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STM Observation of (NHi).S.-treated GaAs (100) Surface
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The surface structure of (NHi):S:-treated GaAs (100) was observed with a scanning tunneling
microscope (STM) both in air and in vacuum. STM images obtained showed line shaped protru-
sions which run [110] direction and are 2~20 nm in width. For the sulfur treated n- and p-GaAs
surfaces with 400°C-20 min heating, about 1eV surface band bendings toward higher and lower
binding energy side were observed, respectively. No band gap state appeared for either case.
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Fig. 1 Current image of the S-treated GaAs(100)
surface without heat treatment, taken at the
sample voltage of —1.5V. The island struc-
ture along the [110] direction can be observed.
(70 nm X 70 nm)

Fig. 2 Magnified image of the island structure
as is shown in fig. 1. (10. 2nm x10. 2nm)

Fig. 3 Current image of the S-treated GaAs
(100) surfase without heat treatment, taken at
the sample voltage of —1.5V. (160 nm x 160
nm)
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Fig. 4 RHEED paitern of the S-treated GaAs
(100) surface in [011] direction obtained be-
fore (a) and after (b) 15 minute heating at
400°C.

K [110]

Fig. 5 Current image of the S-treated GaAs
(100) surface with 20 minute heating at 400°C
Unm)

in vacuum. (¢ nm
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Fig. 6 Line scan image of the S-treated GaAs
(100) surface obtained in vacuum before (a) and
after (b) 15 minute heating at 400°C. Bias vol-
tage was (a) —2.21V (b) —2V and tunneling
current was set at (a) 0.62nA (b) 1.45nA.
Scan range is 10rm>10nm in both images.
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J Fig. 7 I-V curves obtained at (a) n-type and
(b) p-type S-treated GaAs surfaces after 20
minute heating in vacuum at 400°C.

THHRFRERSEEINLLE>TVB, LT,
EFSEEZNRT B0, PEOREZHEEXET
STM % E%ET 5, S/GaAs OETFHEE EFRE
ZHETRETILESH B L BN 2,

3.2 I-V #i%

HROOREFHRCLZREHERTR. TTHREL
i, Ga-S, As-S, S-S AN ELEL, Y FOE
EiASnETIZ 0.85eV B AL, £/ pBTR 0.5eV
FENFIB T 2T B, #iT 360°C, 10 RO sick
Y. Ga-S EAMWHEENCIL B &K, <~ FOHisY
BoE, pRILIK 0.3eV FEOHFIKEMNRT S,

LIRS E T B0, FENER, 400°C nEE
Mil7on, pBRBO I-V @it RGP TRIE Lic, &
FEo—F% Fig. 7(a), (b) WiR¥, MO KHDOERE
3. EHEREE LLRB O T 2ABERIIST 50
I-V il $0> WEDF 1 R O 5 TR O T M O By O & e 2
Mo, NYFF o POMEELToRTIE ~1.5eV, p
BT ~10eVEEOENEGONE, & F—7DHE,
B ER S N A B RO RMMENL OEET, Rk
YA DFET /8y FEEBREM EThTEA SN S
ZEMBHHIADT, nHMDEAIE, REMO EvZ
HBEELT, FLHOSNIDNRYEFy o TOMETH
% 1.5eV %A 3& (Ev+1.5eV), ZOHMEIR Fig.7
(a)dk ~1.0eV &332, nBEHTR, THTOE
MHCOBBIEET LT EKELDT, AED7 5 v b
Ny FOED S ~1.0eV BEFIC Y FAEH T
WAL ERED, pRETHEREELST, Fig.7(b)
DEHIC Be ZHELLT, NV FFy 7% 1.5eV
ETRE, RFHHEDORIE, APD7 7 » bV FOLE

FEMFE F11E F8S (1990

0V ;5, THAN ~10eV EEMMB-THB T &I
%, PRTRERERRLEHESORERE K(—H LT
305 nfT, NV FOEBHABKREL, Spicerb5D
HRIPDE 0.9eV IR, I-V IROFIEE KRR FT
TRtk BLOBBOTEENBEZ &P, XE
Fordes STM TR, REBHSFO/ Y FOf#MYIKER
ZEENBRRICENBEBELOND, nE), pRT
STM BRICR AEREBROSNLBNTEEEDLET, &
ERHFPTH 5,

Feenstra SiC X Nid!'®, £EF-GaAs FEIZBIT,
SRETF-GaBEFOREHEMS N Y FF » » 7HICERD
N7 I VANDOE=Y T EELIRB LS,
ABORFEICBOTIE, SSUEBEELIZAR O VY
F oo THICHERI DS LIS, 2O S/IGaAs DETIR
1D, & B/S/GalAs KBWT 740N rDe= v
IPBERENIBBICBEALTO L EEMSED, S/
GaAs DREFHEE, BTRECELWHENLETSH
B

4. ¥ & &

Fit7T v E=9 L MIBEFE LI GaAs ZEHO STM &
BAi, REPBLIVEEFTIT -1, TORKR BmEL
b, [110] FHmiciROMEL BE X /ch3, RHEED
THLND 2x1ICHIST ARFHERR ShEd -1,
Zhid, S/GaAs ORMEFRECEERT 27 aEEIR
o MEBEOREG—EHEERSE STMICK>THDT
BRINICBDTH3, T, Bonk -V EEHLS
400°C B oA EITR, pE T 0.8~1.0eV FEWj
~, n¥FT 0.8~1.0eV BLH~N/NY FOR MY HE
BaA N,

Ny FFp o 7TRICEEMSFEEINT, TtHns
RED7 203 L_VvOE= Y I BEMINIEBHEEHE
BLU T B HEEDE D,

B B

ARTERLIEE SOMTR, TIEMERRAES
LUORBEAFEFEA7T DY =7 PORELFEZT I, B
CELELATFET,

X

1) L.J. Brillson, M. L. Slade, R. E. Viturro, M. K.
Kelly, N. Tache, G. Margaritondo, J. M. Wo-
odall, P.D. Kirchner, G.D. Perttit and S. L.
Wright : Appl. Phys. Lett. 48, 1458 (1986).

2) L.J. Brillson, M. L. Slade, R. E. Viturro, M. K.
Kelly, N. Tache, G. Margaritondo, J. M. Woo
dall, P.D. Kirchner, G.D. Peitit and S.L.
Wright: J. Vac Technol. B4, 919 (1986).



SR - BB B BABE R OAE - ZREC - ENFE - AH)IBE - MERK - FEFE - W B —499—

3) L.J. Brillson, R.E. Viturro, M. L. Slade, P.
Chiaradia, D. Kilday, M. K. Kelly and G. Mar
garitonde : Appl. Phys. Lett. 50, 1379 (1987).

4) W. Spicer et al.: J.Vac. Sci. Technol. 17, 1019
(1980).

5) BgHEEEK IR 58(9), 1340 (1989).

6) J. Fan, H. Oigawa and Y. Nannichi: Jpn.
J. Appl. Phys. 27, L 1331 (1988).

7) L.J. Brillson, R.E. Viturro, C. Mailhiot, J. L.
Shaw, N. Tache, J. Mckinley, G. Margaritondo,
J.M. Woodall, P.D. Kirchner, G.D. Pettit
and S.L. Wright: J. Vac. Sci. Technol. B,
1263 (1988).

8) H. Hirayama, Y. Matsumoto, H. Oigawa and
Y. Nannichi : Appl. Phys. Lett. 54, 2665 (1989).

9) H. Sugahara, M. Oshima, H. Oigawa, H. Shi-
gekawa and Y. Nannichi: Extended Abstracts
of the 21st Conference on Solid State Devices
and Materials, Tokyo, 547 (1989).

10) R. M. Feenstra: J. Vac. Sci. Technol. B7(4),
925 (1989).

11) Joseph A. Stroscio, P. N. First, R. A. Dragoset,
L.J. Whitman, D. T. Pierce, and R. J. Celotta :
J. Vac. Sci. Technol. A 8(1), 284 (1990).

12) P. Martensson and R. M. Feenstra : Phys. Rev.
B. 39, 7744 (1989).

13) C.J. Spindt, D. Liu, K. Miyano, P.L. Meis-
sner, T. T. Chiang, T. Kendelewicz, I. Lindau,
and W.E. Spicer: Appl. Phys. Lett. 55(9),
861 (1989).

S




