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Electrostriction

ijk

aP,{_agU.__ G _y
oo, OE, OE 00,

ij
€ij = dijkEx + Qi ErEy + - - -

A “\
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Nonlinear optics

Period doubling crystals

no inversion symmetry
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806 nm light : lithium iodate (LiIO;)

860 nm light : potassium niobate (KNbO,)

980 nm light : KNbO,

1064 nm light : monopotassium phosphate (KH,PO,, KDP), lithium triborate (LBO).
1300 nm light : gallium selenide (GaSe)

1319 nm light : KNbO,, BBO, KDP, lithium niobate (LiNbO;), LilO,



Thermodynamic properties

Spring constants for phonon band structure
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Electronic band structure Phase transitions
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Silicon

* Important semiconducting material
e 2nd most common element on earths crust | 83 oA 625

(rocks, sand, glass, concrete)
 Often doped with other elements
 Oxide Si10, is a good insulator

silicon crystal = diamond crystal structure
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Valence band

n= T D(E) f(E)dE

From Ibach & Lueth



Absorption and emission of photons
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Direct and indirect band gaps

E A \A E
Conduction band —
o i
e B,
photon
Valence band —7 phonons
Direct bandgap Indirect

bandgap

Direct bandgap semiconductors are used for optoelectronics



Semiconductors
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TABLE1 Common lII-V materials used to produce
LEDs and their emission wavelengths.

Material Wavelength (nm)
InAsSbP/InAs 4200

InAs 3800
GalnAsP/GaSh 2000
GaSh 1800
GaIn, As, P, 1100-1600
Gay 47Ing s3As 1550

Gag 97104 73480 630 37 1300
GaAs:Er,InP:Er 1540

Si:C 1300
GaAs:Yb,InP:Yb 1000

Al Ga,_As:Si 650-940
GaAs:Si 940
Aly;,Ga; gAs:Si 830

Al Ga, GAs:Si 650

GaAs, P, , 660

GaAs, Py, 620

GaAsy 5P s5 590

(AL Ga,_)ysIngsP 655

GaP 690
GaP:N 550-570
Ga,In, N 340,430,590
SiC 400-460

BN 260,310,490

Light emitting diodes
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Split-off band
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Conduction band minimum

Free electron dispersion relation
4/
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Minimum of the conduction band

Near the conduction band minimum, the bands are approximately
parabolic.



Effective mass
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K " The parabola at the bottom of the conduction band does not

have the same curvature as the free-electron dispersion
relation. We define an effective mass to characterize the
conduction band minimum.
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This effective mass is used to describe the response of
electrons to external forces in the particle picture.



Top of the valence band

In the valence band, the effective mass is negative.

E
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\ k d’E(k)
dk’
Charge carriers in the valence band are x —h’
. m, = =
positively charged holes. " P E(k)

m*, = effective mass of holes x



Holes

A completely filled band does not contribute to the current.

j= | -e(Dk)f(k)dk

= [ —ev(D() fRYdk — [ —ew()DGe) f (k)i
band empty states

_ j ev(k)D(k) f(k)dk

empty states

Holes have a positive charge and a positive mass.



ENERGY (eV)

Eg=11ev
at 300K

Effective Mass

2 * h2
nk—k m, =
E= ( *0) +E, d’E
2m dk’
L .\2 2
1k~ . _h
J— m =
E=— "+, " d’E




Holes

Albert Einstein Erwin Schrodinger Paul Adrien Maurice Dirac



Albert Einstein Erwin Schrodinger Paul Adrien Maurice Dirac

d'u ,du .

d_t2 =C y Wave equation
2

@ — kﬂ Heat equation

d  dx’



Albert Einstein Erwin Schrodinger Paul Adrien Maurice Dirac
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Dirac equation



