1. An abrupt pn junction with N;=10"cm” on the n-side and N,=10"%cm” on the
p-side which extend to mfimty. Assume 1.1eV bandgap., mfrinsic carrier
concentration 10" "cm™, and conduction and valence DOS are equal.
(a) Draw the band diagram. Label n- and p-side, and pay close attention to the
correct shape of the bands close to the junction. (3)
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(b) What 15 built-in pctenth] barrier gVy7 (3)
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(c) On which side (n or p) 15 the depletion region wider? (3) 7/ 6 -

Nd77/\]m So
most of cie—;a lefiom
/‘e_jrb,\ \S T ho~—5 Y



(d)By what ratio 13 the answer in (c) larger? (3)
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(2] Plot the electric field as a function of distance near the junction (3)
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(f) Re-draw the band diagram for thus device with 0.5V forward bias. Draw and
label the quasi-Fermi energies in the depletion region. (3)
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(z) Re-draw the band diagram for this device in 1V reverse bias. Draw and label
the quast-Fermu ener sses m the depletion region. (3)
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() Plot the cusrent as a function of voltage across the junction. Identify which
side you apply the voltage (n or p)(3)
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(1) For this device, which domsnates m forward bias, hole current or electron
current? Use the ideal diode equation to explain why.(3)
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(1) Assunung electron and hole diffusion coefficient and lifetimes are equal, by
what ratio 15 the answer i (1) larger? (3)
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2. For pn junctions, circle one answer (3 each)

(a) Domunates m forward baas: (doft, , tunneling)
(b) Domunates 1n reverse bias: (dri), diffusion, tunneling)

(c) Dominates in Zener breakdown: (dnft, diffusion,



3. A "narrow-base” (or “short”) p—-n diode has n thickness [, shorter than the hole
diffusion length L, This therefore alters the boundary conditions when solving the
diffusion equation for the excess munonty hole distribution on the n-side: Although
bp(0)=Ap for both, the excess minority carrier distribution must fall to zero at [, not
at infinity as in a “long” dicde which has a thick (>=L,) n-type layer.
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(a) Solve the diffusion equation ==&, % for excess minority holes on
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the n-side 1n steady state and apply bovndary conditions for (1) “leng” diode and

(1) “short” diode. (10) ? g
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(b) Use the result of (a) to plot the excess minority holes on the n-side m forward
bias as a function of distance from the depletion region for both (1) “long” and (u)
“short” pn junctions. (10)




(4 pomnts each) Which cne (long, short, or nerther) has

(c) smaller minority charge-storage in forward? Why?
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(d) higher breakdown voltage in reverse? Why? l on . serEw,,\ (91\9 "

() smaller -:11rmnt at fixed fam'ird voltage? Why? Cen +' g to ¥ mveh
(f) hiah";? depletion J) apacitance Eg'r( zero voltage bias)? Why?
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() smaller reverse recovery transient time” Why?
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