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Fig. 1 Triple axis configuration
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Fig.2 Typical X-ray rocking curves of double

crystal and triple axis crystal diffractions
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Fig.3 Example of a triple axis mode map
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Fig. 4. Relative increase in lattice parameter of

GaAs caused by substitutional impurities

Aa/a= 0.3777N./No (4)

A1 J5L 2 B2 T B 4k (1 B 73 B No= 4,42 X
10%/em’, WA

Aa/a = 8.545 X 10" *N. (5)

3.3 @EBRMERHNE

X242 GaAs(001) F#Y 110) 5 [/ 2E4T
T ARAG AR BRI R RIS S A R M
W& 5 prR), 5 K HEP A e —3G 547
B 100 20 A1 T80 AH 2, i 5 25 B o 5 o 5 3 95 1)
oA I . AT UK BT RS A W,

0.565386 —s— 0.6mum FLFE L
—— BN
E 0.565385|
£ 0.565384}
g
3 0.565383 }
i 0.565382} / \
0.565381

=30 —IZU —iU 0 lh 20 3:0
Distance to center/mm

Pl 5 AR5 100) HPLEC GaAs i B 250 100) 5 1) 1)

a3 A

Fig.5 Lattice parameter variation across a ( 100)

plane of undoped HPLEC GaAs along the 1107

direction



1190 RE

g

¥ 23 %

TR T AE LR AR TR B A 5 4, IR 1/2 3
FRALFE AN I BOR. 2 b iy 1100 J5 R EE /B
FE G, A i B AR A 5 . X — 45 R AT ELIA
N AR TRCT SR AR A I g i 5 RS £

3.4 F@B5% GaAs WFELLAHE
GaAs FILAARCEETT R A X EoR

_ [As] _ N.
R = [Ga] + [As] = 0.50000 +
= 0.50000 + 1..’)2.’)&’,&;1 (6)

HUAH K RUBEH EL a= 0.565325nm Ry IE AL 22 C L S
A T, AR E AT ST GaAs ML SAI
bE. & 1 FH T XA ) A S A R K AR A 1 - 48
% GaAs bt FE b BT A 0 di ks 1 2O 4% B3
PR3 L2~ Re b,

L1 RFERKSESEF SI-GaAs WG 105 R 3 SO RC LE
Table 1  Lattice parameters and Stoichiometry of
SI-GaAs single crystal grown by several techniques

v VR " i ek i

B A A BB S 1 Jam R

1# HPLEC. As—grown 0. 565388 0.500148

2 HPLEC. MWA 0. 565367 0. 500098

34 VCZ 0. 565375 0. 500117

44 VGF 0. 565381 0. 500131

WHP-9320 | HPLEC laser window | 0. 565384 0. 500138

Frigeri ™" 1 Ogawa " S ARG T W& Ga £
PR AR AR B As DTTE; — b, AR
As B A A K I AR BT As DOTE HY Bl ) 43 A
BEIA); 06 Ga MR K IO A #E As DUIEHY
Bl 1) 43 A AN B 4912025300 IR, S T 3RS R SRR
M- 402 GaAs B 8h, 769 G HI & 1), GaAs B4R B
EARFFE As IRE. M GaAs ZJCH E AT LLE
O LRI ERCEE M ST, B NE Ga
B LS As BT AEKT GaAs LA EI S S As
1. 0da"" #1 Holmes'™ S N K, LEC GaAs 13
Y 2 ) p MEE AR W Im SHIE AR AL 53 508 As/(Ga+
As) = 0.475. B, JUBI 4R As 110 & i KT
0. 475, LK1 GaAs #BEH As .

LEC A K4 % GaAs 540 1 & 4% &5 4L
Bl A s W BERG NG IE N> i As 7€ GaAs
PP AT g A AE 7 U B As MIBRAT As AV B
5K As WMIBRIMTE AL, HAER As RETFAEKM
GaAs HLah As MBI BEARIR K. 29 As JiUT

S, BETRTER As™ 8L A" &7, I Eg b 4
DY T A T B )\ T A% Ti] Bt 43X 26 707 1 AT 1) As
) Bt it 1-, e T e sl T is ) B AL T IE R As 1Y
As BT BRI I, s 2% 4 W 5 | T 1 ) Bt 5L 1.
Ab GaAs AR RGP AEE W N RV 6GaAs
(s)=6Ga(l)+ As:(g)+ Asi(g), Bl GaAs im 1A )
As JRFRAH5UH I As 7R AEAS . R, 54k
A — SRR Aso 20 1. ARG SRR p, W SRIX
Yo Aso 0T T AN IER I As A 5 DY T A< ) B
W, W4 TR As R BEEL-70F, AT 5 1S & 4% K.
IR — EHE Y AsGa KA, H T I
JEARZ KT 10 /em®, AT Sk 2 5000 5 00 7T LA 2200
ANt

4 ZEig

(1) =l b A CAT O V2 LE XS AT 3 Bond ¥ R
A 7 HER REX 21 daks 2 E s di T E ]

(2) X MK A o A A 11 B SRR, % TR AR
T 107 em™ *IF, 407 SR = Al A8 AT S 2 B A
A s B AL

(3) M As MBI 7 XER GaAs Hdh A8
kB As AR EER A MBI, SR =4l s
CATHNZE, BUHAS ROBEH 2 a= 0. 565325nm A IEAL
SAC EE IS 8 4 25, T LG et RS 5 I 4 > 28 2%
GaAs MALSERCLE.

52 30k

[ 1] Sato T.Terashima D. Emori H. et al. Jpn Appl Phys, 1985,
24: 1,488

[ 2] Hurle D T. In: Proe 5th Inc Cof on SIII-V Materials. Ed
Grossmann G, et al. 1998: 11

[ 3] Nmorozov A.] Cryst Growth, 1990, 106: 258

[ 4] Terashima K, Nishio J, Okada A, et al. ] Cryst Growth, 1986,
79: 463

| 5] Wenal H, Mika K, Henkel D.J Cryst Growth, 1990, 100: 377

[ 6] Lweyer J.Frigeri C. Zanotti L. et al. Tth Conference on Semi-
insulating M aterials. Ixtapa. M exico, 1992: 97

[ 71 1Ikoma T, Takikawa M. Taniguchi M. In: Proc 9th Int Symp
GaAs and Related Compounds, 1982: 191

[ 8] Arthur J.J Phys Chem Solids, 1967, 28: 56

[ 9] Yasuamai 5. Usuda K. ] Cryst Growth, 1990, 100: 601

[10]  Terashima K. Ohmori 0, Okada A, et al. In: Proceedings of

Semi-insulating [II-V Materials. Ed Kukimoto H. Niyazawa



11 3] B X BPER SRE ATANE N 44 GaAs R IILAERLLL 1191

S. North Holland. Amsterdam, 1986: 187 657
[11]  Marinenko G.J Res Nat Bur Stand Sect A, 1977,81: 1 [26] Fornari R, Frigeri C, Gleichmann R. J Electron Mat, 1989,
[12]  Bond W H. Act Cyrst, 1960, 13: 814 18: 185
[ 13] Bartels W J. ] Vac Sci Technol, 1983, B1: 338 [27] Ogawa O. In: Proc 5thInt, Conf. onS. T1II-V Materials. Ed
[14]  Fatemi M.]J Cryst Growth, 1989, 96: 316 Grossmann G. Ledbo L. Bristol: Hilger, 1998: 77
[15] Chen N F,He H J, Wang Y T, et al. ] Cryst Growth, 1997, [28] Weyher J L, Frigeri C, Zanotti L, et al. Semi-insulating I11-V
173: 325 Mat Ed. Miner C ], Ford W, Weber E R. Ixtapa., Mexico,
[16] Chen N F,Wang Y T, He H J. et al. Phys Rev, 1996, B5: 8516 10 P, Bristol, 1992: 97
[17]  Berger H.J Appl Cryst, 1984, 17: 451 [29]  Weyher ] L. Schober T. Sonnenberg K. et al. Mater Science
[ 18]  Qiu Li, Hu Yuhe. Techniques and equipment of X-ray diffrac— and Engineering, 1998, B55: 79
tion. Beijing: Metallurgical Industry Press, 2001: 261(in Chi- [30] Gleichmann R, Hopner A, Fornari R, et al. Inst Phys Conf
nese) [ [EF, 8 R, 825, X QTS AT A B B i . dbat: iR Ser, 1989, 104: 181
G Tl R #E, 2001: 261] [31]  Oda O, Yamamoto H, Seiwa M. et al. Semicon Sci Technol,
[19]  Segmuller A. Adv X-Ray Anal, 1970, 13: 455 1992, A7: 215
[20]  Deslattes R D, Henins A. Phys Rev Lett, 1973, 31: 972 [32] Wenzl H, Oates W A, Mika K. Handbook of Crystal Growth.
[21]  Korytar D.J Cryst Growth, 1993, 126: 30 Vol. la, Elsevier, Amstdam, 1993: 56
[22] Pritchard R E. Mepuaid S A, Hart L. et al. ] Appl Phys, [ 33] Holmes D E, Chen R T. Elliott K R. et al. Appl Phys Lett,
1995, 78: 2411 1982, 40: 46
[23] Vechten J A, Phillips J C. Phys Rev. 1970, B2: 2160 [34] Zhuang S B. Northrup J E. Phys Rev Lett, 1992, 67: 2339
[24]  Wang Yutian, He Hongjia, Chen Nuofu, et al. Chinese Journal [35] Zhang Fengyan, Tu Hailing, Wang Yonghong, et al. New
of Semiconductors, 1998, 19(4) : 267(in Chinese) [ £ E H, fif progress in study and application of materials. Beijing: Chemi-
FE BRI, PSR, 1998, 19(4) 1 267) cal Industry Press, 1999: 398[ i 4= #k, J& 4, Fokim, 5. #
[25] Frigeri C, Weyher J L. Alt H C. Phys Stat Sol(a), 1993, 138: FHIF AT L B FH BT R et e Tkt BB AL, 1999: 398]

Stoichiometry in SI-GaAs Bulk Materials by Triple
Axis Mode X-Ray Diffraction Measurements

Li Jianming, Tu Hailing, Hu Guangyong, Wang Chaoqun, Zheng Ansheng and Qian Jiayu

(National Engineering Research Center for Semiconductor Materials, General

Research Institute for Non—=Ferrous Metals, Beijing 100088, China)

Abstract: The lattice parameters of SI-GaAs are accurately measured by triple axis mode X-ray diffraction method. The stoi-
chiometry in SI-GaAs bulk materials is calculated based on the model of the interstitial pairs for describing excess arsenic in
GaAs. Triple axis mode X-ray diffraction measurements are non-destructive and high precision. The reasons of affecting the

lattice parameters of SI-GaAs are discussed.
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