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Domain Structures and Magneto-Optical Properties of FeRh System Alloys
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Magneto-optical polar Kerr effects between 1.5 and 6 eV
and the domain structures of body-centered cubic (bcc)
FeRh alloy, bcc FeRhggPdyis alloy, and body-centered
tetragonal (bct) FeRho24Pto76 alloy were investigated for the
first time. A temperature-induced AF-FM phase transition
was attained at a temperature width of 2 K for FeRh and
FeRhggoPdo1s alloys at a temperature width of 40 K for
FeRho2Pto7e. A large width of the transition for
FeRhg24Pto7s was also observed in the temperature depen-
dence of domain structures investigated by magnetic force
microscopy, and may be attributed to the internal stress
caused by the anisotropic change in the lattice constants
during the transition. The Kerr rotation spectrum of FeRh
showed two negative peaks near 2.8 eV and 3.8 eV, which
may be due to the contribution of Rh. In the spectrum of
Pd-doped FeRhggPdo1s, a new peak appeared around 4.8 eV
and enhanced the rotation. The spectrum of FeRhoz:Ptore
alloy resembles that of FePt alloy, and no contribution of
Rh is observed.

Key words: FeRh system alloy, AF-FM phase transition,
polar Kerr rotation, domain structure, AFM, MFM

1. FL®HIC

bee FeRh #RAIASGIE CsCl g4 & v, FRTIIREY
HTH B, BEOLRICL->T, #1400 K THREMEERIEL
BFIREHNIT 1% OFRBOBEIN AL VRN T 1 RAEERE
PRTHEREAHERTH Y, RKBREOENKE, WHKE
PEFEEMNE TORKIEISR L EPFASL TV B,
FeRh @ Rh % Pt TE# L % FeRh,_.Pt, HHI&413, Fig 1
KRT &5, BLE x=02~1 OFELT bet CuAu B (L1o)
EEE Ly, x>081 TRHEMAMBEELEIEPHMOSNT
Vw58,

x=0.75 fHECTREB CRKERETH 54, BEO LRI
X o TR 1 KRB AR CT. HEBIkY o BidE
%, c BT, = ORR, ABIHAENEN 0.1%,0.3%
BiN$ %. Rh % Pd T@E#: L 7z FeRh,_.Pd, it B\ T biniil
B%, EERSERE, MMM EZD0EVIES BH FeRh Pt
&R 7IRAER] 2R S
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Fig. 1 Magnetic phase diagram for FeRh,_,Pt, alloy
in a composition x vs. the temperature plane.®

T DR RISHENEARIC B O TREKAEERTE O thEPIREE T 13 Rk
& BOEREHAH O LIRS EEL TV E EEL oM DM, £
NoONTE, & HITHREES 5V IFRKEREORE B & O
OB >VWTRIL LTI - THRL,

—7F, FEREKESEIC IR E VWISOEE R 2T T A R4
BT, BIEEESTHY -HROKE W Pd/Co % Pt/Co £/@
R EMEERINTVBY, oK VKSR ORE
2BH<¢ T, Co & Pt PdDE&LHMBERRICTETY
510 THBEVHIFYD, Co® Fe DR EvELUHBEUS
E—4 Y POMABERLTVWEEVIBIBERINTHL
%. FeRh R&4H®D Fe DK/ E— 2 ¥ FDfEI 3.3up &4
B Fe OfED 2.3 up iICHARTREMIKEL, Lird Rh O
K[E—A YV FOERF 1.0y T, Pd BXU Pt DEDH 0.3 us
LD HREVIO X5, Rh iR E VEEHEFALAEL
TR ERBKHEFHRBPRFIN S,

48], 4 1 FeRh,_.M, (M=Pd, Pt) &4 OsaRHEME 3 7
o NRHMEIREER BRI 7 o — THEMSETEHEL, & oSt
FEZX 7 bvd 5 Rh OBSOEFHRNDOFFICO>WTRET L
1.
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2. HMMERBLUERAE

B E LT, FeRh,.Pd, HEIA€%, FeRh, Pt A&
SRICBVT, BERCTRERELRLEBELZEFSCLicLD
WREEANEE T 2 boothh b, RHIRE O HEFHE SR
73 3 fE8H, bcc FeRh, bece FeRhggyPdos, bet FeRhg 2 Ptors %
BAL., BROERIELI T OFINETIT - 7. (1) 4N-Fe, 3N-Rh,
4AN-Pd, BN-Pt #7353 X<V = v MEEHWTT VT VEEE
TR L, aelbUicik, B& 0.5 mm ictI¥ LIRS &
T35, 2 HNESET B, CORKRPEEED
1100°C 24 B5fE, 900°C T 24 BBBWIE L 2°C/min TF
BEchiped 3. (3) RBEREMETRINAIERYCEREL
MMk E < KB E E bic, MRS RE—ICL3, CORE—
oy OlEd L CERERORAER 2 D IiiKEEHVT
RECHELKET. @) WL 38RERMOVFAEIOK
{fedic, BZedh 700°C T 1 B OBy A 4.

FEEEES L R FEROREZELS X R ORI,
Fif» 5 650 K DR T Cu-K, #4 B VWi X HEHTEK
KD RIE LA, BALRIE 3R O FRBAIET B & CIREE B
TEHEHOTEE T=77~800K OHFT, +20k0e D#iF
DRSS A BRI ATB L CFEELCHIN L THT - 72,

BRI A — 2 =7 b VB LU L — Gl BRI i E 28
BT 200~800nm (6.2~1.55eV) D EHET, ZFEH, DL
450 K iR E&H <, WErilimicEEIC =13 k0e HIfnL
TRIE L 7. A — Bk O fafiE Lo B HR B L O h —
[Blx 0 JEIEHHR % SEFIWnE AR T 7 « v 7 4« ¥ 7 L CRIFIMEIC
HE L TR

FERDOMNME LU E R T I I Ve A VAV IVA Y M3
oFERT 7o~ THEESE (/7 2o-71D 2HVTREL
fo. TOHERA Y F LN—E 2 OLRE S TIR L
A EBHH OSSO X 2 h v F Ly —0dtiREBEO
EERET 560 TH 5. AL TRES OAROZE/L%E
M DZEAL (AA) E LTRIEL, ThiulgifbL T MFM &%
B, 1 EET SR EERBOEELZ s €T, HTHE
ek 58 (AFM£) & MFM 84 EEcRlE L. skhic
NBle — 9 —ABEMTAEIRLVEEELEREDS 410K &
TELE €.

3. ERER

WIRB R D X $REHT/ 8 — v A RIE L7258R, bec FeRh
B LUV bee FeRhpgoPdows 2 W TREERIEIR RSN -7
D%, bet FeRhoadPtoss Tid (001) HEAREAR SN, &k
TER OB BRI 3 2 REOEFMEEFENAER, < otk
REVRHER O B BB c RIEFB#RIC 0 3" 5B £ 5 700°C
OEIEIC X - T, BHBOATELTWAELDTHBI &N
9}731 - fe.

Fig. 2 ki, B oM LoBEKRERERYT. Bk bee
FeRh # & U bee FeRhogoPdoss 122 WT it 4 kOe DRitE#,
bet FeRhogsPtors 1020 Tk 6 kOe D% 7 h 2 nakE
ST EIN LI L7z, bee FeRh 38 & OF bee FeRhggoPdo s
T, BFRTRKEEEERLTBY, BEEA RS8BT L
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Fig. 2 Temperature dependence of the magnetiza-
tion M for (a) bcc FeRh and bee FeRhggyPdg s and (b)
bct FéRh0,24Pto,7e alloys in a magnetic field H applied
parallel to the sample plane.

KE->TZRZEN 400K BLU 320K T, L% 2K DiR
BCHEEC RS 2 CEARLTVWAS, CRIHLT, bet
&% HE T 5 FeRhoaPtore TREET &b o IBLHERH]
ah, WA0K SIEVEEBIEE S - TH 340 K TIRIZSEL I
BB L T0 5B,

Fig. 3 I &EEHCDWT, MEHHERREED L cREE Ly
fel EDOAFMB B L UMFM & % 55 4. AFM 2 i3 bee
FeRh # & U bee FeRhogPdoss TIFEFHRLOA X &85 5~10
um THY, bet FeRhoayPlors Tl 1~3um E/PE WV E%R
LTwa, BhicRrLTh B L Hic, MFM BicBi3 24640
ZAt (AA) 1%, bee FeRhggePdois B & T8 bee FeRh T bet
FeRho2sPtors &0 1 HiLILE/NE W,

ZFEETH MFM BHEE & 1172 bet FeRhoaaPtoss 122V,
BEZENS € CEREENE2CHEES S TR, BE%
BAOS®5BET MFM %88 L7, Fig. 4 1z, 300K &
320K @ 2 Iz oW T O MFM %R 9. KR L REOZ
1bdr 5, WALOTEERRS OEEEIRE ORIt > TS
L%, RN E S ORI IEOBERS O A — 5 —icid
BEAEEABRONIZV T E 0545305,

BV O R R R 1 DR RFERIER %, HK £20 kOe @
W5 % EORHIIC SEA T 36 K OCREICHIIN U TRIE L 2858, bee
FeRh & & T bee FeRhogaPdoss i22W0 T, SEHEICETI
BEZZEIN U 756 W b 2 8RS ¥ 2 01 2 kOe BBE T
53THBH, FBHEICEE IS A I U 72854 R L% fafn
SHBDIC 17kOe BENLETH 5 &b 7. TOH
{EHRoRES TR ORRI 26D THS. UL, bet
FeRhozePtors Tid 20 kOe OHIMAIE ¢, HABHEICETH &
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(a) bcq FeRh

Pd 0.18

(b) bec FeRh o,

saor)

{¢) bet FeRh ., Pty
T=350 e

¥ AA=45 deg

s

Fig. 3 AFM (left) and MFM (right) images of (a) bcc
FeRH, (b) bcc FeRhggoPdoss, and (c) bect FeRhoasPtors
alloys. The maximum phase shift AA in MFM is
shown in the figure.

Fig. 4 MFM images of bct FeRhozsPtozs alloy at (a)
320K and (b) 300 K. The maximum phase shift AA
MFM is 45 deg. for both images.

UREVTNLOESICB VT O LIEIEINIGEL S P - &
3o, WEMRAEMWT 100 kOe OREEAEHIM L CRELAI
EEFT- 708, REECETELCEEO WSO b
L7 - 72,

Fig. 5 12, 3EHEOA&LIC>VT, BEHERETOBES
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Fig. 5 Folar Kerr rotation spectra of bcc FeRh, bee
FeRho,szpdo_lg, and bct FeRho,24Pté),7s allOYS in the

ferromagnetic states. The calculated result for bulk

Fe!V is also shown.

H—[EEEA R Ry P VERT. 05 ORI, 13k0e OH]
RS © IR AR M 2 BaF0 L 7S Wiz, bee FeRh 8 & U bee
FeRhgg:Pdo1s TIREALEREMIMEZ HWT, beec FeRhozdtors
D WTId A — Bl o BB A fafEna iR T 7 « v 7 1
v LTCHEAEICBE LD TH B, Micid, kD7) Fe
2U s OBERINCKRD SNBSS — A7 P VARRL
7210 bet FeRhogaPtors D A7 F Vit Fe N7 DR 7 b
WEBL LTV BDS, beec FeRh 8 & U beec FeRhggoPdoas @
27 P VEENDEREEIE ->TWS, FeRh 8D —
Bz ~7 bVt 28eV & 38eV ffiLicBOE— 7 %Ff-
T3, bee FeRh @ Rh % Pd CiE# L /2 bee FeRhogPdois
@ 7% —[EEEH 13 bee FeRh 123t L TRIE O 2RI CRElERA A1
mL, HLL 48eV IO E—- 7 BHEATWS, THiH
LT Rh % Pt TE#HL, Pt DBEHBEHZ W bet FeRhoasPlors
Tid, 28eV & 38eV fhElic3ADPE—~ 7 2REF, 1.8eV
L 50eV HEIKBEDOE -7 2R > TWVWBEDATHS.

4. & g

Fig. 3 ® MFM #1&, bcc FeRhogPdois 3 & U bee FeRh ¢
I ERBEEEAE DR E O FRERK A bet FeRhogsPtors £ 0 1 HilL
vz EaERLTWVWS, LrL, Fig 2 OMEEKRETO
AL @ 8 1 bcc FeRh, bece FeRhogePdois, 8 & U bet
FeRhoasPlors HICFE LA -5 —TH BT LERLTVWS. Th
5 DFERIL, bet FeRhgzPlors TS ® — # ¥ M EBH IC
BERAZ VSN H 55, bec FeRhggPdoss 3 & U bee FeRh
TRBSE— 2 v P RECEHECETTH BT LERLTY
3. X&EH 7 — v TR ONEEEORKRSL L T 100 kOe
ORIBEEIM L T HHALI B8R LIS » R &R T, bet
FeRhgzPtors 13 ¢ BIAEICKEVEIETEEZRE LTS
EBRM B,

Fig. 2 W RE N TW 3 & 51ic, bec FeRh B8 & TF bee
FeRhos:Pdois Tld, REREE—SREENEOEBORIIH 2K &
eV LT, bet FeRhogaPtors TIHERFE OIRIZH
40K &IV, TDEIBREVEBIRBIE A/ Sy ) Y IET
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fEBIL % beec FeRh BETH B hTH D, ZhidlBoR
BH—icERT 2 b0 EERSNTVLEY, UL, TITHR
L 7z bet FeRhoasPlors DK & WIEBIRIZLIT 0BH T, KD
Fg—Tidnd, RERBOvTRICLEbDEELON
3. () REofEslicBL T, ilRoB—HE+HcEE LT
EBIUEUHETHERL I bec &2 E T 288 REHE
DINEWVT &, (2) bet FeRhoaPloss W EHRREMIEE B E 550
340K T, a B3, c 3L, I THY T REIRES
ERTHBDT, FERNIBICIIES EENNEET 3. —74,
FeRh RESOEHBEE IENIC L > TEMT H EPHSN
TWBY, ZORWOENS B WIEERAIC X » THREHEED S
KB OB IME SN 3 2 Lick b, HEEE KR
R D3 LT U BB DR SRS B

MFM 12 5\ CREIERIC & 2 (I OZL (AA) OFIE
RIRE ORI - TR 208, RFTNICE - JoRREER B
B TOAA DEDOA ~ - 3EBR OV T &, B
WA & SRR OREART SO TH 5. MXFERBIC O
VT, FERROKS VEREEC BEEREE HWT, FS
HEAETHSLENS A5,

Tl k5, FePh RELIBWVWT Fe i3 3.3us &
VWAKREWHR T A ¥ 2D, Rh BREVLRE VHLEH
BERE lus EVIHBHIARSVEKRE— 2 ¥ P EROLD
iz, FeRh ZASIREVHIOLEDRER > LMEIRFSh
7z. L& L, Fig. 5 OfERIE, KEVESKE—2 Y FBIUK
FVRE VHEHEERMREVS —EIAEECSES, &
WO BRI SRV EERLTOV S,

bee FeRh B L U bee FeRhogoPdois DB — X X27 MIVTH
5N3 28eV & 38eV fHEDHDE—7 Rh DFETHY,
Pd DBHIC L > THET % 48eVHRKEONZAHDE— 71
Pd Ik 255 ThsLELONE. »—[HEMAA FeRh Tk
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NTREVDWE, TOPAdick? 4.8eVTOEDOE -7 D%
Biek3bDTHAH. bec FeRh @ Rh o—f% Pt T 0.76
E#2 L 7z bet FeRho2dPtoze D X X7 M VI FePt D X X7 bV
EFEHEPTHEY, L, #—[HEANOFESEMREVWEE
Z6H3 Rh 28 Fe ® 1mol it LT 024mol BELTWVS
bbb od, TOMRSELNZTVERIZEER TN
Th 5.
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