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The Effect of Adding Elements on Single Crystal Formation of InSb Particles
by Using Short Drop Tube Process

Kenta ARAI and Katsuhisa NAGAYAMA

Abstract

In this study, we investigate the microstructure of InSb particles to which several elements are added (Ag, Sn, Al, and Fe).

The microstructure of these particles changes depending on the kind of element incorporated. InSb becomes the primary

phase and exhibits a polycrystalline structure by adding Ag or Sn, whereas it becomes a secondary phase by adding Al or Fe.

When Al is added, AISb becomes the primary phase and the InSb phase is solidified as fine crystal grains. When Fe is added,

FeSb becomes the primary phase and InSb phase is solidified as large crystal grains. We consider that the AlSb phase

becomes a nucleation site; however, the FeSb phase does not become a nucleation site of the secondary phase of the InSb

compound. In addition, we suggest that addition of Fe is effective for monocrystallization of InSb particles.
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1. #8

Kay7Fa—T77 a2, BNEEEE T HICmE
BRI OB TIRE CRE ST Z ENAETHY,
[E R IO A ERBEC AN D B2 Z T lenied, WREM
SRR S1 KL T OIERICx L, AR FEE LTHbLR
TW5 12, LavL, BURTHE, HEERSRT2%RE<
VEBLT 2 FIEITHESL SAUTUVVARVY, ZHUE, AEBEIC X
BELAERY A SRRV ENDEENARE < HE S
o5, REREORLZEEML DL EEDBET D
NIENWZ ENREREEZZ SN TND I,

Fxld, MBI LIZETE 26 m O a— bk ke
v FF o — TR A F T2 TV R b S EEA InSh
XY GaSb kit DR m e & iSO BIfRIC DT
WMEEIT-o72. InSb ki -30EHE, RmEEIZELY 2
HICHETE, mhl-RuEELH T 28R T132

FEmIE A R L, HiR e REEEE AT /IR T
VRS IE R Lo iiiaE 2R3 2 L 2 mE L T D 9.
L2>L, InSb |2l ik & BN L 72 BR OB IEIZ DU
TOWFFEFNITZR V.

T, AAFFEIE, InSb Pk ORGS0 3 5
Iotsk O, R, BRSSO AR O W CRE T
HZEERHARME L.

2. EEAE

Figure 1 |Z7" 7, % T 25 m O a— bk Fay7F
2 — 735250, In (99.99mol %), Sb (99.999mol %),
Ag (99.999mol %), Sn (99.9mol %), Al (99.99mol %),
Fe (99.99mol %) % T, InaoXioSbso X = Ag, Sn, Al,
Fe, #F13% mol%) it 4 Ak 3 JThhr 73kl &
InsFeiSbso 3 JLMbi TRl 2RI LTz, T a—TNE X
—RSFRFIZEY 1.0 x 102 Pa £ TEZEHEX%, Hl
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Fig.1 Schematic diagram of the Short Drop Tube
System.
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XV, JEuERA 100 um OFBIFAIER ) VN TIHERLL
7=. TDt, 7 ANV EJHD He H A% 50 Limin —
ETHE D22 LT, WEEBZHM/NMNEHE LTF =
—TNEH TS, BAEMEE IS,

FiF£E 100-1000 um DO ERIRPCRLF-FUEFAS 7000 fEFREE
B, K1£& 300-500 um DOHRI B 2EDOHK 6
B xEO. SR REHCx L, X #REPTEE (XRD)
IZ KDk A T, ERAGLTERE M (FE-
SEM) I X Bt B &2 1T o 72, Mok 30kt
PR IR (RUERUSIREE) 25 72 DI R ERSHT
(DTA) 2k, FIEHEE 0.33 Kisec —E & LTHIEL
7o, Fio, BT GEELEE (EBSD) #HWT, Al
Fe WRINFEIORAR InSb D& ITAL % fiRHr L 7.

3. XERER

3.1 Ag, Sn 0 InSb ek F 4 O MAEEE

Figure 2 |2 InsAgi0Sbso 3 Joichi 730k (a) BL O
In4Sni0Sbso 3 JEfehi a0kl (b) @ XRD MIEMREZ =T
Ak (@) Ti% InSb #HE AgsSb #H, L (b) Tix InSb
tHE SnSb DDA HFH BT,

AgsSb #H & SnSb fHD@EL AL, EhEh 758 K, 698 K
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Fig. 2 Powder X-ray diffraction spectra of the

solidified In40Ag10Sbso sample and In40Sn10Sbso
sample.
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Fig. 3 Cross-sectional
In40Agi0Sbso sample
sample (b) by FE-SEM.

Th v, InSb MDA (798 K) LRVl zAT 5.
Figure 8 |2 Ag RINFEL (a) LY Sn FomatEl (b)
» SEM 447~ 7. Mmialktkic, InSb (LA WHE ORSSkE
BEEIN, TORAHICHE @ <TiX, InSb A&
AgsSb fHO I, 3L (b) TiX, SnSb HFED
bhiz. DTA MIEIZLY, bk (@) 1% 688 K & 729 K
RN T, @B (b) 12645 K & 722 KIZBWT 25D
SRR D b, EEhEiRETo 729 K, 722 K
DYLENE — 7 BREE DSR2 & D, fHEDS
W InSbh MHOREMRG EZ 2 B b, In-Sbh-Ag 3 TTikEE
O ik, RE (@) ORI T 2 B EEE T,
WeBiZ InSb MAEH L7, Ag tHEDEREIG L7 D
2, kiR (@) 13AIEIC InSb MBS L7221k, kL
AR InSb #HE AgsSb HHO IR E 2072, ZhiC
%L, In-Sb-Sn 3 JLiRREX © 2 51F, Rk (b) OHERIC
B D VBB T, #IIC InSh M2 L2,
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Sn & OIS E A2 D08, BRI (b) IIHIEIC
InSb AHS G U 72k, RISERIZ SnSb fHAMAERK L 72,

P EORERMNS, Ag £7201F Sn IINc kY, A% 3 ¢
NI T PR E R & X R DR R 2 R b o &
Exoib.

3.2 Al Fe i&0 InSb ki 75 O #ia#EE

Figure 4 12 InswAlwoSbso 3 Jofki ikt (@) B LW
InsoFe10Sbso 3 LRI -3k (b) @ XRD HIEM R E =T
Xk (a) TIL InSb 48 & AISb #H, Xk (b) Ti% InSb 8
& FeSb FHDELH DA 2358 H LTz,

AlSb #H & FeSb fHOfAIE, EhEh 1831K, 1292K
TH Y, InSbAHOAEL (798K) LW &EVELREET 5.

Figure 5 12 Al IRIIELE (a), (8) B L Fe WMl
1), ) OHEEEESE R & InSb #1> EBSD FALfig#T
fERZ/RT. SEM 14 (a), (b) 205, InSb RHHEHIH—
253895 AlSb #Efh, FeSb fidn@iEsni. DTA Hl
EZED, 3B (@) X 782 K & 821 K IZRW\ T, Efw
(b) 12784 K & 837 KIZHWT 2 DOWESIG D
i, FnFREE T 782 K, 784 K @%ﬁ?&t—ﬁ
REE AR ISR &5, BHEOZ W InSh O
RS EEZ BbND. In-Sb-Al 3 TTIREER 9 1281 5 F
HrEEER AR & AR, Fldhic AlSb FH2NG:H L72%, InSb
AT Mg E L2 RT 20D, i3k (a)
IRAIREERNCHE O BEflafE 2 L o b D EZBND. =

UKL, In-Sb-Fe 3 JLAREERNTEHE TR0,
MR-t (b) LRI, #IELIC FeSb AN L7214,
InSb AR LB D EEZBND.

Lo, iatkHE Ag, Sn FANEEH & 1% InSh O
e AT #7220, Al £721% Fe IIMC LY, A% 3 7t
WU I T IRAR 2> B )i & L C AlSb 48 F 721% FeSb fH23
i L72%%, InSbAENERB L7-bDEBZ 2 HND.
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Fig. 4 Powder X-ray diffraction spectra of the

solidified Ins0Al10Sbso sample and InsoFe10Sbso
sample.

Fig.5 Microstructure of the solidified InsoAli0Sbso
sample (a) and InsFe10Sbso sample (b) by FE-
SEM and EBSD crystal orientation maps (a),

).
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Fig. 6 Microstructure of the solidified InsoFe1Sbso
sample (a) by FE-SEM and EBSD crystal
orientation maps (a).

IZ InSb RAHHIZE—IZ53HT % FeSb ke L E X &
NofmnslEshiz. LR o T, ARiiEl okt
ELERIE 10 mol%Fe AR 1-3UkE & AR, WA B A
gh & LC FeSb A2 L721%, InSb FHAERE L7t D
LEZOND. 2B, Y FeSb i, Fe UIMEDHIM
WAV, 2 um FEED 5 pm FREICKRE SBRELL, &
HELEML 7.

Figure 6 (2) (Z/~r9 EBSD Hfir~ v 745, InSb
FEERRLNIC S L 72 B 25D FeSb flfa N FET A0
B 59, kT2 2 5D InSh fEfbki bk SN D Z
EMBH BN, LR - T, 10mol%Fe #RANMRL 77K
BEEFRE, W& 7222 FeSb f&dbix InSb DR ERK Y A
e LTHEG LAN-TZEEZLNS.

4. #E

va—bh ey 7Fa—7EEE AT InoXioSbs (X
= Ag, Sn, Al, Fe) 3 soifhi1#8t & InswFe1Shso 3 LK
B3R A ERL L, InSb ki1 OMAIEEE 2% 5 B
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InsoAlioSbso 3 Jufthi a0k 2 f i L 72 InSb #H
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D OFE SR DGR Z A D BifE S IZUTEL U 72 o
BENFRO bz,
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