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introduction of

e
O utl I “ e thermal transport

Phonon effect Electron effect

Lattice vibration

Debye model of K space, Scattering Dispersion Optical and
lattice vibration Reciprocal lattice mechanism relation Acoustic phonons

Bose-Einstein Dulong-peur I 1 Boundary Phonon-phonon
Brillouin zone . .
model model scattering scattering

The contribution
Heat capacity of electron of == Normal Process
heat capacity

== Umklapp process
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* Monatomic basis
cdispersion relation

* Two kinds of atom basis
cdispersion relation
°two kinds of assumption
coptical and acoustic phonons



Monatomic basis

Lattice plane
| I I I I

parallel |*
---&--t--t--&--t---
perpenqlcular |

| | i i i

Wave propagate [N

e Directions of simplest mathematical
solution

* [100] [110] [111]




Monatomic basis

SR SERT SRRV R Y TN

n+1 n+2

* One Dimensional
Consider only neighbor interactions

Fn — C(Xn+1 - Xn) T C(Xn—l - Xn)

MF = C(Xps1 + Xpo1 — 2%y)



iIC basis

*--0--0--

n+1 n+2

X = X exp(isKa) exp(+iwt)

Xe4q = x exp(isKa + iKa)exp(+iwt)

Xs_1 = X exp(isKa — iKa)exp(+iwt)

e Solve the diﬁz exp(iKa) + exp(—iKa) = 2 cosKa

—Mw?x. = C|exp(iKa) + exp(—iKa) — 2]x.

* We can get Dispersion Relation
3 2 2 2€ 1 cosk
w*=—(1-

Y cosKa)



Monatomic basis

* Plotthe wversusK 2 _ fv[_c(l _ cosKa)

s R
4C/M)2 (1 — cosKa) = 2(sin? EKQ)
, 4C .1
w* = ﬁ(sm EKa)
< /
o 1
7= ‘Sin—Ka‘
(4C/M)2

n/a 2n/all K axis




Reminder of Brillouin zone

Only when -n/a <K< n/a, K is valid

VWA WAV

K is lager then n/a
The wave length is small then the
spacing of atoms - meaning less

K’ is the valid equivalent of K



Reminder of Brillouin zone

DAV NATTRALA

Wave length

>
Equivalent Wave length

e The relation between atom )

spacing and wave length results Wm

in equivalent wave length.

>
- Equivalent Wave length



Two atoms basis
@ © ¢ © o O

* One Dimension

* Two kinds of assumption

1. Different masses (M>>m)
@o—o—@—o—@—o0—@—o

2. Different springs (ions) (K,G)

e o o 0 90




Mass difference case

Us-1 Vs-1 Us Vs Us+l @ Vs+1

LRk Sien Shal ahal

e Different masses M and m

d2

M dtzs = C(vs + V511 — 2ug)
d?v,

m 7z C(ugrq +us — 2v5)
N

u, = uexp(isKa) exp(—iwt)
Mu = Cv[1 + exp(—iKa)] — 2Cu

mv = Cul[exp(iKa) + 1] — 2Cv

v, = vexp(isKa) exp(—iwt)




Mass difference case

Us-1 Vs-1 Us Vs Us+l Vs+1

LERSk SR . ab el

— Cv|1 + exp(—iKa)| =0
+(2C— 0’m)v=0

* The homogeneous linear equation have a
solution only if

(2€ — w*M) —C[1 + exp(—iKa)]
—Clexp(iKa) + 1] (2€ — w?m)



Mass difference case

Solve Mmw?* —2C(M + m)w? + 2C%(1 — cosKa) = 0

2

Get o

_C(M+m) s Cy (M + m)2 — 2Mm(1 — cosKa)
B Mm — Mm

» Simpler limiting case Optical Acoustic

* K=tn/a,-n/a branch branch
e Kakk1




Mass difference case

*Plot the w versus K

Optica\

Acoustic

M>m

0 n/a K axis



Optical and Acoustic phonons




Optical phonon

e Optical phonon branch

Optical branch

\ K=2n/A=0 —> A=oo

Acoustic branch * How can the wave length
of optical phonon be
infinite?

n/a| K axis




Optical phonon

Wave crest

Wave trough

All the blue atoms

/ are in same phase

In same phase




Optical phonon

@ @ @ —@ @

e All atoms in the same kind are in
same phase 2A=oc°

e Atime period(T) is from wave crest
to next wave crest

Frequency is 1/T =2 w#0

* w#0 (max) and A=ee




Acoustic phonon

o o e o e e

U

* For acoustic phonon

* \=co w=0




Spring difference case

Us-1 Vs-1 Us Vs Us+1 Vs+1

O ok = S
G K

* Different springs G and K

\%
M dtzs = K(us =) + G(Usy1 — 5)

e Dispersion relation

B K+G_I_\/K2 + G2 + 2KG(coska)
Y M

2

- W



|

Optical branch 1
&)
1 1 /2 m
|2+ )]
Acoustic branch .

()

n/a

K axis

Two atoms basis

Compare w versus k

w axis

M
g

Acoustic branch

2G
(5

Optical branch ZK)%

1

)E

n/a

K axis



Two atoms basis

* Six kinds of phonons
Acoustic: LiA LA TA
Optical: L10O 2O TO
for different propagate direction




Thank you for your attention




