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Synopsis

1 Motivation : Exotic optical effects.

2 Formalism : Optical properties at microscopic level.

3 Examples : Superlattice.

4 Summary
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Optics

What is Optics?

Optics can be defined as interaction of light with matter.

~E · ~r −
~v

c
× ~B
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Motivation : Some exciting optical effects

Pockel’s effect or Linear electro optic effect : 1883

Shutters
Switches
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Motivation : Some exciting optical effects

Second Harmonic Generation : 1961

Blue lasers
Data storage
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Motivation : Some exciting optical effects

Optical rectification : 1964

THz production
Imaging
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first-order
second-order

Formalism:

H|n〉 = εn|n〉

ρ = |φ〉〈φ| =
∑

n

|n〉〈n|

〈~P 〉 = Tr(ρ~P )

Liouville equation:

i
δρ

δt
= [H, ρ]

H = H0 + H1

ρ = ρ0 + ρ1 + ρ2 + .......

i
δ

δt

(

ρ0 + ρ1 + ρ2
)

=
[

H0 + H1, ρ
0 + ρ1 + ρ2

]
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first-order
second-order

Linear optics

First order terms:

i
δρ1

δt
=
[

H0, ρ
1
]

+
[

H1, ρ
0
]

i
δ

δt

(

〈v|ρ1|c〉
)

= 〈v|
[

H0, ρ
1
]

+
[

H1, ρ
0
]

|c〉

i
δρ1

vc

δt
= (εv − εc)ρ

1
vc + (fv − fc)(H1)vc
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first-order
second-order

Approximations:

1 Only the electronic system reacts.
2 Dipole approximation:

H1 = ~E · ~r −

[

~v

c
× ~B

]

3 Time dependence of perturbation, induced potential and
hence density matrix:

~E = ~E0 exp(−iωt + ηt)

4 Steady state:

〈~P 〉 = 〈 ~P (1)〉 + 〈~P (2)〉 + .....

~Pi =
∑

j

χ
(1)
ij (ω) ~Ej(ω) +

∑

jk

χ
(2)
ijk(ω, 2ω) ~Ej(ω) ~Ek(ω) + ....

〈~P (n)〉 = Tr(ρn ~P (n))
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first-order
second-order

Linear optics

H1 = ~E · ~r

ρ1(t) = ρ1 exp(−iωt + ηt)

i
δρ1

vc

δt
= (εv − εc)ρ

1
vc + (fv − fc)(H1)vc

First order susceptibility

χ
(1)
ij (ω) =

∑

vc

(fc − fv)r
i
vcr

j
cv

εc − εv − ω + iη

~rvc =
−〈v|~∇|c〉

εvc
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first-order
second-order

Schematic LO

Linear response of the material

y = ax and if x = b cos(ωt) then y = ab cos(ωt)

Wave vector

-0.2

-0.1

0

0.1

0.2

E
ne

rg
y

ω

|vk>

|ck>

EF
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Schematic LO

Linear response of the material

χ
(1)
ij (ω) =

∑

vc
(fc−fv)ri

vcr
j
cv

εc−εv−ω+iη

Wave vector
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first-order
second-order

Nonlinear optics

Second order term:

ρ2
vc =

[

H1, ρ
1
]

vc

(εv − εc) − ω1 − ω2 + iη

χ
(2)
ijk(2ω, ω) =

1

Ω

′
∑

vclk

Wk

{

2ri
vc{r

j
clr

k
lv}

(ωlv − ωcl)(ωcv − 2ω)

−
1

(ωcv − ω)

[

r
k
lc{r

i
cvr

j
vl}

(ωvl − ωcv)

r
j
vl{r

k
lcr

i
cv}

(ωlc − ωcv)

]}

+
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first-order
second-order

Nonlinear optics

+
1

Ω

∑

k

Wk

{

′
∑

vcl

ω−2
cv

(ωcv − ω)
[

ωlvr
j
vl{r

k
lcr

i
cv} − ωclr

k
lc{r

i
cvr

j
vl}

]

+

′
∑

vc

r
i
vc{r

j
clr

k
lv}

ω2
cv(ωcv − 2ω)

[

−8i + 2
′

∑

l

(ωcl − ωlv)

]}

+
1

2Ω

∑

k

Wk

{

∑

vcl

1

ω2
cv(ωcv − ω)

[

ωvlr
i
lc{r

j
cvr

k
vl} − ωlcr

i
vl{r

j
lcr

k
cv}

]

− i
∑

vc

r
i
vc{r

j
cv∆

k
cv}

ω2
mn(ωmn − ω)

}

S. Sharma Linear and non-linear optical response of semiconductors



Motivation
Formalism
Examples
summary

first-order
second-order

Schematic NLO

Nonlinear response

y = ax + cx2 and if x = b cos(ωt) then y = ab cos(ωt) + 1
2bc [cos(2ωt) + 1]

since cos2(θ) = 1
2 [cos(2θ) + 1]

Wave vector
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first-order
second-order

Some exciting optical effects

Optical effects in terms of microscopic quantities.

1 Second harmonic generation:

χ(2) ~E2
ω cos(2ωt)

2 Pockel’s effect:
χ(2) ~E0

~Eω cos(ωt)

3 Optical rectification:
χ(2) ~E2

ω
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Linear optics
NLO

LO: dielectric function for InP/GaP(110)
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Linear optics
NLO

Feature identification from bandstructure: InP/GaP(110)
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Feature identification from bandstructure: InP/GaP(110)
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Linear optics
NLO

Feature identification from bandstructure: InP/GaP(110)
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Linear optics
NLO

Feature identification from bandstructure: InP/GaP(110)
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Linear optics
NLO

NLO: Second harmonic generation by InP/GaP(110)
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Linear optics
NLO

Symmetry sensitivity of NLO

Non-linear optics for centro-symmetric system

~P
(2)
i (ω) = χ

(2)
ijk(2ω, ω) ~Ej(ω) ~Ek(ω)

−~P
(2)
i (ω) = χ

(2)
ijk(2ω, ω)(− ~Ej(ω))(− ~Ek(ω))

χ
(2)
ijk(2ω, ω) = 0
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Linear optics
NLO

Symmetry sensitivity of NLO: SHG by InP/GaP(110)
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Linear optics
NLO

Symmetry sensitivity of NLO: SHG by InP/GaP(110)
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Linear optics
NLO

Non inclusions

Some more approximations:

1 Single particle KS spectrum

2 No excitonic effects

S. Sharma Linear and non-linear optical response of semiconductors



Motivation
Formalism
Examples
summary

Linear optics
NLO

Non inclusions

Some more approximations:

1 Single particle KS spectrum

2 No excitonic effects

S. Sharma Linear and non-linear optical response of semiconductors



Motivation
Formalism
Examples
summary

Summary

The talk established

1 Link between microscopic properties of material and
exotic optical effects.

2 Sensitivity of SHG to interface / surface.

3 Optics is an excellent tool for material characterization
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