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QUESTION ONE (25 marks) 

Schrodinger wave equation is used to denote the wave particle duality in quantum 

mechanics. The time independent Schrodinger wave equation can be derived as: 

And the time dependent SchrOdinger wave equation can be denoted as: 

Consider a particle trapped in an infinite potential well such as denoted by the function 

below: 

I 
...........-----........... 

L % 

Vex) = 0, 0 < x < L 


Vex) = 00, x =O,L 


Solve the Schrodinger wave equation to find the wave function for a particle trapped in ·an 

infInite potential well. 
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QUESTION TWO (25 marks) 

(a) Consider the body centered cubic lattice structure and the plane (110) shown in the figure 

below. 

i 

Assume the atoms can be represented as hard spheres with the closest atoms touching each 

other and also assume that the lattice constant is al = sA, determine 

(i) The number of atoms in the lattice plane (110) shown. (3) 

(ii) The surface density (atoms per unit area) in the lattice plane shown. (4) 

(b) According to classical physics, the average energy of an electron in an electron gas at 

thermal equilibrium is 7:T. Determine, for T=300 K., 

(i) The average electron energy (in e V), 

(iii) The average electron momentum, and 

(2) 

(3) 

(iv) The de Broglie wavelength. (4) 

(c) The Fermi energy level for a particular material at T = 300 K is 6.25 eV. The electrons in 

this material follow the Fermi-Dirac distribution function. 

(i) Find the probability of an energy level at 6.50 eV being occupied by an electron (3) 

(ii) Repeat this if the temperature is increased to T = 950 K. (Assume that EF is a constant.) 

(2) 

(iii) Calculate the temperature at which there is a 10 percent probability that a state 

0.50 eV below the Fermi level will be empty ofan electron. (4) 
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QUESTION THREE (25 marks) 

(a) Consider a unifonnly doped silicon pnjunction with doping concentrations 

=5 X 1017 =1017Na cm-3 and Na cm-3 • 

(i) Calculate Vbi at T = 300 K. (2) 

The junction has a cross-sectional area of 10-4cm2 and has an applied reverse-bias 

voltage of VR = 5 V. Calculate 

(ii) the depletion region width w. (4) 

(iii) Emax (2) 

(iv) the total junction capacitance. (2) 

(b) A Schottky diode is formed by depositing Au on n-type GaAs doped at 

3Na = 5 x 1016cm- , T = 300K. Determine the forward-bias voltage required to obtain 

In = SA/cm2 • Assume 0Bn = 0.867V. (6) 

(c) Consider an n-channel MOSFET with W = lS~m, L =2~m and 

Cox = 6.9 x 10-8F/ em2
• When the transistor is biased in the saturation region, the 

drain current is ID(sat) =35~ at VGs=1.5 V and ID(sat)=75~ at VGS =2.5 V. Determine 

the electron mobility and the threshold voltage. Assume VGs=O.l OV (5) 

1018 3(d) Consider a p-channel GaAs pn·JFET at T 300 K. The parameters are Na = cm-

and a =0.65~. Detennine the channel doping concentration such that the internal 

pinch-off voltage is Vpo=2.75 V. (4) 

http:Vpo=2.75
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QUESTION FOUR (25 marks) 

(a) A silicon semiconductor material at T=300K is doped with Arsenic atoms to a 

concentration of 2 x 1015 em-3 and with Boron atoms to a concentration of 

1.2 x 1015 em-3 . 

(i) Is the material p type or n type? Elaborate (3) 

(ii) Determine no and Po. (5) 

(iii) Additional Boron atoms are to be added such that the hole concentration is 

4 x 1015em-3. What concentration ofBoron atoms are to be added and what is the 

new value ofno? (6) 

(b) For a particular semiconductor, Eg =1.35 eV, m; = lOm~, T=300K and 

ni = 1.5 x 1010em-3 . 

(i) 	 Determine the position of the intrinsic Fermi Energy level with respect to the centre 

of the band gap. (4) 

(ii) Impurity atoms are added such that the Fermi level is 0.45 eV below the centre of 

the bandgap, Are acceptor or donor atoms added? What is the concentration of 

impurity atoms is added? (4) 

(c) The doping concentrations in a uniformly doped silicon pn junction are 

3Na = 4 x 1016em-3 and Nd = 2 x 1015em- , The measured built-in potential barrier 

is Vbi =0.55V. Determine the temperature at which this result occurs. (3) 
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QUESTION FIVE (25 marks) 

(a) A silicon pnjunction in thermal equilibrium at T=300K is doped such that 


EF - EFi = 0.365 eV in the n region and EFi - EF = 0.33 eV in the p region. 


(i) Sketch the energy band diagram for the pn junction. (3) 

(ii) Find the impurity concentration in each region. (4) 

(iii) Determine Vbi • (3) 

(b) Consider a uniformly doped silicon pn junction at T=300K. At zero bias, 20% of the 

total space charge region is in the p region. The built in potential barrier is Vbi = 0.71V. 

Determine 

(i) Na (5) 

(ii) Nd (2) 

(iii) Xn (3) 

(iv) Xp (2) 

(v) IEmaxl (3) 
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USEFUL INFORMATION AND EQUATIONS 


[
E -11 ]

110 =II, exp II'I(t B 

x,. = {~Vlll [Ne][ . I ]}IIZ
-,- N;. N. 4" N~ 

"'_ 'IT [N] [ 1 ]}11'lx" - .kt::s Y f1i ----!.. 
- { e Nd • Nfl + Nd 

Siliooo 
Gallium lI.!'SeRi'de 
Germanium 

480: 
400 

1900 

4.26 
4.28 
$.1 
4.S 
4.6 
US 

U2 

S.6S 
4.33 
45S 

Silicon iii' - 1.5 X ItPlI CftI,-'J 

Gallium iIII1CfIk1e 11;" 1.8 X JC1' em-l 


Germanium If('" 2.4 x SOu em- l 


Si. 
GaA..;. gallium l!ISCfIide 
AlAs, alUmillWD anenidc 
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PHYSICAL CONSTANTS 

Physical constants 

Avogadro's number 

Boltzmann's constant 

BIectrooic charge 
(magnitude) 

Free elcc1ron rest mass 
Permeability of free space 
Permittivity of free space 

Planck's constant 

Proton rest mass 

Speed of tight in vacuum 

Thermal voltage (T = 300 K) 

NA = 6.02 X 10+21 

atoms per gram 
molecular weight 

k = 1.38 X 10-23 JIK 

= 8.62 X 10-s eVIK 


e = 1.60 X 10-19 C 


mo = 9.11 X 10-31 kg 
#-La = 41T X 10-7 Wm 
eo = 8.85 X 10-14 F/cm 

= 8.85 X 10-12 F/m 
h = 6.625 X 10-34 J-s 

= 4.135 X lO-~cV-s 

2~ = Ii = 1.054 X 10-34 J-8 

M= 1.67 X lO-27 kg 

c = 2.998 X 1010 emls 


V, = k[ = 0.0259 V 

kT = 0.0259 eV 
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Silicon, gallium a.rsenide, and germanium properties (T = 300 K) 

Atoms (cm-3) 5.0 X Ion 4.42 X ItF 4.42 X Ion 
Atomic weight 28.09 144;63 72.60 

Crystal structure Diamond Zincblende Diamond 
Density (yjcnJl) 2.33 5.32 5.33 
Lattice constant (A) 5.43 5.65 5.65 

Melting point rC} 1415 1238 937 

DielccIric constant U.7 13.1 16.0 
Bandgap energy (eV) 1.12 1.42 0.66 
Electron affinity, X (V) 4.01 4.07 4.13 
Effective density of states in 28 X 10.9 4.7 X 1017 1.04 X 1019 

conduction band, Ne (cm-3) 

Effective density of states in 1.04 X 1019 7.0 X 10"1 6.0 X 10111 


valence band, N'II (em-3) 

In1rinsic carrier concentration (em-3) 1.5 X IOU' 1.8 

" 

X 1()6 2.4 X IOU 


Mobility (earN-s) 

Elcctron,I£,. 1350 8500 3900 
Hole, JLp 480 400 1900 

Effective mass (~) 
Electrons mi = 0.98 0.067 1.64 

mi = 0.19 0.082 
Holes ~ 0.16 0.082 0.044 

0.49 0.45 0.28m:" 
Density of states effective mass 

Electrons ~) l.08 0.067 0.55 

Holes (~) 0.56 0.48 0.37 

Conductivity effective mass 

Electrons ~) 0.26 0.067 0.12 

Holes~) 0.37 0.34 0.21 

.. 



