cm, /é:‘"

q=16x 107 C, e5;/q = 64.7 x 10° 1/V-cm, and In(108) = 13.8.
(7%) (a) If the gate is n*-polysilicon, find the threshold voltage Vi,.
(3%) (b) If the gate is p*-polysilicon, the threshold voltage is Vip. Find the value

Vry — Vrg.
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6. (4%) (a) Consider an n-channel MOSFET with the channel width W = 1 um.
The inversion charge |@Q},| = 107® C/cm?, the electron velocity is 10% cm/s. Calculate
the channel current Ip. »

(3%) (b) I QL ()| = Cox(Vos — Vo — V (1)), the electron velocity |v, (y)| = pn 2282

dy
and Ip(y) = f1- (Vos — Vo — V)52, find fi.
(3%) (c) Aty =L, V(y) = Vps, y =0, V(y) = 0. Assuming Ip(y) = Ip at any y,

and py, is constant, find Ip for (Vgs — Vo — Vps) > 0.

7. (10%) Assume the following transistor parameters: the base doping Np = 1x10'®
cm™3, the emitter doping Ng = 1 x 10'7.cm™3, the diffusion coefficient in the emitter
Dg = 10 cm? /s, the diffusion coefficient in the base Dp = 20 cm? /s, the base width
zp = 0.6 pm, and the emitter width zp = 0.8 um. The minority carrier diffusion
length in the base, Ly = 10.0 um. zp << Lp and zp << Lg. Find the emitter
injection efficiency vy, the base transport factor ar, and the common-emitter current
gain f. '

8. In an npn Ebers-Moll model, Vzg and Ve can be obtained as functions of I¢,
IB, Igs, Ics, ap, and GR.

(5%) (a) If Vgg = V; -.ln(flTJ:tl), find f;. Note that ¢, = Igg(1— aragr), and
Vi =kT/q.

(5%) (b) If Vao = V; - In(££2), find f,. Note that ¢, = Ios(1 — arag).

9. (5%) (a) The hybrid-pi ac model for an npn bipolar transistor is shown in Fig. 1.
Assume 1y = g11Upe + J12Vce, a0d ic = §21Vpe + g22Uce. I g11 = ‘g—;‘-|z, find 2z, y, and z.
(5%) (b) Find r, and g,,, which are functions of g11, g1, g21, and gas.
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