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Material Design of Semiconductors for Electronic Devices
used under Inordinary Conditions (I)
By
Masato KISHI and Takashi KATODA

Abstract: The excess free energy of mixing, 4G°* , was calculated and the
phonon spectra for III-V pseudobinary alloys A, B, C were analyzed
on the basis of a cluster model. 4G°* is a function of the clustering
parameter § which represents the deviation from the random atomic
distribution. The value of 8 giving the minimum excess free energy, fs,
takes the maximum value at r=0.5 and it increases with increase in the
relative difference of lattice constants, 4a/a. The value of § giving the best
agreement between the measured phonon frequencies and the calculated
ones, fpp, takes the maximum value also at about z=0.5 in systems
exhibiting the phonon spectra of partly-two mode type. The value of (3 at
r=0.5 and Bph over the entire composition range were zero for two-mode
systems, such as (AlGa)-V.
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T W, da /a Bs
System (K) (cal/mol) (%) (x=10.5)
Al (PSb) 2078 9822 11. 61 0.53
Ga (PSb) 1362 9068 11. 15 0. 68
In (PSb) 1073 6634 9.88 0. 65
Al (AsSb) 1688 4575 8.02 0.33
Ga (AsSb) 1248 4043 7.52 0.39
In (AsSb) 1009 3010 6. 72 0. 36
(AlInP 2083 3857 7.18 0.23
(Alln) As 1629 3272 6. 76 0.25
(Alln) Sb 1068 1970 5.45 0.22
(Galn)P 1541 4048 7.39 0.32
(Galn)As 1363 3427 6. 92 0.31
(Galn)Sh 894 2481 6. 11 0.34
Al (PAs) 2433 997 3.60 0.05
Ga (PAs) 1625 1009 3.64 0.08
In (PAs) 1279 711 3.17 0.07
(AlGa ) P 2281 2 0.16 0.00
(AlGa) As 1777 2 0.20 0.00
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DASARTE M O EERFE R A Modified cluster € F LA HOWTHRIT 5. 505 — 4 DL
fedv=1cm™ ¥, COETVHOWTEITTA2DICESTHD, HIESINIKHFRZ ~s b
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T A VITDBNETHD [8]. FHRICK >TKRKDIc T+ /7 veEEOMEKKEM I, Ga,_,
In, AsiCB} % InAs €—F, U Ga;—; In; SbicBF 3 InSb € — FASHEERMITERI
X751 One —mode PO HFHELZRL TV A, EVH AN, InAs XKPFInSbE — FOD
ML, Ga—p Ing As ZUGa -z In, SbD 2 <0.2 TdH 5 One—mode FHIIC BV TIZ
KB o THD. £/72TO, LO 7 » / YORBEEOHMBKEEDOEEMEEFTEME % T
BT ELEICE>TRDIBppld, *=<020FKTIIELALELDTHS. Two—mode A
BicBd 527528 ) v N 48 B3, 2O 7+ / VEBEROHEMEE ERES—K
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25 v b EKORBRERLICEDTHE. i, B OR/IMEERABETHE =048
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FER FtEICHWIEOERE TR 7+ — X3 VX4 VD
kMM, (@) Ga,_, In, As, (b) Ga;—, Ing Sb,

3.3 Two—mode & Partly —two mode @ H#

Modified cluster € 7vid, Two—mode & Partly—two mode A/Rd il DRICHEA T
B EDEROEFEZTIHO T -2, Two—mode % & Partly—two mode 2RO EIL, X
DO THS. Two—mode 2T, 7528 ) v I/x5 x5 By (SHABRCHEBAFR T, 2l
REH ICH > TEoTHS. Kk LT, Partly—two mode 2T, By, MHLRK TR
FLTBY, HkohRMETRAEEZ ES.

X o, HHEcAWAERAERTM 7 » — 23 24 v b OHMBKE T, Partly—two
mode %&£ 0 Two—mode LD HH/NEW. COREHERFE 7+ — 223249 v FOfE,
REERTROR Y FRERBMLTWE EEAONS. DT EEF, mlEFRFHOR YK
DWHsAHIL, Partly—two mode 2k ¥ Two—mode FDHMB/NI N EZERE LTS, L
i3, Two—mode L DI FEMENSHOMITNEIW T Eick 5. HlZiX, Partly—
two mode ZD Ga -, Ing As Tld da,/a=6.92 #TH5DicxfL T, Two—mode %D
Al,_,Ga,SbTidda, a=0.65%Tdb.

4. ¥ & O
S VY LISBFEN»LDTN, THbb 75 RIMBAERDLT I TR Y TN T A E
BABAT AL LIt -T, A\, B, CTEZDLEINAM - VKEEROBEHHE T 2 Vv F—
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4G %, HEGHIICETE Lc, Milktbx OEH ONKBRICEBT 5 4G* i3, 77 29 9%R
WERND L =0 EARDL =1 DEDEL =P iICBOTHR/NEEES. WIITH I, 5Z
HNTRBOLEEIREERT /NI A ELTHWBL ENTE S, B 3R & DM ITIK
FLTBD, x=05CBVTHRAENLS. x=051BTL L DEIE, 18EHEDESRIC
BT, HEUHHEFERE da/a i KictEy, (JIFHEFICHEKRT 5. Ficda/a 1%
LUTTohsd (AlGa) —VIRRD A 1E, ¥uThb. DT LR, TOKBRRBIKEBOTAI
AT & Ga R o 2 EF b > T v ¥ LT B EERLTH A, ,

Modffied cluster EFNMCE T T # / VAT MNWAIRT AL LI > THRE LIz 2
FREN VTN XY By b, MBIKREHEERD. £ LTID By 13, 4a,/6a=6.92%D
Ga;z Iny; As®4a,/a=6.11%D Ga,-, Iny SbDEET Partlytwo mode % & 4B
BT, HEKOPRMAATRANEE & 5. EEEINIT Two-mode D7 # / ¥ AXJ b vk
T ALz Gaz ShIEBWT, By d2MREHTEYeTHE., CNODFEEE, A10BE
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