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Fundamentals of Semiconductors
EPL213
Problem sheet 1

Aim: understanding unit cell, crystal structures, Brillouin zone, symmetry representation

1. Sketch the unit cell in these two examples. Can you identify how many lizards ( now basis) for unit cell?
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2. . Draw the Wigner-Seitz cell of a cubic lattice using the procedure given in your lecture notes. Label
Symmetry points ( How many you can see in this 2D (x-y) plane?)
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3. List the positions of the atoms in the basis of a face centred cubic lattice. Draw a unit cell (see your lecture
notes, since this is a very important lattice type). Draw a plan view of the lattice seen along the [100],
[110] and [111] directions, labelling the height of each atom. Which plane has the densest arrangement of
atoms?
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4. You have been told that the hard spheres natural assembly is fcc packed lattice. Now, if the cubic cell
width is a, can you find the packing fraction? ( packing fraction is defined as number of spheres ( or atoms)
in the cell multiplied by volume of sphere( atom) divided by volume of unit cell)
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5. Find number of Silicon atoms/cm? in (100) surface of Silicon wafer. (a=5.43x10*cm)
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6. Similarly do it for (110) surface
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7. Now you are in a position to extend the same philosophy to 3D model ( Do you remember the Si crystal
structure? Refer your lecture notes). Find Number Si atoms ( per unit volume) in an unit cell and the
density of Silicon. ( If necessary use, Avogadro Number= 6.02x10"and Mol Weight of Si= 28.08g/mol)
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Fundamentals of Semiconductors
EPL213
Problem sheet 2
Aim: understanding the band structures, effective mass and the conduction valance energy levels,
understanding of band gaps, density of states, intrinsic properties of semiconductors

1. Using Nearly-free electrons (consider one dimension) near the Brillouin zone edge of a cubic crystal
(a=0.30 nm) are found to have allowed energies of 3.66eV and 4.66eV when given a momentum k, =

10.00 nm™ and —10.94 nm™' respectively. By calculating E 12, find the strength in eV of the potential that
scatters them and also find the possible energy separation.
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2. We have effective masses of various branches in conduction and valance bands of Si as following. Find

the density of states masses for respective conduction and valance bands. m;*=0.98my, m¢*=0.19my,,
my,*=0.16my and mp,*=0.49my
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3. Calculate the conduction band energy level for the given k vector 0.42nm™ ( measured from band edge).
The GaAs effective mass ( you already know this) is 0.067my. How about free space electron energy?
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4. A conduction band electron in Si(100) occupy in k space (27/a)*(0.9,0.2,0). Estimate the energy level,
measured from the conduction band edge.
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Comment briefly on the following terms that are very much useful in understanding band structures.
Direct and indirect band gap

Effective masses at conduction and valance bands In,Ga,As
Heavy-hole, light-hole and split-off bands

0O 0 0 W

InGa,As«

In,Ga;<AsyP1y
In,GayAsi Py
In,GayAlAS .y
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6. You have seen screen shots of the applet for alloy, AlGaAs condition and valance band estimation n your
lecture. This is based on virtual crystal approximation using the following data at 300K

Conduction band energies measured from valance band edge

GaAs AlAs
I point=1.43eV I point=2.75eV
X point= 1.91eV X point= 2.15eV

Calculate respective I' and X points for intermediate compositions Aly3Gag7As, AlgsGag4As. It is easy for
you to say that GaAs is a direct band gap material and AlAs is an indirect one by just looking at the I and X
points energies. How about the above compositions? ( hint: (Here in this approximation, one simply uses the
weight average of energies) . Give a hint if the compositions given in the left side box are possible or not, tell
me why?
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7. Estimate the (a) effective density of states for valance and conduction bands and (b) intrinsic carrier
concentration for silicon at 300K
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8. An intrinsic GaAs light emitting device is operating at room temperature. Estimate any change in the
emitted light wavelength with temperature.
(‘any help?: Refer your lecture notes for temperature dependence of band gap )

© pr.G. Vijaya Prakash, IIT, Delhi



Fundamentals of Semiconductors: EPL213 (2012)

o he
£: Bultls Eud=-X1I. = T
3 T e A
3
hé . _ (.18 = Mmu
- 204)
?*ME {:E.Dl:lt
Kabo = (= BaMIQRe = 1% 0N
Ane0
Dage = B72:738nm .
. By KNt | he
Eq (T4 AT) 9 T BroT (Agedta?r) :

5. T A BA
- (T .« (8D = J:r-[ Nots.
TifeQ.  FERES

a2 (he) (15 oTaT+ED) ()
- ﬁr{- B4aT) eTr
(T+R)*
o ‘_P"f 2T AT -I"F’fg-l-

2 TE&T

w— j?as__? -T.-:.T

Asod

1

%

(T4®"
{: T%T + 2TP 4T |

(T4

A% e e Bgs AT [THITE)
T he (TP

3
I.___"]_E_Irlu ® 18 B ar | € N

© Dr. G.Vijaya Prakash, IIT, Delhi

12



Fundamentals of Semiconductors: EPL213 (2012) 13

st & - IPIIHI:‘ E-F-‘ r:re S at T '-I-E'h"l-f:".

-'::j"'-:au Egi = Ec +Ev & BT ). [—Hu_
2 2 Ne

Nv g = d.0gx (0" cpr3
Mfg. - ';l_ ,;I }{]{:'_lﬂ' I:__.m-.r

i
4 A

B € _Ei_ " kll_fE::m"J I (;_ﬁ )

B S OIS f@m(pi)

1 r 2 - F,
[ E Ei I . ":f"l—?.i._,ﬂg? __J
et - —
9. Find the intrinsic Fermi level gradient with respect to temperature ( dE;/dT) and . discuss your findings

( Any help? kg= 8.617¢-5 eVK™)
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