ELEG 340 - Fall 08
Solid-State Electronics
Quiz 3
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Time Limit: 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:
L. Full credit requires the final dimensions/ units for all numerical quantities that you calculate.

I1. Show all work and calculations fo; full credit; accuracy to 2 significant figures is sufficient.

III. Assume that the material is silicon at room temperature (300 K), unless otherwise stated.

IV. At room temperature (300K), thermal energy kgT = 0.026 eV, silicon has intrinsic concentration n; =
1 (or 1.5) x 10" cm™, and recombination lifetimes: 7, T, = 1 psec; dielectric constant kg; = 11.8;.
Permittivity of free space €, = 8.85x10™'* F/cm; electron charge |q| = 1.6x10™"° Coul;

V. Equations:

Pop = ihd/dx fep(E) = 1/[1 + exp(E-Er)/ksT] E=QV

n = niexp{(Er—EiVksT]. p = niexp[(Ei~Er)/ksT] nopo=n;  np=ngFrABEL

Jo = qunn€ + gDydn/dx Jo = qupp€ — qDpdp/dx Oelec = q(Ntn + PUp)

Un = (Bp—Npo)/Tn Up = (Pr—Pno)/Tp P' =D - Po= LoptTp n'=n -Ny = ZoptTn

Caep = KsEo A/W Cairr = qlt/kpT D/p =kgT/q L =(D1)

op/ot = -1/q 8J,/ox — p'iy on/ot = -1/q 81/0x —n'f1,;

dp/dt = D, Pp/ax® — pit, on/Bt = Dy, B*n/oxt - 'z, S ConR
o5 = kaT/q In(NANp/n?) Waep = [2%:80/q (1/Na + 1/Np)(v; -Vi)] 2 23

I = QA(Dypy/Lp + Dany/L)[e™*T — 1] = 1,[e™*T — 1];

- VIkT —_ VEkT
pn(xnn) = pno(xno)eq 3 np('xpo) - nPD(-XPU)cq
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3. A junction of silicon has an equilibrium depletion width W = 0.5 um. Calculate the depletion

capacitance per area C’gep, in thermal equilibrium. (Hint: the text calls Cyep the “junction”
capacitance)
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4. Consider a one-sided step junction of silicon, uniformly doped with N5 = 10'® cm™ on the p-side,
and Np = 10'® cm™ on the n-side. (a) calculate the equilibrium concentration of minority holes

at the depletion edge of the n-side, pno(Xno). (b) using the law of the junction, calculate the new
\3 concentration of holes at the depletion edge pn(Xno) under a forward bias Vg = +0.5 volts,
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5. A junction of silicon under forward bias V has a concentration of minority holes at the depletion
edge on the n-side, pa(x=Xno) given by the law of the junction. The excess concentration of holes,
Pa” =Pa-Pro, decays exponentially as e™*. With this x-dependence, calculate an analytical

expression for the diffusion current (only) of holes that flows under this concentration gradient.
Hint: ignore any other currents that may be flowing.
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6. Sketch the I-V characteristics of a real (non-ideal) pn junction diode and label on your drawing
the following regions: (a) forward bias ; (b) reverse bias ; (c) breakdown ; (d) vour choice of one
other effect such as generation/recombination current, or Ohmic limit.

L{ R Ohen T

9/

A

7. Sketch the band diagram of your choice of a metal-semiconductor junction, and indicate whether

the semiconductor is n-type or p-type, and whether your band diagram shows a rectifying or
Ohmic contact,
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