BINDURA UNIVERSITY OF SCIENCE EDUCATION
ENGINEERING AND PHYSICS DEPARTMENT
PH 208: SOLID STATE PHYSICS
DURATION: THREE HOURS

Answer ALL parts of Section A and any THREE guestions from Section B. Section

1 {a) (i)

(ii)

{c)
(d)

(e}

A carries 40 marks and Section B carries 60 marks.

SECTION A

inspité of their long range order in the arrangement of particles, why are the
crystals usually not perfect?

Which of the following statements are true about semiconductors?

(a) Silican doped with electron rich impurity is a p -type semiconductor

{b) Silicon doped with an electron rich impurity is an n-type semiconductor
{c) Delocalised electrons increase the conductivity of doped silicon

{d) An electron vacancy increases the conductivity of n-type semiconductor

Under which situations can an amorphous substance change to crystalline
form?

Match the items given in Column | with the items given in Column Il

Column | Column i
A. Mg in solid state 1. P-type semiconductor
B. MgCl2 in molten state 2. N-type semiconductor
C. Silicon with phosphorus 3. Electrolytic conductors
D. Germanium with Boron 4. Electronic com

Find the kinetic energy of an electron with a wavelength of 0.5 nm
Determine the energy and radius of the electron orbit of s hydrogen atom for

n=1.

Using Figure 1.1, determine the dipole moment associated with the ionic
model of the water molecule. NB: the length of the O-H bond is 0.097 nm and
the angle between the bonds is 104.5°,
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Figure 1.1 lonic mode|

Estimate the stress required to open a surface crack in a glass rod given that [4]
the crack has a depth of 2.0 um and a radius of curvature at the tip of 1.0 nm. '

Estimate the typical conductivity of a metal at 295 K assuming that the mean [3]
free path is about 1 nm and that the number of valency electrons is about
1029 me.

Section B

e ey

o e
£

Figure 2
Determine the Miller indices for the plane shown in Fig. 2

Determine the actual volume occupied by the spheres in the simple cubic [12]
structure as a percentage of the total volume.

The energy-wavevector (£ — k) dispersion relation for a particle in two f4]

dimensions is E = Ck, where Cis a constant, If its density of states D (E) is
proportional to EP. What is the value of p?
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{c)

(d)

(a)

(b}
(a)

(b}

(ii)

The energy dispersion for electrons in one dimensional [attice with lattice
parameter a is given by E(k) = g5 — %W cos ka, where W and E, are

constants. What is the effective mass of the electron near the bottom of the
hand?

Discuss the advantages and disadvantages of using electron microscopes in
comparison to X-ray diffraction for determining the structure of a crystal.

A lift cable of diameter 2 cm has a yield stress of 2 x 105Nm™?. Assuming that
the empty lift has a mass of 150 kg and that the average mass of a person is 70
kg, determine the maximum number of people that can be carried in the lift
given that the safe operating limit is20%ofthe elastic limit.

Explain why the conductivity of germanium crystals increases on doping with
gallium?

How does the doping increase the conductivity of semiconductors?

n-type semiconductors.

Use Bohr's model to determine the radius of the donor electron orbit for a
phosphorus atom in a silicon crystal.

Estimate the number of silicon atoms in a sphere of this radius. (The nearest
neighbour separation in silicon is 0.234 nm.)

By making use of the Bohr's model of the hydrogen atom estimate the energy
of the donor electron in Silicon.

Given that the grains in a polycrystalline metal are typically 50 pm across and
that metal ions have radius of 0.5 nm, estimate the average number of ions in
a grain and the proportion of these icns which are adjacent to a grain
boundary.

By considering the group velocity v, of an electron in a crystal, show that the
2 —1

effective mass of the particle is given by m} = h? (Z’—tf)

Explain why silicon is opaque, whereas diamond is transparent.

{Hint: consider the minimum frequency of light that is absorbed in each case.)
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Formula Sheet

A.l Physical Constants
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Quantum theory of solid states
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Properties of Si and GaAs

Property i GaAs
Atam density (em ) 5402103 o 3 | O
Alomiv weight .09 144,64
Crystal structuse Diagmond Zmublesde
Density {plem) 2329 N7
Latlice constant (A} 5.43102 5.6513
Diclectne constant 1ty 12.9
Liectron 6iiinity ¢ (V) _ 4,08 4,07
Energy gap (¢V) 1.12 (indirecty| 1.2 (direct)
Elfeetive density of statex in conduction band, ¥, (em?) 2.8x101 4, 2%104
Iiffective densily of sttes in valence band, My (e 2.654101° T0xint¥
Intrinsic carrier concentration a1, {om ) 3651 2R
Effective mass (miy,) Electrons nit =098 0,063
mp =01y
tHoles wy =016 1 my - 0070
i, =049 1 mp =050

D ft mobilities (em?/V-z) Electrons 4, £,450 H 1

Holes 4, s oo
Satuzation velocity (en's) =107 pedliy
Breakdown field (Yicny) 35-8x 10 -yt
Minority-carrier lifetime {s) _ L 1 =10%
[ndex ol refraction T war PR
Optical-phonon eeergy {eV) 2,003 I (LG35
Melting point (*C 1414 1240
Linear coeftivient of termal expansion ALEAT (*C-0 1 2500189 E 535x10 #
Thermal cosductivity (Wiem-K) 1.56 N_4t
Thermsal diffusivity (sm’/s) 09 5 0.31 ‘
Specific hem (Hg-“C} ' 13,713 ] 1,327 :
Hueal eapacity {Jfmol-*C) J 20147 i 47,02
Youny's modulus {(iPa) | 130 ! 855

Note: Al properties al reant eniperalire,
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End of exam
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