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Department of Electrical and Computer Engineering
Fall 2023 BREADTH EXAM

TTG Area: Circuits and Systems ECGR-4134 Solid State |l
Ten problems at 10 points each:

All problems assume a silicon npn bipolar transistor. Given the following information:
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Mg = L3V, = 00259 V; po = ok €0 = 8.85x1070F/em;

NN, & =11.7¢q ; E; = 1.12 eV, Ny = 10*%cm™3;

Voi = Veln=> Ny = 10%6cm™3; Dy = 15 cm?/s:
Lg = \/Ei Lg = m Dy =8 cm?/s; Tgo = 3x107s ;

T 1 _ Tgo = 2x1077s ; xp = 0.5 um; x5 = 0.7 um;
T () T tann(2E)’ Veg = 0.65V: J.o = 5x10784/cm?
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1- What is the thermal equilibrium minority carrier hole concentration in the emitter without the
band-gap narrowing effect?

2- What is thermal equilibrium minority carrier hole concentration considering the band-gap
narrowing effect in the emitter as doping changes from 108 cm to 10'° cm=? (Assume band-
gap change from 0.030 eV to 0.080 eV)

3- What is the thermal equilibrium carrier electron concentration in the base?

4- What is the excess carrier electron concentration in the base at x = 0?

5- What is the emitter injection efficiency factor?

6- What is the base transport factor?

7- What is the reverse saturation current density?

8- What is the recombination factor?

9- What is the common-base current gain?

10- What is the common emitter current gain?



