ELEG 340 - Fall 08
Solid-State Electronics
Quiz 4

6 November 2008 NAME S o / u’f_/o "\

Time Lirnit: 30 minutes
Closed Books and Notes. You may use your own calculator, but may not loan or borrow one (ask

proctor if you have questions). Put expression in a final form as best you can.

Guidelines:
I. Full credit requires the final dimensions/ units for all numerical quantities that you calculate.

II. Show all work and calculations for full credit; accuracy to 2 significant figures is sufficient.
[II. Assume that the material is silicon at room temperature (300 K), unless otherwise stated.

IV. Data: at room temperature (300K): thermal energy kgT = 0.026 e¢V; thermal voltage kgT/q = 0.026

3. recombination lifetimes: T, T, = 1 psec;

volts; silicon intrinsic concentration n; =1 (or 1.5) x 10" em
dielectric constant ks; = 11.8; permittivity of free space &, = 8.85x10™ F/cm; electron charge |q = J¢| =

1.6x10°" Coul:

V. Equations: see list at end of quiz
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1. Draw the current versus voltage (I-V) characteristic plot of a photovoltaic (pn junction) solar
cell, and label the following parameters: (a} Vi ; (b) I ; and the maximum power point values:

(€) Viax ; (d) Imax-
T,

2. For a solar cell, give the definition of either: (a) the fill-factor (FF); or (b) the power conversion
efficiency, n. Express your definition using conventional parameters including the ones in

problem (1) above.
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3. Derive an analytical expression for the open circuit voltage V of a solar cell in terms of I, and
Lopt, starting with the current vs. voltage (I - V) equation.
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4. Consider the following data plot for an npn bipolar transistor. Using standard transistor
equations, from this data, estimate the numerical values of two parameters in the normal active
mode, (that is with Vg above about 3 volts): (a) the forward current transfer ratio, a, also known
as the common base current gain; and (b) the common emitter current gain, B, also known as the
collector to base current transfer ratio. Show your work.
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5. Sketch the minority carrier distribution in the neutral base region of a bipolar transistor in the
normal active mode, that is, with the EB junction forward biased, and the BC junction reverse

biased. Label the coordinate axes, and indicate the reference values of relevant carrier
concentrations such as np, Or Pro.
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V. Equations:

Pop = ihd/dx fen(E) = 1/[1 + exp(E~E)/knT] E=QV

n = niexp[(Er~E:)/kgT]. p = nexp[(Ei~Er)/ksT] nepo=ni’  np = nZ e FPAT
I = quan€ + qDpdn/dx Jo = qupp€ — qD,dp/dx Selec = q(Ntn + PHp)

Un = (np=—npo)/Tn Up = (Pr—Pno)/ Tp P =D - Po= BoptTp n'=n-ny = gop'n

Caep = KsEo A/W Caier = qlt/kaT D/p =kgT/q L =(D7)

oplot =-1/q 8l/0x — p'/t, on/ét = -1/q 8)y/Ox —n'/1,

dp/ot = D, &plox’ - piit, an/dt = D, &n/0x* — n'/x,

b = kpT/q In(NsNp/n?) W= [2K85/q (1/Na + 1/Np)(@vi -VE)] ™

Pr(Xno) = Pro(Xno)e® T ; Np(~Xpo) = Npo(~Xpo)e?" <

Diode current
1= qA(Dpy/Lp + Dany/Ly)[e®V*T = 1] = I,[eV*T - 1]; Io = I = QA(Dyppw/Lp + Donpy/Ln)

Solar Cell and Photo detector diodes:

Lot =L [67*T — 1] = Lopt 5 Topt = QAZopt(Ln + Ly + W)

BJTs:

Ig=Ic+1s Ic = alg + Icpo Ic = Bl + Icro

Ig = qADy/L,, Apg ctnhW/L, Ic = qADy/Lp Ape cschWy/L,

Ig = qADy/L, Apg tanhWy/2L,; ... a=v Br =(p/1+p) B =1/t =(a/1-at)
Ig = Igp + IEn. Igp = vl Iep = BrIgp. .. Ic = Icp + Ieso

y = Igp /(Igp + IEn) Br=sechWy/Lp= (1 - Wy2/2L,%)



