— (i) Write down the basis (4 marks)

PHYS3080 Solid State Physlcs
MID SESSION EXAM Monday 11" April 2011

Total for this exam is 40 marks. Time allowed 50 mins. This in-session test is worth 20% of
the total course mark.

Question 1 Gallium Arsenide: crystal structure, lattice vibrations and heat capacity

Consider the semiconductor Gallium Arsenide (GaAs) which crystallizes

in the important zincblende structure.
. 3 G D ;D
(1) What is the Bravais lattice type for this structure? (2 marks) ngl/ ]

................

(if) How; many lattice points are there per primitivé unit cell? (2

marks) -

(iv) If the zincblende structure of semiconductors were close-
packed (it isn't, but let's claim that it is for the purposes of this C.O.O ‘0
question) then calculate the maximum theoretical packing

factor using the close-packed hard sphere model; show all

working (6 marks)
(v) If the primitive lattice vectors for the Zincblende structure are

(5 +2) c=%('2+i;}

N |

a=—(i+§‘) b=

calculate the reciprocal lattice vectors a*, b*, c¢* (8 marks)
(b) Now consider a one-dimensional chain of alternating Ga and As atoms.

(i) Sketch and fully label the dispersion relations for this chain of atoms with diatomic
basis. (6 marks)

(ii) Mark clearly and label on your sketch the first Brillouin zone and the region from which
we can find the speed of sound (4 marks)

(c) The interatomic spacing of a 1D lattice of atoms of mass m = 37x107%7 kg is 3.0A.
The effective force constant representing the chemical bonds between the atoms is

K =15x10"2 Nm™".

(i) Calculate the maximum frequency which can be supported by this lattice (4 marks) and, -

(ii) calculate the frequency of waves having wavevector 90% of the maximum wavevector

(4 marks).
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- PHYS3080 Data and Formula Sheet

N.B. This is a generic PHY

! S3080 data/formula -shé’e and
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