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Molecular dynamics study of the phonon transport analysis of alloyed silicon crystal
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Phonon transport properties and thermal conductivity of silicon germanium (SiGe) alloy crystals
are investigated by molecular dynamics simulations. First, we have obtained mode-dependent phonon
relaxation times for various alloy fractions and found that they are strongly attenuated by the alloy effect.
Then the thermal conductivity was obtained based on the phonon gas model with the phonon relaxation
times and group velocity calculated by lattice dynamics method. The reduction of thermal conductivity
and its dependence on the alloy fraction agrees with the experimental results. Finally, we have quantified
the contributions to thermal conductivity from phonons with different mean free paths in order to analyze

the size effect of heat conduction in the alloyed crystals.
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Fig. 1 Super cell of the silicon germanium alloy crystal.



3. BRLEE

NMP Z#HWeFIEIZ Lo THkx G@ttkov ) a5
N~ =0 LEERG12 PO T 4 /) v OFEFEH 257,
FA A RITIB T B O —6 % Fig. 2277, 20
FERDD, BB X o TRERIEF O MR Ee 5 2 &
Nhinolo, 61T, GEMBEOLIENIEm % B25 -1,
KA @ RIB T DEAEEHR OEEME 2 KO-, FFFIC, 4
KB BEOEEZE LW B (RN O E &) 8 &
DR EBET D0, FEERRIIBT DR TOEYE R
(Average mass) % 3 2 #ifE dh R OFEFIRE & KD 7=, £ DfE
B, Fig. 2R T LI, ETORFTOEREE(LEIED
MiAERR T, BHEEELS T 52 & CREMBERHIITEM L 72,
— 1T, BEROEEITS N~ =7 SO PR ER(~1 %),
BEAIC L BB O T RNEBICEND 2 ERDN5.
DX, AR EMRROLENS, Al X HHE
FOBER] OB B 2 BT ICTERR T & 7=,

I BT, Z O Z AW THEEBYRE R % Fig. 3 127
T ek, MEERIEFETROONIZT Y a kRO
ECTHEIE LTz, ZORNG, R CRIE-BRERD A4
BERFMEITREOFEHROVL, EHETRDZLODE RN
—HETDHENDNoT. ZDOZEND, AEICE ST
Bl BRESRITIBED A I L ABRE R R 2 R
<HBTLHEEZD.

T, FOEOYA R DB ERIET D), B
FEEVRE 2R (Cumulative thermal conductivity)e® %8 A L 7=,
RRAMRER L3RI ET L D ITFE A BITE A 2 A=0
DD A=A FETDT ) OFFOBMREE ¢ # R LB D
Thb.

K= LAO cvAdA ?2)

Figure 4K B BBRET NV ~=0 AOEENIBIT L 7 +
J DB e, x FIOREEE v, TR ¢, EHEBTR
A=va W RBEERER 23T, ZOMEND, 54
RITRIT DEMRER o OV A RRIFIEDE N FREL T2 5.
B ZIE 0.1 pm DR E IOV Y 2 M5O %DOEHE, 2F
D9 B 30 %5y DEMRZEREE S o727 + / VX Fig. 42l
AT X I  EIEO R ERRE THELE LIZ< <, 70 %
Ly DEMERE & & > 727 4 / 1% Fig. 40)2Rd K 9 ICHGEL
ZLRLTVEW) Z RS, — T TAEGB.1 %DEEAIT,
FOLH T+ 7 OEIEITHN 40 %3 IIKT 5. 20X
IS, AEREDERICE > THA XX DRNENT D
LWV H L EEERMICET:.

4. ¥

YV ar =0 ARERRmO T x ) VAT 21T o
2. ZTOFECE DT ARECE S E— FIRFEZ 1/
VEREfRATIEE W=, £, YU ar a0 AE84
DT & ) v ORI A FR LR, ARk
57 % ) O O T 2 HMEICHERT 52 LN T
2. Fh, TOMERKICT + ) VRIRETIICES S BYR
HWRERWD, FHELEASMC X DIRBE RN ERE L —
HTHZ LR L. &5, 74/ O HBITRE
EBRERA~DOHFESOBERD D Z LT, REICLDE
TER 7o BB B RN RSB 2 R 2 457, #5i2, B4R
EOREGIZL > TREDOEELZITL 7+ / VOEIGNRK
ELEDDHZEEHL M L.

5549 [B] A AGES LR U D NGERRR U (2012-5)

Ge fraction (%)
50

0 100
(@) (b%; 40T Alloy crystals 2
) A Single crystals A
2100 2 R
£ g
£ LU °
s °
E 10 ) 5 2 o
& O Sis,Gey g 0
O SigeeGeyg 2 o
A SiysGegy < 20 0 ©
1 40 60

10
Frequency (THz) Average mass

Fig. 2 Frequency dependent relaxation time of the alloyed
crystals obtained by Normal Mode Projection. (a) log scale and
(b) average relaxation time of each fraction.
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Fig. 3 Normalized thermal conductivity of the alloy crystals,
compared with experiments and previous simulations.
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Fig. 4 Diagram of nanostructured materials with nanograin size
(a) larger and (b) smaller than the phonon mean free path, and (c)
the cumulative thermal conductivity of pure and alloyed crystals.
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