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EE429 SOLID STATE ELECTRONICS 


QUESTION ONE (25 marks) 

a) Determine the number of atoms per unit cell in a body centered cubic Lattice. (3) 

b) For each of the diagrams below, determine 

1. The plane shown (shaded) (3) 

11. The direction indicated by the anow. (3) 

[, 

h
/ 

A. 	 B. C. 

c) Consider the plane (100) in a face centered cubic lattice. Determine 

1. 	 The number of atoms in the plane (2) 

11. 	 The surface density of the atoms if the lattice constant is 5 A. NB: the surface 

density is the number of atoms per plane / surface area of the plane. (3) 

d) The probability that a state at Ee + kT is occupied by an electron is equal to the 

probability that a state at Ev - kT is empty. Detennine the position of the Fermi 

energy level as a function of Ee and Ev. (5) 

e) 	 The de Broglie wavelength of an electron is 85 A. Determine the electron energy (e V), 

momentum, and velocity. (3) 

f) Given that lattice constant of GaAs is 5.65, determine the number of Ga atoms"and 

As atoms per cm3. (3) 
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QUESTION TWO (25 marks) 

a) 	 If the density of states function in the conduction band of a particular scmiconductor is 

a constant equal to gcCE) = K where K is a constant, derive the expression for the 

thermal-equilibrium concentration of electrons in the conduction band, assumlllg 

Fenni-Dirac statistics and assuming the Boltzmaml approximation is valid. (5) 

b) 	 Silicon at T=300K is doped with acceptor atoms at a concentration of7xl015cm­

1. 	 Determine (3) 

11. 	 Calculate the concentration of acceptor atoms that must be added to move the 

position of the Femli levellkT closer to the valence-band edge (5) 

c) 	 Consider a sample of silicon at T=300K. Assume that the electron concentration varies 

linearly with distance as shown in the figure below. The diffusion cunent density is 

found to beln = O.19A/cm2
. If the eleetron diffusion coefficient is On = 25cm2 /s, 

determine the eleetron concentration at x O. (6) 

IiIO, 

n ---!i>o- {).cH n 
x !em) 

d) The electron concentration at T=300K is given by 

where x is measured in Nm and is limited to 0 :::; x :::; 25. The electron diffusion 

coefficient is On = cm2 /s and the electron mobility is Iln 960cm2 /Vs. The 

total cunent density through the semiconductor is constant and equal to In 
40A/cm2 . The electron current density has both drift and diffusion current density 

components. Determine the electric iield as a function of x which must exist in the 

semiconductor . (6) 

http:i>o-{).cH
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QUESTION THREE (25 marks) 

(a) 	 In Silicon, the hole concentration is given by p(x) = 1015 exp(-x/Lp) f'Or x > 0 and the 
electron concentration is given by n(x) = Sxl014 exp(x/Ln ) for x :s; O. The values of 
Lp and Ln are Sxl0~4cm and 10-3cm respectively. The hole and electron diffusion 

/ Scoefficient are 10cm2/s and 2Scm2 respectively. The total current density is defined as 
the sum ofthe hole diffusion current density at x = 0 and the electron diffusion current 
density at x = O. Calculate the total current density. (4) 

(b) 	 Consider the ideal long silicon pn junction 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 

3
SX1016 acceptor atoms per cm . The minority can-ier lifetimes are Tno 0.051ls 

and TpO = O.Ollls. The minority carrier diffusion coefficients are Dn = 23cm2 /s 

and Dp = Scm2 /s. The forward-bias voltage is Va = 0.610V. 

-I H'I­
p n 

Calculate 

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

(ii) the hole diffusion current density at x 3xl0-4cm 	 (3) 

(c) 	 Consider a uniformly doped silicon pn junction with doping concentrations Na = 
1017 3Sxl017cm-3 andNd = 	 cm- . 

(i) Calculate Vbi at T = 300 K. 	 (2) 
2The junction has a cross-sectional area of 10-4 cm 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) 

(d) 	 A Schottky diode is formed by depositing Au on n-type GaAs d'ped at Nd = 
3Sxl016cm- , T=300K. Determine the forward-bias voltage required to obtain In 

SA/cm2 
. Assume 0Bn = 0.S6TV. 	 (3) 
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QUESTION FOUR (25 marks) 

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

- 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 pnjunction. (3) 

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

(iii) Determine Vbi • (3) 

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

total space charge region is in the p region. The built in potential banier is Vbi = 

0.71V. Determine 

(i) Na (5) 

(ii) Nd (2) 

(iii) Xn (3) 

(iv) Xp (2) 

(v) (3) 
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USEFUL INFORMATION AND EQUATIONS 


leV \
<'xp I .-:-~ I - {

dr.,1,r( 

In ( \/, In ( l ..l~I;'d ') 
" // \ l1j I 

IF _ 2€AV/, + V'I)' ,[N<1 + Na]}tn
tt - .,.1 '. V N, C 

j" i1 

! .;C/"' IrJ V flY'.] I ... !" - .:xp I,x~ = '1 ~E:, !:i t ,.:. 
. • i~

" .. 
TypkaJ ntlues at T = ::lOO K and taw doping concenlrations t-F,_t", " I ') = ---_. (. ,"" \/~)' V[l­, L 1.,_, I ..) 

(cm1{\'·S'1 

Sili(,)n 1350 481) 

G~tlljum arsenide 8500 4()!) 


Gl'ffllanil;m 3900 1901) 


K 

Siiil~,'n n, = 1.5 JO!'-,,:m ~ EI{,llh:llt Work function. <I,,, 
Gallium ilf'.!'<:."l1idc N; = I.S :. 10" em ~ 

~t\g_ sih'("r 4.:!6 Gl'J1lJail £U m n,; = 2_4 J(}J (r1)-:1 

AI. a~umi!lum 4.28 
Au_aD!.:! 5.1 
cLchroIDfllm 
!'<'lo_ fl1ulybdenfJ111 4.6 

Element Electrlln al'Jinity, ,\ 
Ni, nid:l'I 5.15 
Pd_ palladium 5.[2 -U: 
PI. pLnJoum 5,65 4.Di 
Ti. ~itan[lIm 4":;3 :.L07 
W. (ljngstcr, 455 .L5 
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PHYSICAL CONSTANTS 

Phys.ical constants 

Avogadro's number 

Bo[tzmann \ constant 

E1ectt'onic charge 
I,magnilude) 

Free dectron rest mass 

Permeabi[ily of free space 

Pem11ttlvity of free space: 

Planck's constant 

Proton rest mass 

Spec.~d ;J t- Ugh ~ in vacuum 

Therrnal voltaE!c (T = 300 K}
'-	 . 

II = 

.:!-
= 

= 
.O.:JI 

AI = 

c = 

1/ -_ 
.~ .. 

kT = 

l"./,.~ = 	 6.02 X IO~23 
atoms. per gram 
moie:cular weight 

k = 1.38 )< 10<!J 11K 
= 8.62 X 10-5 eVlK 

e = 1.60 >< 10- 1
') C 

1111:, = 9.11 >< 10-3l kg 
fLo = 47T ~< 10-7 HIm 
-, =8 Q ':;' '/.10-14F·I~·Ct, .0_) ,', un 

=8.85>< 10- J2 Flm 
6.625 	X 10-34 J-s 
4.135 X 10- 15 eV-s 

Ii = 1.054 X 10-:\'\ J-s 

1.67 >~ 10-27 kg
~.' 

2.998 Y: 10 10 cn1"s 

kT _ (-) {')'1~q \:e - -, -L_·., ' 

0.0259 eV 
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Silicon. gallium arsenide. and germanium propcI1ies (T = 300 K) 

Property Si GaAs Ge 
--------_._-------_._._--_._---.__.._..._-...__ .__._------.------------------------ ­
Atoms (em-- J ) 

Atomic \ ....eight 

Crystal structure 
Densitv tIT/'em:,

,.c..... ' 

Laltlce con:;tant (A) 
;,vlelting point (')C) 

Dielectric constant 

Bandgap energy (eV) 

Electron aHlnity, X (VI 

Effective density of states in 
conduction band. 1\'. {em 

Effectiye densit~:l of slates in 

valence band. Nt. (em- ') 


Intrinsic carrier concentration {cm' ;~) 


~vlobilhy (cm1f\:'-sJ 

Electron, p.~ 
Hole.. /-'-1' 

Effective mass I.: lhll:;~) 

Electrons 

Holes 

Density of states effective mass 
• Ifl~. " 

Electrons bi('!) 

Conductivity elTcctive mass 

I~!~~'l 
.,111,) i 

10125.0 X 

28.09 

Diamond 

J415 

I1.7 
1.12 
4.01 

2.8 X 10,(1 

10191.04 X 

l.5 X lOW 

1350 

tnf 0.98 

111: 0.19 

11(:~'i 0.16 

1.08 

0.56 

0.26 

0.37 . 

4.42 X 1 
144.63 


Zincbfende 


5.32 

5.65 

1238 
13.1 
1.42 

4.07 

10 174.7 X 

7.0 >< WI~ 

I. S >< 10" 

8500 
400 

0.067 

0.082 

0,45 

0.067 

4.42 X I 
72.60 

Di'U110nd 

5.65 
937 

0.66 

4.13 


1.04- X 10~'! 


6.0 X 10':<' 

3900 
1900 

1.64 

0.082 
0.044­
0.28 

0.55 

0.37 

0.12 

0.21 


