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Abstract In this study, we performed the analysis of GaAs surface with native oxide using angle-resolved X-ray
photoelectron spectroscopy. This is a non-destructive analytical technique for identifying the chemical bonding
states and compositional variations in near surface layer, Atomic sensitivity factor(ASF) which influences the rela-
tive intensity of emitted photoelectron was considered through reference states such as cleaved or Ar sputter-
cleaned surfaces of GaAs. The quantitative depth-distribution of the chemical species was derived by the process
of experimental angular profile and the precise calibration with respect to the factors according to a simplified
layer model. Through the above analyses, the surface of bare GaAs is revealed to contain in the order of carbon,
oxides of Ga and As, and elemental As from the uppermost surface. And the total thickness of the contamination
layer is calculated as 35.8+3.3 A and it contains carbon layer of 10+0.9 A, oxides layers of 24+2.1 A, and ele-
mental As layer of 1.8+0.3 A. From the results, real composition, that is, the ratio of number of atoms in an in-
formation depth region could be obtained, and it was concluded that surface composition obtained using regular
ASF is imprecise to determine real atomic distribution at near surface.
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Fig. 1. HIustration of basic mechanism for surface sensitivity
enhancement with low take-off angle (#).

23t ye AP A whEnkaRe] Abslzhg oju)Rh
ok T(E)+ E.9 WA E ZHe 3t oigk £497)¢
£33 g<=(transmission function) &4 g+ systemuiol] 4
A Ue A 2 ofE systemdbo] AHEg HatA
H| 2§ 7h58bA gkot. weba] Zh systemof| A 2] Haka &
S A Me 2 systemel] & W F3 F4E T8
of gtk Nu(z) & #e] zoll A adzte] 42t H2 g el
H AE) = IMFPR &9 24 w13 9 A=) 5
yze) wHge] wel d¥s A s, dzi Tanuma,
Powell & Pen'® % Seah & Dench'” & @& Ha}5l
sl B4 da ¥ stgEol oigk A ghe 7] A7
A&l o3y} xaliw3 Qo) o] whol X Q) H|3els),
AMatel 24 534, #2po A &7, AAe] =’bA Ak F
2 77} o 7)) Ysbe] FFE o)A, B AEg
AL AL s BAo] Fodht Fadley et al.'Vof
o3t dxpe] FH A tiRE 5°~10° &f & o] 57
A4 dejufng 4> 10° N FAIEA & Qi 3

=

o] wjHrtste) o3 7= i3 HA) B2 o] Fabel A A
tehbs Re® RSz %%tﬂ At zre 4o
e )% Fstol e BASE A 2 anE FoAA
4= o}, n:q_y .LLXJ;(}_,] 3] Eq.u ;z_jo‘_ Az 3 &

e A2

wjde zhe wjA Rl %xl_,] 7&3_?_ = gy
Apejd & Vet A9 o] s FAIHAI

2) GaAs2 £t3ojg

2x107" Torr 2 x5 212F Aol GaAs
wafer& H7lsled (110)H FHHG dof tf7] Fol =
2% A9, =% 2F Ga-0 Zgeo| As-O Agro 73
Adso) AFUHY. ol Gadl Ase] AFEA 7
g Heg YR ofojAs ZHe Gao] Ask} Abag)
2 v S Jehdy] dEelrh Ga-0 2% % As-0 2
o) ST e AR upet A 3] Zaske] =]k AkEk)
Ao wel Ga-As Age B3o) wlZ elemental
form& ##d 4= 23ic}. Elemental As2 Ga-As 4%

34 sind

o ¥3ol o5 WAL sh A FT e A
2 kAT Ao Holol o8 YHEI)E Pop,

S K

2GaAs + As,0,— Ga,0,+ 4As

o9} Zhe- wriwe] Akl HES F-alod HAH o) A
2 bare GaAs®o] z}ad Absbehy EA5}s o8 a4
¥ A g Heldte] Hakslsled 7EoE FEEoy

,'Xl PINAR]

3) JIEAMBE ST H2E ASF AL
=

Aped shere) AH AR B4 S skl o
A 2% 107" Torre] 27T sk 4 HAeg o] XPS
-E'—"% AS(EI{]: 73_,,]» o}..T. °°§°l %1‘_' _‘4_ As‘ﬂ-_o_i
1: 1 ok (stoichiometry)$ o]F: (110) YA EL gL
4 edgich. =& bare GaAs (100) waferof ] Edo] =

Hehe 2" S& 2879 Ar o] A4S F3le] 2930
e AR (100)HE ek o] Wellx P& o]Fzte]
Wsfol o el BEel WHE Fig. 20 er 2k
Fig. 2(a)¥= H7idel A L Aysl= Gazl Ase] M 4 &
o] 7ke] uistel we} Be o2 o WE o] &sto] ASF
2 72 A% oSt Wb 27] e e 24 Heh As
9] ASF, 0.57& 7|&o % &9 Gag 0.41~0.487}2 ¥
Tap Lol RS A Arpsdel] 7l
he Aoz A o157 Rel 6004 8 w2
ehdg o 4 3t Fig 2(b)E Ar o]0 2 47 F o
F7zho] ¥z}l w2 Gad Ase] 7= profiled 42 A
o HAHAe de] o|F7+e) wislel) wet Gad Aso A
itz o] a7} Aol Asol| 0.57Y - Gag ¢k 0452
A ghe el WL o 4= 9lch o] He Arol2 o= Al
2+ 7§ BE excess Ga A& ety B 5o
SLovts & A7k ZAAE He 2~3%7 Ao @
4 % AbsE AAEL Gast Astt BREH Yo7Ee)
st 270l QHehAl SAE oS ol F Alzko] Wy
o w}z} excess Ga eV} S & ¢ Uk =3 H
A D) ol 7to] Mol whak Gazt Asel Hl7b o
ARE &+ ded ole HAHAA Rodxe - a7
7} Ar o] &l ojgt Ewie] TSR ol epA] o)
uF-ojc}, Wagner et al.ol] 2J3}H*® Gaz} Ase] ASF=
zH2F 0.313} 0.53(Ga/As=1 7]F)2 3 o] k& PHIA]
Azg B2 Aol BE FE Adghelnz
2 Aol 2] bare GaAs #t<d Absiete] F-F Aol A&
7)ol qsta) e goleh webA Fig 20) vehd
ule} o] 3] AF A7} vhAE) L matrix effect”} w2 = o]
2 Ga#} Ase] ASFE= 72t 0.453 0.5791L of 4= <l
4) Bare GaAs (100) ™ Xjod Atsjatel Ex o
GaAs #7/iH 2] t7]F =2 wet A€ st A
AR E 7128 3} bare GaAs (100)HE #4350,
Zbo] Wigholl @b FAaL x| T2 2RE oo u}
2 4 9 (A A A, ga e 2R IV 2

=
B5e) 7o) T 5 HekH £AL S5t T



(a)

w L - .
o - // o- p—
04 o
03 e
30 40 50 60 70 80 80
1000 - r T T T T = T
=
c
S so0} 1
Z
g 800 - n
2 /. /
S 0| m \ - 1
[
2 P 2
c o}
S 600} e 4
[} 0 o]
3] [o] \\\ |
O
2 500 |- -
El
©
2 a0} ~O-~Ga o
< ~las
300 A — 4 1 PR 1. 1
30 40 50 60 70 80 90

Take-off angle (deg.)

u
o a5
< O e OO B B Qe g O e e OO
0 lt-
03 -l
30 40 50 80 70 80 90
24000 [ T T Y T T T ]
£ 00| 4
c —
3 f a—u—a—B—N—R—0—g g
2 18000 a0 4
s r ./. - 0—0—0—0 o
s OO — Oy —
= __o—0— O
S 15000 |- o/o,_o O j
& 1 0
@ 1200} o B
c r 4
3 so00 | 4
o F
;g 6000 + .
S 3000 ~O-6s
o - As
< Q 1 A N e L . 1
30 40 50 60 70 80 90

Take-off angle (deg.)

Fig. 2. Angle dependency of absolute photoelectron counts obtained from (a) cleaved and (b) Ar sputter-cleaned GaAs surfaces.
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Fig. 4. Deconvoluted photoelectron spectra of (a) Ga 3d, (b) As 3d, and (c) O 1s obtained from bare GaAs with take-off angles
of (i) 30° (ii) 60°, and (iii ) 90°.
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Fig. 6. Distribution of bonding species in bare GaAs; (a) Ga,
(b) As, (c) O, (d) C, and (e) integrated semi-quantitative
scheme.
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Fig. 7. Schematic diagram of surface bonding distribution in
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Fig. 8. Angle dependency of layer intensity in surface struc-
ture model.

| A L R A AL | T v 1T 1
100 = — -0 6a
@ As

90 | R

~ 80r E

R i

= T0F A—A—~A—A—A—A . 4

2 1

T 60} i
=

= ]

Y st —8—8—a—u-

g i

QO 40 L .

Q 1

£ 30| 4

L ]

< 0t J

o-—e—0—0—0—6 ]

o \0—0—0—0—0—
10 E\: y
0ls—o—ao V—V—V—V—V—V—v— k]
1 PENE T N i 2 ] PUNE R W BT SR Bt ] " | -

0 5 10 15 20 25 30 35 40 45 50
Sample depth (A)

Fig. 9. Concentration depth profile of bare GaAs surface cal-
culated using simple model.

A% A= Fig. 99 2tk o]F 918 o]&gtst AgaAl
©)9] residuale] Hxr} S HE g TP 23 73}
+ SSE(Sum square error )49 o]-8-31 it}

L, LB, 4
In, s( 6) )exp ( II, 5(6) )calc]

SSE = [ ¢(

F 713 7Ax e o]F7 JEHE +4A nyHMFo=H A
A EH 2959 FAE 1B o2 T o] F FHYH
o] E2Alizte HdAaSE TR VT g Fateld £
25t oxide 23 elemental As&§ F+&53}o] B system

Information depth (A )

45 57.85 68.94 77.94 8457 88.63 90
60 —

T T T 7 T
~-0-0 4
-M--c
50 b --V.-Ga N
- & As
3
S 40 - —
g |
€ -
2 w0 T X
[l ) -
3 r ><‘/‘ *
| o i
Q M \\O\O
E 20} R
< | & \.
— . o ]
10 n .
0 1 1 i e 1 " 1 1 1 i 1 1 1
30 40 50 60 70 80 90

Take-off angle (deg.)

Fig. 10. The variation of atomic concentration with the
changes of information depth in bare GaAs surface.

o] golo] w2 HRETE f23qch EH 230 =
Hehs Gad Ase] g AT 718 429 Gad Ase)
o2 olF7te] W wet 2zt 12.1~5.6 %, 12.6~6.4
% 9] We)E v o) olEH o ok 12997}, 35.8+
3.3 Ao EHEo] EMYT 2] Wl G}, =g sk
£ Fig. 3(b)oll vhehd whs} o] o|Fzbo] Mgl mfe}
28.8~42.4 %7 Wzt ol FAHRolA of 3YA}E,
10+0.9 AolA WE= 2l FHrLe] 7hxef siwiic).
olZ3E 7lBu ghaFalol] EAsHE oxided ele-
mental As3& z}z} ok 8 YA}E, 24+2.1 A 2k 0.6 Y
A2, 1.8£0.3 Al siFsle AEE vehds o £ 2
t}.
9)o) AR $47)9) o]Fte] Wste] 2 B 7
ole] W3E &y A8 THYse A 2Au|E Fig
10o] Yetglet. o]Re Ea8ls 4E e UeE o
ol T dxFel WA ujE P Ao ZAste
NEe) FelE A Eshs ol o] S2to) wpE
w3} Hge Fig. 3(b) 9] ASF2 BAste] 7 dutql
EHZ4 A%l $ARE B2Y & Ui 22 Fig.
3(b)oll A9} o] 49 o] EEr maE]oix|z] &
dubHl 24 24 A o] EAste Y4 53 &
a9 2Ao] FAsA Jehel Wie] 245t Gadt As
o 24e AHeR A Fdo] Hoide & $ sl
webs] hA) 74 o|§zte] wel ASFE Rg® it
ERzAASE BHZe] 96 Az vRA Ao
He dulzsel APzl gutE R A e 2
hele g 4 k.



AsE AT - Yy - LA - ARG AR X-
4.8 =

GaAs (110) ¥/ 93 Ar oo 2 Azd 7|R{
GaAs (100) =] ARXPS 7]%-8 H&8to] £447]9) 43
3 2749 matrix effect® Tste A2 ASFE Ga
3de} As 3del hshed & AR 24zt 045, 0.579 @&
dE & Ak

Bare GaAs (100)®e] ARXPS £47|&% 48}
o] 5z} wislel] M YT FAr} whEA 7 9] WEE B
g Axt HAFols @4t S-S0 2= Gad Ase] F
2 ZAse Ade S AT o F Al Ao
zl 2+ Qa9 Agate BAE 5ol Abae Ga, Aset 2
&ste] oxide FHNE Ea)stn Asd Ga-As Age|Lel
elemental As®] He2x Ex|3-& Adgich. ol o=
AgAel o) olF 2ol b2 7t wste} 4o IMFP, Wl
ol 3 Bgo o2 #Axwsts nasE &
structure model 2 A4-3toJ simulationdt 23} GaAs &
Hol] Ex3lE & 2950 T+ 35.8+33 Aoled
olofl= 10+0.9 A9 AbAZ3} 61 49 E&& e Gadt
As oxides®o] 24+2.1 A FAZE SAst9r =3 1.8+
0.3 A 9] elemental As o] THo R RE 2L & 5
itk E=ZF 91} Axp2RE EAzo] gl EAse
AE9] HEE 1y dase AAdxRAL FIlden &
2 B3 o|F7to| wiz} Uubxql ASFE BAH ZHXA
Asbe AR A8 AE A3 vehl A 2 BT
T 3dsich

[SYR-

i

simple

¢

oL

et

FANEE

£ A7 AR AGTAY AL (92206) ) 2|3}
of RN old A=t

2R

rot

1. V. Swaminathan and A. T. Macrander, Materials
Aspects of GaAs and InP Based Structure, p. 2, Pren-
tice Hall, Englewood Cliffs, New Jersey, USA,
(1991)

. Y. Mada, K. Wada and Y. WAda, Appl. Phys.
Lett., 61, 2993 (1992)

. D. Landlheer, G. H. Yousefi, J. B. Webb, R. W. M.

Kwok, and W. M. Lau, J. Appl. Phys., 72, 3516

(1994)

C. Y. Sy, L. Lindau, P. W. Chye, P. R. Skeath, and

W. E. Spicer, Phys. Rev., B25, 4045 (1982)

A
pls

B2 £H72 |48 GaAs ed Aswe LIATF 491

5. G. Landgen, R. Ludeke, J. F. Morar, Y. Jugnet, and
F. J. Himpsel, Phys. Rev., B30, 4839 (1984)

. F. Bartels and W. Monch, Solid State Commun., 57,
571 (1986)

. K. A. Bertness, J. J. Yeh, D. J. Friedman, I. Lindau,
and W. E. Spicer, Phys. Rev., B38, 5406 (1988)

. M. G. Kang, H, H, Park, K. S. Suh, and J. L. Lee,
Thin Solid Films, (1996) in press

. M. Pijolat and G. Hollinger, Surf. Sci.,, 105, 93

(1981)

S. Lecuyer, A. Quemerais, and G. Jezequel, surf. In-

terface Anal., 18, 257 (1992)

F. Verpoort, G. De Doncker, A. R. Bossuyt, L.

Fiermans, and L. Verdonck, J. Electron Spectrosc.

Relat. Phenom., 73, 271 (1995)

J. E. Fulghum, Surf. and Interface Anal., 20, 161

(1993)

D. Briggs and M. P. Seah, Practical Surface Analy

sis, Vol. 1, 2nd ed., p. 134 and pp.223~229, John

Wiley & Sons, New York, (1990)

C. S. Fadley, Prog. Surf. Sci., 16, 275 (1984)

J. L. Sullivan, W. Yu, and S. O. Saied, Appl. surf.

sci., 90, 309 (1995)

S. Tanuma, C. J. Powell, and D. R. Penn, Surf. In-

terface Anal., 20, 77 (1993)

M. P. Seah and W. A. Dench, Surf. Interface Anal.,

1,2 (1979)

J. H. Scofield, J. Electron Spectrosc.

Phenom., 8, 129 (1976)

R. F. Reilman, A. Msezane, and S. T. Manson, J.

Electron Spectrosc. Relat. Phenom., 8, 389 (1976)

Jill Chastain, Handbook of X-ray Photoelectron Spec-

troscopy, Perkin-FElmer Corporation, 252 (1992)

C. D. Thurmond, G. P. Schwartz, G. W. Kamlott,

and B. Schwartz, J. Electrochem. Soc. 127, 1366

(1980)

C. D. Wagner, NIST X-ray Photoelectron Spectrosco-

py Database, vol. 10, National Institute of Standard

and Technology, Gaithersburg, MD, (1989)

The Eclipse data system, Ver. 1.7, FISONS

Intruments, (1995)

24. D. A. Shirley, Phys. Rev. B5, 4709 (1972)

10.

11.

12.

13.

14.

15.

16.

17.

18.

Relat.

19.

20.

21.

22.

23.



