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Synopsis

© Motivation : Exotic optical effects.

© Formalism : Optical properties at microscopic level.
© Examples : Superlattice.

© Summary
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What is Optics?

Optics can be defined as interaction of light with matter.
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Motivation

Motivation : Some exciting optical effects

Pockel's effect or Linear electro optic effect : 1883

Shutters
Switches
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Motivation

Motivation : Some exciting optical effects

Second Harmonic Generation

Blue lasers
Data storage
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Motivation

Motivation : Some exciting optical effects

Optical rectification

THz production
Imaging

Microwaves Visible X-ray y-ray
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Formalism first-order
second-order

Formalism:

H|n) = en|n)
p=o)(e] = Z [n)(n

(P) = Tr(pP)
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Formalism first-order
second-order

Formalism:

H|n) = en|n)
p=o)(e] = Z [n)(n

(P) = T?‘(pﬁ)

Liouville equation:
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Formalism first-order
second-order

Formalism:

H|n) = en|n)
p=o)(e] = Z [n)(n

(P) = T?‘(pﬁ)

Liouville equation:

H = Ho + H;
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Formalism first-order
second-order

Formalism:

H|n) = en|n)
p=o)(e] = Z [n)(n

(P) = Tr(pP)
Liouville equation:
- _H
is, = H,r]

H = Ho + H;
p:p0+p1+p2+ .......

¥
is (P° + p* + p?) = [Ho + Hi, p° + p* + p?]
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Formalism first-order
second-order

Linear optics

First order terms:
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Formalism first-order
second-order

Linear optics

First order terms:
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Formalism first-order
second-order

Linear optics

First order terms:

2 ({vloH1e)) = (ol [Ho, p'] + [Ha, ) c)

1

)
z% = (ey — €)pte + (fo — fo) (H1)we
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Formalism first-order
second-order

Approximations:

© Only the electronic system reacts.
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first-order

Formalism
second-order

Approximations:

© Only the electronic system reacts.
© Dipole approximation:

Hi—F. 7 [’”xg}
C
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first-order

Formalism
second-order

Approximations:

© Only the electronic system reacts.
© Dipole approximation:

ol

H1:E-F—[ xé}

© Time dependence of perturbation, induced potential and

hence density matrix:
E = Egexp(—iwt + nt)
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first-order

Formalism
second-order

Approximations:

© Only the electronic system reacts.
© Dipole approximation:

H—F.7e [fxé}
C

© Time dependence of perturbation, induced potential and

hence density matrix:
E = Egexp(—iwt + nt)

© Steady state:
(P) = (PM)y + (P@) + ...

ZXU VEj(w) + > x B (w, 20) Ej(w) By (w) + ..

(BC)) = Tr(pn )
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Formalism first-order
second-order

Linear optics

—

H=EFF
p'(t) = p* exp(—iwt + nt)

) 1
l% = (61, — ec)pql,c + (fq; - fc)(Hl)vc
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Formalism first-order
second-order

Linear optics

—

H=EFF
p'(t) = p* exp(—iwt + nt)

)
P20 — (e, — eo)pte + (fo — fo) (H1)ue

+ =tV

€ve
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first-order
second-order

Formalism

Schematic LO

Linear response of the material
@ y =ax and if z = bcos(wt) then y =

ab cos(wt)

Energy

Wave vector
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first-order
second-order

Formalism

Schematic LO
Linear response of the material

1 o= fo)ri rl,
C XE])("‘J) - ZUC (gc—e]:lrc‘u—:;n

Energy

Wave vector
Linear and non-linear optical response of semiconductors

S. Sharma




Formalism first-order
second-order

Nonlinear optics

Second order term:

[Hl’pl]vc
(ev — €c) —w1 —wa +1in

2
pvc*
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Formalism first-order
second-order

Nonlinear optics

Second order term:

[Hl’pl]vc
€y — €c) —wW1 — Wy +in

pUC:(

2 =
Xz]k( e w) wlv = wcl) Wey — 2w)

_ 1 I‘ZC{I‘ZCUI‘M} vl{rfcriv} +
ch wvl - ch (ch - ch)

{ 2rvc{rclrlv}
velk
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first-order
second-order

Formalism

Nonlinear optics

1 !
= Wi _ Fev
sz: k %l:(ww—w)

[t (bt} — warlfrtyel ] +

/ P[] ok /
rvc{rclrlv} .
_veld ) | _gi 19 —
%: ng(wcv — 2w) v+ ;(wcl wlv)
1 1
— 1%
o 2Q) Z k Z w2, (wey — w)

[wvlr;c{r{:vrvl} - wlcr%l{ cv}} — 1 Z wg
ve
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first-order
second-order

Formalism

Schematic NLO

Nonlinear response
y = ax + cz? and if x = bcos(wt) then y = abcos(wt) + %bc [cos(2wt) + 1]

since cos?(f) = 3 [cos(26) + 1]

N\ e
20

Energy

-0.21—

Wave vector
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Formalism first-order
second-order

Some exciting optical effects

Optical effects in terms of microscopic quantities.

© Second harmonic generation:
x® E? cos(2wt)

@ Pockel's effect:
x? Ey E,, cos(wt)

© Optical rectification:
2 E?

w
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Linear optics
Examples NLO

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

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

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

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

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

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

Symmetry sensitivity of NLO

Non-linear optics for centro-symmetric system »

P(w) = X542, ) B () Bi(w)
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Linear optics
Examples NLO

Symmetry sensitivity of NLO

Non-linear optics for centro-symmetric system »

—,

PO (w) = x{)(2w, w) B (w) Bx(w)

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



Linear optics
Examples NLO

Symmetry sensitivity of NLO

Non-linear optics for centro-symmetric system

P(w) = X542, ) B () Bi(w)
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Linear optics

Examples NLO

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

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

Examples NLO

Non inclusions

Some more approximations:

@ Single particle KS spectrum
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Linear optics

Examples NLO

Non inclusions

Some more approximations:

© Single particle KS spectrum
© No excitonic effects
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summary

Summary

The talk established

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

@ Sensitivity of SHG to interface / surface.
© Optics is an excellent tool for material characterization
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