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Survey on the theory and approach for phonon thermal transport measurement

SHIGA Takuma

Abstract

Advanced thermal management for semiconducting industries, such as power electronics and energy

harvesting, strongly needs heat conduction control that enables high thermal dissipation or thermal

insulation. Understanding the transports of phonons, being quanta of lattice vibrations and responsible

for heat conduction, is essential to establish such heat conduction control. While first-principles-based

numerical approaches have become accessible for material engineering, the measurement technique

of phonon thermal transport is still in the development phase. Here, diffusive and ballistic properties

of phonon transport, manifest themselves when the characteristic length scale of measurement is

comparable to or less than phonon mean free path, are substantial for phonon thermal transport

measurement. This survey introduces a theoretical background of phonon transport, and subsequently

describes how recent experimental techniques measure apparent thermal conductivity utilizing phonon

transport nature and reconstruct the phonon transport spectrum from the experiments.
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10 (a) BAMEIEEHAET- & TDTR ETWE LZZEES 400 nm D ) I & FED BT OBYRESL O BATHE - i PRAT

P, (b) MAEFRRRERE b &I,
TEHY 75 R B O B ™

MIREAL R G THERE L7220 O 2 Oab I OBz T
BT R ICRE SN TV I = A Ky hTORME - JIRE 175 720,
Ko MRS — ) 7 L2 & ¥ ARERR & B SERM B TR S hTw B,

(¢) =&

(d) =T E & TDTR #

X DB SNZAPTOBEEEPSHE L) Ty - Fv = A44 (Si0.992Ge0.008) 0 BAG#H LR

FEERANAGH Z EITRI L7z (K10 (d)).

5. £&¥

RS TIIR R FEE £ 72 R s —s ) 7L
¥ v ARG T 4 7 v B AR O FHIE A & B
T AT FEEBA L. 74/ v B ahig: T,
INBGEIRHI BRI X 2 AT OBERPE L, APTD
BB O B ER LT 5 2 L PHEETH
5. KX TRUIF723207 70 —FOEMEEZDTICE
L5,

c ARy MEHE Pk —F) 7Ly & v AEHE:
DILECTEIEIHETH 225, BRI L Y ARy ME
DT RAHIR S N5 720, FHHMITEIRE WRRES
EAEER R AOBHIZR SN 5.

C BGILRCR S  mAEEAERICL Y, T+ YO
H HATHRE & [AFEEE O %2 100 nm O 235 R THlE 250 hg
THb. LiL, stllZEA O ZE%Z PR L 100 MHz
%2 5 BRI TR AR 2E 2 A % LD B 72
B, MO TEVEHIEAN % 25 5.

- TG TR X BRI R IREEE) v ST
T4 —H AT AT, MEAEEZ 10 nm £ T
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KK 2 2 EWMRETH Y, — MM AMEHh D7
J VP ARATRO#EMAEREZNETE 5. L LG
WS L ICK IR ORE EAER, S SITIZHE SR
THY, JUHEIHEEITRS.
RWEMRER, ST OO T + 7 U EEEA RS
FVOFERBICE LT, ARy R & B
TR AT OBIRER L BRRBYLEER O M B R AN
Hotz. —J, MEBHTIIHEEE TS LT,
55— JEUH BB R AT & A — 30T 5 B BRE R O TR
WIS II Lz, o2 ehs, BEEHOT 7o—Fi
D7 + ) v BEGEFHNEOR TERETH L E VR 5.
F—F) TV I I ARV T + ) EGREEHIT
AR ORIEINE D A D SHENEED 7 + /Bl
AR AL 3 2 720, WEHAM 720 Tld 2 < N Bl
DEEALVEELTH L. —HOMWEICEHLTT + / Y #
kY Iab—Ya UEBISNTVEH, EmiYRR
RBEERAE 2 FEBT 5720120, £ HAEMICES
N7z7 4 7 VBRI 89 2 =% & L7z = RocdEE
FBORVY V%Y Ial—Ya vaEL, 3HT
BARZZFHUND A b T 7 YV ORLGHEORGER, WERF T D
RN FLE DML LEETH 5.
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June 2024



7 4 7 > Bk EH N OBl & TR RS B AT SE
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DI S, AU EDOLRETH 2 #h 2 T 285
M OMELIZHIRS 5 2 L WFEIND.
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PERFZE 7 IV — T OERITHR EHH L BP9,
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