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Surface Structures of Semiconductor Materials
in Gas-phase by Using Grazing X-ray Diffractions
= Superstructures on InP surfaces in hydrogen environment=
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E Because of the d1ﬁ'1cult1es of usmg electron based techmques in the rnetalorgamc vapor phase epltaxy, .
(MOCVD) environment; an in situ x-ray d1f‘fractometer that combines a gomometer and reactor chanber -
. was developed Consequent measurements of P-rich InP (001) surface grown by | MOCVD show the Su face -
~ hasa (2x1) structure. Calculations based on a P- dlmer model suggest that this structure i 1s composed [0 PA;J k
~ dimers. whose bondmg is parallel to the [1 10} dlrectlon and mdlcates 1nd1um dlsplacement in the second .ay7 o
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Figure 1. Schematic arrangement for surface x-ray diffraction.
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Figure 2. Ewald spheres of x-ray and electron diffractions in
reciplocal space.

Figure 3. Schematic drawing of x-ray diffractmeter.
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Figure 4. A photograph of surface x-ray diffractmeter for
MOCVD growth.
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Figure 5. Schematic diagram of epitaxial growth before the x-ray
measurement.
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Figure 6. AFM top views of InP (001) grown by MOVPE. The
thickness of the epitaxial layer is 0.12 ym.
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Figure 7. Experimental setup for surface x-ray diffraction. The in-
cindet x-rays were monitored by an ionchamber, and a 0.2° sollar
slit was set in front of the detector to reduce the scattering.
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Figure 8. Intensity of fractional Brag reflection for each reciprocal
lattice point. Open and filled circles indicate reflections from bulk
crystal and the surface structure, respectively. At the cross points,
no clear reflections were observed.

Figure 9. Schematic model of (2x1) structure. P atoms shifted
about 20% and In atoms about and 2% along the arrows.

[(T10] A A 2 RN P ¥4 <—OFEICEVE LT
HAEEAE W ERbh 5, $A[110]FEIZ 2V TA 5
& —# D Bragg REPREBLTWA (Blzid (3/2,1),
(3/2,3) &), THIZOPWTILFig. 9 ICRT Lok E
TNV AWTERS S COBERTFEINE LI A%,
(1101 mEIZIE A TW 5 P-dimer B X URERO P EFIC
BELTWAS I EFAI0]FACERTAZ Ik
TEMRICHBITE S Z EHM L s, RBEREMOBEOR
FIRRFENATITE « T O T ITINTE b BEE A%
HTHAD, Pir LAESEME LIEEIC W CTRE
HOP XA X—PANADRFOEMIPERTE LN &R
G b,

4. F&H

MOCVD #&EBEEICBWTRT VAL 5 ORRRE
BEOMEHA R By & LKA X BEFEE TR L/,
AEEEAZH N, MOCVD f£ L7z P-rich InP (001) £ %
BELLLIA, KEPICEWT 2x1) BEXELET
BT EEFDTHLM Lz, COBEIIER T ow 2k
FEFNVICE DSV BERTFOHED G REREICHFET
LPAAY—BIU2BBICHEETS In RFOEMIC &

e F14EE 25 (20014F)

LAgEEABVEBbh 5, 4EG InP(001) REIZ 1)
BEI LB O W TR SR E I 1T B X
EHT « BELEIC L 0 B’F LUV TOERER O LR A
Ty TDEAFI T ADWESAEBEEZANST &ICLD
WHETH Y, SHAEWNLEMBELEE TH - 72 MOCVD
BREFOEGHREAEAE LML S EBbhb,

EAiE

AFFGE%E BL2AXU U~ A 54 VTITORHBIVE4D
YiR— P EREV/CREBER RS E V2~
RBFNM—EE L I U RERABEEEHI%E & ERKIC R
Bhodo LT, 7o SPring8 CAEBRE - TERT S
CHIz-> TREE CTHMFERV L HIE—BEEEERY
D ETEREERZDOEIA, BLUXU VY —L 54V
FRICH 7z - THMEEN -0 & 5 TR A SR
HBRBFELTDOETHAZ vy 7TOEIAKEH 2L E
To SOICE—AHE, HERSL S TEHREEICR> T
HBATYV VT I MU ABRBESEK, LDERKEBE X
OE B TR T3 X SRR OB X ARG
LET, ERARRT—OREEDO—ATH D, K
RS L TE L OF 5 &I 72 NTT ZEEF7er B3
HEXEHEE BENTT 23 22— a VR) IS
LE,

BEH

1) RBINEE, fEe, LHYE $£65% H108.

2) D. E. Aspnes, R. Bhat, C. Caneau, E. Colas, J. P. Harbison,
I. Kamiya, V. G. Keramidas, M. A. Koza, M. A. A. Pudensi,
W.E. Quinn, S. A. Schwarz, M. C. Tamargo and H. Tanaka:
J. Ctyst. Growth 120, 71 (1992).

3) @2iEN. Dietz, U. Rossow, D. E. Aspnes and K. J.
Bachmann: J. Cryst. Growth 164, 34 (1996).

4) N. Kobayashi and Y. Horikoshi: Jpn. J. Appl. Pjys. 28,
11880 (1989).

5) W. C. Marra, P. Eisenberger and A. Y. Cho: J. Appl. Phys.
50, 6927 (1979).

6) P. Eisenberger and W. C. Marra: Phys. Rev. Lett 46, 1081
(1981).

7) W.C. Marra, P. H. Fuoss and P. E. Eisenberger: Phys. Rev.
Lett. 49, 1169 (1982).

8) L K. Robinson: Phys. Rev. Lett. 50, 1145 (1983).

9) J. Bohr, R. Feidenhans’l, M. Nielsen, M. Toney, R. L. Joh-
nson and I. K. Robinson: Phys. Rev. Lett. 54, 1275 (1985).

10) S.Brennan, P. H. Fuoss, J. L. Kahn and D. W. Kisker: Nucl.
Instr. Meth. 291, 171 (1990).

11) D. W. Kisker, P. H. Fuoss, S. Brennan, G. Renaud, K. L.
Tokuda and J. L. Kahn: J. of Crystal Growth, 101, 42 (1990).

12) G. B. Stephenson, J. A. Eastman, C. Thompson, O. Auciel-
lo, L. M. Thompson, A. Munkholm, P. Fini, S. P. DenBaars
and J. S. Speck: Appl. Phys. Lett. 74, 3326 (1999).

13) M. Lohmeier and E. Vlieg: J. Appl. Cryst. 26, 706 (1993).

14) Certified Science Software, 1992.

15) W. Weiss, R. Hornstein, D. Schmesser and W. Gopel: J.
Vac. Sci. Technol. B8, 715 (1990).

16) S. Riese, E. Milas and H. Merz: Surf. Sci. 269/270, 833
(1992).



AR H1AEFE2S

17)
18)

19)

(20014F)

B. X. Yang and H. Hasegawa: Jpn. J. Appl. Phys. 33, 742
(1994).

B. Junno, S. Jeppesen, M. S. Miller and L. Samuelson: J.
Cryst. Growth 164, 66 (1996).

N. Takeyasu, H. Asahi, S. J. Yu, K. Asami, T. Kaneko and
S. Gonda: J. of Crystal Growth 111, 502 (1991). Jpn. J.
Appl. Phys. 35, 1267 (1996).

20)
21)

22)

133

P. Vogt, Th. Hannappel, S. Visbeck, K. Knorr, N. Esser and
W. Richiter: Phys. Rev. B60, R5117 (1999).

L. Li, B.-K. Han, D. Law, C. H. Li, Q. Fu and R. F. Hicks:
Phys. Rev. Lett. 75, 633 (1999).

T. Kawamura, Y. Watanabe, Y. Utsumi, K. Uwai, J. Mat-
sui, Y. Kagoshima, Y. Tsusaka and S. Fujikawa: Appl.
Phys. Lett. 77, 996 (2000).



