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Abstract

The phonon transport phenomenon in solids was simulated via a Monte-Carlo(MC)
simulator , which solves the phonon Boltzmann transport equation under the single
mode relaxation time approximation and the gray medium approximation. Physical
models for heterogeneous interfaces and numerical boundary conditions are properly
designed and implemented. Most of all, we take advantage of the geometric symmetry
that exists in a system to reduce the computational amount. We focus our work on
investigating the effect of the heterogeneous interfaces and boundaries on the thermal
conductivity of Si/Ge nanocomposites and the size effect on the spreading thermal
resistance.

For Si/Ge nanocomposites, the investigation results indicate the thermal
conductivity significantly reduces with increasing interface density when the
interfaces are totally diffuse. When the interfaces are smooth, the thermal
conductivities are dominated not only by the interface density but also the intrinsic
properties of the components of composites. A critical density ratio is thus resulted
with a corresponding minimum thermal conductivity. Furthermore, the investigation

results also show that a lower thermal conductivity can be expected by using lower



thermal conductivity material in matrix and the higher in wire.

For the size effect on the spreading thermal resistance, the simulated system is a

silicon film heated by a narrow heating wire placed on the top surface of the film and

cooled by the ambient atmosphere with a constant temperature and convection heat

transfer coefficient on the bottom surface. Comparisons were made between the

simulation results at micro-scale and the analytical solutions of the thermal diffusion

equation as well as between films at micro- and nano- scales. The former verifies the

importance of the anisotropy and temperature dependence of the film thermal

conductivity. The latter shows an increased spreading-resistance fraction of the total

film thermal resistance when the system is scaled down due to the ballistic behaviors

of phonons. This paper reveals the importance of spreading resistance in applications

at nanoscale.

Key words: Monte-Carlo simulation, thermal conductivity, nanocomposite,

interface density, size effect, spreading resistance, convection heat transfer coefficient
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VERE IO LB TBETET R G MR S ST % (dispersion
relation) > @ .~ ~ ¢ 3 * F % Fplehd $Th 2[44] # * 4oB) 2.1 #r1 2 [100]
o end Feh e A 0 H ¢ [100] 5 sF ¥ 4E2E(Miller index) o

T RM R MR ER T PN R BT T G 3 K

Kot/

U =3[ ""hon,-D(0)do (2.4)
oU % ohan,
C= —_j —2D(o )d (2.5)

o kg Wk Ko n i g T RN g 2n 0 D(0)=0°00/27%00 & B <

BRA SN, s ES T A F S0 0 :]/(exp(ha)/kBT)—l) c B FH A

S B P (N2 BF T £ (ho)e L 353 E{(U ) b L E AT

_ kBH%

n=3[ ""nD(w)do (2.6)
ho=U/n (2.7)
_ 3 (f%; 9w Ohan,

Hovo B3 TP E5% WG 2 ATl e By e B AT
FEE(GNQ9)L - R S BF ehT o d BRI B s b E Gk

21l
oot



(2.9)

Aok T R ERI P a3 G E REE[2] ) doB] 2.2 975 o gt s B 55(2.9)
Pzl A s n s B -5 (acoustic phonons)m? & 0 B2 R K AE #-5 (optic
phonons) ¥t # 5 Ap § A& P pY > & FIH B g o) o BB B R R T R
FEE A

2-1-3 & 57FHEF

PEFRIN R ES A G pF o B3 4 F S (transmission) & £ &
(reflection)si % > @ * F] 4 #3414 & 7 av %k if (specular) 2 e 4 (diffuse) 4 & @
R A S e AP TR - B A0 RSP S e kR
o R A g efekfR R - HERL T BT F 2 BF ST S os
;I*%,L;m:é P=0 % % 2fepenfic o+ F 2§ Pl 2 2k F i a o

A ¥ Chen[22]#r& 3 * MIRRIA & F 82 Fobtk bl B8 7 153
#-%] (inelastic acoustic mismatch. model > IAMM) % 3+ & #3 &4 7 1% & (specular

transmissivity) » H -5 3 2 40T 54

47.7 ., cos 6, coso.

T, = L h 2 for 0<6,<80,
(Z,cos6,+Z,c0s6,) (2.10)
7, =0 otherwise

B O ik s Z=p0, 2 BEIFUp 5 BR - L AH Y Y 4
AL R A B G 2329 5323 kg/m®) o @ T EF & O, BT d RS 2 AR
A2 2

sing,  |UDy,

. — (2.11)
sing, U,v,,

d 5 (2.15)F 38 4 2 F stenfef 4 6,



U
sing,, = |22 (2.12)
cr U
Y1

B B A BLF SPE 0 R R cosl il f BLTE o

BV - 25 FEFLPFITHEE T SO E 2 2T
U,o,
7, =— 292 (2.13)
12 U U
1Ug 1 + ZUg,Z

B E 5SS E R S 2 NG AL kO, S cosO,=2Vr » HP T 50

P12 FrByfdeoa TiEMedd@® > o REPBER- BLERATT o ¥

F_k

F_{im“«LB =4 9*"—,—,%3%

FIETE R G M nS B BT M S R B ek 38

A o S A g e eral 2 T8 o AL A BRR e 2 en b B2 OB

#2 o
2-2-1 #daif it

W LT 7 e TR 2] 0 4oBl 23 977 A F A A K RAE L H
L2 %

o B R m LE ) RAA TR F BT S H - HE @Y

IR et A 7 R AL o KBS 353 548 (uniformly randomly) g # 3t &

Bty > B3P APETT &R 2244008 R (Ty) M0 (2.7)~54(2.9) % &1 -

-

EPE N kBT Hep (UNV-/ho o V- 5 5 - B diff) it o R

WA AR G M- FHE IS ES A BREF A S - R T
%ll—%pﬁ_%{—fﬂ—)—ﬁ%\%—ﬁ- g v erF B fm Liooa ptty

Bio- BES AP L R o TR E - T S (0

-10 -



o NP B RS- EST )R R R S Whae o

B NEE e e ¥ EI3IB3 gL T > ¥ d T 55 (Mazumder[30]) & 7 (%
B 2.4) :

% F=TF+ra+rb+rg (2.14)
X cosé
oo W cosd=2r, -1
> 1|y |=|sindcosy | (2.15)
. W =271,
z sinédsiny

Hep~r % 0~12 Fausg jd.

@Rt B(UV-)3 g e L5 i E(Who )R > Hikt? < i

1.
2

Prisd FIE O~ BHIEET S a

a1 4

-n\1,

AN
'R:—

R ey B30 B Pre 0 R - 3E B3

j\;rpm;ri;]f{_ B H AT E - ;Fg\_ﬂ_ ge B X 1 ikiFE - RPN g E TR
0-2-2 $hiLis e

BHCRY TR S SRR e B H R W23 5 A B

FpE R LW

ETOS

- MHERRIP R - FBHE(CAR N S) A &

B E#RmS e (X) s =5

ot

AL B (2) 0 (KPR R S F S e B A F s
AR > F o BT - BTG (Xy)FRETT o

2-2-3 ¥+ A3}

4 42§ (operator splitting) £~ B ff 1+ 8 &+ e ik 0 p e @Y

4

S
e o LB AZEY ANRT R ASE - KPR DL RS E

¢ ¢ e

B B 6 A e S Ps(58(2.3)&2 - B 0 ] 1 2 et ficdp

PO FEP T PRI RS G KO B DB o M E AT S
MERR R R HE A LR AR B B AR R R T T R R 2 5T

R L R TR R S S LY S R T S
N

foif R R R RAGR AL BB LTS T e B T



PR RS M R - BT T RS - RGN E T

FEIBHIE - pREFE S AP LU ERA PR LI L
TorREAZETRINET A0 0 FHET R G ATTRIZ e B2 AeT LA
2300 12 Fauag fdern s, 4B 4G LF GEKP)E TS F(r,)
AR YL <P B f BT (<1, R EE (L >7,) 0 F L0 B E
BAPT (G, <g,) NP F (> ,) BB E S e BHIIE T 46 g8

e (2-1-3 ) BRI R <) x;rt TR E WPEERAE A b Hu R
T EARK TS T RATRRZER T T fFE S 0 B RN R 2 10
A B B RGBT ABF [T A IR T s B S0 EE g T
PR - R Ty S BB - LR 0 UEZ RPN R E
PR G Bl @ AL MR S ALY o g8 T s B 5 Whag frWhag, & £
G o 7 M2 Fe A AR o AV A ER P X T Y £ RS 4 (energy material
property)” 3§ EST Ly Wha‘}si (X Whag, )inic % > Bl R “i £+
AL LT S a7 (2 4)

2-2-4 #Rhixe

RFpA T HPEAER BT R X2 b R s R pe
LB AN LBRERESE PP ER I B R R e
(1) s#ghixe

Flagh @ 7 g3 RHRGE R g » S FRCRTIZE R o
B g 2R el Gt A PR ER R AP AR IERESF
dBF St bl 2B T RAF LEA PR S 02 B g AST ¥ 2-2-3

SAple o

(2) TR EE

-12 -



MEBERRAZHERAR FBEY > Fa G VB D IS 0GR
o RFFE B MR F SRR B R AT L - B R
GRPEPE LT @R APHEE R 2R - RS D R 0T -

UREEY REEE A= S AR R ULy Y R TS R

(3) Bimdpdlaghix i
BRI R Gl A R R Rt » B (S B ) A B
AEREAYA ALAPRFALHIECATERRRA B 2

(31 HEHUEE

Ly s IR (X ow) b kT e § B (].k) & F - PR (AL L

RS (LK) BRts RRERPRAE B R A v R R AT g

Froeod RN GHEIF A BELE- LI 393 2B (y-2)B 5 ¢ o La
A B EAF R AP APRF I E R RATERREEL T F - B

25 B F BRSBTS A R A S B B R - ) R g A

e LS T SRR

-QyAAL (2.16)

He AZRBGof o Fo @208 BERBR AN 4% 28 a5

PRHEAT T LR ESBRUBELS T EE AR o UL FRT Fh
TGS (R 23) THREREE ALY BE- BRG PRTEAT Y REER
BBl B AT R 0 TP APT EBh? BR G OREE AT (Qy) K S B

BBl 47 0 4o 0T

-13-



a.(j.k)= AULE ) quAt (2.17)

quld
d ARy AW E S kB R T B - 3RS o B eolicE mApy o T
B e W FIA B Jg A F i ehpkds o Ry g, (1K) - &
R T doE kiRt s L E PR igAE S oa ERERT RS = A
g RhiEe o FRARLESFRLS
q. (i.k)=h(T,-T,)- A (i.k)At (2.18)
AP hZ R RGRE TS ER e REEFOER T S # R 4% R

& (ambient temperature) > @ A (,K) 7 322 8 0 ff o B (s o BGE R S~ i

=k

o5 E(iK)ra(ik) o s o # 3 w3

Max (0, E, (j.k)+q, (j.k))/(Wha, (j,k)) » & ¢ Wha, 3 » s 5 chic £ 0 2 i

FRTEREAT, AP EAPEREATEI nT FR E(U)E A

AAL/4) ot e B TS BT R ALPER N 464 T

(3.2) #iEH B 2

pt % Jeng et al.[32]#% 1 ek v ik #p (£ :E B iF % (pseudo-periodic boundary
condition) B & » ;2 > gt 3 A K B B BT §FE 3% > (deviation) © &2
BEVREI M SREAREEM - FIrEr >N FRERBREAARGID T ETRER

SAREAF) PIEF BRI EFESINRARR > L G o AR Het

-14 -



VP FEH BT A AE - P2 2 - B 4L (data pool
Pool, (j.k))» * ke zph p R E Rl chiz g B H 2w s A4

AR A G RO A v (T )E B s AP T (2 )
ST Y E - B HES) 4 S ARG L i BN B e
R 2B TR R BN EREE AR BT EAR T TR R
EREARBER BT R RS R ES o E R R S EE RS E T M
T A A AR s B

(3.b) §dcit 2

NPERRE R R TR B BRI e TS g D
G OB R bt od AT TR E T U R R 2 B BB H R R R

(Cos@ » 0 5 BFEH > w2 R G F ML &) TR G 2T NPT 4 x B
B3t e cos@=tr s y=2pn c RBEBEF L LA B L~ % 03]

1 2 Beaiogjlice » b8 it R0 B0 e RaPERZ MBI A E &
o fpthd BT 2 ARBER SR o

2-2-5 Hamna

B 25 5 55+ Tk HRUER o BHORT AP § AL 23 FEAT ST
AT BT i s IR ERAAPBRIEILT S g R
¥ o

B3 LR RS LAY S8 LT F OISR B A G
FA PR F 2 ¥ - FF R 5 #unirdl(heat control)if B o RIAGE R 6t
NETE B A R RN IR R R SR E - BaREprRFaORE

BRTHENREROBRTIERZ AZERT D B R Tt R SR

DB LB R TR o Bfs 0 P ORET R Y £ ATE 5 (re-ordering) 12

-15-



PEH ¢ enfrg 38 3 (time step finished) -
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FIR PR AR EMELBRA
BAE Y o AP R R OO -2 K SUF R R BR S

\.

T2

AR R RO e BT kORI A Y AR SiGe) AP ¢ R

o

A AF &R 0 0 Ge(ST) B A AES B E KB EHA -

3-1 FP-HrARFEHELEIW I w253

PRSP A X G e FARRLRER vy S DR 2 R E
R ERT USSR RS PR PR Y T
B BHALE ) AT M BT S 2 BRAT e R T S f0HR 0 2 R
2 MR HEL 10x10nm? %  50x50nm?> AR R Btplas < Pt,’n“i?f
B4 6 sk o i FE PR 0 BB R 2 G B AT RR B £ PR B 8 e

o

*

3-1-1

PR FEE LA TR RS FXERFLRE  LFREY I B
TR U RER PR e RRPIREOD I R AP E R
Y ET EREE R RREFHIR NP5 R R P=0 & i<
(854 & 10nm & £ K & T 5 13nm) 2 A4F & BT G ORISR B FIH A AT
B R B EdP B AR BB B 5 A R IxD ~ 1x3 ~ 1x5 -~ 3x3
B FHR O B3L A3 PP W ETT LW R S S B
e 4 31 BEEABALE 320 - B 320 i s rixlBh e d o

BlIAG]F RS EL o v 248 % 0 A Ix5 33XV AIXIH B AL T P R

-17 -



Ve gt P Bl kb Roch B HApst L R R4 04% 0P o
AR i oo VIR I3 B TR o

BB CRFGEP=1IE o d N RF A G H A G AR R e B
Ui S G LR o P g e B 100m e 3 A R A7 E ML S
BRG] > BoIx5 2 Ix3 Bk kipld 0 R S Soch B E Rk L £ 3.2
R R AT LF 33 B 3.3 B Tkt erif B 0E Ak LB WORATE R A
AHREEIR D PBAF EE BP 0 A 3B AT R 8 g L B 2% o
T I3 BEHRARE V- 2 G 0 b ¢ RS KA MR
Food RS S e R F[A5] ) B R e P G HP F
Ly BEAE L PR ltacs Lo

3-1-2 RRZ#EAELH

gl & q”;l Li=10nm 2. # z K& ~ &8 L, 2 20nm ~ P=0 z_ 4 & ##

bl > R RLE PGP T I02 08 R 4 o Bl 34 Bim d 2 6 BILRF S B

e
e

gt @ A2 AR FHSFREFGEREF) v FRPHEHFHLEF -
E 342 a-bcHathBRABEAFEREI5 ba-bis I Py
Bz el g rdpy - RO PEGPEE > ada? FFRMe HEREE

LACE U L
3-1-3 #»x#dEnEk
FA AR R G 330K T F L AR AR R DI Ec B W LR

FENELE PP RE S AP LR TR o 2 R

(rn\:b

Bl r TP A 50 Rz 0§ kREREM Y R 2w RITE

W R 2 EZAT> sz Fourier’s law % & & »cf 8 3 th#ic 5 gLo/AT -

3-1-3a RS @

-18 -



Sl B A G kI flic P=0(% 2AREEA B ) 0 G P E SRR T
S AR Y LY TR YRR F TS T EN R ="t ST K

337 RS LB 36-d B36F 5 kIR frﬁ’? 4y B

~ml
ﬁ'ﬂ

HMEAFHEHE AR RAE M BB EAREFRE 0 L EAHRL
7 oo AMBEE R F 0 e BE R BN G (B AR SR
Gt B e B (IR B E Gl R ) G o R EAF AR RTR ST
e F A E R G BRI FRATH G - R AL T L

MEZ BRIESE B P FRIEL Z BRESTE > oF 37 FRrE o LA
Ri+Ry=(L,—Ly)/(k,L,-depth) > Ry =Ry =2L/(k,(L,—L,) -depth) >

Ry =1/(K, -depth) > a 5 & Btt#l > b 3 R gLl o PI % sk @ %l bo ] 3.7

~| -
~

SR E AR AR AT B PR R B R ARAR S o XA R AR
BT ool A TR 0 ek G PR T M e RP AT E MG S o

B AR e FIEERH E AT RGNS e s BRE T AR AT ST
2T FA A ARG A A FRELT B oeR B E AR LR F D

BARd F I ea Hico b BRAR MG RAT > KAMRERF > FEF -

BRSO 04730 P TRR 80 & BT & B R 8 TR o
85 BA o PRIE e BRI R G LS P ¢ R & T
g Gy e B (LR 36)c SR RGFTIN AR ¢ REATEH
B BT AR AGE AP HY PIRAREGERE 5 A8 R

e PR RIS T e RAR BB FRET RS
Flpt A EHR R B L BRG] B g R BB
RAFRTH S R A G AT FRF 0 AR B AT 0 10nm 2 SR & MR 2

20 E G0t 50nm A SUF S HE R E ] .
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@] 3.8 & Yang and Chen[27]#» DOM(discrete ordinate method):* & % % ¥7 Jeng
etal.[32]F +» + B S frrt a5 F RS S T R HPY B X E
T SR R E MR T (AT P R e ¥ s 5431A . &3
5.658A) o 4ot “rit o 91 HER W BT A F XN B f Mt 4T o REF R4
Fedg o e RARRF O REERBGEGETE A AL LR R
AT I E %@Tﬁﬁﬁx%’%ﬁiﬁ Ak Ao HRFIAR L AR AR chE
TR AT A o R Y 2 A A QR AR RF B R A PR R
FREFFRELOE0 Rzv 2 BFHTEFREAI R 2 F 5 @ DOM
Fre R lREGEL  ZUFRERTOEFIPLTRGEGE LT HRBELR R H
L2 3 o SU s 10nm & 2 S~ g5 0t 5] x=0.808 £ RURIGE 0 B H
AR (VA s FRaE s Tap D BT S oW ) 0 g 40 RE A EAT
HoBt o #T 8% 5 k=8.455 W/(M:K) » &4 L g5k 3 1 5] x=0.82 7 2 k=8.2

WIM-K) > 3 % 3%:hi B o

3-1-3b X F 4 &

hE - HantmhY AP ok i e FERGHE G R XF A6 AAET
GAe e G 7RE X S AF SR BB G AFT - DB ARR o B
39 A m & RAE A K AU & MR (B S licho 2 3.4 77 )RS % - 4ol ] 3.6
o B E B B GEEFA A IR A B F i - S R RO
PHE@E ) - 2R NG R o APE B F e B (BRI
drd 359757 )0 ] 310 AT A 4 tiB BN PR ()AL HE A5 R A
P HREET 0 458 B B H AT £ H 2 BB @ E G - B B §

ZoK &R~ 5 10nm pF oo Qg A 5 0.61 0 50nm pER] G 0.75 -
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3-2 F-EzLRMHFLEHPTFH G »2 = BT

geE Y R PRE A B RN S A AT T e 2 BB % 0 B 311
AT AR BV A G RN G (45 KT ik P=0) o L3 H B3 % (X

2 Y)ER A E G RERGERRF REP,=0)E3 D ER S AEFFT

BEE AP KB BT - A RPN B E RS A R E SRR
3 4t &

Bagg bl o R 408 P S o 5 =10 2 500m B o s o

PR AL FLHEHER RO g .
3-2-1 & gL

datghe B E R MG T AN FHIE R RS

» 7]
PAP AR LR e r T F B hE i o RS E T R PR o
MR B AF R AR P A T T B o T AR a3t P
Bz 2z > ffif4e™ o g ARBATR* G BT R EREALASFEF IR
BREILE & - PFhE - @ BALEGFTH P

S SRl DICE RN
o) BRF o ST RS R A RS TR FR AR 00 SR

FERIEEF R BT 0 RETTRET - PR EE o

3-2-2 #HE% R RE

ARERE R 0 AR - BATRIR RS B BT LB Lo

A RAR BT PR B D AT LRGP PR RAT AR
i B B MR TE - P R RS Lt} i B £ 3 dp ke o ATeniE
0 EMRE B ‘ﬁﬁw‘ Rord g e £ 4R ;ﬁ“" A m FEF A2 £
Beds o

FEERER(EE 2 X F) AP L =10 L=15nm k @ R HEs

~ Aol R 25%x2.5x2.50m? > A u] 17 24x12x12 ~ 40x12x12 ~ 60x12x12 ~

-21 -



80x12x12 o ki 17 00k B HERRH 2 ~ 117 Bl L3k R E R

cﬁ"

2 B BEHR - & 1% Fourier’s law F8 Eref B thde» 1R % L4 360 #
BoA AR SEEA e 05%p o 7 ord b eh g R OR F i R AT E b A B R G
AR F w2 FFRFBAORT FRA R T AT FR R DHRE R
T E D] RS S

FERGEERLEHREERF(G e R FER) A0 G R B
Fow g R E OB EE B 5 4 AP 24x12x12 2 60x12x12
R R BRI A 3T 0 B ¥ 24 27 60 g B ¥ ok b E Gk
A G 7922786 WIMK) > £ R3] o @ THE > 2 F L3P PRy
FF R AR 30 24x12x12 e $ e o

3-2-3 BRZHBEELTF

Aoy =10~ L,=25nm % b 0 3 # gedh X o] 5 2.5x1.25x1.25nm° > g i S
40%x20x20 > Bl 3127 A u i SR AR L FHPER AP FRG 2l E A
F oo o] 312 ZWATF 0 d RGBT B A 6 AR o T fif

B Ao AT Gl B #a F BN R R R R ] s Rl

Fb

cW3L2 WS FHRFR PR E A F > R FEHEE AT RGN

BN PR AL (e d TS B G Rt o BIEE A ] o R T G R
o B e G PR e R R R FIBIBAAEET AR R AR
F]=t v Z*=0.0125 % 0509875 AT X > w R R {6 THGER L F » F P &
—§\i’fﬁﬂ§§’_§,'_j§'3itl)§[1\ oy ,T*&{Eﬁaér.x\y‘% R ETALLIES A F - F 314
rpBBE e THOFRATET NI FRES 2R IR E DAL

F o
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3-2-4 Ex#tEiaik

FHRA AR R S 380K, 5 WL R Z RS R A PR ERYE
iR F SN0 TR L 00 R 2+ o3& T RAPIEE R AR(TE U
BridfE2xg tx 2 XERBELER)UE )P L2 RNERER > £ A
* Fourier’s law 335 H % »c4 3 3 e -

3-2-4a BT (ER LF AEKP, =0)

sl s RFEAE A A A HE > LE ARG e iR LR RER
(R e il Py =0)> B 408 Ho8 L =10nm £ 50nm > sc % b &g R L, ¢
BB % b E AR 1Y B 287> 4 3.8a~3.8b- Yang and Chen[42]
r2 DOM(discret ordinate method)# [f] 45 A 4% % % & = 4258 > 25 #73) L §)
315 A AR R B B s e B 2 R(L=0 > p,=0)23E 8%
ipvede o # A 2n=L 0 2r=L, - W 316 For adnk (L -L)/LT 0 P pFH
Fet Lofes o P lics e B AN LAk @R B e &
PR AR o R E BB E REARE o ARl (L, -L)/L BF oA & M E Bk
BOEFGETF IR AR TR L AR PRSP R G EY
(L-L)/L ~3- =R CF (L, -L)/L A% > Esci @ E Gficirds o -
B e2ana @AY (L-L)/Ld P o < p Ao SR < LR
Bl BT RS RE . A B @ Gl 0 ¥ (L-L)/L
D= FARRPFE NG BAEN A G AT E AP RS F o B Gl B
43 4e 0 22022 Yangand Chen[42]3+ 8 8 %L B> 1 & v B F T B b w
2k o LB A 3132 HFHT%RES -

3-2-4b wHHER

PRE R E o e B RS AR Rk E A e i el

FHEER - RERLPN G HA L =10nm &2 50nm » se g BsHALL, <
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BLRH oo B Gl B 48 L 4 3.9 Yang and Chen [43] # 2+ % #2

U4e@® 317> AP @ PR G AT EOgE N P R T
BT ABD I FREFREREP=L YRS ARIGRE > B REEF
MoGBr R EXRFERGELENWEGRGFERFRPTLA APl koG
s R P24 i L =10~ L,=15nm % L =10 ~ L,=20nm & & P &)
AR ATE D NE s B E s B 5 7.92% 7.87 W/(mK) 2 12.09 & 12.13
WIMK) > £ BT | - B 318 5 BB %2 i B9 g 470 HR bR
WHHMA LA 2@ - [ EFLEET R aApe# 27 o
A AR H SR g AR S A M F R PR AR e g

B AR ] o AR AR o P S B R Ak | o

=24 -



Fr g AR BEBIRELPE

L

PRSP © T (THE S L R B T d B 0
F & 300K T 5 2000m)2 £ R R BSOS 0 B E 2 ¥ 5 2 AR
BT 2 S AR RO AR I A B L AR S IR
A

OGRS A B RO RAR RGBS R RAM S 2N R R R

B R A R RACR IR e BRI LB 41 - S B E

3]

Y L ROEF RIS b B BT - 6 AR R LT F AT

HinF G L GEA L h=0.1meV/(ps-nm?-K) » 5 ? B3 p o~ v A B AUR)

VLR HCHE A3 S RN RS E ATACR S BRTER 2 2 RG (e R

v

Aok )R aBERIER S 2 L1 RS Gk bk WE k- ¥
o AR EE R E Lk (R A RHKPS1) > T L R G R R A o
- I

Rl B R pod SRR F LR T,=300K - g Al £ 74 &

h(Tb—Ta) cl Tb - ﬁsfa‘ﬁ‘ 7%?‘ fTJ ]&’fé-m.}i

4-1 #HH: S HRAEESZ

PR PR R AR R AR AN R R R MR R S E R g R
gl Glcy S B THEIEREAED T o S WP IERIEp R AP
AR - PR BE R R S e R B RHRTRE

RlEcyp T 2 B A kT H D HRE Y B R R o

BEALS g F e AL T F R R R o MR R @
Wihds - LE - B BRmRa ) R REERAL S il B F R
Mg BB E R R AP R R G 2 B
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4-1-1 HHZHPRE
Y- B AR B ATeR] 41 TA[48] 0 2 Y Al deBEE T (m) 0 b
SHAZEM) ot S HEER(M) 0 q 54 BATE WMD) - il FH B S
P @ Gk, )T R BB N SR R e

L iy .
i il

2 2
AL, @.1)
ox~ oy

R e
ar =0 (4.2a)

OX x=0,|y—b|>a
or
-k == = 4.2b
bulk 3 Sl q ( )
Ll [\ 4.3)
oy Lo
oT
— =0 (4.4)
ay y=2b
oT
—Kiouik 6_ =h '(T (t,y) _Ta) (4.5)
X x=t,y

b d R BT E D LR G h BRSSP R R hR §
ga=hb-(T,, (x=t)-T,) (4.6)
RO T (05 XE R L TIER -
FREEAGERET {1 SRR R R B REA DR R AT
[%J'(T(X" V)-T,) = L+ Bi-x) + Zi{Bi ‘(cosh(nﬁx‘)j{nz+ Bi -tanh('nnx'q
=

cosh(nzzn) )| nz-tanh(nzx') + Bi

2—1zsin(n7rg)cos(n7ry')} (4.7)
&
P x'=(t-x)/b~y'=(y-b)/b s FRF e=a/b~ H# 5 A& n=t/b~ Bi=hb/k,,

% Biotnumber o ¥ % & BB 5 Ry, =(T,.—T,)/20aL > H ¥ T, 5 e H8UET
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PRAE LI ARG HRFR - B AT)R T F R MG

1 = [nz+Bi-tanh(nzy) 1 ., }

2K, L Ry =(=+n)+2 . sin“(nze 4.8

bulk e (Bi ) ;{nﬂ'-tanh(nﬂ'ﬂ)-‘r Bi n’z’s? (nze) (48)
AT e A R A F - B AT K

Ravg = Rld + Rspr (49)

-~ AR (R)ATFR ALY T2 BBERIED 21 -7 B - AR Ed wh

1 t
ZkbulkL' Rld :E—‘FB (410)

IR FHATHERATP A RF v i TR 0 B ALE S % T T

WA G E g e s 5o

nz+Bi-tanh(nzp) 1 ., }
2Ky LRy, =2 =sin“(n 4.11
bulk Z{nn -tanh(nzn) + Bi nz°? In“(n7z) (4.11)

d 3R FAB AR L ARKEEEF AT R E 1A S8 AP
2a=2pum > 2b =50um > t =10um > i £ q:5o meV/(ps-nm?) e+ %k i 7 Jc acip]
BB N ARE S ERE I H e R e FIn=10"38 5 A% 5 B 4.2
B R xon @ an(hb/ga) (T, —T,) > 7 5 215 & 1000 5 12 4 % © e
AR B A2 TR AL > BB 3 10000 7 pEAR L ¢ & 5107 %
FEMES B4y mAhe P A E Y BRI 10000 JE o T g Rt o A

BB A - R Y 2 WHFE > B2 HERERET Y
4-1-2 HEHASEREIRES
P B R D B G E T 2 ILG RPN R Y RS A
i Tiopd B B AR E G BT 2 SRR Sk B
P £ > $#3 2a=2um ~ 2b=50pm ~ t=10 um 2 ¥ > i@ * 20x100 £2 40x200

TR EREFER RS RLL 41 U5 BRRERESEFEOSHL
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P BoX oy P R B TR ARFOS A RBDA R AR
FORILATIE D G2 b mmn PP SR A 00 5 5.4% © a3t B 2 & B e B
BT 0 A E 3R 4o A ehAX=AY=0.50m R ] RS (8 AT B BT R
SRS e o W v Rl B4 BORRE O RIS nE ok R
YLEE Bl e R © o KGR (T R

4-1-3 BRARApZRHDEGREIRE S
Mol E YRR G AR AR FRERIGEET A R
WEE D E A D2 52 8 E Zlc(Kouy) 0 #0t F @ 8 Gl ~ 0 (4.8)471F

2 %% WL G fETfE e B 1S o j&-’yf@’g BE G R RAP R OHIRE B

FliHPEpr BRI S s a M BE AR JRAEZ Sk 20 P EEEA
B2 okl E Gl AP A BB 20=50um ~ 500nm N heB) 4.4 474
B5 350K+ TR EE L RFERERGER R AP, =) BB L0
HHEER  FATRELE > N FRGBAELFT T L ERAREELS T HR
SHL A A3 P ii R R B L2 FDHEARBA F D] 2b=50um~500nm
PO i b A B 5 133,972 2 134537 W/(MK) > Hig £ B H 5 F
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POAAET Rt E o A oy £ 975 4 0T 515 (134.2545 WI(MK) ) -

BEFAP Y & 41 R0 2Bl 2a=2um ~ 2b=50um ~ t=10 pm 2 & &
W BB MR RERI R RS RS R AR R R 2 JRATE
FEib R A PR 2 L G L R AT A 42 ¢ o B AIE AR E 2 VD T e B AU
e feenT soiE R 2 IR AR R 300K e 0g 1 s S st B (20aL) 5 HER T
e A N(4.10) 5 N2 - ARG L BT A G R AR - B 45
PR FIFGE R (T =T )/ (T —To) e WY BT % B3 & it
B FHG S EOR R AT AR T ARAR A SR BRAERE S B E
Vg F P ERAT ARG E S R A FEHR LI Bt R2ZH(LE 42)
Bl 46 575 BREEREBINENSHLEAT > Ar v AL EP L R
43> 58 d WHERY RERGE K EA DI E > A v R AR S Y
o ERAFE FREBOFEIARE REHEAELFER S RS
SERGIRL LS BT

4-2 <Ak

ML IEAR At oI B C% S R 3 Ll p- T

4-2-1 BRERUELELF

SRRERABE S APEREA B G pL - FRIMBPEFHRESR
B 1 2ax2b =2umx50um % 20nmx500nm - ¥z 2a % 2b T o R ENE R T
FIRFCH I b B G B S 2 A B AR £ 440 B 4T :
B 10pm 27 100nm A8~ T B R s i B Rl B A FREE R o d A4
FARIETHA TR 20 H ) &S BIE G HRT 2 B B X/t =0.05)#d £ W &
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At Y IR LRI 48 AT 2N M ALY T ARSI o A F TR
P48 BE R

Bl 4.9 i(a)Fl(e) = WA BB & R FITEREFAR(ERLELPPFRF T
2) 0 ke d MIFR LR FIRFEL RN - BT R F O g e o
BLFRERAY LB T2 REIGAM S 2 AR AT RS
FEHHERAT L 2353 o 2 obs 2 A B OE R (FA)E B SUSRIH KT
PR N BAE RLY20=1/2) 0 2 EF A AR A R T AR R
S T R SV EBRFEE DN T A A R AATEE 0 T T E 2 A
P Ay S o R R HE o

4-2-2  FHFITEIE s BEIARIES B R FPE 2 L IR A

REAT I EILH R AP 2 A TR A RAESE R R
FELTE A FE 2 0L ) 3% 02 2a=2um s 2b=50um ~t=10 pm E 5 5] 12 Kok =134.25
WIM-K)3+ 8 f347 f2 05 B e ~ #ongipe (3 4.10) ~ 2 fpicqe st 411)
R E T 2 5K MR (2a=20nm ~ 2b=500nm ~ t=100nm) 3z 55 % 4P L B 0 bt R
LRI A 450 2457 BEREAHDLIBIB R LT HEA L EAGHE
G R REOREE A HE R AP DL ER R P R Frk o £ 45
FRETEAREIADLRAT <o PO F IR FIRILH ew B A

Bl 4.10 &7 FRATE L (B LA R BINEICE 1 A o B PGS % & R

FA R A6%N 0 28 % T IRATRILATIE S BIErR MO E 0 AR S IR
FEAER F (o )R FEH B> RERAEAHTR G EEE R sk
FATR I B A > AP 2 B R AR R (R R So b B R A PR S (TP A e
BIRECRIE 2 o0 WAL S A TR 0 Ry, ) et b 0 LR 411 - R 411 B
FOAMREAHFICBIE L SRR VAN E - AR E AR BE B
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%\' 3.1 GG(Sl)?}E#ﬂiﬁ W —l’tﬁp /P'J;é‘ ﬁqﬁtﬁ%‘ﬁﬁi;Npercell %\ 7T 7{‘” '&\f:",',;l: ¢ & - éfbﬁﬁ F\ =g

L
Deriods Domain(nm®) AX Ay | At W N percen | N percen q k
(xxyxdepth) | (hnm) | (nm) | (ps) (Si) | (Ge) | meV/(ps: nn?) | (W/m-K)
1x1 13x13x30 05 05 | 0.1 |1.09 500 972 60 2.73
1x3 39%x13x30 05 05 | 0.1 |1.09 500 972 16 3.00
1x5 65x13x30 05 | 05 |01 (1.09| 500 972 13 2.99
3x3 39x39x30 05 | 05 |01 (109 | 500 972 21.7 2.99
% 3.2 Ge(Si)k i A & Y¥ Hp iRl 2 RO S o
veriogs | omain@m) 1 Ax | Ay | AL N ssroan | Noercn a k
(xx yxdepth) | (nm) | (nm)| (ps) (si)| (Ge) | meVi(ps-nnr) | (W/m-K)
1x3 72x24x10 1 1 0.2 | 146 500 972 140 36.68
1x5 120x24x10 1 1 0.2 | 1.46 500 972 84 37.10
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% 33a Aok o L =10nm ihidR Sl B R R S IS & -

Ge(Si)ficht » FI%p % F #¢ 4 5 L, =10nm -

L, | Ax | Ay | At W N percenr | N percei q ,
(nm) | (nm) |(nm) | (ps) (Si) | (Ge) | meV/(ps-nnr)
12 05 05|01 (109 500 972 19
13 { 05 [ 05| 0.1 |1.09| 500 972 16
1351025 (0.25(0.05|1.09| 500 972 26
14 | 05 [ 05| 0.1 [1.09| 500 972 23
18 | 05 [ 05| 0.1 [1.09| 500 972 32.5
20 1 1 0.2 |1.02| 500 973 36
24 1 1 0.2 | 146| 500 972 40

Si(Ge)fikk + Fl x4E A A AT + 5L =100m o

Lo | A | &Y | Aty Nper-cell N percen “
(nm) | (nm) |{(nm) | (ps) ($i) | (Ge) | meV/(ps:nnr)
12 | 05 | 05 | 0.1/} 1.09| 500 | 972 21
13 | 05 | 05| 0.1 [1.09| 500 | 972 24
135 | 0.25 [ 0.25|0.05 | 1.09| 500 | 972 26
14 | 05 | 05| 0.1 [1.09| 500 | 972 30
18 | 05 | 05| 0.1 |1.09| 500 | 972 50
20 | 1 | 1 |02]|102] 500 | 973 58
24 | 1 | 1 |02 |146| 500 | 972 72
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# 3.3b dukEi 5 L =50nm it S8k R R R G Ix3 3 o

Ge(Si)fi#t > FIE&f 2 A 8+ 5 L, =50nm -

Lo | Ax | Ay | At | \y N percen | N percei q ,
(nm) | (nm) |(nm) | (ps) (Si) | (Ge) | meV/(ps:-nm’)
60 | 25 | 25| 05 |1.82| 500 | 972 17
65 | 25 | 25| 05 |1.82| 500 | 972 17
67.5|1.25 | 1.25|0.25 | 1.36| 500 | 972 22
70 | 25 | 25| 05 |1.82| 500 | 972 20
75 | 25 | 25| 05 |1.82| 500 | 972 21
100 | 25 | 25| 05 |1.82| 500 | 972 21
120 5 | 5 | 1 |1.82] 500 | 972 24

Si (Ge)#rsst » H 247 oF A<+ 5 L =50nm -

Lo | AX | Ay |" At W N gercen | N percen q )
(nm) | (hm) |(nm) | (ps) (Si) | (Ge) | meV/(ps-nnr)
60 | 25 | 25| 05 [1.82{ 500 | 972 17
65 | 25 | 25| 05 | 1.82| 500 | 972 20
675|125 |1.25/0.25|1.36| 500 | 972 22
70 | 25 | 25| 05 |1.82| 500 | 972 23
75 | 25 | 25| 05 [1.82| 500 | 972 26
100 | 25 | 25| 05 [1.82| 500 | 972 37
120 5 | 5 | 1 |182| 500 | 972 41
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% 34 Si(Ge)x i /i & chiik S ik o

A4S R 5 L =10nm

N N
o | oy | om om) | 05| ™ | & | @y | mevits- )
1x9 13 05 105(01]1.09 500 972 117
1x7 15 05 [ 05(0.1](1.09 500 972 125
1x7 18 05 [ 05(01](1.09 500 972 123
1x5 20 1 1 102|102 500 973 186
1x5 24 1 1 |0.2]|1.46 500 972 170

a4 4SS A 5 L =50mm

N N
peots | o | o [on | @517 Ty | | mevies- )
1x5 65 | 25|25 0.5|1.:82] 500 972 60
1x5 75 [ 25125105(1.82| 500 972 48
1Ix3 | 100| 25| 257105182 '500 972 80
Ix3 | 120 5 5 1 ]1.82| 500 972 77
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% 35 Ge(Si)% i /i & chirkt S8 o

AxF 4 kM4 5 L =10nm

Domain(nm’) | Ax | Ay | At N N a
Periods w per_ce” percell
(xxyxdepth) | (nm [(nm | (ps) (S| (G&) | mevi(ps- nm?)
1x3 39%x13x30 05105]01]2109| 500 972 255
1x3 42x14x30 05|05]01]109| 500 972 220
1x3 48x16x30 05({05|01(1.09| 500 972 197
1x3 54x18x30 05105]01]2109| 500 972 180
1x3 60x20x7 1 1 ({02]102| 500 973 160
1x3 72x24x10 1 1 [{02]146| 500 972 140
FlE# 2ok M+ 5L =50nm
Domain(nm®) | AX | Ay | At N N q
Periods W o | e
(xx yxdepth) | (nm’|(nm | (ps) (Si) | (G&) | mev/(ps- nm?)
1x3 195x65x2 25125051182} 500 972 85
1x3 210x70x2 25 (25105 (1.82| 500 972 78
1x3 225x75x2 25125]105(182| 500 972 70
1x3 255x85x2 25125105 (182| 500 972 56
1x3 300x100x2 | 25 (25|05 (1.82| 500 972 50
1x3 360x120x0.5 5 5 1 |182| 500 972 40
1x3 510x170x0.5 5 5 1 (182 500 972 29
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%36 GHERCGER LF HHP, =0) 8 REEOHR S0

Domain ("nm®) | Az | Ax | Ay | At q k
w Npercell W/m - K

(ZxL,xLy) | (nm |[(nm | (nm | (ps) meV/(ps- nm?) ( )
W, :1.42 | N :200

60x15%x15 25 (125|125 |0.25 29.3 5.25
W,,:254 | N, :218
W, :1.42 | Ng:200

100x15x15 | 2.5 [1.25|1.25|0.25 17.6 5.20
W, 254 | Ng,:218
W, :1.42 | N :200

150x15x15 | 2.5 [ 1.25| 1.25| 0.25 11.7 5.25
W, :2.54| Ng, :218
W, :1.42 | N :200

200x15x15 | 25 | 1.25]|1.25|0.25 8.8 5.25
W, :2.54 | N, :218

% 3.7 B R R R S
Domain (nm?®) | Az | AX | Ay | ‘At q K
W percell W/m.K

(ZxL,xL,) | (nm) [(nm) | (nm) | (ps) meV/(ps- nn) ( )
W, 2142 | Ng :200

60x15x15 25 | 125|125 |0.25 43.25 7.92
W, :2.54 | Ng, :218
W :1.42 | Ng :200

150x15x15 | 25 |1.25]| 1.25 | 0.25 16.66 7.86
W, 1254 | Ng, :218
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% 38a FHAFR(FR P %EP,=0) 0 L =10nm i S ¥k -

Domain (nm®) | Az AX Ay At q
W Npercell

(ZxL,xLy) | (nm) [(m) | (nm) | (ps) meV/(ps- nn)
W, :1.00 | N :100

220x11x11 55 | 05 05 | 01 10.7
W, :1.79 | Ng,:109
W, :1.09 | N :200

120x12x12 3 1 1 0.2 15.00
W, :1.95 | N, :218
W, :1.42 | Ng:200

100x15x15 25 | 125] 125 0.25 17.06
W, :2.54 | N, :218
W, 114 | Ng:200

80x20x20 2 1.25 | 1.25 | 0.25 21.78
W, 12.03 | Ng, :218
Wy:1.42 | N :200

100x25x25 25 [ 125| 1.25 | 0.25 21.02
W, :2.54 | Ng, :218
W, 1437 | N :200

120x30x30 3 2 2 0.4 21.07
W, :7.80 | Ng, :218
W, :9.10 | Ny :200

160x40x40 4 2.5 25 | 05 21.26
W, :16.24 | N, :218
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% 38b F#ERGERLF B8P, =0) > L =50nm s 58 o

Domain(nm®) AZ AX Ay At q
W Npercell
(ZxL,xLy) | (om) | (0om) | (nm) | (ps) meV/(ps- nnt)
W, :12.51 | Ng :200
220x55x55 55 | 25 | 25 0.5 40.5
W, :22.33 | Ng,:218
W, :13.65 Ny :200
240x60x60 6 25 | 25 0.5 33.43
W, :24.36 | Ng,:218
W, :22.74 | N :200
260x65x65 10 25 | 25 0.5 28.11
W, :40.60 | Ng, :218
W, :72.76 | N :200
320x80x80 8 5 5 1 20.20
W, 1129.91 | Ng,:218
W, :72.76 | Ng :200
360x90x90 8 5 5 1 17.93
W, :129.91 | Ng, :218
W, :100.05 | N :200
440x110x110 11 5 5 1 15.57
W, :178.64 | Ng, :218
W, :109.15 | N :200
480x120x120 | 12 5 5 1 14.97
W, :194.88 | Ng, :218
W, :852.68 | N :200
600x150x150 | 15 | 125 | 125 | 25 13.5
W, :1522.44 | N, :218
W, :1136.91 | Ny :200
800x200x200 | 20 | 125 | 125 | 25 12.39
W, :2029.91 | N, :218
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%392 W HE R > L =10nm R S8

Domain(nm®) AZ AX Ay At q
W Npercell

(ZxL,xLy) | (nm) |(hm) | (nm) | (ps) meV/(ps - nm?)
W, :1.00 | N :100

220x11x11 55 0.5 05 | 0.1 15.92
W, :1.79 | Ng,:109
W, :1.09 | N :200

120x12x12 3 1 1 0.2 18.15
W, :1.95 | N, :218
W, :1.42 | Ng:200

100x15x15 25 [1.25] 1.25 | 0.25 43.25
W, :2.54 | N, :218
W, 114 | Ng:200

80x20x20 2 1.25 | 1.25 | 0.25 47.77
W, 12.03 | Ng, :218
Wy:1.42 | N :200

100x25x25 25 [1.25] 125 | 0.25 54.65
W, :2.54 | Ng,:218
W, 1437 | N :200

120x30x30 3 2 2 0.4 59.13
W, :7.80 | Ng, :218
W, :9.10 | Ny :200

160x40x40 4 2.5 25 | 05 60.80
W,,:16.24 | Ng, :218
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3390 FH PR o L =50nm fise Sk o

Domain(nm®) Az AX Ay At q
W Npercell
(ZxLxLy) | (m) |(m) | (m) | (ps) meV/(ps- nn)
W :12.51 Ng; :200
220x55x55 55 | 25 25 | 05 42.50
W, :22.33 N, :218
W, :13.65 Ny :200
240x60x60 6 2.5 25 | 05 35.91
W, :24.36 Ng, :218
W, :22.74 Ny :200
260x65x65 10 2.5 25 | 05 32.23
W, :40.60 Ng, :218
W, 1 72.76 Ny :200
320x80x80 8 5 5 1 27.10
W, 1129.91 Ng, :218
W, :72.76 Ny :200
360x90x90 8 5 5 1 26.35
W, :129.91 Ng, :218
W; :100.05 Ny :200
440x110x110 11 5 5 1 25.20
W, :178.64 Ng, :218
W, 11136.91 Ny :200
800x200x200 | 20 | 125 | 125 | 25 18.06
W, :2029.91 | N, :218
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241 BRG R R B A R S

Domain(z m®) | 2a AX | Ay | At _ q
W N percell (SI)
Oxxyxdepth) | (um) | (um) | (um) | (ps) meV/(ps - ni)
10x50x1 2 05 | 0.5 | 90 |39444.12 500 50
10x50x1 2 0.25 | 0.25 | 45 | 39444.12 500 50

#42 BHEERS S 2B RO R S SRR R 0 R TRIG 2%

PRATAL L kB

-] Ce:]
ﬁxrﬁ o ﬁxl__m. %ﬁ#‘:)’f_i " f}ﬂ]

Y B BE AEk S | S435.4 | S:310.8 S:0.66
B B ch #c(20x100) | T:446.3 | T:310.9 T0.71

7 A SR A s [ S447.9 [ S:310.4 S:0.69
B B ch #c(40x200) | T453.7-{ T:310.8 T0.71

Y R A B Gl 8 | S483.215:310.3 S:0.75
B 3 #(20x100) | T:446.0 | T:310.9 T0.71

Y A B E G508 | S5521.8 | S:310.4 S:0.79
B ¢h3 #(40%200) | T453.5 | T:310.8 T0.71
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% 43 & 52 2b =50pum ~ 500nm siEE 4k o

2b = 50um
Domain(y m®) AX | Ay | At _ q
W N percell (SI)
(xxyxdepth) | (um) [(um) | (ps) meV/(ps- nnt)
100x50x0.00001 | 0.5 1 90 | 78.89 500 0.5
2b = 500nm
Do main(nm°) AX | AY | At _ q
W N percell (SI)
(xxyxdepth) | (nm) |(nm) | (ps) meV/(ps- nnt)
1000x500x10 5 101 0.9 | 78.89 500 41.97
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44 BAHEE L AT ol A8k

Bt =+
Domain(u ) | 2a | Ax | Ay | At q
W N percen (ST)
(xxyxdepth) | (um) | (um) | (um) | (ps) meV/(ps- nn’)
5x50x1 2 05 0.5 | 90 | 39444.12 500 3
10x50x1 2 0.5 0.5 | 90 | 39444.12 500 2
15x50x1 2 0.5 0.5 | 90 | 39444.12 500 15
20x50x1 2 0.5 0.5 | 90 | 39444.12 500 1
25x50x1 2 0.5 0.5 | 90 | 39444.12 500 0.7
2 s
Do main(nm®) 2a Ax. | Ay | At q
W [N percen (S1)
(xxyxdepth) | (nm) | (hm) | (nm) |-(ps) meV/(ps- nnt)
50x500x1 20 5 5 0.9 | 3.94 500 7
100x500x1 20 5 5 0.9 | 394 500 7
150x500x1 20 5 5 09 (394 500 7
200x500x1 20 5 5 0.9 | 3.94 500 7
250x500x1 20 5 5 0.9 | 394 500 7
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3045 fR471E ~ HH B A K MR RS 5t 1 keu=134.25 W/(MK)) -

f347 % | B9 10um | 2 5K #RE 100nm
RATE 1.536 1.770 25.875
B R AR 0.239 0.239 0.239
o e 0.200 0.200 20
AT 1.097 1.331 5.636
kerr 24.0 20.4 5.45

e H = (psK)eV; kex H = @ W/(MK)

#6561 L2 TG 22 QLK HREY o TAR L S 0-2 7 L=l =L,

Domainem’) | Grigs | At | L e f g W \ g

(xxy) | 09 | gy | @) | (m) | (om) | (o) "] mevips: i)
W, :1.14 | Ny :500

280x50 224x40 | 0.2 | S50 40 10 10 10
W, :2.03 | N, :545
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Input phonon property tables

¥

Build up the initial condition
[ time step begin ]

Collect cell properties

v

Make up cell energies by adding/deleting phonons

dtremain = At

NO
d‘tremain>0?

Advect until reaching cell boundary and suffer any

possible intrinsic scattering during this advection

XES Reach the boundary of

the computational
domain?

transmission/reflection

reflection/periodic/leaving Interfacial scattering

| i
v

dtremain = dtremain — tadvection

T

—) Heat control e Re-ordering 4 time step finished

Bl 2.5 5+ Bt 2 B o

-56 -
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y(nm)

y(nm)

-

x{nm)

1x5

x(nm)

Bl 3.2a /i & sk f 2 #P=0 > 1x1 ~ 1x3 ~ Ix5 & # 2 §
(T _Tmin )/(Tmax _Tmin)
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3.2b

*
T )/ (T

10 15 20 25

x(nm)

- B P=0 > 3x33% ¥ 2 & ik

Yo Toax > Tin 2 5] 55
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y(nm)

1x3

y(nm)

x(nm)

1x5

0 20 40 60 80 100 120
x(nm)
Bl 33 /o ki i@P=1> Ix3 > Ix5FH 2 EHAEFIXER »F B >
(T=Toin)/ (T =Toin) > T > Ton & % 5 % = 8P e 5 i 52 e GE
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y(nm)

® 3.5

temperature {(K)

o
[ ]
o

335 340 345 350

350

340

330

310

300
0

20 40 60
Xx{(nm)

B 3.4 8¢ B@ %4 M—10nm2 g & HE N R R A F R -

20

15

)

30 40
q (mev/(ps*nm~2))

oA M10Nm 2 AF E M E G P AL ELTE -
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N
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RQ'I
— R1 R22 RS
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themal conductivity W/{m*K)
=]
L= ]

60

0 0.2 04 0.6 0.8 1
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FI37 Ba- AfEif %2 #e s AMELos 4o BB Saf B Gk

35
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v PR 50nm:MC_[32]
& b - F— 10nm:DOM_[27] -
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s 20
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c 15|
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themal conductivity W/(m*K)
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Ge

W 311 3-2 #45ATf 2 HHi T LR -
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x(nmn)

10 15
x(nm)

312 2WMELaBB T Fogh 29 RER LY PEG PBLEAF
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00 —— Z*=0.0125 i ——— Z*=0.0125
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E sl E 5
= [ = [
10} 10 —
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p2= 0~1: partial spw‘u
F

r |72 Shell

_+_. R A T O N T S A R I A R . ET T TE T T Jur aee )
Z ps= 0~1: partially specular, partially diffuse

® 3.15 Ref[42]2 - & #4177 L B -

35

30
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Bl 316 Li#d= oo s SRER Gkl 6 )2 FEL% - 7 MC 5

o
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M ’ Heat Flow
x
(a) ()
Bl 37 ()5 S5HAR 39 2 4 7 AW - ()5 ¢ [43]04 o L HH A 4c 1 BLF

UE S SIS UES NI
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| Ref [41]cross-plane SL (P=0)
O Ref [41]cross-plane SL (P=1)
A Ref [41]in-plane SL [P =0)
VAN Ref [41]inplane SL {P=1)
< T-Ge(Si) composite (P=0, 10nm-wire)
< T-Ge(Si) composite (P=0, 50nm-wire)
@ T-S1(G e} composite {P=0, 10nm-wire)
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| L-Ge(SI) adiabatic composite ([P=0, 10nm-wire)
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