
 

Lecture 12 Surfacephononpolaritonsandexcitonpolaritn.org

Learning objective

Infrared active phonons

LST relationship

Infrared reflectivity and absorption in polar
materials

Phononpolaritons and surface phononpotions
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Plasmons free electron oscillation in metals
si lattice vibration in polar dielectrics

ii产

Recap hamonic oscillator model
n n

phonons

ovttereni.itt iti
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I Classic oscillator model of mid IR phonons

TO Phonon
_E E.EE IR light wave

Ǘǜogzrtsz
It ⼤ displacement of positiveand negative ions

Whenwww.p.ionresonance wave vector of photon and phonon
are same drivingforceexertedby

the light on the positive
and negative ions is in phase with late vibration

strong
interaction between To phonon and light wave

when wave vector and frequencies match

Equations of motion of positive and negative ions

Mt器 k n_n time
ion

以签2 k n_n
_iiigatiei.no

where Mt m are the masses of two ions
K is the restoringconstant
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Divide by mt
divide

by rn then substra.mg

击 x_x 卡 x_x ⼗ 点三七 30

where 卡 It È is reduced mass

Let x_x t x and I ⼆点 30can be written as

装2 tsi.it i 七

Introduce a phenomenological damping rater

1黙器 熹点
Got It X⼗⼋点 irwj

Introducing static and high frequency dielectric constant

Est and Go
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Est G们 ⼆ It X ⼗ 点
__

E Er的 It

XS.frcwFE.tlEst

asfTir__f
2 Lgdd.ane Sacha Teller Lsi relatioy
Assume zero damping l r becomes

Er ⼼ tho t Est ⼀ 的
⼼器

At w 嘻 suo Er ⼼ 0

In metals free electrongas Eiko means

there is a longitudinal wave 也⼀点㥓⼗五到

Why 5 D a Ě so
Diiyeikèi

if Er to ⼝ É so transverse
i Ě_

if Er to ⼼ Ě to didi 5



So in polar dielectrics longitudinal phonons

LO phonons exist at w 愿 tho

器 LST Relationship

aǒrnon_polar dielectrics niki 1 degenerate
Gst En

g G ⼼
E

是not w

just w is farawayenough to theresonant

For polar dielectrics 器 ⼆器 1

e.g.BN.tw ⼼ 1 24

MgO tho Im 1.81

sh.im are usually in mid IR and THE
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iii
it

1
Rt剁到器 12

iii
lightcannotpropagate

⼀
At low frequency R

灬璺2

w_w to Er o R 1

at a who Fr is imaginary Rt Reststrahl band
w_w no R drops rapidly to zero and increases

grading towards 可斯
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⼩
㳈

Ü

consider the damping

8 1嘼 polardielectrics when damping is considered

Raw

when w_w_ R cannot reach zero

r ⼼ ⼀ optical phonons have a lifetime
about I lo ps

Abi
At Wto Er To Eesti Est Go等 E i Ez

n ⾔ Eat fit 2

2 笑 106 ⼼
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00器 ae of the very large2 at u to absorption

has to bemeasured with thin film yum thick

No light will be transmitted with thick samples

Fr thick Samples use Reflection spectra and Raman

to determine W co.cn

1 1

ill1 1

1
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iii
are stronglycoupledwhenwavevector

and frequencymatches

Anticon

n

Dispersion of phonon pola.iton

iiiiii

At low frequencies Gw Est dispersion W⼆ 器

Go cuc.cn Restahlenband Er co Nomode can propagate

a w.no propagatingmode y ⼆点



Surfaephononp

csphpjiiini.it
Stopband

Sphp occurs only at the interfacebetween polardielectric
and air not in the bulk

Because in polardielectrics T is smallercompare to

that of metal longer propagation distance
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Isphp ⼊
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