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Fig. 1 RHEED patterns from the n-GaAs (100)
surfaces: (a) as-etched and (b) (NHa)2S:-
treated.
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Fig. 2 Degradation behavior of PL intensity
in n-GaAs (100).
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Fig. 3 C-V plots of the MIS structures measu-
red at RT. The capacitance is normalized by
Cum, the maximum capacitance measured at 10°
Hz. The bias scanning rate is 0.1 V/s. Curves
a, b, ¢ and d are for frequencies of 103, 107, 10°
and 10° Hz, respectively. A) etched only (re-
ference) ; B) etched and (NH4):S:-treated ;
C) Case B with 300°C/30 min annealing.
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Fig. 4 Dependence of ¢p. on the work func-
tion of metal. Closed circles are for the as-
etched case; Open circles for the (NH4)2S-:-
treated case. Dotted and dashed straight lines
are the least-square fittings for as-etched and
(NH4)2S:-treated surface, respectively. The
solid line shows the ideal case with zero in-
terface state density.
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Fig. 5 AES spectra on the GaAs (100) surfa-
ces: (a) as-etched and {b) (NHu)2S.-treated.

=2, (a)&(c)DEAHTHELTEY, KEET
H(a)TREBRICKY, (c)THEEKKLOKIEELLT
WBEbDEHBZIN B, —, Gadd x5 GaAs Diz
LADBEBEFET 21.0 & 23.5eV O —s13, Bk
BETHOLDNTOB{LEL vy F Y /T TRHEZ I,
Tu—TEIVBR2A THELLEEER L L, MEED
BEXRBEFERECLY, BAEOES (MEEE:
~10A) KHENTHEDBENEEZL S, £/, AHEF
D xF—AZE L&/ EE SR LEELS flElR, 7
3A EWHEEXG TR, REOAEEEHSHITL
7212 Ga © As OFi{tOBBIRESEHE D LAl
T5E, iz (NH)S: B IC & D EHOEEIRE
MWL T AR, RBUREERD S/GaAs &
MR ENBEBLNS, 2D, CORTRERE
{LEF A B R D S50 7 FIANDER, Z/c
HRMEOREBIEI TN TS,

I, TR DR - (LEMRERIC >V TN 517,

GaAs(100) Ep=100eV
0
= (a)
=)
-
g
~ (b)
w
o
&
o
i (c)
i L
0 30

10 20
ENERGY LOSS (eV)

Fig. 6 LEELS spectra from the n-GaAs (100)
surfaces: (a) as-etched, (b) thermally cleaned
and (c) (NHy)2S:-treated.
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Fig. 7 LEELS spectra of (NH4)2S:-treated
GaAs surfaces heated for 20 min in vacuum at
(a)520°C, (b) 550°C and (¢ ) 570°C. The cove-
rage ratios (8)s of sulfur on the (a), (b) and
(¢) surfaces are 1, 0.6 and 0, respectively.
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Fig. 8 Photoemission spectra of S 2p levels for
(NH4)2Sz-treated GaAs before and after an-
nealing at 360°C for 10 min in vacuum. Photon
energy Is adjusted to about 210 eV.
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Fig. 9 Schematic diagrams for (NHi)2S.-tre-
ated GaAs surfaces (a) before and (b) after
annealing at 360°C for 10 min. Ga-S bonds be-
come dominant at 360°C. The band diagrams
show that a band bending relaxation of 0.3
eV occurs by annealing.

ADE—F VT ML, NSVYF RUF 4 IR S
BEEROBOERET 5, 8L, AsS WK S-S
AOEMEICRIZTESTCEHLTRILHASHTRE
{, EREIE GaS OFEELRNFNEHORM, 25
K RERENYOBESHELEEZaD, HakEE
VE-xyvF4vr0BE (Fig. 9) OfRBAII4%OE
HLEZ B

3.3 &R-+BERE—Al/GaAs DIFE—

Y3y b F-EEERRORBMRICE 7 =V IEHOD
f1BE#FE{i2, PES EHROZE L, SIHMEINE, TCT
B> ZIT AlGaAs RETH Y, Fig. 10 3, (1x1)

Ga-As Ga 3d
".‘ Ga-$
(NH4)25x
\ WITHOUT ANNEALING
‘\
L
g
g
8
...... (NH4)2S ¢
é - 360°C, 10 min|
A1A
At03 A
BEFORE
EVAP.
. 8 20 22 24

BMNONG ENERGY (oY)

Fig. 10 Photoemission spectra of Ga3d for
(NH4)2S:-treated n-GaAs without annealing as
a function of thickness of deposited Al.
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Fig. 11 Phototmission spectra of GaJdd for
(NH4)2 S:-treated n-GaAs with annealing at
360°C for 10min as a function of thickness of
Al
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Fig. 12 Photoemission spectra of Al2p for the
sample in Fig. 1L
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Fig. 13 Illustrative model of GaAs surface.
(A) GaAs surface is covered with natural
oxide, and interface state defects denoted with
(X) are introduced. (B) After treatment with
(NHa4)2S:, natural oxide and defective portion
of GaAs are etched with the reactive sulfur
species. The fresh surface is terminated with
sulfur atoms and amorphous sulfur layer accu-
mulates. {C) The amorphous layer disappears
in vecuum by sublimation, but the monoatomic
layer of sulfur remains to cover the GaAs
surface. There are no external dangling bons.
(D) Insufficient amount of reactive sulfur
species in (NH4)2S solution results in incom-
plete etching and covering.

5. MBLEOLH-TESFY v VERE—

BEOFELy F 7 RBERK L GaAs EiRz
2 F Y » VERICA O 254, ERETFH 530°C LU
tomRiciniL, EROBLEKEZ KET 2 KNE 1D
3, Lipd, BEHSD As DEFER & BIKi3, B
As Faf L TBLCEBRTARTH 3, 20
L, (NHi):S: JUEEETIR, 250°C BEOEL R
HLETREDSEREINGE, COBEEEIEITEA
DI ELFV o VEKEDTHETH b,

9, 4B TE Y i Al/GaAs ZiRiF Bz
2+ Ve VRE O ZY 52, Fig. 14 (3, GaAs
(100) mx [0113 FrH» o @MELR, Al BE TS
RHEED /¢4 —vD#EMEEL, A, B, C ZEHZFh
FEREEM 0, 2, 100nm OEAIKHEYE LT3, &I
7, (1)MFBEROE AL TOROEE & () s Lx
BAZEWMET 5, I#ET> TR Ix1) EER
T}, BTSSRI #HEEAH 2 RGMNRO RHEED /4
—VDEEEND, CHUL, SRR Al B, HA4%
EORMEE -7 2D Al BERMSEELTL
BLEEFRL, B2 —rolBELE £05R
(110) Al L2t EX T 3 (110) R-Al CRAEEH
bo UK L, ERMEBET - 7cEklo RHEED /¢

— 14 —



AN

(i)

(B) 2 nm

OB

(CHOONm

BoE-H B R X-E N F E

(i)

— 475 —

(iii) (iv)

Fig. 14 Changes of RHEED patterns with increasing thickness of deposited Al: (A) nil,
(B) 2om and {C) 100nm. The patterns were observed along the [011] GaAs azimuth
on the (100) surfaces: (i) as-etched, (ii) (NHi)2 Sx-treated, (iii) (NH4)2 Sx-and heat-

treated, and (Iv) As-stabilized.

F—=iFR b =2 %R0, BiEE (110) Al O D
ELTOADOMBAMP5, COREE— FOENZ, (1)
TREMC S-S, Ga-S, As-S 5425, ()T S-Ga i
BB EELTOAZ EITHIGE LTV %, Petroff 5
i, {110} Al EOREA{(PE IS 2ENE LT, ERD
HME PR, SO CEREHRINCGER LcEmA 7
y TOEEEEHBLTED?, o (110) Al ORER
RAEEMDET7 + 0¥ —P Ga-S FEAEF>EME—
BEOEMEAERZLTVSEBLNS, —F, (1)1t
¥roF v EERBOE A, RHEED /4 — 352471
BIOMRET L, & Al HERERILL TV 3, 0%
D, FREBBICIIEBEORL ML 27T 0, |

(iv) As ZEETIE, (100)GaAs kit LT 45° Bl
7z (100) Al HSEEEHICERE LTV %,

%7c, Ueno 5%, HEBEEORSEFEHINCA
DHAEL LT CLERALT, 3RTiHEES:
D GaAs ERE~NO 2RTREBREO~FR T
2 FY—RRAHETNDE, Zh 3AEERE L van
der Waals T & BRir T, GaAs EHELE~ MoSe: %
NbSe: DFEEZET-1LdDTHY, KIBHRFRES
AL THER T S o v VEEORBRLHRE SN
T% (RHEED/ELS), cOZ &3, REWR T 5
van der Waals #& D EEE AL L, FEEL Gads
FHOBTFREAREL 2RI ETHE DD LR
N5, Fir, Wu &2 MOMBE cftid 5 2 IRITHITE
layer by layer REODERICL » T, (NHq)2S: DS
B THEC % RHEED HEOEREMLOHLELT
WA BN, BEMEER L GaAs A RN &,
SEM R, BOSREE T-VI LA YRE0E ZnSe,
ZnS MEHERED DRET b,

6. &b boI(C

P, BEMEI LS GaAs EROBKBEHRELZFO
LSEAUBIBIC OV TRE Lc, TOHMRER GaAs Digt
O W-V FEEPR LTIEHTHD®, SH%BIEE
MEENH>TWEEHEE T, BEFEH v 2Eich
ICHENZ EBDONS, HICMBAREMNG 6T, EHl
HHAMWE L REEORLSIRIZ, REDOTF /A 20D
BERELT T ST, BHSICOHLEPESE TRA
BTH1eF 1 Z0ERICHESTEb0LTHEEN
3o BATRIE LHEUOHWEER>LL YT, B
P RFERRSESER SN TEY, LENE0HL
KESDI, VMRS TFHEOBEEIMLETH S, T
fo, BBSh- R THEREN  To v 22 HIETE
L, F54 - Fox20RFHEZL LN BT,

{BL, GaAs RMaOFMRIBETH TRIME LT
0y, RERMEICE > TREL ORMEEREEFUREEL
T5B, -7, MEMNBICX2EBEE/LICET 25
R, FAAZAOEAmMIETTIEL, Z0FH»L %
BET 20 EHFIND,

X W

1) W.E. Spicer, Z. Liliental-Weber, E. Weber, N.
Newman, T. Kendelewicz, R. Cao, C. McCants,
P. Mahowald, K. Miyano and I. Lindau: J.
Vac. Sci. & Technol. B6, 1245 (1988).

2) C.J. Sandroff, R. N. Nottenburg, J. -C. Bischoff
and R. Bhat: Appl. Phys. Lett. 51, 33 (1987).

3) B.J. Skromme, C. J. Sandroff, E. Yablonovitch
and T. Gmitter: Appl. Phys. Lett. 51, 2022
(1987).

4) E. Yablonovitch, B. J. Skromme, R. Bhat, J. P.
Harbison and T.J. Gmitter : Appl. Phys. Lett.



— 476 —

5)

6)
7

8)

10)

11)

12)

13)

14)

FEBE

54, 555 (1989).

M. S. Carpenter, M. R. Melloch, M. S. Lunds-
trom and S.P. Tobin: Appl. Phys. Lett. 52,
2157 (1988).

M.S. Carpenter, M.R. Melloch and T.E.
Dungan : Appl. Phys. Lett. 53, 66 (1988).
J.-F. Fan, H. Oigawa and Y. Nannichi: Jpn.
J. Appl. Phys. 27, L 1331 (1988).

J.-F. Fan, H. Oigawa and Y. Nannichi: Jpn. J.
Appl. Phys. 27, L2125 (1988).

H. Oigawa, J.-F. Fan, Y. Nannichi, K. Ando,
K. Saiki and A. Koma: Jpn. J. Appl. Phys. 28,
L 340 (1989).

J.-F. Fan, Y. Kurata and Y. Nannichi: Jpn. J.
Appl. Phys. 28, L 2255 (1989).

H. Oigawa, M. Kawabe, J.-F. Fan and Y.
Nannichi : Proc. of MRS Spring Meeting, Che-
mistry and Defects in Semiconductor Hetero-
structures, San Diego, p. 427 (1989).

H. Oigawa, J.-F. Fan, Y. Nannichi, K. Ando,
K. Saiki and A. Koma : Extended Abstracts 20
th Conf. Solid State Devices & Materials,
Tokyo, p. 263 (1988).

H. Hirayama, Y. Matsumoto, H. Oigawa and
Y. Nannichi: Appl. Phys. Lett. 54, 2565
(1989).

H. Sugahara, M. Oshima, H. Oigawa, H.
Shigekawa and Y. Nannichi: Extended Ab-
stracts 21 st Conf. Solid State Devices & Ma-
terials, Tokyo, p. 547 (1989).

15)

16)

17)

18)

26)

27)

— 16 —

Fll% HF8S (1990)

C.J. Sandroff, M.S. Hedge, L. A. Farrow, C.
C. Chang and J. P. Harbison : Appl. Phys. Lett.
54, 362 (1989).

C. J. Sandroff, M. S. Hedge and C.C. Chang:
J. Vac. Sci. & Technol.. B7, 841 (1989).

C. J. Spindt, D. Liu, K. Miyano, P. L. Meissner,
T.T. Chiang, T. Kendelewicz, I. Lindau and
W. E. Spicer : Appl. Phys. Lett. 55, 861 (1989).
R.S. Besser and C.R. Helms: J. Appl. Phys.
65, 4306 (1989).

C.J. Spindt and W.E. Spicer: Appl. Phys.
Lett. 55, 1653 (1989).

Y. Nannichi, J.-F. Fan, H. Oigawa and A.
Koma: Jpn. J. Appl. Phys. 27, L2125 {1988).
H. Oigawa, J.-F. Fan and Y. Nannichi: Jpn.
J. Appl. Phys. 28, L 525 (1989).

H. Oigawa, J.-F. Fan Y. Nannichi and M. Ka-
wabe : Jpn. J. Appl. Phys. 29, L 544 (1990).

P. M. Petroff, L.C. Feldman, A.Y. Cho and
R.S. Williams : J. Appl. Phys. 52, 7317 (1981).
K. Ueno, T. Shimada, K. Saiki and A. Koma:
Appl. Phys, Lett. 56, 327 (1990).

Y.-H, Wu. T. Toyoda, Y. Kawakami, S. Fujita
and S. Fujita: Jpn. J. Appl. Phys. 29, L 144
(1990).

R. Iyer, R.R. Chang and D.L. Lile: Appl.
Phys. Lett. 33 : 134 (1988).

T. Tiedje, K. M. Colbow, D. Rogers, Z. Fu and
W. Eberhart : J. Vac. Sci. & Technol. B7, 837
(1989).



