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Abstract
Two in situ high-resolution synchrotron radiation photoelectron spectroscopy (SRPES) systems combined with a
molecular beam epitaxy (MBE) chamber for III-V compound semiconductors and a laser MBE chamber for strongly-
correlated oxide films, respectively, have been designed and fabricated to analyze intrinsic and surface/interface electronic
structures of these unique materials. The importance of the in situ SRPES has been demonstrated by the results of 1) Si
surface nanostrutures, 2) GaAs surfaces/interfaces and nanostructures, 3) MnAs magnetic nanostructures, and 4) stron-
gly-correlated La, _,Sr,MnOj; surfaces/interfaces and superstructures.

1. ELsIC
V7B R B VBSEEEERATAY:, SR, RCE
X OBNTER A FE > T AD, JER0.2nm LT OR X
% F\ 7z Diffraction (Z & - THS b O 2T S h
—77, BZEFIESM XA (i TVUV/SX) MW
Spectroscopy TIEEICHEHOETRESFENT =, WH&
%ﬁ?’@:fﬂﬁ@%lﬁb‘:@*ﬁ@@ﬁ%ﬁ INTnw5, BETFRELY
AT HR I A1, B0 meV OL T RIVFE—5EET
@ﬁ'ﬁ?&?‘ﬁ‘ﬁ'ﬁﬁiTTﬁ(’G?@’ D, SHICHEEL YO Fer-
miology DFEMIZIZEL meV LU T OB E 5 MR DL &b S
NhH, FD7=8, FEEIE UHV FTHEHI BRI R O A
FEITV, BONBEEREIOLE T2 IREETT-> T
7oo BRI FHICZ 2858 (FIC2KTTHE) IOV
TRIEKZ T — 2 PEBEE SN TRZP, HREWH 2R
T, EFSEEERRVCIREMENTLALET
BB, ZOFBHOWEPEN TNz, £z, T D0
BT L 727 — X TR X A=V T - K@ OES
MK X X 572 misleading iR & b, TEHE DI
#ik X BT Lo TSV 7 RS RIER TS &
T intrinsic T BT REE BT 5 EBHKRSL T AR
LTED?, COFZHETHLVERMBEI2OATVA
SPring-8 CI3 M X #t % H\ 720 REE L E T 5 e nEH
LTk, HHIC intrinsic 72 BTSN EIEH K S 720
EHINTWAR, B meV OESHEEREIIRETH %,
—77, T ZAOEEREL, mE iy, EAERT
cHEDOLHDLEF I ETETAEL L->TETEY, &
SRR T IS X » CEREFEF A OE TIRECH MR
K » Kmx B 5 LBEEPHERL TWb, £/, BT
Fy R UV—YOBEF IV IARIRERTHRT /NA A

DFAFDI=DIZ, ETFMEE, Fy FaEEKIERICET A
BETREZ BN HALEREL TETWAEY, ThbH
BB OB TIREZ &S0 B TR 5123, DEsy
REEC — LT A4V, 2)EmSREEE 5 EE, 3)idh
EERE & BT 5060 UHV s s, O3 S%iRd 5
WERB L, &ETHD, BHEE—LT A4V FRCES R
BEOT VY al—FE—AFA ) TE—ARA LR
THTEREEL <, VKR TR SBUR & T A A S &
HILEIEHDETH > 72, £ T TH ~ 1L KEK-PF D4
PEREEFAL, ER3&triticdERY A5 L5
FEL, EBLIEHAE NS VAR i situ BT IO
[ R R B = W

2. Insitu XEFAHL AT L
CCTED linsitu XEFHH] L1, 7 FHRIEX

F¥— (MBE) ®L—%—MBE # (H5 W3/ VAL —
P—HERE) Ik V)ﬁf@%bf:%ﬁ*ﬂr% #mEZsE (UHV)
Wl H i K BT EHEBICHE L OERTH AT
ST ERIEL TS, Insitu b \N> 55 ViE [F0H
T ERINTW5S, ERYBEOMERIT T3S /s E
TEWDERTimvivo L WORBAHY, ZO—H %
> TINT 5 in vitro L IXFISI N TS, a7 in situ &
L TV BDIEEICIE [ 208C Tlid7e < in vitro IZ
EWD, BYFREICETAILEOEFERT — X %85I L
DHIK S,

in situ B KO L SiE, TFURMEREE | & [
BAHEE ] OWMEPEITEH WL L TWhixdh
BN LIilH b, EHLOE—FTTHLHENMEW &
BOoNBREFRITERERMENTOREEIC L DGR INTL £

767

(C) 2003 The Japanese Society for Synchrotron Radiation Research



WA 165555 (2003)

Do BHCHE LIV 2y % VKO EIZE VL DT
AR A E A=Y AN

K42, insitu XTEFHHET OS> T—DRA
BHERLY OV — 7 L s « SERDHE A BRIciTy, &
BHESLD /7N B WRILL T\ 5, i situ X8R5 X6%
BEOBCH - Td, RHEREE LB B
NG U ZEKBEBL, YAFAMEL T hiER Sk, %
7o, BRIV =R B S VAT = AT ARIEFEIC
FHELEEZHS TR, Mo ERNGRITT 52
EPDBERARTH B,

P~ 13 KEK B SERHEFFERT PF I 3\ TR FIIRARE
97S1-002D % & TETF /&S DRI & @t BHEy & L
72H LW — AT A BL-1C O « BT 729,
Z ZTid30 eV~250 eV OIS A iV 7o RREERL AR 7
PV E MBS 2 ET 57200 in situ B F 5 A
F I (b&WEAH MBE 2& & UHV hCHE & L 7oA
EE o R T 6358 ARUPS10) &L 7=, FDOFHE
% Fig. 11T, —77, BHEBEMAD O/ BRR &L ET
KA+ 270D X746 LT, Fig. 2R ¢
L —3—MBE % L5 L om0 MEXE T o EE
SES1007» & 75 % in situ KB F 5y AT LD REGE L
7oo WMHFIE U BIVAL—ERUL S VAT 77—V AT
AW TWAhHs, HEEHEETH S, %, JOft
2, HRIERE02S2-0020D & & TE&ET « #IEL 725 L\

Figure 1. Photograph of the in situ ARUPS-10 and III-V com-
pound MBE system at the BL-1C of the Photon Factory.
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Figure 2. Photograph of the in situ SES-100 and laser MBE sys-
tem at the BL-1C of the Photon Factory.
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Figure 3. Si 2p photoelectron spectrum for a Si(111) 77 clean
surface measured at 73 K. Photon energy was 140 eV.
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Figure 4. Si 2p photoelectron spectra for an oxidized Si(100) sur-
face with about 0.6 nm oxide film measured at 0 deg (normal emis-
sion) and 60 deg (surface sensitive). Photon energy was 130 eV.
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Figure 5. Pd 5d photoelectron spectra for Pb—deposited Si(100).
The inset is a STM image of Pb/Si(100) 2 X2 surface. Photon
energy was 50 eV.
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Figure 6. Valence band spectra for GaAs thin layers on AlAs/
GaAs(100) substrates.
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Figure 7. As 3d photoelectron spectra for c(4x4)-GaAs(001)
surface. Photon energy was 100 eV.
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(a) Atomic force microscopy images of the zinc-belnde type MnAs nanoscale dots in different dot densities;

low density (left), medium density (center), and high density (right). (b) Cross-sectional TEM images of the zinc-

blende type MnAs dots (medium density).
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Figure 9. Mn 3p-3d resonant photoelectron spectra of (Ga, Mn) As (left), zinc-blende type MnAs nanoscale dots (cen-
ter), and NiAs—type MnAs film (right). The numbers at each spectrum are the photon energy (eV). The subtracted spec-
tra between on-resonance (50 eV) and off-resonance (48 eV) are also shown at the bottom.
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tra. (b) Narrow range spectra.
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Density-dependent in situ photoelectron spectra of MnAs nanoscale dots at hv=_80eV. (a) Wide range spec-
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Figure 11. Schematic of combinatorial SRPES analysis of valence
band for in situ laser MBE grown LSMO films.

HH, SHIC, 7o VIWALEHFICHER T 5 &, SriRE
CR—IVIRE) OHAICHV, FHETFVF—#1.0eViE
BRICAHAET % Mn 3d ¢, BECLOBRERWA L a6, 7«
W‘Eﬁ’ﬁdVTw<ﬁ%#ﬁMéhto:@:km
BHRIC LD ¢ ERICTR—UA R =T ShTn5b T %
TLTb\%o %7z, LSMO (x=04) T =)L IHERL
FICRIENRB G 5 L0 5, x=0.4MT THkkE» L4
BICEBEL TWBHC L5, —T7, ¢ BEMLISFOREEIC
DWTIE, IV F =TI 2ROZEITIFEAE R
LY, IR E T OVF Ny 7 F LT LSBT
NS Nz, FAREOY 7 ME, fMOPIBEN AT L
CEBWTHLBHIINTED, SrE#ic k%5 LSMO #iEoD
BETHEOZE, 7 oV IMEMITHELIME, RIS
Rigid band picture TRl TE % Z &R TW52),
LSMO %, & 54—V F—7#iK (x~0.4) T half-
metallic 723 EERES b OHEHESRE Th 5720, KA
PV ROVEESEST (TMR) FFMRE L TIfESTn
Ho L LENG, #EETH 5 STO # LSMO TH v/
FA v F L7 LSMO/STO/LSMO | v VGRS ICE
T, ZOEWAY VG BEN GRS NSRS S
NTWv2, TORREL T, KBEOE D L\ -7
LSMO/STO N7 B AHICF A OREA RSN T\ 5
Zhid, ABO; Lo o kg R TRedi s n AR 7 A h A
FEEEIE AO JH T8 & BO, R T AL W ICR A E % -
IE A - Twb0T, zoONTFEAH (ABOs/
A’B'03/ABO;3) 1B\ T, #usiE < AO & & BO, D
W OFEEE BT 57120 ThH b, TDH, EmmED
NEAT ANA Mg T A FEL S 2 72 DI I RE O &
BEL, FORMEETS LR EELLL, FTT, KR
Mm% AO T & L < 13 BO, M EIRFBE L 2-Fm (Fmm)
ZF;> LSMO, STO O AT\, Z D in situ 7% T
5720 ZOFER% Fig. 12I0"7, £¢, YTy FIT v F
VB AT T LI XD TiO, M # i S & 72 SrTiO;
(001)FM &, #D IS0 % 1ML ¥R+ A2 LIC kD
Wuim A SIOMICE 2 7-STOER A\, D ki
LSMO #10 ML #f& L 7254 75 U — (Fig. 12(a)) %
EL, ZOFA4A TS5V — k& AF v/ FTHEITLD,

WA 165555 (2003)

Sr3d core level s )

01§ paruwaIEOLL,
Position (rans)

WP I i TS
Kinctic Encrpy eV ) By i)

Figure 12. Schematic of combinatorial SRPES analysis of core lev-
els for in situ laser MBE grown LSMO films.
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Figure 13. Angle-resolved photoelectron spectra for terminating
layer-controlled LSMO films.
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Figure 14. Valence band photoelectron spectra for LSFO/LSMO
multilayers to reveal the hole doping behavior into Mn 3d ¢, orbitals.
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