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Diamond
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Basis: B, = (0,0,0), B, = (0.25,0.25,0.25).



graphite

Space group 194

4 inequivalent C
atoms in the
primitive unit cell

Polytypes of carbon
graphite (hexagonal)
graphene

carbon nanotubes
diamond
rhobohedral graphite
hexagonal diamond

HM:P 63 m c
a=2.456A
b=2.456A
o=6.696A
«=90.000°

B=90.000
y=120.00




zincblende

/nS
GaAs
InP

space group 216
F43m

HM: F-43M
a=5.434A
b=5.434A
o=5.434A
o=90.000°
B=90.000°

y=90.000°




wurtzite

ZIlS HM:P 63.n c #186
a=3.249A

/n0O b=3.2494
c=5.205A

CdS a=90.000°

Cdss o0,

GaN L

AIN

Number 186

There are 2 polytypes of ZnS: zincblende and wurtzite



atomic packing density

fcc, hcp=0.74

random close pack = 0.64
simple cubic = 0.52
diamond = 0.34



Coordination number

Number of nearest neighbors an atom has in a crystal
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Crystal structure determination

STO substrate

Scanning tunneling Field ion microscope Transmission electron
microscope microscope

Usually x-ray diffraction is used to
determine the crystal structure
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Crystal diffraction (Beugung)

Everything moves like a wave but exchanges energy and momentum as

a particle
light photons
sound phonons
electron waves electrons
neutron waves neutrons
positron waves positrons
plasma waves plasmons
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Periodic functions

Use a Fourier series to describe periodic functions



Expanding a 1-d function in a Fourier series
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Any periodic function can be represented as a Fourier series.

f(x)=f,+ icp cos(2zpx/ays,sin(2zpx/a)

p=l

multiply by cos(2np'x/a) and integrate over a period.

Cle.

jf(x)cos(Zﬂp'x/a)dx = cpjcos(Zﬂp'x/a)cos(27rp'x/a)dx =
0 0

5
c, —;!f(x)cos(2ﬂpx/a)dx



Fourier synthesis

A periodic function with period a can be written as a Fourier series of the form,

fa(2)

f(z)

1.5

f(x) = A9+ ZA,, (cos(8,) cos(2wnz/a) + sin(8,) sin(2wnz/a)) .
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Expanding a 1-d function in a Fourier series

1.5
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Any periodic function can be represented as a Fourier series.

f(x)= fo+ > ¢ cos(2rpx/ap s, sin2zpx/a)
p=1

e +e .
sinx = -
2 21

COSX =

JS(x)= Z fGeti fG=CEP—iS—p :272'_p
G=—w0

2 X a

For real functions: f; =/ reciprocal lattice vector



Fourier series in 1-D
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Determine the Fourier coefficients in 1-D

G
f(x)= Z / Gel "
G
Multiply by e7¢*~ and integrate over a period a

f Fx) e~ 16 dx = j ZfGei(G—G')xdx = fea
G

unit cell unit cell
1 Q0
_'G
1 :;jﬁell(x)e “dx
-00

The Fourier coefficient is proportional to the Fourier transform of the
pattern that gets repeated on the Bravais lattice, evaluated at that G-vector.
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Fourier series in 1-D, 2-D, or 3-D

f(7) =2 fee
G \
/ Structure factors

Reciprocal lattice vectors G
(complex numbers)

(depend on the Bravais lattice)
fhkl = hay + kas + las

oy 1 ferg=j3
(Ii-bj=2ﬂ‘5ij (5;'5,':{0’ forz';éj

—

G = 1/151 -+ Vggg -t 1/353
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Fourier series in 1-D, 2-D, or 3-D

In two or three dimensions, a periodic function can be thought of as a
pattern repeated on a Bravais lattice. It can be written as a Fourier series

Y\ — iG-¥
AGEDINVFE
G \
Reciprocal lattice vectors / Structure factors

(depend on the Bravais lattice) (complex numbers)

In 1-D:



Reciprocal lattice (Reziprokes Gitter)

Any periodic function can be written as a Fourier series

UGEDWIES

/4 Reciprocal lattice vector G

Structure factor

G = v1b1 + v9bs + v3b3
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Reciprocal lattice (Reziprokes Gitter)

sc 4 —axr, d9—=ay, d3=—az,

= 2'"' A~ - 27]' A — 271' A

b]_ — _kz, b2 — _ky, b3 — _kz

a a a
a . . . a . . a
fec: E'31=§(-’17+21), a2=§($+y), 3=§(y+Z),

- 2w A A - T o~ A 2 i i
by = T(k” —ky+k), bp=—(kz+ky—k;), b3a= T(_kz + ky + k)

a a
bee 6125(:%"'3}_2), ?1'2—5(—£+37+Z), a3 = (£ -9 +2),
27r ~ A 27r ~ 21r
by = T(kz + ky), by = T(ky +k;), by=—(kz+ k)



Two dimensional periodic functions

foo=0[_| Q:EJ
foo = f3_,=0.1[) 9:@ +i(0)[) !:,
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Determine the Fourier coefficients

f(r) = Z fzexp (z(_j : F)
G



Determine the Fourier coefficients

fir) = Z fzexp (zé : F)
G
Multiply by exp[—?:é’ -7) and integrate over a unit cell

f f(7) ‘E‘J-EI_D(—'éfj?r -T)dr = Z f i n'&}t:}::(—z'[—i'I .7) exp(iG - 7)dF

unit cell G unit cell

1
Vlli:

fa=

f f(7) exp(—iG - 7#)dF

unit cell




Determine the Fourier coefficients

ﬁu,f'ﬁi ﬁaﬁl
fa= % / / exp(—ié - T)dzdy.
i} a
—v2a/4 —v/2a/4

v2a/4 +2a/4

/ / exp(—iG,x) exp(—iG,y)dzdy,
—v2a/4 —+/2a/4

)
My

fa=

C (exp(—h/ﬁ@za,/e_i) - exp(z'\/i(;'xa/ri)) (exp(—i\/iGya/él) - exp(z'\/i(}ya/él))

fe =4 &0, |

4C sin(v/2G.a/4) sin(v/2Gya/4)
fe =0 G.G, |




Reciprocal space (Reziproker Raum)
k-space (k-Raum)

k-space 1s the space of all wave-vectors.

A k-vector points in the direction a wave is propagating.

2 ~
wavelength: 4 =17 momentum: p = hik




Plane waves (Ebene Wellen)

N‘l

e —cosk +zsm(l_€ ) A

Most functions can be expressed in terms of plane waves

g

)) —exp( ik -

l

\l

\l
~—

() = jF( )e””dk

A k-vector points in the direction a wave is propagating.




