Chapter 1
Prob. 1.1
Which semiconductor in Table 1-1 has the largest £,? the smallest? What is
the corresponding A? How is the column [If componeni related to E,?

largest E, : ZnS, 3.6 eV.

1.24
A= — =
36 0.344pm
smallest E, : InSb, 0.18 eV.
A =6.89um

Note Al compounds have larger £, than the corresponding Ga compounds,
which are larger than In compounds.

Prob. 1.2

Here we need 10 calculate the maximum packing fraction, treating the atoms as hard
Spheres.

Nearest atoms are at a separation %x\/(s x2)? +5% =4.330A
Radius of each atom = %x4.330.& =2.165A
Volume of each atom = %1:(2.165)3 = 42.5A3

Number of atoms per cube = l+8x—;—= 2

Packing fraction = —‘g—é—?:—z— =68%
&)




Prob. 1.3

(a) Label planes:
z
a1y
x y
x y =z
3 3 3
173 113 113
T 1 1

(b) Draw equivalent directions in a cube

<1 00> all edges

{Need not show atoms)
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<11 1> all body diagonals

Prob. 1.4 .
We need 10 calculate the volume density of Si, its density on the.(110) plane and the

distance between two adjacent (111) planes.
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S =500x10% cm
(543x107) v

On the (110) plane we have 4 atoms on corners, 2 on the top and bottom planes, and 2
interior (see Fig. 1-a).
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1.1
4X—+—=x2+2
4 2

- =9.59x10%cem™
(5.43x1078)(/2 x5.43x107%)

(110) plane

Basis of Sicrystal athnd-i—,%,% which isalong[111].

Distance = ﬁ( -:—,): 2.39A.

: d - 5
Prob. 1.5 Vst

Using the hard-sphere model, find the lattice constant of InSb, the volume of the primi
cell and the atomic density on the (110) plane.

[ii=1.44+1.36=2,82x

(e QD

a=647A
3
In FCC, unit cell has 4 lattice points, Therefore, volume of primitive cell = 9‘—'—— =67.7A°

Area of (110) plane = +24*

1 1

4R—4+2%X~ :[;2_
a

Density of In atoms = 4 = =3.37%10" em™?
¥ o

Same number of Sb atoms = 3.37x10™ ¢m*2




Prob. 1.6
Draw NaCl lattice (1 0 0) and unit cell.

Nat Ci

Two possible umt cells are shown, with either Na" or CI at the corpers,
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This view is tilred slightly from
{110) to show the alignment of atoms.
The open ch is are h 8! 1 along
this direction.

The shaded points are one sc lattice;
the open points are the inter=
penetrating sc, located a/2 behind the
place of the front shaded points.

view along this direction
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oh. 1.9
(@) Find the number of Si atoms/cm’ on the surface of a (1 0 0) oriented Si wafer.

® a=543A

Each a” has 1 +(4) = 2 atoms on the surface. ~
2 atoms/cell
(5.43x107%) em?/cell

=6.78x10%em™?

(b) What is the distance (in 4) between nearest In neighbors in InP?

In atoms are in an foc sublattice with a = 5,874, nearest neighbors are {?3
5.87 %
E=2207=4154 - R
2 2 Yy
7
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Prob. 1.10
Find NaCl density.

Na*: atomic wt. 23, radius 1 A. CI": atomie weight 35.5, radius 1.8 A.

The unit cell contains % Na and ¥ Cl atoms. Using the hard sphere approximation,
a=2.8A.

ity = @3+ 35.5)/(6.02x10%%)

densi =22 g/em’
(2.8x1073)? ¢

Prob. 1.11
Label atom planes in Fig. 1.8b.
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Prob. 1.12

Find atoms/cell and nearest neighbor distance for sc, bec., and fec lattices.
(see solution to Prob. 1.5)

for sc atoms/cell = 3(8) =1
nearest neighbor = a

for bee atoms/cell = é +1=2
nearest neighbor = %ﬁ

for fcc atoms/cell = 4

{see Example 1-1) nearest neighbor = %ax/‘_z'
8




Prob. 1.13
Show four {111} planes. Repeat for {118} planes.
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Prob. 1.14
Find fraction occupied in sc, bec, diamond.

atoms/cell = }(8) = 1

nearest neighbor distance = a
maximurn sphere radius = a/2
vol. of each sphere = #rx($)?
total occupied vol.

SC = 1 atom/cell x £a®
vol. of unit cell = a®

fraction occupied = £ = 0.52

e amandt S SELLS

2 atoms/cell ‘
nearest neighbor distance = %\/§
Tmaz = %\/g

fraction occupied

< = ($7(3V3)° x 2)/a?
=2v3=0.68

bee

bl S W

8 atoms/cell (4 from fec +
f 4 at 11,2 from fec atoms)

nearest neighbor distance == ﬁ\/ﬁ

diamond alz Tmazr = %\/3.

fraction occupied
= (37(=2£)° < 8)/a®
A = I/3=034
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Prob. 1.15
Find Ge and InP densities as in Example 1-3.

The atomic weight of Ge is 72.6; for In, 114.8; for P, 31.

For Ge: a = 5.66A, 8 atoms per cell

—-—-5-77 = 4.41x10% atoms/cm>
@ (5.66x107%)

441x10% x72.6
6.02x10%

8—
5=

density = =532g/em™

For InP: @ = 5.87A, 4 In + 4 P per cell

o -198x10% atoms/em®

& (587x107%)}
1.98x10%2 x(114.8+31)

- -3
5.02x10%° =479 glem

density =

Prob. 1.16

Sketch diamond lattice and show only four atoms in the interpenetrating fec
are in the unit cell.
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Prob. 1.17

What composition of AlShAs is lattice matched to [nP? MGaP to Gads?
What are the E,'s?

From Fig. 1-15 AlSb.As,_, ternary crosses the InP lattice constant at
x=0.43 where £, = 1.9 eV

In Gay_. P crosses the GaAs lattice constant at x= 0.48, where
Ey=2eV

Pirob.1.18

What weight of As (k; = 0.3) should be added to 1 kg Si to achieve 10" cm™ doping during
initial Czochralski growth?

The atomic weight of As is 74.9, Yol
Ce=4kiCp, thus C; = 10/0.3 = 3.33 x 10" e

Calculating the melt volume from the weight of Si only, and neglecting the difference in
density for solid and molten Si,

1000 g of Si
2.33 g/em’
3.33x10"%em™® x429.2cm® =1.43%10'® As atoms

ini8 )

LBXIQ X749 ] 55104 g= 1.8x107 kgof As. —
6.02 x10% sfoms
Vs s

=429.2 cm? of 8i
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