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Question One.

(a) @) Draw the circuit diagram ofa p-n-p transistor operating under normal active
mode, clearly indicating all current components. (3 marks)

(b)

(©)

(i)  State what each term represent in the equation for the common emitter current
gain 0. = Y0M of the transistor. Express them in terms of the current
components.

(3 marks)

(ili) What design considerations would you recommend to obtain high values of the
current gain? ' (3 marks)

There are four regions of operation for a bipolar p-n-p transistor corresponding
to the four possible combinations of the emitter - base (V) and collector - base
(Vcp) applied voltages. Describe how the transistor operates in each of these regions.
(Draw necessary diagrams)

(8 marks)

A p-n-p transistor has impurity concentrations of 5x10** cm™ in the base and 5x10'® cm?
in the emitter and collector regions. The base width,Wy, is 10 wm. The minority carrier
life time in the base and emitter (T and T;; ) are 4x10%s and 107%s respectively. The
emitter region is much longer than the emitter diffusion length L;. The base width is
much smaller than the base diffusion length Ly . Minority carrier diffusion coefficients in
the base and emitter (D and Dy) are 47 cm? s™ and 52 cm? s™ respectively.

Calculate the current gains ¢ and hg; of the transistor. (Assume that the collector
multiplication factor M=1)

(8 marks)



Question Two.

(@)

(b)

(©

Explain the features of a drift transistor as compared to a diffusion transistor.
(3 marks)

Given below is the expression for the emitter current due to holes in a drift transistor.
2
i

A
Ipg = qGB [exp(V P YAZd 1] , where Gy  is the base Gummel number.

Write down the equivalent expression for the electron current in terms of the emitter
Gummel number. Hence derive equations for the emitter efficiency and the common
emitter current gain of the transistor in terms of the Gummel numbers.

(10 marks)

A drift transistor has base width Wy = 1.5 lim, minority carrier diffusion coefficient in
the base Dy = 7 cm?s™ and cut-off frequency f, = 450 MHz. Given 0,,= 0.9.
Calculate:

(i) the excess phase factor m (6 marks)
(ii) the common base current gain ¢t(w) at 300 MHz (6 marks)

[see appendix for useful equations]



Question Three

(a)

(b)

Draw a labelled schematic diagram of an n-channel junction field-effect transistor
(JFET) showing the biasing arrangement.

Explain what is meant by conductance modulation and hence distinguish between a
Junction FET and a Surface FET.

(12 marks)

A double-gate n-channel silicon JFET has N, = 5 x 10* m?, N, = 10 m?, total channel
thickness 2a =2 pm, channel length L =30 pm, channel width Z = 10 m, electron
mobility g, = 0.105 m?/ V-s . Calculate:

() the pinch-off voltage .
(ii) the drain current for Vp = 0.5V and V; =-1V. Assume T = 300 K.
(iii)  the threshold voltage and state what is its significance.

(13 marks)



Question Four

(a)

(b)

@
(ii)

()

(ii)

(i)

Give technical details of photolithography. (4 marks)

Discuss e-beam evaporation for metal deposition on semiconductors.
(4 marks)

Draw the schematic diagram of the Czochralski method for single crystal wafer
preparation of silicon.

: (4 marks)
With the help of a schematic diagram of the set up, describe the Float-Zone
method for the fabrication of single crystal silicon wafer.
State the advantages of this technique over the Czochralski method of wafer
preparation.

(10 marks)

What is zone refining? Explain. ( 3 marks)



Question Five

(a)

(b)

(©)

A B C D are four points on the periphery of an odd- shaped semiconductor sample of
thickness 0.2 mm. Following are the results obtained in the van der Paw method for
resistivity measurements on the sample.

Vp. =4V, Vg =10V, L,; =40 mA, I,, = 200 mA.
Calculate the resistivity and sheet resistance of the sample. (8 marks)

The hole mobility of the sample in question (a) above is 400 cm?/Vs. Determine the Hall
voltage Vyp, developed across the points B and D of the sample when it is placed in a
magnetic field of 5x10° Wb cm™ and 5 mA current is passed across A and C.
(7 marks)

In a Haynes- Shockley experiment the following data were obtained in a semiconductor
sample of length 2 cm. ’

X,=1cm

V, =10V

t, = 200 ps

At=30 Hs

(1) Calculate the mobility , diffusion coefficient of the minority carriers

(i)  Verify whether or not your results agree with Einstein’s relation.
(T=300K) (10 marks)
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(

ne

Al

Vae
If\ )]

The carrection factor f for the van der Pauw arrangement
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PHYSICAL CONSTANTS

Quantity Symbol Valuc

Angstrom unit A 1A=10"%cm=10"m
Avogadro number N 6.023 x 10%/mol

Boltzmann constant k 8.620 x 1079 eV/K = 1.381 x 1072 J/JK
Electronic charge q 1.602 x 1077 C

Electron rest mass m, 9.109 x 107" kg

Elcctron volt v 1V = 1.602 x 1077]

Gas constant R 1.987 cal/mole-K o,
Permeability of free spacc Lo 1.257 X 107 H/m

Permittivity of [ree space €0 8.850 x 107" F/m

Planck constant h 6,626 x 107 J-s

Proton rcst mass my 1.673 x 1077 kg

hf2 h 1,054 x 10 J-s

Thermal voltage at 300 K Vr 0.02586 V

Velocity of light in vacuum ¢ 2.998 x 10" cm/s '

Wavclength of 1-¢V quantum A 1.24 um




APPENDIX C

Some useful equations.

) ‘/i-VG-{-VD in ‘/i—VG 32 |
ID=G0 VD"‘_3-VP VP - ..— VP :

Fora BIT,

I, N,D.L,tanh(W, /L,)
I,, N,D,L,tanh(W,/L,)

L]
Drift Transistors:

van der Pauw, Hall effect.:




