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INFORMATION FOR STUDENTS:

1. You have TEN (10) minutes to read the paper.
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3. There are 5 questions in this paper. Answer ALL questions.
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QUESTION ONE: [3+5+2=10]

a) Calculate the intrinsic carrier concentration in germanium at T = 300 K. Some

parameters you may need for your calculation are provided below.

Semiconductor constants

Material Eg(eV) |[B(cm?K?*?)
Silicon (Si) 1.1 5.23x 10"
Gallium arsenide (GaAs) 1.4 2.10x 10"
Germanium (Ge) 0.66 1.66 x 10"

Bolizmann's constant (k) = (86 x 107 eV/K)
Eleciron charge, e = 1 eV = 1.6 x 107" joules

b) Calculate the majority and minority carrier concentrations in germanium at T =

300K for:

(i) Ng=2x10"cm™and

(i) Na=10"cm™

c) Current flow in a semiconductor are caused by two basic processes. What are

the two processes and what causes the current flow in each case?

OUESTION TWO: [5+5=10]

a) Calculate the buili-in potential barrier, Ve, for @ Germanium pn junction atT=
300 K for Na = 10'* cm™ and Ng = 107 cm™.

b) Asiliconpn junction af T= 300 K is doped at Nq = 10" cm~ and Ng = 107 cm™,
The junction capacitance is to be C; = 0.8pF when a reverse-bias voltage of

Ve = 5V is applied. Find the zero-biased junction capacitance, Cp.

QUESTION THREE: [4+6=10]

a) Asilicon pn junction diode at T = 300 K has a reverse-saturation current of Is =
2 x 1072 A. Determine the required forward-bias voltage to produce a current

of

(i) Ib= 50 pA

(i) b= 1 MmA.
Assume n = 1.

b} For the circuit given below, assume V;
=0.6 V, and vs(t] = 12 sinet (V).

250 Q, V,
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Determine:

(i) the peak diode current
(i) the maximum reverse-bias diode voltage
(i) the fraction of the cycle over which the diode is conducting.

QUESTION FOUR: [5+5=10]

a) The bridge circuit shown below has an input voltage of vs = Vum sinwt.
Assuming a diode cut-in voltage of V, = 0.7V, determine the fraction
(percent) of time diode D1 is conducting for a peak sinusoidal voltage of Vu
=4 V.

b) Assume the input signal to a rectifier circuit has a peak value of Viu =12V and

is at a frequency of 60 Hz. Assume the output load resistance is R = 2 kQ and

the ripple voltage is to be limited fo V, = 0.4 V. Determine the capacitance
required to yield this specification for a (i) full-wave rectifier and (i) half-wave
rectifier.

QUESTION FIVE: [10]

Design a full-wave rectifier which will supply a peak output voltage of 12 V, deliver
120 mA to the load, and produce a ripple output of not more than 5 percent. The
input line voltage for the rectifier will be 120 V (rms) at 60 Hz.
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Hints for Question 3 (b) and Question 4 (a):
Solve using Kirchhoff's Voltage Law
in{peak) =

vg(max) =

wh =

By symmetry, wt, =

Percentage time =

Vs

Ve =37RC

Hints for Question 5:
RL =

vs(max) =

vs(rms) =

N1/N2 =

V.=

C=

(L.1)

(1.2)

(1.16)

(1.17)

(1.18)

(2.9)
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