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S1ze Effect on the Thermal Conductivity for

Porous Nanowire

Student : Chih-Pao Chang Advisor - Hsin-Sen Chu
Institute of Mechanical Engineering

National Chiao Tung University

ABSTRACT

The microscale heat transfer phenomena of two-dimensional porous
nanowires were investigated based on the microscopic heat transport
theory. The phonon Boltzmannequation model was established to
analyze the size effect on the thermal conductivity of porous nanowires.
The effects of pore size, pore 'surface area and the distance between pores
were emphasized in present study: Numerical analysis was conducted to
estimate the thermal conductivity. ofporous silicon nanowires. The
results showed that, unlike the bulk material, thermal conductivity of the
wire did not remain constant when the phonon mean free paths were
comparable with or even larger than the diameter of wire. The pore size,
pore surface area and the distance between pores showed pronounced
effects on the thermal conductivity of the wire. The pore size affects the
probability of the collision of phonons with the pore boundary, which
indicates that the thermal conductivity of the wire increases with
decreasing pore size. The results could be used to direct the development

of high-efficiency thermoelectric materials.
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B @448 (Acoustic Mismatch Model; AMM ) » & AJ® &) 48 &7 E) 48
R m A nR 3 - BGYESGER S TR e B A —
Fro PR ARCEE R Y RFTGEEF Mo B Al &4
ezt 2275 %3 F ﬁ'q“ﬁ‘iﬁ%/ﬁ}ﬁ“ e & & 01989 & > Swartz and
Poh[21] & - 4 3% 1 4¢ & 12 % ;¢ ( Diffuse Mismatch Model,
DMM )t - 5 R LGB chiBk = 24P F 0 U BR TG
+ e R BRI E D e s AT (S Rk i ATk i
A B o 1998 # > Phelan [22]4°% AMM £ DMM 7 { Eimernt fic -
BFh g AMM P G AR GE R T 4§ R OHHRE S L F R
REA B3P AL el ol eRipy P {3 Lv
bt Flm AMM 7 L 3 * > i@ % DMM 7 K7 o e ¢t
i * AMM { #iTF % % % - Little fv Swartz 2= 2 cofiZ;8 d 2t fr 6 &

REERAPR > FIBERES A o Al v o (s S p % > WA
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5814 $7 %4 (Elastic Scattering) » 28 F % F 3 4% & 3 4 g w15 o
BFAEF €5 #T3 F > Flpt Chen[23] & 1998 # % ) 2L 38 {4 47 54
(Inelastic Scattering) » ¥ #-2 Ji * >l % & B> A25° > AaZAg & #
BHOBRBRY > frR R EPT -

§OTER PR G ORIFIL S e B G 5 D v R
MR AP ER R o H P 2000 £ Khitun et al.[24]4] * £ iF 5
SRS AT R IR AR LR BT Qﬁﬁm@’gﬁﬁi
2L(Ge Quantum Dot)4g i ff? E WP > B3 @il 3§ 3 Bherig sy
PR @ @HE 4 % 52003 & Livetal.[25]40 % F B2 E R
TP EF Tl REOEF R AP /BRI C FRER
g T e KR R AR o PR BE R AR I BB AR BT
Heigtpd & aiest ¢ A BT Eaen @ 7 5 5 2004 # Song and
Chen[26] F % & p] % 3PN e FIME T H o 10
PF o TU AR Pl EE AR TR B O e i B R e o

s

2 M BT LDERS BARPFER UG APFITE S 0 -
B B R L T 5 IR A A A S e
2004 # Dames and Chen[27]4#% I #2552 X A Bz R — ¢ 45
AP R s AT R G B A R R B 6 R
ZERPBG A > 2P T EFHRER R FIRF E LS 3 40nm
P BN E R R g skiEdnd 2 & 52004 & Mingo[28]9] * it
§ %J » #2358 ~ > 478 (Fully Dispersion Transmission) & 5% » 17 31| =
T oELER R E S g F Mehdo+ 3 sk di(Power Factor) >

A ’;3—}:5"&"’%?‘%\3 — W GIEE s BB B EE TR L b

R PR L R Y PR R SR TR
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2004 # Dames et al.[29]F] * &3 d5tcric £ A 238 - 08 D@ /3
FamenTHpd B> HEEREEITF HRSES 5 2004 # Yang and
Chen[30]4% 71 4% 2 & #(Ge Nanowire)? ¢ 7 i Hp M E 7| 2 5L &
g SRt 7 T RMEE R T o At Z BRI Y
e @B FR AL S PAGKR T H R G - ﬁliﬁ & % (Ge
Membrane)tt # > 3 F € F RIZ R ' Mo B A FEH B B
Bid > Flpt g endif 4o ¢ R (T AE R 2 o BN o AR 4 2
- g E A B R B g o3 T 2004 & Majumdar[31]3% 4
BB 4 gfPas 3 2R XRE NS REE A RS
S HER G B TR PR g R s+ E < BT il 4
R AVE - W E 3 L af%%@ﬁm%ﬂéﬁﬁ+%*ﬁ%
L34 o e o 6 B A EREE Ko

BAL S RS RILREE = R 257 R 6 fo i
Bk Rl R b e e RS ERLOES Sk PR R ] 0T g0
BT R A A D B F BETEI - F] LR ¢ o e~ 3 e
BRGSO B R RIS S HAREFDLREL S @
14 A2 AL N E

HHEET Rfr# B E G EARTRA FraF E & S0
Bl 7 R ET AR N Bl s RAa ERA
TR 45 B R deB) 1-12 995m 0 F e i e MR R R B
PR awT g S o

BEARAR S o LA § A I S e KA B AL B
DR A B E AR @ R KA E MR R B E T R L A

\\\ﬁr

$¢@~ﬁﬁJWJWﬁﬁ%@%ﬁni%ﬁﬁ%ﬁ%+»ﬁ%aﬁazt
WA BES A B Al B F I Rk g T g



AbgtE M R R > R ZT & o
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Fo1-1 B R R

Free Phonon Photon
Electron
. ) A i
) Ionization or Lattice tomic,
Generation L ) . Molecular
Excitation vibration ..
transition
Propggation Vacupm or Media Vacqum or
Media Media Media
Statistics Fermion Boson Boson
. Debye :
Frequency Zero-infinte cli-off Zero-infinte
. : hg’ C
Dispersion E= E=E(Q) V=—
p 2m A
Velocity(m/s) ~10° ~10° ~10°
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Length (nm)

100 =y@=t-m

o4 = ® MPU
oA =m A DRAM 0.5 pitch 2-yr cylce
oA = B DRAM 0.5 pitch 3-yr cylce
oA [
oA [
oA [
10 = .A u
oA [
oA [
oA [
oA [
oA [
oA [
1 ) ) " ) i
2000 2010 2020 2030 2040 2050
Year
Bl 1-1 2 F88 ~ & R 5% & B [32]

15



Chip Wattage (W)

1000

100 =

10 =

1

Current/Future
Celeron Generation
Pentium II
Pentium  Pentium IIT 4o¥
RS K P
Pentium Pro R
o 0‘."
S e®®
“
‘0
*
*
0“‘.‘ P [ BN )
486 @
‘o" [ )
** [ )

1988 1990 1992 1994 1996 1998 2000 2002 2004

Chip Release Year

B 1-2 CPU % # & /% :& B|[32]
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Minimum thermal conductivitv

Ouantum well sunperlattices

Band theory
Umklapp thek
Size effect on heat flow

Phonon

Debye specific heat/

Thermionic

Joule heat
Carnot cycle

Heat diffuse theory—

Voltaic cells

2000

— 1980

1960

1940

1920

1900

1880

1860

1840 _

1820
1800

— TE quantum well expt.

Glass-like heat flow
Vacuum thermionic cooling

TE quantum well theory

— TE efficiency derived

Peltier effect

/

L Thermocouple thermometry

Seebeck effect

B 1-3 #0004 B I ph 53]
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T+ AT

T+ AT

HA A

HALA

OO
AV

Wl 1-5 % IR
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Hot Side

B -6 g T ®

Cold Side

Tc

*

Th

P NI I A e T I T
R A i T e i N T |
Hot Side
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5 F1[34]

-+
=

Rl 1-8 % e g
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| ' | ' |
o
g
o
f
® 9
[ §
[ b o d
a C
| ! | ! |
1960 1980 2000
Year

B 1-9 i 60 # # 7 % ¥ M wie[31]

Bi,Tes/Sb alloy, Abran loffe

Bi,Te; alloy, Wright

Doped Bi,Tes, Landecker

Bi,Te; Quantum-well, Dresselhaus et al.
Bi,Te;, U. Ghoshal

PbSbTe/PbTe QDSL, Harman et al.

R

21

Bi,Tes/SboTe; S.L., Venkatasubriamanian et al.




Energy

Distance

| e

B 1-10 %= 3=# i £ 7 £ B[35]
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p(£2-cm)
0% 10% 10% 10° 102 104 10® 10% 10%0

Iy Y + gy YT BT

B 1-11 H# pe o A 1 )

Nonmetallic Solids
Insulation Pure Metals
System
Liquids
Alloys
Gases
0.01 0.1 1 10 100 1000

B 1-12 k4 @ E s 7 B][40]
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FHR A E LI A F S B BRI LD i
Eade 24§ % > Flpt A2 g wg 2 RN e D S R
= #% ;% (Equation of Phonon Radiative Transfer , EPRT) » & 12 pt f5 i &
AN CRTEZEMMEN PR ORGSR RO R
L R SR N BErRBES

2.1 B fpafa @ gz 50
d + & ehE B f > 4258 (Liouville Equation)¥ #v > & — £ &

LT SEEE L 0 S8 T

ﬂ=ﬂ+\_/-Vf+5-Vf=0 (2-1)
dt ot
He s vipI @i B asid B s g B

f2 o Flpt e P LA A 24 g it IR
of - — of
= 4v-Vf+a Vi = (5 o 2-2
at ( 5t ) Collision ( )

s p b A . f
(2 2)5\‘ P%‘/ﬁ\ 'flfﬁ' 'Qﬁ‘%’]—” %E‘;\‘ ’ '/t" v (it)Colllsmn '?'/’7 lwﬁﬁ'{'ﬁlﬁ,{;ﬂ

2

R g
Bed a4 Y B h i RARIT S E 0 T L R E R TP

1 of 1 of

V E = ( )Coll|5|on (2_3)
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%‘—ﬂ-k’n«‘fg;m:iﬂ/;}gg;?; f% ngl’—“#i'% LI?’MEﬁmi
PR e AR ST [2]

10 o _1f-1, (2-4)
\Y; 8’[ \Y; T
He f,~ f o Lpd 8ok v d#ko
R A4 K ) AL T A i S BT T @'_? s s VAT ISR Rl
Fg 0
0
G B (2-5)
Vv ot \Y; T
WA L RS > AT G
1, (0.0,1,0) = > V(0,@)+ T, (r,t) - Trto: D(w) (2-6)

BHY vl s i HERN > @)= vt id B i d P ¥
#e(Planck’s Constant)’f: " 2 D(w) & Z/8 4 T 0 % & (Density of
State) ; #* > A Z H -l vH B ~HE-2HMeET > B3 7

S b oehEg B o
RET BRI LR S B R RER KA BT E

d, _ 1 1-w-D(w) 3o
i 47[Zm:~[vm h-o-D(w) o= do (2-7)

d s B AR 2d°Q=1dAdo=d*(v-A-C-T) ¥ # V& 5

dfo vC
}:jv h-0-D(@) Ldo="~ (2-8)

B AL AR P RS R RS AN Flutd 287 W2 B

58 & &R R enRE Tt
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dl, _VvC (2-9)

dT  4x

> ac

sl -5 A (5 ek 1 VheD(@) ek R S AR 1 L BT R A

T i A

0
L T Sl (2-10)
v ot vV 7
Ao o105 R TR T BT R B o T T 0 R 2 A & et

4 B AT

41 1d.Q -1
10 gy 1478 (2-11)
v ot Vv T

B AR N S BT 5 AR gl

22 B3 Eimpd
Lo A e R RS ok B eniT 5 0 2R

i
4y
r
F
TTX
et
'
|l
4

MBS E RS G 10~20A chlic B s o E A B A
PEEEFS TP FIAELIRY IR ER B LY LR
AR E B T i d T e

e B BTG - P S AR AR 4oB 2-1 AT o ApF
FoudF w@chfF 1> P E g 2k ataplafg
F3RE - BP TEREREFES | ETE BS 2 82%3 3
PIEE R E o d Bl 137 #FFF T d K2 (Mean Free Path)

A=(A,+A,+A,)/3 (2-12)
T 35p d pF R (Mean Free Time) 2 %455 FF B (Relaxation Time) P &
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ro = - (2-13)

K=§C-V-A (2-14)

He¢ K i E BRSO 4 @ R ¥ #i(Bulk Thermal Conductivity) > C 3 +*
#.(Specific Heat) » V & &= 7% :# (Group Velocity) » A 3 %3 eh-T 35

BB T T B REDH R R e T30p d

Fut s B3I aprERN A 10A ShEE s T EERE
% 7} ¥c(Phonon Dispersion) » 8 sl 8 i (- 2 5 § A @ifen
WAL E A FIr A R e o B et Bp d TV R g F I ST

% > wd Dispersion Model # ¥+

K =§Z [c@V (@A(@)o (2-15)

23 - BREHREETHR T LT

d P AR N QX EMAHEER R
BRCH T () o AR R Y B R R H
WG R g PR G BiRRIT R - AR B E Flpt BRI
A5 - BER(R2-2) T A HEABIR G o

de
¢
i
=
ey
~
0>
W

dOL S G AN R E NS ARG 2 211 H Y

v drdx didy didz (2-16)
dxds dyds dzds
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FPETEMEIINBER VLG R REFRT R Y A
AP WEFT X >Rt B3 N2l U RA2-4ER 7

IF’ .
A 41 o [@ |
cos@ = Fir (2-17)
OX A
ﬂ'L X fyr, A ;gi&Bthi'En B 7_ or %iﬂj—’ ﬁi;r °
- R R RS # 0 x-L Ad LR A
gt

x=0, T=T, (2-18)
x=L, T=T, (2-19)

SN 29T i B AR GG 2 B T T
x=0, I=1(T,) (2-20)

x=L, 1=I(T,) (2-21)

F_*

RAHREHET 3 PR g Fla ? b bR
BEw kR EF 5 RTA 2 S $t Phelan &7 4p BE #5550
ot g 22] 0 H R %A AR ET > DMM i i & e & &
e Swartz 2 Pohl # 1989 # 3% I 472 A [21] BRFHER
BB R S R RN TES ARG LR

Pagst s F BB R G B B2 R A LT BN EF H e 4 -

=1

FER AT AW T EFEN AT GR G MR o
a, = R21 =1- R12 (2'22)
B, DB A - FTER G P AT TS F R, LA 4 F-

ERGF StehF s Ry B A FZ SR G F SenE S o
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95 ok T ffr(Detail Balance) » BK F & = Rl & T §rpF > 3H 4
- e B g 350 A F - B Rl T
Zvi,j Nijray, = ZV3—i,j Ny 0y = ZV3—i,j N (I-ay,) (2-23)
J ] J

B¢ BT BEodcE n =%Ni,j w(j)-v, -cosfsinf-do dAdK -

P (2-24)

FEEHREN Y 2R PDEXRELET B0 o ¥ 2 B is
(Elastic Scattering) > » ij‘.*‘u{% HieF B R o B I FPE > L F R
RS > GER G AT IS AL 0 0t 2 g
* 5 F] gt Chen #1998 & &2 7 2LaB 40 8 19 24 05\ (Inelastic Diffuse
Mismatch model)[23] » B3R ZSslidpmde B i £ 45 4 > F]b » BB
g A S - T AN A ENTER TR S AR S R
BRET R EBETET LT G

o[, 1/(T)cos6,dQ, = ay, [ 17(T)cos6,dQ, (2-25)
d 3428292237 @d A - 585 R o hF

@, =—2 (2-26)
C,yv, +C,v,

AZ o ’}‘%%“f#.{d FHp ']‘iﬁ’lfg}"’-‘ﬁ#ﬁ?ljﬁ RN N EE ¥ in-;(
Tod A RSt Fli A PRI AT gD A2 e e

NS

B e s eA 7B 2 M A G F A fE Flp v F

Y

II (L,,—cosf,)cosf,dcosb, = Rlz.[l (L,,cos6,)cos,d cosb,

2z
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- (2-27)
+a,, j I, (L,,—cos®,)cosd,d cosb,
2z

j I, (L,,cos80,)cosb,dcosb, =R, J- I, (L,,—cos®,)cosd,d cosb,
2z

2z

+a12j|1+(L1,cos91)cosﬁld cos o, (2-28)
sn

Bo T A F+x 2 v s B @ik T4 7 x > 9 & 8L Ry £

TEFIHME-GEh e F Ry - Ry EFTEFI P e F

By s ok B e,k o, AN E TR MR- e T

TR ST S S LR R R T S LR I

2-27~2-28 b2 B d AT IR G o o f B g At 0 T - g
o 1o P B F IR G o

b
~

K a1 A G

FOUREP BFF A ARG BSR4 B 2-3 47
ToAT AL AAMFPER z2 w hE RBAW Xy P ek & o
PREFLEEFIRAMz D w L FOoFR 2 ART VG - Al
Ao deB 2-3b ko dr ko H Y R BR G o o Br A AES
HEEBREAET LT 5

41 Id -1
ay ol ax ol _4rg, (2-29)
8t 65 ay £ ax A
d @] 2-3b &
(9]

=sindcosg¢ %:cose
0s 0s

He gfrpr bt 2B I E x 2 y 2w d b s ARE R R ES T

pd e 4 u=cosf ~ n=sinfcosg v ¥ :
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A a a ar)
T,
0 2-30
8t+77(3y+ﬂax A ( )

4 Je 3 N AP N @i 7 42 A (Steady State) P o ¥ £ vk Y 5T

ol ol 41 -
775-1-11/16—:72.4”T (2'31)
X
NI S Rl P

HERER L A x=0 x=L ik = TWEHFAEZ > & y=0-~y=L
gk A BEREE O R24 582 ERFETIL 0 FERY DES
RFIRH y=L ts 0 AR R AT §F i BACR 0 SRR S R
Ao =

y=0, q,=0 (2-32)

y=L, q,=0 (2-33)

BAX e 3aaFa frta e B 45 2 E:

x=0 T=Ty (2-34)
x=L T=T. (2-35)

B SRR 20T AE R S B R M B TR BT A L
x=0 I=I(Ty) (2-36)

x=L I=I(Ty) (2-37)

25 - It 2 KAz Bl LT
SIZN MBI 2S5 EACT D R A HIVH A GF SRR 2-6 8|2
Brlm o He et p @A ada 3R PIIV R B A T
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PE BRI I B RN e o

LHIH A KR GHNERiE LR y=0y=L £ B
B x=0~x=L PlK 5 WEFRiEE

x=0 > T=Ty > I=1(Ty) (2-38)
x=L » T=T; > [=(Ty) (2-39)
y=0 > q,=0 (2-40)
y=L > dy-0 (2-41)
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B3]
FPER

A pERR t1

B 2-1 %= pife @i £ 1 & H [36]
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0000000 .’

y N

Bl 2-2 - @
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Bl 2-3 = 3 KR P
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B 2-4 G8E%FLE

36

x=L



Bl 2-5 532 42 T
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B 2-6 H3L2 3} sz pp1@ 7
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31 SNﬁflj = /é"

B s a il 42N 5 - s 2 ARN 50 S AT A 2 AR
- » &< f* Discrete Ordinate Method, DOM[37,38] » & # % Sy
Method » #- > f & cnB-F {553 B 4 2 N BA R RS

# & I #ic(Quadrature Weights)w, 4 4¢ -
jldﬂziwili (3-1)

He TR Zd ISNBA > 5 %3 2831 8% ~ 3 42

;4 2-11 ¢

1 :

pUEERY 211 d A S ARV R S A B AR S B Sy T
PONAREA e ¥ iF FHEGE S ENRPS 2 g kb
v E o EB3 e XA FE B w452 (Direction Cosine) g »
,TA;% Fooo At Vi d SoiTiu: KAJER R - & 3-1 3 Syt i g

AR AL Bl R4 o

3.2 deark 17
SN 32 AE S feN s A REIARE > BB B BARL R Y
grdp i ehs N kRN AT Fpt TR Rl B AE A N

fLpF, WERLTEDNE L I ALE . F A PR R iR



PRIBRBEPLE L EREE Y F)a ko

- BT IRAR B e 2 e

FI* S,ixiEfe s REALZ > AR w L ofrid £ oH- 4
BI @ N ER LS BE 2 el

1. cos@>0
FI* LA gk XL — BT s AR5 2-15 7 F
1 N
— > ol =l
0 I(x+1,1)—1(x,1) Ly
AX A
~ cos0 I(x+1,1)=1(x,1) _ ol (xX+LD)+ o, (x+12) 1(Xx+L])

AX 47 A (3-4)
BT (5T B x>0 b nld R

cosd o _)_ I(x 1)cosé? ’ ,
4nA 4rA (3-5)

I(x+ 11)(
2. cosd@<0

ﬂa’r S EZ A ARebx-1> ER BT {56 #5877 F ¢

i=1

AX A

1 N
Hl) - 1(x-12) _ PRI UL
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1(x2) = 1(x-1,2) ol (x=L)+@,1 (x-1,2) 1(x=12)

cosd =
AX 47N A (3-6)

B2 67 @ x<0 = o B R

cosd w, N 1) 3 (Xz)cosﬁ
47N A

(x-1.2)(-= +I(x—1, 1)4

A (37)
3 AN 3436 2 BH R AN > B A TR R 0E
x=0 > T=Ty - [=[(Tg) (3-8)

x=L » T=T¢ - I=I(T¢) (3-9)

TE MBI SRS T TR B Al R

Flux):
q(x) = ]| cos A2 =27 [ [L-ko) = 1 %, )] s (3-10)

B fsEd R A Rt I E g B % Bi(Effective

Thermal Conductivity) keg:

Kt = (3-11)

34 - HEF iR N2 HiE D 2

)% Sy T mE IR FRLAEBER - B 2SS
229> A B E RS PR T o B RUREIT RAR A G AR

o
I. cos@>0,cos¢>0
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AXZ BRI REIL Yy e Bt RAILER T E

I(x+l,y+1,l)—I(x+1,y,1)+cose I(x+Ly+1LD)—-1(x,y+11l)

sin & cos ¢
Ay AX

N
iZwili—l(x+1,y+1,1)
=47z -

A

_ WIX+Ly+LD)+w, I (x+Ly+L2)+w, I (X+Ly+13)+w,I(x+1y+14)

47N

3 I(X+1Ly+1l)
A (3-12)

g

-\

25— 00 fzat

I(X+1L,y+

L) s1n6’cos¢+cosé’_ W, +l
A AX“ArN A

sin @ cos ¢ FHXYFID CZSG
X

+Wzl(x+1,y+l,2)+w3l(x+1,y+1,3)+w4l(x+1,y+1,4)
47\ (3_13)

=1l(x+1y,])

2. cosf@>0,cos¢<0
AxXZTwRt AL vy IRt S L FE

I(x+1,y,2)—I(x+1,y—1,2)+cose IX+1Ly-12)-1(X,y—12)
Ay AX

sin @ cos ¢

N
iZwili—l(xH,y—l,z)
4 4=

A

_ W I(X+Ly-L)+w, I (x+1Ly-L2)+w,I(Xx+Ly-13)+w,I(Xx+1y-14)
47N
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I(x+1,y-12)
A (3-14)

HEEFERTEY - %10 f250

I(X+1,y—1,2){— schos¢+cosH_ w, 1}

Ay AX  4zA A

sin @ cos ¢ cos@

=-1(x+1Y,2) +1(X,y—12)
AX

+Wll(x+l,y—1,1)+w3l(x+1,y—1,3)+w4l(x+1,y—l,4)
4\ (3-15)

3. cosf<0,cos¢<0
AXZTw R EAL vy d RS LA FE

I(X_19y93)—I(X_lay_ls3)+cosa I(Xay_la3)_ I(X_lay_193)
Ay AX

sin 6 cos ¢

1 N
— > Wl = I(x-1,y=13)
_ 47[ i=1
A

_WI-LYy-LD)+w I (X-Ly-12)+w,I(x-1Ly-13)+w,I(x-1,y—14)

4rA
_ I(X_lay_193)

A (3-16)

I(Xx—1,y—13) _sinfcosg cosf W, +l

Ay AX  4nN A
:_I(X_19y93)81necos¢_I(Xay_173)czsg
X
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Ve

+Wll(x—l,y—1,1)+w2l(x—l,y—1,2)+w3l(x—1,y—1,4)
A7 (3-17)

cosd <0,cosp>0
BEXZ e RFEAALS y I WAL T

I(x—l,y+1,4)—I(x—l,y,4)+coseI(x,y+l,4)—I(x—l,y+1,4)

sindcos ¢
Ay AX
1 N
W = (X =1,y +1,4)
_4r S

A

_ W I(X=1Ly+LD)+w,l (Xe=dpyst 1.2) + W, [ (X =1,y +1,3) + W, I (X=1,y +1,4)
47\

_I(x=-Ly+14)
A (3-18)

EEETET AR e 05 750

I(X_l’y+1,4){smﬁcos¢_cosH_ W, N 1}

Ay AX  4zA A

sin & cos ¢ cos @

= I(X_la y94) - I(X9y+194) AX

+WlI(x—l,y+1,1)+W2I(x—l,y+1,2)+w4l(x—1,y+l,3)
47N (3-19)

d 3-12+3-14-3-163-18 F - if > g5\ Vit - Bz K &P >

-~

B g Lehig B A o
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35 2 A3V E K mEciE S 2

SIS AT 2 AN 3-8~ 3-10 ~ 3-12 ~ 3-14 & sifE
felo AZ i Me B EREE o MENMRIPR o d N EHAL 4
F1A53v 1 Flp FF R A R & 5+ N & s fE AR & o X
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% 3-1Two-Flux = w45z {oig £ S b 7

\!

Ordinates
a ﬁ 7 Weights
S,
) 0.5773503 0.5773503 0.5773503 1.5707963
Symmetric
S,
i 0.5 0.5 0.5 1.5707963
Non-Symmetric
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% 32 B B ¢ NN e 48 %8 i (T=300K)

Material Model Specific heat Group velocity M.E.P.
10° J/m’K m/s A

GaAs | Debye 1.71 3700 208
Dispersion 0.88 1024 1453

AlAs Debye 1.58 4430 377
Dispersion 0.88 1246 2364

Si Debye 1.66 6400 409
Dispersion 0.93 1804 2604

Ge Debye 1.67 3900 275
Dispersion 0.87 1042 1986
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Thermal Conductivity (W/mK)
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Thermal Conductivity (W/mK)
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Thermal Conductivity (W/mK)
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Thermal Conductivity (W/mK)
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Thermal Conductivity (W/mK))
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