Haskoli Islands Vor 2016
Raunvisindadeild

Eolisfraeoi

Edlistraedl péttefnis 1

Lokaprof

20. Mai 2016 kl. 09:00 - 12:00

Leyfileg hjalpargogn eru skriffeeri, vasareiknir og eintak af kennslubok(um) (ein eda
fleiri):

e Harald Ibach and Hans Liith, Solid-State Physics: An Introduction to Principles of
Materials Science, 4th ed., Springer-Verlag, 2009

Steven H. Simon, The Oxford Solid State Basics, Oxford University Press, 2013

Charles Kittel, Introduction to Solid State Physcis, John Wiley & Sons

Neil W. Ashcroft and N. David Mermin, Solid State Physics, Brooks Cole, 1976

M. Ali Omar, Elementary Solid State Physics: Principles and Applications, Addison-
Wesley
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1. X-ray diffraction (15)

Pegar pu situr fyrir framan gamla litasjonvarpid med 25 kV meaetti & myndlampanum

ba eru miklar likur &4 ad pu verdir fyrir Rontgengeislun.
(a) Hvao er bad sem veldur mestu fleedi Rontgengeisla 7

(b) Fyrir samfelldu dreifinguna sem fram kemur, reiknadu stystu bylgjulengd (haesta

orka) Rontgengeislanna.

(c) Fyrir salt (NaCl) kristall sem komio er fyrir framan vid myndlampann, reiknadu
Bragg horn fyrstu gradu speglunar vid A = 0.5 A. (pNac1 = 2.165 g/cm3 og M =
58.45 g/mol).

When sitting in front of a tube color TV with a 25 kV picture tube potential you

have an excellent chance of being irradiated with X-rays.
(a) What process produces most of the X-ray flux ?

(b) For the resulting continous distribution, calculate the shortest wavelength (max-

imum energy) X-ray.

(c) For a rock salt (NaCl) crystal placed in front of the tube, calculate the Bragg
angle for a first order reflection maximum at A = 0.5 A. (pnaci = 2.165 g/cm® and
M = 58.45 g/mol)



2. Einnar atoma kedja — Monatomic chain (18)

Gera skal rad fyrir einnar atoma kedju par sem baedi er vixlverkun milli nsestu granna
og par neestu granna. Taknum gormstudul milli naestu granna med K; og milli

parnaestu granna med K5, massa atémsins med M, og grindarfastann med a.
(a) Rita skal hreyfijofnur fyrir atomin og finna titringstioni grindarinnar w(k).

(b) Hver er hljédhradinn fyrir pessa kedju 7

Consider a monatomic chain which have both the nearest-neighbor and second nearest-
neighbor interaction between atoms. Let us denote the nearest-neighbor spring con-
stant by K7, the second nearest-neighbor spring constant by K5, the mass of the
atoms by M, and the lattice constant by a.

(a) Write down the equation of motion for the atoms and solve for the lattice vibra-

tional frequencies w(k).

(b) What is the velocity of sound for this chain ?



3. Bravais grind — Bravais lattice (10)
Ef gefid er a0 grunnvigrar grindar séu a(a/2)(i+j), b(a/2)(j + k), og c(a/2)(k +1),
par sem i, j og k eru pessir venjulegu einingavigrar { Kartesiusarhnitum, hver er pa

Bravais grindin ?

Given that the primitive basis vectors of a lattice are a(a/2)(i + j), b(a/2)(j + k),
and c(a/2)(k + 1), where i, j and k are the usual three unit vectors along cartesian

coordinates, what is the Bravais lattice ?

4. Fermi level adjustment in silicon (10)

Kisilsyni vid 300 K er fbaett med rafpega ibot af péttleika Ny = 5 x 106 cm=3.
Akvarda ibotarpéttleika rafgjafa ibotar sem beeta verdur vid pannig ad kisillinn verdi

n—Ileidandi og Fermi orkustigid sé¢ 0.12 €V nedan vid leidnibordabrin.

A silicon sample at 300 K contains an acceptor impurity concentartion of Ny =
5 x 10'® ecm™3. Determine the concentration of donor impurity atoms that must
be added so that the silicon is n—type and the Fermi level is 0.12 eV below the
conduction band edge. Virkur dstandspéttleiki leidniborda kisils er N = 2.86 x 10'°

Cm73.



5. Specific heat (16)

Hljooeiginleikar rafsvara yfirgneefa varmahegdan og adra eiginleika eins og ljosleioni.

Demantur er einnar atéma rafsvari r kolefni sem hefur 10?! atoms/cm™3.
(a) Rissadu, varmarymd (& atom) sem fall af hitastigi.

(b) Hvernig er Tpepye tengt Debye tidninni wp 7
(

c) Ef ad hljodhradinn vid lagar tidnir er 5 x 10° cm/s, hvad er ba g6d nalgun fyrir

WD?

Acoustic properties of dielectric solids dominate their thermodynamic behavior and
other properties such as photoconducting resistance. Diamond is a monoatomic

dielectric solid of carbon having 10*' atoms/cm™3.
(a) Sketch, roughly, its specific heat (per atom) as a function of absolute temperature.
(b) How is Tpepye related to the Debye frequency wp 7

(c) If the acoustic velocity at low frequencies is 5 x 10° cm /s, what is approximately

the value of wp ?
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6. Two-dimensional triangular lattice — reciprocal lattice (10)
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(a) Merkid inn grunngrindareiningu { pessari tvividu prihyrningsgrind. Finnid grunn
vigranna.

(b) Finnid grunn vigra nykurgrindarinnar.

(a) Identify the primitive unit cell of a two-dimensional triangular lattice. Find the

basis vectors.

(b) Construct the basis vectors of the reciprocal unit cell.

7. Resistivity of metal (5)

Rissadu upp edlisvionam méalms sem fall af hitastigi fra 0 K upp 1 800 K.

Sketch the resistivity of metal as a function of temperature in the range 0 — 800 K.



8. Intrinsic semiconductor (16)

Gerum rad fyrir eiginleidandi halfleidara. Latum & vera orku rafeindar. Latum
gc(&) vera astandspéttleika i leidnibordanum, og gy (&) vera astandspéttleika i gild-
isbordanum. Gerum rad fyrir ad E¢ — Ep > kT, Er — Ev > kT, og

9c(E) = C1(E — E)VV?
gv(€&) = Ca(Ev — 5)1/2
ar sem Ec tdknar orku vid lagmark leidniborda og &y orku vid hamark gildisborda.
b Eq tak ku vid 14 k leidnibord & ku vid h4 k gildisbord
Fermi orkan er &.

(a) Finna skal jofnu fyrir n, rafeindapéttleika i leidnibordanum, sem fall af kg, T', C1,

Ec, & og einingarlausu dkvednu tegri.

(b) Finna skal jofnu fyrir p, holupéttleika i gildisbordanum, sem fall af kg, T', Cs, Ev,

&r og einingarlausu akvednu tegri.
(¢) Finna nékveema jofnu fyrir Ex(T).

(d) Hver eda engin, af nidurstodunum i (a), (b) eda (c) gildir ef halfleidarinn er

fbaettur med rafgjafa atomum ? Utskyrid.
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Consider an intrinsic semiconductor. Let £ be the energy of an electron. Let gc(E)
be the densty of states in the conduction band, and gy (£) be the density of states in
the valence band. Assume ¢ — & > kT, & — Ev > kT, and

go(E) = CL(E — E)Y?
gv(E) = Cy(Ev — E)VV?

7



where E¢ represents the energy of the bottom of the conduction band and &y the

top of the valence band. The Fermi energy is &r.

(a) Find an expression for n, the number of electrons in the conduction band, in

terms of kg, T', C1, Ec, &k and a dimensionless definite integral.

(b) Find an expression for p, the number of holes in the valence band, in terms of

kg, T, Cy, Ev, &k and a dimensionless definite integral.
(c) Find an explicit expression for Ex(T).

(d) Which, if any, of the results of (a), (b) or (c) remain true if the material is doped

with donor atoms 7 Explain.



1 Fastar

g=1602x107* C

B =1.0546 x 1073* Js

me = 9.1096 x 10731 Js

Nay = 6.022 x 10*®  sameindir /mol

kg =138 x 107#J/K=8.62x 107> eV/K

€0 =8.854 x 1071 F/cm

€ox/€0 = 3.9
631/60 =119
€Ge/€0 = 16

€GaAs/€0 = 13.1
Fyrir kisil vid stofuhita:
n; =9.65 x 10° cm™3
Fyrir GaAs vid stofuhita:

ni=2.25x10° cm™3

2 Halfleidarar

4
Meq 13.6
By = et 150
H 8e2h2n? n?
4. 10412
By =147 WX
(T + 636)
4% 10412
By =152 - BAXITT

(T +204)

h2
" T REdR?
7(8) :

— Ep

) ef £ — Ep > 3kT

Fk > of E — Fp < 3kT

E.— E
n ~ N.exp (—CiF)

kT

2mm* kT \ >/
Ne=2 (T)

Er — E
p ~ Ny exp <—F7>

kT

orm* kT \ >/
N =2 (T)

E
np = NNy exp (—g> =n?
(*7)
n=njexp | ———or"
kT
E; — Ey
p=miexp (=7

)

=

5

E.— Ep :k:Tln(
Er — E, :k:Tln(

=z
S~——



np = n?
Vid stofuhita fyrir kisil
N.=28x 10" c¢cm™®

N, =1.04 x 10 e¢m™3

Vid stofuhita fyrir GaAs
N, =4.7% 10" cm™3

N, =7x10"® e¢cm™3

n-leidandi héalfleidari

1
Nnn = 5 |:NDNA+\/(NDNA)2+4TL?:|

og

p-leidandi hélfleioari

1
Pp = 5 [NAND+\/(NAND)2+4TL?}
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