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OUESTION ONE (25 marks) 

(a) Detennine the number of atoms per unit cell in a Diamond Lattice. (3) 

(b) Assume that each atom is a hard sphere with the surface of each atom in contact with the 
surface of its nearest neighbor. Determine the percentage of total unit cell volume that is 
occupied in a Diamond lattice. (5) 

(c) Given that the lattice constant of Germanium is 5.65A, determine the volume density of 
Germanium atoms in a gennanium semiconductor. (3) 

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

thermal equilibrium is 3~T. Detennine, for T = 300 K, 

(i) the average electron energy in eV (2) 
(ii) average electron momentum (3) 
(iii) the de Broglie wavelength. (4) 

(e) An electron and a photon have the same energy. At what value ofenergy (in eV) will the 
wavelength of the photon be 10 times that ofthe electron? (5) 
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QUESTION TWO (25 marks) 

(a) Describe the lattice planes shown in the figure below: 	 (6) 

(it) 

(b) The lattice constant of a simple cubic lattice is ao, sketch the following plane directions . 
•< 

(i) 	 [110] (2) 

(ii) [212] 	 (2) 

(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. (4) 

(ii) Repeat this if the temperature is increased to T 950 K, assume that EF is constant) 

(3) 

(iii) Calculate the temperature at which there is a 1 percent probability that a state 0.3 eV 

below the Fenni level will be empty ofan electron. (4) 

(d) 	Show that the probability of an energy state being occupied ~E above the Fermi energy is 

the same as the probability of a state being empty ~E below the Femi level. (4) 
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QUESTION THREE (25 marks) 

(a) Consider 	 a unifonnly doped silicon pn junction with doping concentrations 

=5 X 1017 =1017 3Na cm-3 and Nd cm- . 

(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 fonned by depositing Au on n-type GaAs doped at 
3Nd = 5 x 1016cm- , T 300K. Detennine the forward-bias voltage required to 

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

(c) Consider an n-channel MOSFET with W = 	lSl1m, L = 211m, and Cox = 6.9 x 
10-8 F/cm2 • When the transistor is biased in the saturation region, the drain current 

is ID(sat) =35jlA at VGs=1.5 V and ID(sat)=75jlA at VGS =2.5 V. Determine the 

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

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

and a = 0.651J111. 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) Consider the ideal long silicon pnjunction shown in the figure below at T=300K. 

The n-region is doped with 1016donor atoms per cm3 and the p-region is doped with 

5 x 1016 acceptor atoms per cm3 • The minority carrier lifetimes are TnO = 0.05115 

and Tpo = 0.01115. The minority carrier diffusion coefficients are Dn = 23cm2/s 

and Dp =8cm2/s. The forward-bias voltage is Va =0.610V. 

V
Q 

p 

Calculate 

(i) the excess hole concentration as a function of x for x ;::: 0 (5) 

(ii) the hole diffusion current density at x =3 x 10-4 cm (5) 

(b) Consider two ideal pn junctions at T=300K, having exactly the same electrical and 

physical parameters except for the bandgap energy of the semiconductor materials. 

The first pnjunction has a bandgap energy of 0.525 eV and a forward-bias current of 

10 mA with Va = O.255V. For the second pn junction, "design" the bandgap energy 

so that a forward-bias voltage of Va = O.32V will produce a current ofl0\lA. (6) 

(c) An n+p silicon diode at T=300K has the following parameters: Nd = 1018cm-3, Na = 
21016cm3, Dn = 25cm2/s, Dp =10cm2/s. TnO = Tpo = 1115, and A =10-4cm

Determine the diode current for 

(i) a forward-bias voltage of 0.5 V (3) 

(ii) a reverse-bias voltage of 0.5 V. (2) 

(d) Calculate the applied reverse-bias voltage at which the ideal reverse current in a pn 

junction diode at T = 300 K reaches 90 percent of its reverse saturation current value. 

(4) 
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QUESTION FIVE (25 marks) 

(a) The electron concentration in silicon at T= 300K is no = 5 x 104 cm-3• 

(i) Detennine Po. (3) 
(ii) Is this n- or p-type material? (1) 
(iii)Determine the position of the Fermi level with respect to the intrinsic Fenni leveL (3) 

(b) For a particular semiconductor, Eg = 1.50 eV, m~ = 10m~, T=300 K, and ni = 1 x 
105cm-3. 

(i) Determine the position of the intrinsic Fermi energy level with respect to the center of 
the bandgap. (4) 

(ii) Impurity atoms are added so that the Fermi energy level is 0.45 eV below the center 
of the bandgap. Are acceptor or donor atoms added? What is the concentration of 
impurity atoms added? (5) 

(c) Carrier transportation takes place by two methods, carrier drift and carrier diffusion, what 
is the difference between the two methods? (2) 

(d) A silicon crystal having a cross-sectional area ofO.00lcm2 and a length of 10-3 cm is 
connected at its ends to a 10-V battery. At T=300 K, we want a current of 100 rnA in the 
silicon. Calculate 
(i) the required resistance R, (2) 
(ii) the required conductivity (2) 
(iii) the density ofdonor atoms to be added to achieve this conductivity. (3) 
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USEFUL INFORMATION AND EQUATIONS 

_oD d(Bp.(x» I E - E ]J () 110 =n,exp [ F kT Ft 

-(Er - ErJ] 

P XII .-,,. 1IX """%II 

Po= niexp [ iTd(Bn,.<x» I
J,.(-x,.) = eD. -dx- r--., 


8nl'(x) IIp(x) - .,~ =~[exp(1Jf) - 1] exp(X,z: X) 


" rIJ:. \ 
J = enl ( 1 \f75;; + I \12 1 

, r N; . 7.,ll "'fl:t J TI'J J 

Typical mObililY values at T 31Xl K and low dopin/;! concentrations ID = H!/l"C", tV - \!T,'}VV .':L ,GS ' 

ea2l(Silicon 1350 480 V'I = ---' Gallium arsenide 8500 -100 fl· 'lE.. 
G('rmanium 3900 1900 

Work functions of some elements 

Work fUllction, q),. 
A!!. silver 4.16 
Al.aluminum 4.::!S 

Au. gold 5.1 

Cr. chromium 4.5 
Mo. molybdenum 4.6 
Ni. nickel 5,15 
Pd, palladium 5,12 
Pl. platinum 5.65 
TL titanium 4.33 
'\I. lUngsten 4.55 

Commonly accepted \'alue~ ,1f rI, at T = 300 K 

Silicon 11: = 1.5 }: 101,: cm ' 
Gallium arsenide ll; = U\ .,; 10' em ~ 

Germanium II; = 2.4 jOl} em" 

Electron affinity of some semiconductors 

Elernent Elpctl'on affinity.:\,' 

Ge. gem13ninm 4.13 
Si. silicon 4.01 
GaAs. gallium arsenide 4.07 
AlAs. aluminum arsenide 35 
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PHYSICAL CONSTANTS 

Physical constants 

Avogadro's number 

Boltzmann's constant 

Electronic charge 
(magnitude) 

Free electron rest mass 

Penneability of free space 

Pennittivity of free space 

Planck's constant 

Proton rest mass 

Speed of light in vacuum 

Thermal voltage iT = 300 K) 

NA = 	6.02 X 10+23 

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 
}J.oo = 417 X 10-7 HIm 
Eo = 8.85 X 10- 14 F/em 

= 8.85 X 10-E F/m 
It = 6.625 X 10-34 J-s 

= 4.135 X 10-15 eV-s 
., 

2~ = 	 ft. = 1.054 X 10-34 1-5 

,.1 = 	1.67 X 10-17 kS! 
~. 

c 2.998 X 1010 cm/s 

V kT = 0.0259 V 

kT = 	0.0259 eV 
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Silicon" gallium arsenide, and germanium properties (T = 300 K) 

Atoms (cm-3) 5.0 X Ion 4.42 X Ion 4.42 X IOU 

Atomic weight 28.09 144.63 72.60 

Crystal structure Diamond ZincbJende Diamond 

Density (glcm3) 2.33 5.32 5.33 

Lattice constant (A) 5.43 5.65 5.65 

Melting point (OC) 1415 1238 937 


Dielectric constant ]1.7 13.1 ]6.0 


Bandgap energy (eV) 1.12 1.42 0.66 


Electron affillity, X (V) 4.01 4.07 4.13 

Effective density of states in 2.8 X 1019 4.7 X JOn 1.04 X ]019 


conduction band. Nc (cm-3) 


Effective density of states in 1.04 X 1019 7.0 X lOIS 6.0 X JOIE 


valence band, N" (cm-~) 

.­

Intrinsic carrier concentration (cm -:'i) 1.5 X lOw 1.8 X 10(' 2.4 X lO l3 

Mobility (cm2N-s) 
Electron, 1Le. 1350 8500 3900 
Hole, J.tr 480 400 1900 

" *. 
Effective mass {7,~, ) 

, !,J.' 

Electrons m;' = 0.98 0.067 1.64 

m~ = 0.19 0.082 
Holes "t'y, = O. 16 0.082 0.044 

m~~= 0.49 0.45 0.28 
Density of Slates. effe·ctive mas~ 

EIe.clrons (111"Ii") 1.08 0.067 0.55m", 

("t " Holes -_dr, 0.56 0.48 0.37
fIl,., 

Conduclivity effectjve mass 

El,eclron~ ~'Im:' 0.26 0.067 0.12 

( m"
Holes m(~r) 0.37 0.34 0.21 


