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Abstract

In-depth profiles of plasma oxides and anodic oxides on GaAs were studied by ESCA
(Electron Spectroscopy for Chemical Analysis) in conjunction with sputter-etching by argon
ions. Chemical composition and bonding state of the constituents were analyzed by use
of As3d, Ga3d and Ols photoelectrons and Ga-L;MysM,s and As-L;M,sM,ss Auger elec-
trons. Kinetic energies of these electrons were gradually increased with sputter-etching
of the oxide films. It was found that this energy shift was predominantly due to the
charge-up effect of the sample surfaces. Correction of the charge-up shift for each
photoelectron was carried out with use of Ols and the two Auger peaks and revealed
that both the plasma and anodic oxides consisted of As,O; Ga,0O; and un-oxidized ele-
mental As. However, the content of Ga,O; in the plasma oxide was higher than that
in the anodic oxide. In addition, the content of oxygen in the former was lower than
that in the latter and hence the fraction of the elemental As to the total amount of As
in the former was higher than that in the latter
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Table 1.

operation conditions

103

ESCA systems used in the present study and their

ESCA system ES-200 ESCA-3
Residual pressure 2x10-6 Pa 4%10-8 Pa
X-ray source

Anode Al Mg, Al

Power 10 keV, 20 mA 12 keV, 10 mA

Energy Analyzer
Type

Scan mode

{Hemispherical analyzer+
Retarding lens

{Hemispherical analyzer and
Retarding lens potentials

{

Hemispherical analyzer+
Retarding lens

Retarding lens potential

Sputter-etching
Ar pressure
Accelerating voltage
Ion current

Incident angle

5%10-3 Pa
0.7-1.2 keV
14-16 A
60°

1-3x10-% Pa
1.0-2.0 keV
3.6-8.6 nA
75°

Table 2. Samples used in the present study and their
preparation conditions
(a) Anodic oxidation
Sample No Type Orientation Current density Voltage f Thickness
(mA/cm?) v, | (A)
AN-9 n (100) 0.50 65 1400
AN-62 (100) 0.50 30 600
AN-9 P (100) 0.32 28 | 700
(b) Plasma oxidation
Pressure of Current | ., .
Sample No. Type Orientation oxygen density E lhld:ness
(Pa) (mA/em?) | (A)
PL-1 (100) 26.6 1 900
PL-2 (100) 13.3 1 900

T, BARNDIERI T, 77 XA ~BLRE KR T T3, WEWESc R S
LD0TH Y, FRFEFNROIERSM% Table 2 RT3 L DOIEREE R L O B e RGO &
K T REAC i S Sh T %9, In-depth profile DMECEE L TiiEbhic GaAs
AIEMEALIE B Y, —W 5 mm BEDIEF Y b L, BB ClRg RSB ) 7k,

% 7o ESCA I7E DEEHEREL & L7c Ga0s ® As,O3 121K T,

FrvALRKSA vy PIRELTHRA L,
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3. RBHRLEER

3.1 75X {bED ESCA XRJ ML

BE Lie 7 5 A~ BLERBOEEA =7 F A0—fl% Fig. 2 IR, TOANT P AR
ET OB =5 A F —H500~1500 eV OO L O R LIS DT, RABlE S HpHA <y 2=
v F VI LEBIEE LSO THD, ESCA A7 b i34 DEMLDL D Ga I LU As
OREFC— 7RI —2 = E—70fliic, Ols, Cls KX Au b ofx D ETLE—7
P AR, B AuDE - 73 v A RBCHVESBL IS0 THL, ThbOE—
70 5 BbAI T Ols, As3d, Ga3d DEREF € — 27 &, Ga-LyMysMys (AT Ga-LMM &
B5E0) As—LsMysMas (IF As-LMM &SR oA — 2 = €~ 7 28 - EESTCH WIS,

CORBCH L TCAAy o2y FY IR DBELEDSZRERDE -7 D=2 A F —,
WHEEHBCHE LA Fig.3~6 D X 57 ARZ FARBL R, 5TV ES-200
(AlKo) #RWTHIE L 0T, #HIBRESEoHEE, BiEH =31 ¥ -Thb, A
N7+ ADIFICITR LR HFEEA 4 v & B A%y 25 (Sputtering time, L% S. T. & WD)
R L, REEELS OB IG5,

Fig.3D X531 0ls €~V OMEIIA Ay Z-= o F v 7 EbREITSD, Ols €=7D
BEXEAD LD S S.T.=25 2 bREWCHET 5 35 45 F Clkibp—EiRE o R E ST
be File, REESER 0~25%5 % TOHEBIBIE, 35 5 LEClE IRcHBE A ERTHD
GaAs (LI 7 L8 i 5,

Ols &~ 7 13B(LBI L AL 7 i, ©—7DEH=2 A F—RNE kb HF~HEB L
Tub, UL, FOFMEIEES T.=0~28 5 T20~22eV LIZIF—~ETH—Y— 27 Chb &
Ezbhb,

As3d (Fig.4(a)) ® & — 7 2BALB» B RE T (S. T.=5~28 ), 220 ¥ — 7T 5k
LTWdb, 2O B#EBzix A F—DEVIFD a &~ 7B — 27, BB L F-DF
FHOBE— 7R — 27 R K- LT, Fic As-LMM v — 7 (Fig. 6) Tit chemical
shift 2 As3d €~ 7 HRNTEAKEWDOT, E—7ONMNL vBIRCHD, kKoo —17
13 Mg K #8% {8 » 7o ESCA-3 0 # B L A5HECR-TERE S hish - o,

fi1 7 Gadd (Fig. 4(h)) @ 2Tk € — 27 O P BER R DS ish » 7opd, R EEEm /L E P
(8. T.=0~25 %) Ti1X20~22eV LigiE—ETHHDOrRL, Rm (S.T.=28 %) Tir32eV
LIERD, Az (S.T.=35 LK) Cik 1.8 eV L B —FEDMHEIc %, ¥t Ga-LMM (Fig. 5)
DE—2711S. T.=284C4eV @ chemical shift #7R3T 2 20— 2748 LT\w5h, Lidi-
C, REERT S Gadd €~ 7 DER VIR = AN F-HRCTH200— 7 DBEBICLD
LOThHhHEEZBRD, LA L chemical shift B2V X Wiedbiz 2 20O — 7 T3S IRA
W, fill, BMEBCHRE I e Gadd ¥ -7 38—~ 27 Thbh, HAREYRK TS Galllk
WV, A ZIEBTD Gadd €~ 27T RIULTHD, Lo, HPorY—7 ail, Ga
vy, B IRV Ga (GaAs) kLB LD THB LM TE 5,

Fig A~6 DBEMLHE — 7 5 L0 & KRB LW € — 713 Ols (Fig. 3) OB G L AFC A2y
oz o F VISR ERGCEE =2 AF -DEWHFAERT A, ZoH% 1 C. W. Wilmsen 57 3
BT D, ZORFIELEOHKSREIE I FACERBCEL LT WS, 55 LR,
DOBEFRIBC T 5 HEME T Iniob charge up shift DEGVABILBED A<y 5=y F v
FEEBPNIL DD EBLBRLD, WEOTEMIARRCS TR0,
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Fig. 2. An example of wide-scan ESCA spectra for the
plasma oxide (ES-200, AlKa).
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3.2 Charge up shift O IE

Charge up shift OfIEEE UCIRER 2 DO FERREIR T5, F 1% flood gun 2
By b, XBERBHTFORBCEEETF 2B L, chargeup 2FHL V53D THB, L
2L, TOHEBHEDIEMCE D 2D EBMeEEEtY R TLE DS, 82 OGS
HE=2F-PREMThHBHEEYERR EA—&HFETCMEL, FOFA= 5 F — 2T
TAHEFETHD, ZOHBETHE L EEYEOW ) charge up shift ERRA U THBELEEL
Twh, B~ 7 L LCREREFERCHERE TS Cls 2, #HE Licgnrbo Audly, &~ 275 L
NI GBI A, in-depth profile ZH5E LI b & A -2y ZEERIIC BT charge up shift
DEIERTTI S fediciy, WTFhoFEdiFE L tu,

SHRBEE Y EE LT BT, BECL O THREAOOEBME KT I 5047%H
T, S T. BV T—EDOEIDOLEEFELXFHE L Cilkbiv,. 2R EBLRE
in-depth profile & S. T X EE A Lz, F, ZThDBHRTH - ThEETFIHETEYES
fehidELREL IS,

b Cls R EHEL T 554, OBSEET CHBRERZ SR A <y 230, EMrHH
FLTLE S, OREBERFILTLUSABEFAEBEM I, OMeK A HFHT 584, Cls &
Ga-LMM (970 eV) v~ 7 E 3 E - CLE 5 S0ME 5, OOMBIBEECELDL OWE
FEBCTEME R, AP CIRARMEHECEH 5 ILAEE AT, chbieonT®
ORELR IR Uiz, Thbbvy MR v A LT As;Os OBEREO 12 Gk a) & 4B
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Table 3. Variation of kinetic energies of photoelectrons before
and after the use of flood gun {ES-200, AlKa)

Cls As3d Ols CuZps;
Sample Flood gun . . . .
Er(eV) AdEx(eV)| Er(eV) dEr{eV)| Er(eV) 4Ei{eV)| Er{eV) dEi(eV)
before 1191.2 1431.0 944.2 —
Asy03 } 6.4 } 6.5 } 6.6 —
after 1197.6 1437.5 950.8 e
As;03 before 1198.0 1431.4 945.0 557.8
covered } 0.0 } 6. } 6.6 }
with Cu after 1198.0 1437.9 951.6 557.8

S X AR S X5 A CRER

L, flid 1> Bk b) TlxeBisic b X fint [@@de_dh\_vxﬁ__
(A| Ka) 3

A Eha X5 Lz, W2\ flood Mo ko) T

gun OfF HRT 0D = % 1+ — D4 L% Spputering
e, O H% Table 3 10 Lic, E0 X G0 Auger ——/\ g
53k a ik Cls, As3d, Ols 0% & — 7 10%cps >

L H65eV M Liors L, MEkb Tk
Cls, Cu2pys DRy = 5 A % — 13254k Ui
712,

D b DR F R AW R VLR & FE
s 5h, B EFLTLLREMTR
75 <, BB D charge up shift OFIIE XA
WTChBHI ERXRLTWS, Fig. 711@0H
BEHH LR chb, ZORITESCA-3

I | | { 1 1 1
Wl 7 X =bEEy AlK, 3 X OY MgK, 234 244 254 264 274 284 294 304

CE LD DT ThERDHRERO L BE. (:1253.6-KE) (eV)

BOFENCRELCH B, ES-200 (AIK,) % Fig. 7. Overlapping of Cls spectra with

B A L AR DAy Ry T Ga-L3zMi,5 My,5 spectra (ESCA-3,
(Sl 2= O 7 4 4 MgKe).

X hildk Lz Cls ©— 73, EZ2EMn
1A B (Tablel &8) ESCA-3 3ETIY, A%y #-= 9 F v 7 OHIT &3 BRI 2
FEh2ope—27 i THMEhiz, A2y 2=y F v 77U (S.T.=0) CHRE Ehicy—- 7
EE L CERBIWEC LA Cls U2 ThHEEZLRBD, TOXHEIEL32eV TH D,
S IRAE I KZE D Tt ES-200 (AlK,) 28 CIIE Sl 2eV KTt bR E W, ZOREEIX
Cls ¥ =721 Ga-LMM A — 2 s = 7Bl - TWbBRd & #E 2 bhb, MgKe DA
1, S.T.=34LBIeRTh 274~294 eV i C 2 o0 v — 7 pSHE Uiens, AlK. o4
AL S. T.=3 FPBETRI DL 57— 7T B Litv, Lidio T MgKe RSN X b i
X2 o0 — 713, Ga-LyM;M,s (=970 eV) & Ga-LsMyMys (=980 eV) Dot — 30 = & — 7
ThHEHBLLN, COHAIE Cls ZHMA=FAF - OWIEOIEEL UCRMETH 5,
U EoBErh, KM E T Ols Offif=F ¥ -2 IR L IO Y -7 DiEH
=RAF—FRDDLFEEL, RETFE—7d—C €~ 023 A F-E2FRT5HEC X
b, charge up shift OHFIEEH AT,
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¥4 Ols ' — 7 Z#FL# L 3 % charge up shift OFFERDWTHNS, ZOFEL Fig. 3
TR NTABCELE, AEAYE LT Ols ¥ — 7 0BT —ECH—v— 27 :E2 bh, L
Lo —27 (Fig.4~6) LA U A2y o= F VIR ONTGEB=F L F —DE WAL —
IBAEBLCWS e v BB D TH S, Charge up shift Bd 4o L35 &, Bl
En% Ols BFOHEE = & A F — Ex(Ols) 1%

Ex(Ols) = hv — E(Ols)— 4¢ [eV] (2)
TEHLEND, ExOls) 3BFO/EE=FAF—T, ZZTi2E&EY © X A(E (=5300eV) ¥ H
Wi, R FEE o j EFOB TR LTIk

Exlij) = hv— Ep(ij)— 4¢ [eV] (3)
EFEHED, B THVCEEEX O3 1 ¥ —-Thh, Ols ¥—7 X hRDIz dp e X b
75 R =AVEDE v — 7 0 charge up shift @ F Ui-#EHE% Table 4 @ik L7, Table4 iz
I AL S. T.=5~25 5 THIEY & — 7 DIl L D7 + ik charge up shift DR X 5L D
THDHEFERMTED,

COEH5I0ls €= 7 REHELTHMEBRIED THETNERRELY L 202, 2ok
Ols ©— 7BERTEL e B REBENL A A 7P T COHEB TIEATERV, T2 TZOMH
B LTI ETFE— A — L o = D= A ¥ —-ER B HERHH L,

Fig. 4~6 T4 b Rl Ga3d, As3d O¥E F v — 7 @ chemical shift £ & Ga~-LMM,
As-LMM # -2 . ¥ — 7D F xR %, flif charge up shift Bz o v— 7B LCLHE
LT Chd, LENRoT, REFC -V AL 2 b=V DZAAF—EMNAA Yy F o=y F v
RN BY R < —F T T charge up shift, B7ohiE chemical shift EE %2 52 EMNTE S,

COFER T T ABAECHER Lico s Table 5 TH B, oz Ll BLE»H R
H 2 Cix

Table 4. Binding energies of As3d and Ga3d electrons of the plasma oxide
determined with reference to Ols (=530.0 eV) (ES-200, AlK.)

S T Eg(As3d)y3 (eV) Eg(Ga3d)* (eV)
C do*z Layer
(min) ox*! 1 Average ’ unox* | Average ox*4 Average
0 7.0 437 — 19.0 surface
5 6.8 43.4 40.6 19.2
10 6.5 43.5 40.9 19.3
15 6.3 43.4 40.6 19.3
43.3x0.2 40.7+0.3 19.2:0.2 | oxide layer
20 6.0 43.5 40.8 19.4 ’
22 5.7 43.3 40.7 19.3
25 5.6 43.1 40.4 19.2
28 5.0 44.0 40.4 19.0
32 5.0 44.0 44.0 40.4 40.4 19.0 19.0 interface
35 5.0 44.0 40.4 19.0
40 0 — 40.4 — bulk

*]1: sputtering time, *2: the charging-up shift, *3: binding energies of the electrons,
*4: oxidized peak, *5: un-oxidized peak
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Table 5. Differences in kinetic energies between the photoelectrons
and the Auger electrons for Ga and As (ES-200, Alke)

ST # AEx (As)¥2 (eV) AE (Gay™ (eV)
T Layer
(min) ox*t | Average| unox* | Average| ox* ' Average| unox*5 | Average
0 223.0 — 403.9 — surface
5 222.8 220.6 404.0 —
10 222.8 220.6 404.0 —
15 2228 | 9905 | 2206 | o909 | 4040 | 4039 — el
. 0X1
20 222.8 01 | 2212 =03 | 4039 x0.1 — © e
22 222.8 221.2 403.9 —_
25 222.6 221.2 403.9 -—
28 222.6 220.2 broad broad
sz | 2226 | 2226 | 2203 | 2202 — 4008 | 998 | interface
35 222.6 220.2 — 400.7
40 - [ 2202 — 4007 bulk

*1: sputtering time, *2: 4E;(As)=[Ex(As3d)—Er{As-L3;Ms,5M4,5)]ox or unox.
*3: 4Ex (Ga)=[Ex (Ga3d)— Er (Ga~L3Ms,5M4,5)] ox or unox-
*4: oxidized peak, *5: un-oxidized peak

JEx(As)ox = [EK(As 3d)— Ex(As-L, M4,5M4,5)]0\_ = 2228401V
AE(Galox = [KK(Ga 3d)— Ex(Ga-Ls M4,5M4,5)]0K — 403.940.1 eV

FARED DA 7T Tk
AE(AS)nox = [E,.»(As 3d)— Ex(As-L, M4,5M4,5)11m = 2202401V

AEx(Galunos = [E,.-(Ga Sd)-EK(Ga—LKM4,5M4,5)]un“ — 400801V

EFERFROBPRTHE E~ 7 D=F A1 F —E3IEFHIT I —FK L1,

Table 4 & Table 5 /R LICHER X 0, B{LB» b R Co As3d ok v — 7, i
LB A 2T As3d OREE L E — 7, BELED Gadd ok € — 21Xt hFh
B LR E B H Ga B I U As I LB L DT, Ols DFES =F L F —%5300eV & ThuTtsd =
F X —13 Ep(As3d)ex =43.3+0.2eV (S.T. =0~28 4), Ex(As3d)unox = 40.7+0.3eV (S.T. =
5~354), Ez(Gasdd)x=19.2+£02eV (S.T.=0~254) Lkdpbh B, Fi ESCA-3 (MgK.) %
FWRINER XD RBEHS A 22 To Ga-LMM O REEbY ¥ — 2 /L —& &K 8, @vg
b Ga-As BAREILDTHH LB LTE Y, Gadd OFBELYE -7 0=
AF—REUTOLICRDBENTED, Fig. 81377 X~@{LED Ga-LMM v — 7 (Flg. 5)
LU Gadd €¥—7 (Fig.4) L dicdb D THD, HD X Ga-LMM ok & — 7 [F{+
Kb € — 7 ALE —H I CE B AT,

E5(Ga3d)ox — Ex(Ga3d)unox = 4Ex(Ga)ox — 4Ex(Ga)unox +4.0

DX PR LI > TR D, ThERCEECBORIEEZRATE L, KL GaD 3dETD
FEHE - ZAF— 13 183eV KD BT,
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T T T T 7T 1 1T 1T 71 T 1 T T T 1T T 11
- =4008 * OV
GaLmm | AE(Gags - GaLMMlunoc =4 o] Gas,
2
3]
12
. Sputtering Time.
.*E
3
g 32 min
E_(\ 32 min
~ 40eV
= 28 min
20min
20min
AE, (Gazg-GalLMM ), =4039% Olev
N R T N N O ) N O O Y I
430 420 410 30 20 Lo}

BINDING ENERGY (eV)
Fig. 8. Determination of Ez(Ga3d)unox. Ga-LzM4,5My,5s and Ga3d spectra
are taken from Fig. 4(b) and Fig. 5, respectively.

LROBIEGE=F AV F —CRICTHETLROBEREELHF T 5D, HEENPHLOL
Bafilno e,

%3 Ga3d, As3d DERBLY — 2713 NI DE— 27 L —HFTEHDT, Ga-As HDILF
REFPD As-As FEHEREDLIOTHL LEMTE S, U, By < — 7 oEE 3 EREE
Ot — 7 LD LBEPBETH B,

3.3 BitHE—-IORE
Gay03 & As,Oy OBYRE vy MR LIERBTEL I A7 + 2% Fig. 9, 10, 11, 12

N ; . I . f I T T
G Ga,0.
GO3d a LMM 23
= 3xI10? =
= eps < I3x|o2
3 g -
5 &
- 22eV ;
L) X — 10 min.
~ 10min. u Sputtered
=z Sputtered =4
Before
Sputtering Before
Y Sputtering
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Fig. 9. Ga3d spectra for GayO; (ES-200, AlK.).  Fig. 10. Ga-L3MysMy,s spectra for GayOz (AlKe).
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Fig. 11. As3d spectra for AsyO; Fig. 12. As-L3My,sMy,5 spectra for
(ES-200, AlKa). As,05 (ES-200, AlK4).

Rt WThORB Ay &2y FVIRIHBEOA2 P A%HEL Lz, Fig. 9, 10 (% Ga,0;
o Gadd BI O Ga~-LMM A X7 b A TH B, Ga3d DARZ P AMIH—E 27 XL hichiE
IR TR E LT 5%, FhRA Ry =y F v ZHIHBCEEE, BkE b ARETHD, Ga-
IMM A2 P ARIEA ARy Zo= oy F v ZHiBESEE T =2 F—filicr ar F—2NRbAh
52, ZHIEKRBLGaw X530 TRV EREHEBTHS, Tk, Ay 2=y F VIR
T — 7 ORI K E LTI RES i, Fig 11, 1211 As,O3 205 0 As3d 5 L 08 As-LMM
AT P ATHD, As3d €~ CRPEMIRNB ARy Zo=mp F v 7RI D 2005 22eV i
RPEINT 5, FofoZE iicty, AssLMM ©— 273 A%y 22 o F v 7 X b &R
MEINT 5, FhA Ay 2=y F VIIHIBCREWTE=2 L F -, Ga-LMM o & EF U
, YarZ-NEBIINEBLAs X5 D Tikigu,

LR OBELEREI S DK W —~ 7 @ charge up shift % 3.2 Ji Cili <Ak CHITE L, BBIEEE
LR L O 5 X~ Lo B oMb € — 2 DL i35 & Table6 D X 5wcis b, FEo

Table 6. Identification of the chemical state of the oxides
in the anodic and plasma oxides

Sample EB;[eV]*l AEy (As)*2 AE; (Gayss
As3d Ga3d [eV] [eV]
As0s 43.4+04 — 222.4x05 ——
Gay0s — 19.4x0.5 — 403505
Anodic oxide 43.7+0.2 19.5+0.2 2225=0.3 403.7+0.1
Plasma oxide 43.3+£0.2 19.2+0.2 222.8+0.2 403.9x0.1

*1: binding energies corrected with Ols (530.0 eV),
#2: AdEx (As)=[Er (As3d)—Er (As—LsMs,5My,5)] ox.
*3: AEr (Ga)=[Er (Ga3d)— Er (Ga-L3Ms,5Ma4,5)] ox.
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Lok, BEBEBER X077 X < BRSO & B © — 71k As,O5 8 L O Ga,O5 i
THZEDBBLM LTS T,
3.4 BIEBLHITIRBIELHOER
Fig. 4@ wBbhick e, 779 A~ELED As3d € — 73 Ay 5= o F v 7B
BoE—7THaH, Bed2oo—rghiLic, CoRFUEGBEBEBIETIROAL, &
DREEGBAE IR As NEETHHEEBCITIREAEFE LY, HH @bk
BED As 3 A A+ VTR X YR As e fE(BI0) ShBD0WThrc Lsb0eBExbhsb,

Table 7. Examination of the ion-bombarding effects for As,O3
on chemical state of As under various bombarding

conditions
Ton b !
on beam Sputtering Epn(As3d) AE
E 7 911*2 time ad
- g+t ; (O1s =530.0)

(keV) (A) ? {min) (eV) (eV)
0.5 43.8 222.3
0.7 44.2 221.9

10 60° 70° 11
0.9 43.8 222.2
1.2 ‘ 43.6 222.3
43.6 —
6 44.0 —

0.7 60° 70° 15
10 440 —

{ |

VR § 436 —
15° 43.9 222.4
30° 43.6 222.2
45° 43.8 222.3

0.7 14 70° 15
60° 43.8 222.2
75° 44.0 222.2
90° 43.8 222.0
80° 44,0 222.2
70° 44.2 221.9
0.7 10 60° 50° 11 44.3 222.6
30° 437 222.6
15° 44.0 2225
80° 43.7 —
70° 46.6 222.3
1.2 10 60° 50° 11 43.5 ——
30° 43.5 —
15° 434 —_
before sputtering 70° — 43.4 222.8

*1: incident angle of the ion beam with respect to surface normal.
*2: angle of the optical axis of the analyzer with respect to surface normal.
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CORERT DD D I DIEERE O As,Os A2y 244, ESCA IELE A B2 E
2 CMEEITIN -T2, FTOMES Table T R Lz, WTFROEREMHICI VT As3d ©—7
DHEIIE E 8%, As3d, As-LMM OR(EIEA A < 5 &= 5 F v 7 ORIETRRHM LT,
Linl, #E=FAF 11ED L 51430105V & —Fi g T\ 5,

#-C05~12keV DD A 4 VAR X » Tid As,O3—As DR GEID) 1z L A Ll
IhY, 75 A BUER OB TR SRR As i, B EAFREBIERED LD
THDHERERTED, 2keV DA 4 VBT X » TR As ~DOPMEIFEZ b7 &,
C.C.Chang 2 IC X » TCHABDL N T 5,

L, BWEC BT 5K Ga 0DEEYBET S,

75 X~ LIED Ga3dd (Fig. 4 (b)) OFLBRDOC — 21325y £ = 5 v FHHET 5
R ST, F71S. T.=0~25 4 CRAEIEIL 2.0~22eV L 3 LA EE DOV, Z DfHl: Ga,0;,
EHERE B O Gadd ¥~ 7 (Fig. 9) &—FK LT\ 5,

F 727 5 A<fp{blEf o Ga-LMM (Fig.5) ¥~ 7D E=F ¥ -ty a A+ £ =B 5
NBED, FTOREIFTAAy 2.2y Fv 7 LT EbLT, »oEMERE (Fig. 10) L RARE T
B, 79 RXAEBAUERCERBLGa XFEE LW ERRTE D,

UFOsEREE2BAETEE TS X <@l L GaAs BB As,O; Ga,0; 3 & VKRR As
Lol BZ EREBMET T, Lo, BEOZRL AL, BB/ OVT L R
I %,

3.5 FSXVELE, BEEB{EED in-depth profile O fh&:

FROL IS T XU EBRBREBALIE L L DI As;Os Ga,05 5 X UREML As X b /g
AT EDVHEIB LA, in-depth profile ik k Zic#iENRE i, Fig. 13 w75 X~k
% ES-200 (AlK,) CillgE L7- in-depth profile ®—fil%, ¥ 7% Fig. 14 ciRe(kix4s ESCA-3
(MgK,) Cll7e L7z in-depth profile ®—fl% 7R3, WM& ILETS L, 77 A<fK, Bk
LEOREILLE A Y + — 7 THHD, B UECHBIIN Y BRI Z ENbh b,

Ear=! keV
IAr=16,uA° L2440
o d =S00A
Oxygen —» @ =210
(\ ® OK— Epr=1Kev
120- -180 S o la 364 oo
Z100- H150°E 250 | —500 =
3 5 = =
o o = =
S 80- H20E 3 200 , Jaco €
R - 2 / S
> > E II ;
= 60 90 &= 5 is0p 4300 ~
D y % = ] %)
& 40 leoa & ] =4
u Eog ok <« Aszy (total) -200 W
z z & S z
204 30 Z 50 S~ea <« Aszgloxidized) dioo
0 [ : a o < Asg4 (unoxidized) .
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Fig. 13. An example of the in-depth profiles
of the plasma oxides (ES-200, AlKe).

SPUTTERING TIME (min.)

Fig. 14. An example of the

SPUTTERING TIME (min.)

in-depth profiles
of the anodic oxides (ESCA-3, MgKa,).
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75 X = AL OB TR S TR D S A nNEIEY 7t S.T.=10~25 S O K T — 7
BER 45 &, Gadd=1wst LT As3d=07, Ols=18 CH b, As3d 35 bLRELy— 7
DED L EE CREE As R) 1180 22% ThoTe, MHGHBBILEOMLE O ¥ — 7 ME il
Ga3d=11x LT As3d=04, Ols=2.8 Th » £k As T (I 44% Th-Te, T ORI,
fEF D AES-SIMS?) JUSEDFER LI OEA &> TR D, 08 EICFHFICRE L,

Table 8 11 ES-200 (AIK,) & ESCA-3 (MgK.) CTllE L7 7 X <LK X UG MR b
@ in-depth profile DHEHREEL F L DD THB, EDO L o, ES-200(AIK.) i X 5 H5E
Tt BB TO As IO O DFELIL Y 5 A~BE L b REL, TTREBL As
BiL7 7 A~MiLBEO i b RkE L, TOBMIEROMERERE I ~%T5, F
ESCA-3 (MgK.) = X A illEiE iy, ES-200w X 2 HIE, H 5\ ik AES-SIMS OMlERSRE B
i hBicd, Tihibb, As OFELEMEDI, O OFEELE X ORI As A E D FM S
hTwb, Lo LGB CO As S X OV0 OFE-RIRT 7 A<BALE X D&, »oRB
LASRIZTX DT & 5s AT, olEERes X —~%T5,

Table 8. Summary of chemical composition of the oxide films

Sputter-etching
ESCA Sample conditions Intensity ratio | [Aslox/{[Aslox+[Aslunox)*

system .
Ear(keV) | Tar(#A) 115434 As3d: Ols) (%)
AN-4 0.7 14 1:07:25 17
AN-9 1.0 16 1:08:2.0 16
ES-200 Av. 1:08:23 17
(Al Ka) PL-1 1.2 14 1:06:2.1 33
PL-1 1.0 16 1:0.7:1.8 22
Av. 1:07:2.0 28
AN-9 1.0 3.6 1:04:28 44
AN-6 a 2.0 8.6 1:04:32 40
(Mg Ka) PL-2 2.0 8.6 1:03:25 58
PL-2 15 8.6 1:03:25 63
Av.1:03:25 6l

*: intensity ratio of As3d peak due to un-oxidized As to the sum of As3d peaks due to
oxidized and un-oxidized As.

ES-200 (AlK.) % £ 0" ESCA-3 (MgK.) W@ Ol E#E RO~ OFEIZE S 2 Tliigus
B, AWCICE X E iR I EEEOE Y, ThbboilofRsIFE L oM I 58« D
E—- I DBERICAy 7 539 VDA F —REE BRI SEDEELLRS, &
DFER D @BYIL A —EEN T EO X BEZ F\ b, MBI X 5REORE RENBIET
H5b,

4. ¥

ESCAWREBRESMEA Ry o2y FVv 7 EH LT GaAs O 7 7 A~ blEs L O
WG LIE® in-depth profile ZHIE LiciEE, ROMRAEBEI,

m
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(1) ESCA iz X % in-depth profile ®llERICIZZ 54 € — 7 d charge up shift X #iF+
By, Ols € — 7%k b T 5 H L L ARG TELLOREFEC -2 A -2 C—~27ED
W= 3 A F —28% & B HEPBDTERTH S,

2) 75 X <AL & BRI LI o MBI Y AsyOy, GayOs 5 L OUREML As 2B i X h
T35,

(3) MHLED As B L 0O OFELTGMEBIUEDF R 7 7 X< X H %\,

4) BLEO As © 5 bREHME As 0 5D 2 EEFEBIBUEO T 7 5 A~ L L v 4
7ol

(5) ESCA i© & % in-depth profile DME R A TCRDOFEEILD LI BT, HERELX LR
EFTHE T, GalAs 213 U & T B LA WAEEO REMEAEMELO E TR TEHTH S,

M, KMEERTR 5y, 77 XA<BUEREZRE LTI - tEFAKFETLHER
HE Y, BEBEOFRCHB B CEARELTHERRA N B SR e B 7oL ET,
¥ - ESCA HBOHHIC DWW TR A Z I T2 18 To AR SR T 223 T340 W 88 — a7k 1L 0 8% 7
B UM S BN LT,
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