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The effects of crystal defects near the surface on the position of surface Fermi level (Ers) are investigated using pho-
toluminescence (PL) measurements and synchrotron radiation phetoelectron spectroscopy (SRPES). For the lightly Si-
doped GaAs(C01) surface, PL measurements reveal that after heating to 500°C a layer with lower PL peak intensities re-
lated to gallium vacancies than those of the bulk exists just under the thermal degraded layer. SRPES shows that Ers
moves upwarg to 1.1-1.17 eV above the valence band maximum when this thermal degraded iayer is removed by
chemical elching. The excess arsenic on the surface, which is formed by rinsing the etched surface with deoxygenated
and deionized water, is evaporated by heating in ultra-high vacuum (UHV). After evaporation of excess arsenic on the
surface by heating, the etching-depth dependence of Ers for a sample pre-heated in UHV correlates with the existence of
this defect concentration layer. These results suggest thal the position of Ers for GaAs(001) surface is strongly influ-

enced by crystal defecis near the surface.
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Fig. 1 The depth-profites of photoluminescence spectra for

the DODIW-treated HB-grown GaAs(001) substrate
after heating to 450°C for 30 min. The surfaces were
rinsed with DODIW to remoeve surface oxides after
chemical etching. (a) After heating to 450°C, (b) after
heating and chemical etching to a depth of about 0.1
um and (¢) 0.5 um. (d) Before heating,

OEEEEEEATRT, R OROWEEREANY FAD
V7 Mg, REORBIPLBED Sy 2750
FERLTWA, £A17 bADBER, SJIER O PL
FE A7 PAMETHBLLTHSE (:Fig 1 DA
2 b (A, BEGFig2hdAAY M (). 22
Z M (@) BEUBEEHEOPLANRY PATHD, b
W, BT P S LEPL ANY P THD,
hic&x v F o FEERTRT,

Figs. 1, 2k 1Y, PL R~ MAOBRBLIUOY —2
R, TyF SRS LEMERETEFLTWA L
MBS, Fig LB WL, T RTHARY FARIRIE
420 PLE—7 (151, 1.36, 1.15, 095eV) &b,
MBI RTAM T 09 BL U 1.15eV D BRAEEMN
BWRLTWSBZ LB, S, 05umO T vF s (R
AL b () T, 0.95eV B R 1156V MR-
SHBE, EENERTORE (A7 bV (@) 2EH
HLTWD, 1.51eV D PLY —7 380 Pl K+ —
DBRIEFE (S VB)'?, 136eVOTHERE — 2 3 As
T ESITIE7E2 —HBE (VaSi)PPEE L
Bid, L1SeVORKE -2, S Fr—& GaZEdl
(Sic"Vod ™) M, 095 eV DENE — F X, VaVe & §i
Fr—0E&E (VatVed Sie’) KERTIEELE
:}’Lé‘s' }6)0

HB-grown GaAs(001)

a(Siy: 1x 1617 /em3

(a} aftar heating
to 500°C

{b) after heating and
chemical etching
C1dpum

|
\
[
|
[
)
|
s e {
i
(c) 0.26 ym /\’—:\r—ﬂ
!
I
I
I
I
I

Photoluminescence intensity

{d} 0.8 um

{e) 1.2 pm

() before heating

] ] H | ]
0.6 0.8 1 1.2 14 1.6

Photon energy {eV)

Fig.2 The depth-profiles of photoluminescence specira for
the DODIW-treated HB-grown GaAs(C01) substrate
after heating te 500°C for 30 min. The surfaces were
rinsed with DODIW to remove surface oxides after
chemical etching. (a) After heating to 5G0°C, (b) after
heating and chemical etching to a depth of about 0.14
pm, () 0.26 um, (d) 0.8 um, and (e) 1.2 pm. (f) Be-
fore heating.
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Fig.3 The depth-profiles of photoluminescence-peak inten-
sities for the DODIW-treated HB-grown GaAs(001)
substrate {n(Si): 1xX10"/em” after heating to 500°C
for 30 min.
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Tig.4 The depth-profiles of photoluminescence-peak inten-
sities for the DODIW-freated HB-grown GaAs(001)
substrate (n($i): 1x10"/em®) after heating to 600°C
for 3¢ min.

PRI L ZEEAETO Va ' Ved B Vo B O
P, VB LU Ve QRIS SR~ DIIC L S
VarBECR Vo BEOHARBERE LEDDEELX BN
B, VatB LT Vo, ORI S FHERAHA~OIEGL, re-
gion (A) o PL SN TS X UMHIME S SR E 600
CORRTHRLTHBILLLLHELATHS (Fig
4)o Vi BIEIERT: 5 OMRE T OHMikic v, &
7o Voo b Va0 Ga JE 5~ hopping L W R Eh iz b
DLEZLLND®, Si F—7HBRTO VaVa DFETE
B LU S00°C TOMMIT T O Ga ZEFLIEE O AT,
BETFHERECRBTOHMAEINLTNE,

3.2 BFLEREHORE 7 oL I BEOH#LER

EfcEE

Fig. 54z, & Si F—7 (n:1X10"/em® HB &K
@ SRPES HIFE & Hhie VB A7 kL OSWVILER &
wEE R R, HI OB 500°C, 104548, =
Fr IR 045um THEH., ERIEE, myFry
iz & % region (B) OIS XU DODIW ALEIZ & 538
FFEmAHbhTWvWa, Hdiz, VBMOMNER LG
AvBEP RO B OEE, REIB I UHEOER
(#/4) TRE, Fip 5k, VBARZ M OBER K
OTBIRD, EiR ~350°C CHELL, £ VBM OEED
B EITREL TS Z kb b, 350°C LT T
D VB A7 bR, Tz DODIW B EHR Dk
MOBRIREL L CRERSF FEEZRIVF—H eV
OE—F) QBB L3,

Fig. 6 1%, VBM 2RI Es BB 70y hLELOT
BB, BBk Fig 5 A 0OF—F btk LTH D, sam-



FRHEW - AIIESCE - HED T - JEPRAT

SRPES (hv=9C eV}

Erg

Intensity (Arbitrary units)

HB-grown GaAs{001)
n(Si): 1x1017/cm3
[ TR N ST T T 1 | I T TN W N TOUUY DU \ P
15 10 5 0
Binding energy (eV)

Fig. 5 Valence-band spectra of DODIW-treated GaAs(001)
substrate after pre-heating to 500°C and etching depth
of 0.45 pm. Arrows indicate the position of VBM.
Vertical lines at O eV indicates the position of surface
Fermi level.
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Fig. 6 The surface Fermi level position deduced from the
VBM of the magnified VB spectra as a function of
temperature. After DODIW, no oxides are detected on
the surface by SRPES Ga and As 3d core level-
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Fig. 7 Eiching depth dependence of surface Fermi level posi-
tion for the VGF-grown GaAs{001) substrate prepared
by 500°%C-pre-heating. All data were obtained with
SRPES at room temperature after heating to 450°C,
chemical etching and DODIW treatment, The 450°C-
heating was done due to evaporate excess As and
water molecules on the surface.
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Fig.9 The depth-profiles of photoluminescence-peak inten-
sitics for the DODIW-treated HB-grown GaAs(001)
substrate (n{Si): 5% 10"/cm®) after heating to 560°C
for 30 min.
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Fig. 10 The surface Fermi level position deduced from the
VBM of the magnified VB spectra as a function of
temperature for FIB-grown substrate (n(Si): 5x 10"/
cm’). With DODIW after pre-heating to 500°C for 30
min and etching in the depth of 0.3 um (0), and
without pre-heating (m).
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