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Fig. 1 Schematic drawing of experimental setup for the XRMR
measurement. The magnetization vector of the sample lies in
the scattering plane.
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Fig. 2 Schematic illustration of the versatile polarization apparatus
equipped with the sample holder for the SXRMR measure-
ment.

9 B 13 BL25SU T 47 W, B XA 26 05 g S R4 K
(HXRMR) %813 BL39XU T4T - 7o SXRMR Tt
XMCD# R DKk =\, FexCo/t ¥ D3AER&E D
Ly s Wi (2p—3d R, & LEHBEO M, s Wi
(3d—4f ) TOWPENEETH 5, —J7, HXRMR
Tid, 3dEBRERBO KWIUHE (1s»>4p BH), Pt Ir
7 EDbAdERBED Ly s WG (2p—5d ER) ORI R
WRETH Ho LT, EBROBIEICS>WTHWT 5,
SXRMR &% 175 /201, %4613 BL25SU O |
W, 2T A A= N T 5T 7 HE 23R E
L 720 RRHT X L CTHMRES & HI 3 A 7212, NEO-
MAX®mE%%ﬂ&i&Aﬁé‘xﬁ*ﬂrfﬂ/ﬁ%f*ﬁ%L7‘:0 Nnw
WD &k, FRFREICH - 7277, 800 Oe 2
FE DI % Eln4 A C &#T%%o ARHT XD #GEL =
NLHXMoOBBICIE, <A 70F» v x IV 7L —F
(MCP) #ii#ia v 72, Fig. 2 10Tk < 23\ 7o EERSE
R, CAUC KD, AEHIHS AL 72IREET, Y
Vr4 =21 OMREEXFICHL T, T=2F A=%D 6/
20 AT LD 20=0~140" DA\ AT SXRMR %
JE L 7=

—77, HXRMR %85 Ci%, BL39XU o Huber #i[E#73}
IS B ARSI B 2258 7, B X SEE T
KEH TEBRATTRETH 5720, FBHE D OZ=MIC Higiy
HHEERD S, dBHZHIINT 5 2 & A TE S5, Ik
2kO0e THh 5, HHIEIL, 1x106cps T TEFEEROHITE
P[RR T NS VY o 7 5 P XA 4 — FHHEE (APD)
RO, D EOREEEZH T, XAYEY FAHETOH
EREICLONI YTy T AA v F V7 Lk b, BT

% 0/20 4 L HXRMR #HIE L 72,

2.4 XRHBHEKRSEDRENR

XRMR 7 — X OfFEHTIC I\ T, BE O X SR D
fERT & [FARRIC, BREET BT > A LT VESEIZ D W
V3al—va VR EHE ik T AT LIk, B
RO E ZRET H, LD, HIBEMBELNF
Seng & Fong BOHMSRETEELR T fonag & Finag % E 3 IEHE
IZRDBLEDD B, LGS TORELAFILZ, T3V

—ICEDKRELAHL, &HILROFEOR kG R U
WSR3 5720, FEOMEF R AV TR
ICIRET HONPEE L\, BT, RIREMHELAE T
DIEBED foe (2 XA (XAS) F—X2 LD RD B, &
¥ fing 13, Kramers—Kronig (K-K) OB AW T
Sfong FOIRET 5, FHIBBRHGELR T IOV TH RIS
Foag (3 XMCD 7 — 2 X 1) 3R, frae i3 K-K OBIRA &
DIRET %, RTEGELRTF AR S, FREICEITRD
PREDRHEEOFENARE L7255, XRMRIZE W T
i3, BRIV IVE &S, Stepanov HiE, <R
v 7 AEE T XRMR OFHEGTEAFE L /21, ZD
#%, COJEE, Lee HiZ k- T, distorted-wave Born
approximation (DWBA) OFHH AT, WAN%ET 7 A
D A RITHREE S 1721920,

%5013, XRMRERT—2 70, MRS 5
A— R B BIICFEHE 4 % 72012, DWBAIZH D Wiz
XRMR #7017 5 N BHFE L 72, R SXRMR CRE
Elr TR A, EERELEICHED < ELAE AL = W AEHE
I COFEFBELN TS0 5 GEERIFE b B[ L 7o, Ak
PO L, & B ICEORALRE O & ILE L8 7 B
MO REELIRIE mp(z) /XS A =2 L5 125D
BT %o mp(2) I, IHTHES BICB T AES 2 OLE
DEEREELIRIE A FZ L, mp(e) =k(2) -mp THZ BN 5,
k) ZHBIERE, mp i XMCD 5 — % 7 68561 5FH
7 REELIRIE CH D, B—L Y RO ILIEARH £ =
mp/ (x—1) W7 4 v T4 VTICKDRD B2, T
CTs fnag \CONTUE g =S mag+ Wmag LTSI, 21T x
=[(E~—E) —hw]/T/2) THz2 N5, (E—~E) |3ER
THVF—, ho FAFXBIVF—, FIKREOT
TIVF—lfgE TN ENEST, AFELEL T, HEHLHIT
-5 72 XRMR 7 =% OfgthOfnig, LLFO#Y Th b,
(DRI T AL — 72 B BEN - FEILE S I s W CTHIE L
T XBRERT 7 7 4 V& VT, FERIER D 35
LA T4 v T a7k, BESLRE S ORI
BREELICH 5T ARG/ N5 A — 2 el b3 5, (2318
ZMHIZ BT XRMR F— 2 2 B3 L, AL S=
IT+I7) /2 T, ()TRDOIFESE /NS A — 2 &
fEICLC, BAEELICH G 9 AR08/ A — X B8 b+

bo BMRBELK D CTh 5, WMED2ED=U"-1") 1L

FHEDOIFFEA=T -1 )T +17) #HT

S July 2011 Vol.24 No.4 @ 203



T4 v T 4 VI K DA B ILEDOMAL DR S W mp(2)
it d 5, CHICEY, BE, BEALT TR ALV
TR AT RGELIC T 59 2 BB O S SIS N2 T, FORHEAL
DWARHEIRE (Blho k&), (g, B, KB
(T 7%A) Ixk, BRELICHST5HABORSHE S
FHi 95 C & ETHE & 7k - T,

3. Mnlir/CoFe 3Siait &

AE RO RETIE, FES5D, XRMR OFFZEHIIC OV
THRNTH, £9, SXRMR K O HXRMR % A v 7=
Mnlr/CoFe Az #s & I O AL & O BFFE#SE KAz D T
HT A, AR &L, etk FM)/REgEYE (AF)
WL O HHELEIRE Ch %, ZOFE L LT, Fig.3
ICRT L5112, FM & & AF BO R i@ < ks 41 &
D, FMBIC—ROBKESEPEL, R AT YV
AMMBEPIRBEIA L TV 7 P58\, N7
AEMENLB G wmd, SO N T AL, FMBEOD
WAL DR & % MRS e WIRRET, B ARSI RIC
DT LR HHT D, HDD OFeAD Ny F =
MRAM (Magnetic random access memory) @ GMR %1
ICHWONS, TF, BREESOESFELICED, FAM
DNy FOYV—IVFEFxy T/ 952 EnERSN
TWb, ZD7®, WK LECTHAR T 7201,
LW IR R & LT, SOBEE T K e ic i N 7
ADPFAETEL T EREREN TS, Fiz, 7/ AD
TERLSP BN EOEHEMEOB S B, & EWE & AN 225k
SNTW 5B, Fll, CHOAmET 2 EREEME L LT,
Mnlr &85 H SN, ZORABHEA TS, —FF, &
BN A 7 ZOFFIZ DWW T, Melkle]oth:Beanﬂ)ili
H2Lk, AF/FM Rmic) < ks aic k- vwionZ

TEm SN &/, AF/FM Hmic s < ks &€ v
1%, —f%IC collinear 7x AV VESI % & A Z L &EEL T
Wh7z8, 75 AL L —F L7 tripleg A VRS 232

ferromagnetics (FM) M

—>—> > —>
—>—> —>—>

—> — > <«
/4——» <« —>|

e

antiferromagnetics (AF)

Va Y

—— <« <«
“«— —
—> +— —> |
“«——> «——>

exchange bias Hg,

Fig. 3 Schematic illustration of a hysteresis loop and the spin con-
figurations of a FM/AF bilayer. The hysteresis loop is shift-
ed by the exchange bias field of Hp,.

204 © HKggtx July 2011 Vol.24 No .4

EENTW5 Mnlr [2 oW T, B WTTREME A B
5o Eiz, FEERAYICIL, Mnlr/CoFe a2k & K O RS RE
BICOWTE, TR -EEEAEON TR, 22
T, ## 53, Mnlr/CoFe &z #afs & OB O TR SARTT
P %, SPring-8 Btk 1 5\ T, XRMR % - T3

N7,

3.1 Mnlr/CoFe & & ED SXRMR BIFE [C K % Co
KO Mn [RFOHALBIED S

POEREME R O Mn i, @it E R o Co JEFI2 D
T SXRMR JIE % 1T - 7224, Mn @ Ly W5 T %L & —
13639 eV, Co® Ly Wi T 7 ILFE—3778eV Th 5,
WEsehy, MgO #ElR i~ 7 2ty 2y 2y w7
BEICEVEETHEL 724D TH Y, (1) MgO/Ru (30 A)
/Mnlr (60 A)/CoFe (80A)/Ru (30 A) Kt», (2) MgO/
Ru (30 A)/MnIr (35 A)/CoFe (40 A)/Ru (30A) » 2 &
HMThsb, RugidnNy 77 BREFv v TETH S,
Mn & Ir OB IEIZ3:1, Cod Fefpkltiz7:3T
Bho ARHEMICAH N A T A Jere S & 572, 3URHA
PICEATIZ15 kOe OGS EI L, 4 B§Rd, 270°C, HEZZ
TR O ZM TR OBMEE 71T - 72 IREIRURNEL 75T
(VSM) 12 X B3R ORALIIE OFER, RO N1 7
ZDKE XL, EH1)T400 0e, N KH2)T500eTH -
726 VEHR)DZHE/NA T A/ NZ WD, Mnlr J@@H%F
W, BN T ABERT HEREE (~254) 4
ﬁmt@f%éok%b@ﬁﬂk@%Mk@%%w%¢
Tid, BURHEALIZ AT %, AEROBENE, (T
A AL — TR o789, Fig. 1 TRL 7-%ER
BLEIZ 35\ C, MBI O Jita &SRO/ S A T ARG D i
M 24T RO AT D 2 2 D 4T SXRMR % Il & L
720 W0 T, KERTIEANY VT 4 h RUSNBEGYE B T
BELRMHRREA Ty 458, 15,117, I~ DA
FHOBRIE & JIE L 7=,

Fig. 412, SXRMR F—xO—f & LT, @EHDIZ2W
TCol O'Mn D Ly W W ¥ T %)LV F — TH B M 7
SXRMR F— % %7Rd, #k X #EEEKIC 0 TiE, XMCD
WEND K E WD, BEIC Co Ly WG T % I)VF —TD
T=RICOWT, N VT 4=+ TLRHRT a7
FANWBKEL RIS D55, Fig. 513, ALK
U@ >\, Co U Mn & Ly Wk T % V¥ — I35
i7" % SXRMR DI Frtttt Ag= Ig —15) /U +15) &/
Oy L7=bDTH%, Fig. 513 SXRMR 57— % H LR,
HELR G A L 72 D TH Y, #FTLEOMILOES T 1
T ANVERBL TWb, £/, Co KU Mn LR E D
RIS 2 > T\ b, EEMICE 2, IERFRIE T
A CHRBONAIREFESE ORI RN OB S % Bk L T
B, T/, REGREOKRESIZERL, BRI 7%
APKEL L, EESLECPC R 2L k5, F
B, Fig.51Ic 5T, RO ColfFDOTT 7 A )LD



PEw 7 Z T X RABEHTURSTH(C L DRMTER « Bt S B EOR LS

Intensity (a.u.)

100:. PR T ST Tt T S/ NP R
00 01 02 03 04 05 06 0.7 0.8
-1

q (A%

Fig. 4 SXRMR profiles at the Mn L; and Co L; edges with the x-ray
helicity = + 1 for sample (1) of Mnlr/CoFe bilayer. Marks
are experimental data and solid lines are calculated curves.
For clarity, each profile has been displaced vertically.
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Fig. 5 Asymmetry ratios of reflected intensities Az at the Mn L; and
Co L; edges under positive magnetic field (4 ) and negative
magnetic field (4 _). In the figure, (a) is for sample (1) and
(b) is for sample (2). Marks are the experimental data and
solid lines are the calculated curves.
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Fig. 6 Depth distributions of magnetic scattering amplitude my(z)
with the sign of the magnetization direction attached. In the
figure, (a) is for sample (1) and (b) for sample (2). A verti-
cal broken line shows the position of the interface between
layers. The inset shows the Mnlr/CoFe interface region.
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Fig. 7 Results of HXRMR measurements obtained at the Ir L3. (a)
The average intensity, S, = (/T +1;)/2 is plotted. The
marks are experimental data and the solid line is a calculated
curve. (b) Magnetic asymmetry of superlattice Bragg peaks
D.=(If—1I:)-q* The open and closed circles are D, and
D _, respectively. The solid line is a calculated curve for D .
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Fig. 8 Depth profile of Ir magnetization. The dark green bars show

the obtained value of m(z). The solid line shows the fitting
curve of mg(z) by Gaussian distribution.
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Fig. 9 SXRMR profiles at the Fe L; edge with the x-ray helicity = + 1 for [ FeCo/Pd], superlattice samples. In the figure,
(a), (b) and (c) are corresponds to sample (1), (2) and (3), respectively. The marks are experimental data and

the solid line is a calculated curve.
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Magnetic structure of magnetic thin films and
multilayer films studied by X-ray resonant
magnetic reflectivity

Shuuichi DOl Device and Materials Laboratories, Fujitsu Laboratories Ltd.,
10-1 Morinosato-Wakamiya, Atsugi 243-0197, Japan

Abstract X-ray resonant magnetic reflectivity is a powerful technique for examining the magnetization pro-
file of sample in an element-specific way because it provides the depth-resolving power of conventional X-ray
reflectivity technique with magnetic response of X-ray magnetic circular dichroism (XMCD). We have studied
magnetic structure of magnetic thin films and multilayer films developed for the magnetic recording devices by
using X-ray resonant magnetic reflectivity. We succeeded in determining the magnetization profile of magnet-
ic elements in the Mnlr/CoFe bilayer system and superlattice system. We report these experimental results in
detail and discuss the magnetization in relation to the magnetic properties of the samples.
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