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(Soft x-ray magnetic circular dichroism: XMCD) #&EO;HE » B 7 KBS i z% SPring-8 OV —A S A/
BL23SU TfT7» T &7z, SGEI 4L OFEEZ AWT, HdlEEFEEONERIWE Th % GarMnAs F1d Mn Ttk
DOREZIEHE %, XMCD OFFMI7IRE « BBKAEMZNE ST 5 C LIk VAN, ZORE, BinsF ) —RE (To)
O OO (x=0.042 : Tc=60K, FUrx=0.078: Tc=40K) 12T, & HICFHBHEE N T>100 K Tl =
J—"7 A4 ZANZHED 2 T<100 K 2 69Nk, AV VESRE— AV FOREEMEF 2 Tc X0 Mo icEsiRrbRB L
TWB T &M Tz, F/z, substitutional Mn (Mng,,) & interstitial Mn (Mny,) ORI SCGRBEME R VEH 3748 L
THD, Mny O & Te DMEIIH G 2IZHBI L T T Mngy OFBBEERRT % Mny BAHEL TW5 2 050 - 7,

3CHIC

M-V Eb&YfE Ak GaAs IC Mn % F — /L 7= Gai
Mn,As 2R 7 7R3 2 & DG S N7z DIF 199640
ETHHY, GaMnAs DFERIT, AV o=y A%
BO-ODOFTMEE LT, ZOHOER SN 7 E
FBAREBIC AT TOTFROBRIEFI 7% - 7229, Gary
MnAs iZFFBCEEPIREE T CHTRIE X+ — Il k-
TSN L7290, BTRIE < BAOREED BT SNk
W, £LC, GaAs HFIZ F—7 &N/ Mn A4 A3 Ga A
TVICEHINS (substitutional Mn: Mngy,,) C & 75
Ehbn, —hHT, BTIHEBICEALZMn A F Vv
(interstitial Mn: Mny,) dRIFFICAERK S % (Fig. 1), &
k%, as-grown Ga; Mn,As (x=0.08, &+ U —JRE (T¢)
=67 K) 1&xf L C, Rutherford backscattering channeling
(RBS) %1725 &, F—7IN/cMn A A VD>5H,
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Fig. 1 Schematic view of Ga,_;Mn,As (111) surface.

#917% D Mn A AV 75 My, & L THFEL TW 5T EAR
INTWABY, mEEx#H S Mg, (X, 13V —2H7
D, —OOR—VEFx )7 &L TRHEGFICRET 5, £
LC, Ga, MnAs ORI OR—VICESF 41T
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ZEICED, AV VHBERRET— AV EHUERIRTE— A
VN EENTNERICFHECE 5, WHEOBALIEIE L &
T, BRI D b O RN OB LAY DR D
M2 R EE T, AL EW AR OREDICHR TR T AR
FER NS C LSRR ICHEETh 528, XMCD v 75
IVOMRE « BBKFEEERIE S A LiIc kD, TLHRERD
ISR A FARDL R TE D, S HICRIN (xray
absorption spectroscopy: XAS) A7~ kL& XMCD A
N7 FVORDP G, fERGMEICE T A1EHR 155 C
ENTES, 7ol XMCD OFEM 72 BRI DTSk 10
BB INIZ0,

KIS 7% SPring-8 @ BL23SU IZR%BE I N T\ 5
XMCD #IE2EE TiE, OB EN NU7A7D~E77
AF A%y FEAWTHHEEIZ 6 K<T<300K T, #
EES 7 Fy P AWCCHmMES (H) $H=+10T D
WA TOERBRDAEETH H, T/, WE » BEIHKAEE LR
REHEET 572010 XMCD il AF LADOHWBR LT -
72, Zhick ), XMCD AR FIL—EKB 720 OHlE
RF I A KR ICATA S 4, RBFFETIT - 7o & D 7 F il 7l B
o WSRO R & < HR T X 7=,

XAS & U XMCD XBR

ARHT, x=0.042T Tc=60K & x=0.078 T Tc=40K

@ as-grown Ga; Mn,As'2 D = O% HE L7z, TclifE
R—IVBHRD Arrot 7B MIZ X VIREL 72, BRI O
FHAL A < 72dIT, GaAs ZM _I1C Ga MnAs w8 L
72D, [As cap/GaAs cap (1 nm)/as-grown Ga;_Mn,As
(20nm) ] O X 51T cap B TRHAKBERH 2 E - 7o, Ehld
SPring-8 BL23SU 125\ T T - 72, XAS A7 FILiE,
FHALPE A 4 912, Total Electron Yield (TEY) # T/T -
7oo WEBHEHORIERICERE ST RN HI I L T Mn Ly 5 WX
UitZ 3515 XMCD 27 b )VOIRE « SR % e
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Fig. 2(a) & (b) 1T, x=0.042 & x=0.078 Mn L3 I
ICBT 25 XAS AXRZ PV (ut L pu™) EZNITHT 5,
AEHRE T=20K, HIM@EE H=0.5T T XMCD AR
7RIV (ut—p) BExnEmRY, 2T, ut(p) ik
Mn3dD=xy aVF 4 —AEVOHEEXDNY VT
g — AT (ROPAT) 73556 D XAS AXZ PV TH b,
Mn L %5 D XAS A7 Fovicid, x=0.042 & x=
0.078 DMK & HIC 5 DDfEE (a, b, ¢, d, e) BHAHC
EMbrb, TIT, ut+u OXAS AT VO
b DOBEEN 11275 K DI T RTOARY FIVAEBELL
TWhb, Eb tHdEcicEAT AL, x=0.042% x=
0.078D 5 7= D DKL T ¢/b DFE A K E B> T
5o T XAS AR P VI TR &b O LRSS
PRES>TWAHT EERLTWS, Fig.2(c) & (D) IZx=
0.042 ¥ x=0.078D XMCD A7 F )V OBGEAKAFNE %R
Fo x=0.042 % x=0.078% [L#r 4% &, x=0.0420 77 7
WHomme & HIciEc, d X e DBMEARIBAL T
Wh, COEFIZH=1,2,4 + 6T Dk XD XMCD %X
7B H=05T DL &DXMCD A7 FLEZEL
FINWIcEG AR PVERB E IS Db FEAK), C
NETOMELS, O, d, e IFFRERmEICHTH L
oMl X535 DThHsAZ ERFEMINTVWALEY ) &
> T, F2ld XAS A7 FIVICE T % c/b DRE T
Ga;xMnAs OHFDO Mn A 4 SidED RENTHED 5\ id
cap B ~INE L 72 FEAE R 7% Mn (extrinsic Mn) 12 L %
WETHDHLEEZ], FIT, S5FBIIHEED Rt~
72 L CT\WA Mn (intrinsic Mn) 1< k%5 XMCD > 7 F )L &
LT, ZOWKMIERICERT 5,

Z C T, intrinsic XAS & XMCD 2 X7 F V& B A 7=
WA L 7= FEIC DWW TEBd 5, % intrinsic Mn 12
5% XAS AR 7 PV EES120OIZ, HEE b ORERE
HEDICER D A T, extrinsic XAS= (XAS x=
0.042) —p(XAS x=0.078) I & 1V extrinsic XAS #1585,
ZF LT, k7 extrinsic XAS & FHVy, 7SL 7 @URME A
TEY X » & &\ Total Fluorescence Yield (TFY) & il
EI NIz XAS A7 R0 LRI U 5 K DI R q
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Fig.2 Mn Ls-edge XAS (u*, u~ and (u*+u~)/2) and XMCD (u* —u~) spectra of Ga,_Mn,As taken at 7=20 K
and H=0.5T for x=0.042 (a) and x=0.078 (b). Panels (c) and (d) show the H dependence of the XMCD spec-
tra for x=0.042 and x=0.078, respectively. Inset shows the difference XMCD spectra obtained by subtracting the

XMCD spectrum at H=0.5T.
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Fig. 3 Decomposition of the XAS and XMCD spectra of Ga;_,Mn,As into the intrinsic and extrinsic components for x =
0.042 (a) and for x=0.078 (b) in the Mn L;-edge region. Panel (c) shows comparison of the line shapes of the in-
trinsic XAS and XMCD spectra between x=0.042 and 0.078, normalized to the peak heights.

& C, intrinsic XAS = (raw XAS) — q(extrinsic XAS)
& LT, intrinsic XAS #3R 7z, &KIZ, intrinsic XMCD
AR P VvEEDIZ0IC, XMCD A7 FVIC s A
EbAHZ S L DIT, extrinsic XMCD= (XMCD at 6 T)
—a(XMCD at 0.57T) I £V extrinsic XMCD #5 %, =
C TR TD XMCD AX7 PG & A ¥ DS sty
7% intrinsic XMCD B4 THERL S TV 5 &0 S FHEITHK
DX H=05T TD XMCD AR F Vs OBICHW
72o 2L T, R&7- extrinsic XMCD % H T, XMCD
AT FIVOREE ¢ DIMERHE 2 5 KD ITEB L &EA
G, intrinsic XMCD= (XMCD at each H) — f(extrinsic
XMCD) & L C, intrinsic XMCD # sk & 7-, Fig.3(a) &
(b)i1Z, x=0.042 & x=0.078{C >\ T, intrinsic & extrin-
sic 7 B3 12 5 BE L 72 Min Ly, 3 W 5 12 35 1 %5 XAS &
XMCD A7 b IvamRd, BHOWEK, BEOKT L L
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Fig. 4 T dependence of the spin magnetic moment Ms. (a) T de-
pendence of Mg for H=6 T. For x=0.078, results for H=1
T are also plotted. Open symbols show that of the extrinsic
component at H=6T. (b) T dependence of the inverse of
M. Inset shows comparison between 1 and 6 T for x=0.078.
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Fig. 5 H dependence of Mg for x=0.042 (a) and for x=0.078 (b) at several temperatures. Dashed lines show fitted
straight lines above 0.5 T. (c) T dependence of the residual magnetization Mg| g .o (Mg for H—0 T). Open sym-
bols show that of the extrinsic component. (d) 7 dependence of the slope of the Ms—H curve above 0.5 T, i.e., the
high-field magnetic susceptibility (dMs/dH | g~o51). Open symbols show that of the extrinsic component.
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Nature of magnetic coupling between Mn ions
in as-grown Ga;_,Mn,As studied by x-ray magnetic
circular dichroism

Yukiharu TAKEDA", Masaki KOBAYASHI?, Tetsuo OKANE", Takuo OHKOCHI3,
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Abstract The magnetic properties of as-grown Ga,_.Mn,As have been investigated by the systematic tem-
perature and magnetic field dependent soft x-ray magnetic circular dichroism (XMCD) measurements in the
Mn L, 3 absorption edge region. The XMCD intensity at high temperatures obeys the Curie-Weiss law, but
residual spin magnetic moment appears already around 100 K, significantly above Curie temperature (T¢),
suggesting that short-range ferromagnetic correlations are developed significantly above T¢. The high-field
magnetic susceptibility becomes T-independent below TC, indicating that the AF interaction between the sub-
stitutional Mn (Mng,,) and interstitial Mn (Mn;,;) ions, which becomes strong as the Mn concentration x in-
creases, exists and that the amount of the Mn;,, affects Tc. The present experimental findings should give
valuable insight into the inhomogeneous magnetic properties of many DMS's.
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