The Magnetics Society of Japan

OAICHAMS TS 24, 1319-1322 (2000)

(v ->

NiO/a-Fe;03/Co0 FrRBiEE & NiFe & DITRES

Exchange Coupling between Antiferromagnetic NiO/a-Fe;03/CoO
and Ferromagnetic NiFe Films
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The exchange coupling between antiferromagnetic NiO/
a-Fe;03/Co0 and ferromagnetic NiFe films was inves-
tigated. The exchange-coupled NiO/a-Fe;03/CoO/NiFe
films exhibited a large unidirectional anisotropy of ~0.17
erg/cm? which was the largest value in any exchange-
coupled systems containing NiO based antiferromagnetic
and ferromagnetic films. Moreover, the NiO/a-Fe,03/CoO
films improved the distribution of the local blocking tem-
peratures. The local blocking temperatures of the NiO/
a-Fe;03/Co0O/NiFe films were localized at high tempera-
tures of around 200-230°C, whereas those of the NiO/NiFe
films previously studied were widely distributed ranging
from room temperature to 230°C.

Key words: exchange coupling, antiferromagnetic, NiO,
NiO/a-Fe;03/Co0, distribution of the local blocking tem-
perature

1. BL®IC

MR 7M1 27 KBOSBEELCEI T, 2Ly SV TRIBER
BSIETNE~ v F (UUF, GMR ~» N LBET) OFIREESH
BILLTWA, SEE(LOHIZIE, GMR A~y KERKNS
74t ¥+ v FELoo, BEHNOR EERS LT NIETS
5710, GMR ~y FORAHT VI, TwJ AR -8 ORI A
T35 (Tw: b5y 208, | BREE AR WKLY, 8 5
FHOD, Lchi-»T, VERLESEEHIZIE, GMR ~y FOD
AR, BEVIICH L X2 hAid — A v F &85, BHEEH
fbENTWVBEGMR ~ v Fid, ReEEICESHOH 5
PtMn B4 8 L 72 PtMn @M GMR ~» FATRTH 5.
Z1L7T, PtMn @A GMR ~ vy FIZBWT, AR %[aj L9~
{, RE VY7 4 vy —EORERKE® £ NOL (Nano Oxide
Layer) DAY BEAICKLENTVS, LpLEns, &
NoOEWIcL2 ARMEICHRAENRI> b 5. 12,
PtMn HEI(ZEFMEMH 5 72, SREVPET OIS, gito R
PHEU B, —F, MERERE & U TR ke A L 78 E8c,
HEEICENTVWD I ELSRHREMNKLL, BEMNLICTE

3. %7, BY/2BRAETIERARE 2 7 —HEELEL
BLINTHN, THICLD AR AKRE(METE 2 LOHE

BH B ThoOWREHEL, BE S, NIO X—2 DL
YR BRI E ORI 2D TV 3, Fujikata 4% NiO & ki
E &S nm O a-Fe,0, EABLE S % & NiO @R X » Bif s
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RHSEARHHSEON S CEEAREL TWAE I EH,SY, NIO/
a-Fe,Os [ICHHMA A2 EA T A ThET2#EH TV 3, NIO/
a-Fe,03 MOWMFTRBER LT DO 3[ATH S

(1) REGHEAHR He). KEE—FHREGHEER K.
NiO/a-Fe,03/NiFe D K. (3§79 0.13 erg/cm? L #jEah T
BOY, EROLDICE Hy, THDODL K A2TELRZITRE
(BT ENEE LV,

2) &7 uvFx v riBE (Te). NiO/NiFe [ED Ts i34
230°C TH %%, NiO D —)VEE (Tn) 13 250C THBH I &%
EET DL, Te=230C WRAMMERETHS. LT, 2
TOFEIE T 0y + v VRESHORE, MELT 5.

GMR ~ v FOBIERRE I3 100°C TH D, TOHBETF
T, EEBRITEN Y F, BEr S5 v AR EZHTY
3, F1, HEICLYD, —HNS, X0SROBETICLS
SEINB¥, XoT, BEERIISENTVSE K 13, TEH/
TEROBET COMEIMAEZI THEINT, BHED
BAMETXANENS D, Z00DITR, BA7oyF v
BEN OfE, RESLETHS.

(3) 7#IE{L. NiO/a-Fe.0; I, Sk Y — L FELHHA
EbETTRF v » 7EEFENR SN E¥. NiO/a-Fe,0; EDE
B b OBRFR 13K 50 nm TH 5559, [HicsFEE 40 Gb/in? LILE
XS GMR ~ v F T3 30 nm LU T & TOREHMEOEEL
DRHBEELEINTVE,

AT, GRS A NiO/a-Fe,05 (ki) /CoO (Frid) fE
EFrEicky, B0 )& Q@ IcREBRRMBRONILD
T, THICOWTHISET 5. 8, CoOWmE AL -8
i3, NiO/CoOUEE &2 &ickbh, NiOHERKICH
X, BAK 30%, Hew, THbH K ZREL TE B EDHEMN
HBHTEickBY

¥ BETICE D GMR ~y FICERPHENL D, Ya—BUT K
DEE FRAEL B, BED GMR ~vy F TR, 20 FREEIH
A 300°C BELRRbLONTWLWAY, HERICLARE ERE,
AREIRIIBVT, A~y F2FTHR-TVWEEE, ADb-
F o= UMy FICENAD &I LS. - T, NIO
D& D1 Te=230°C FEE ORGEMER A ER LT B3,
Joy*ySRESHOREAXS LEFEC, BRF7ay ¥ 7
SRS o B 38 (Fig. 4 © R SHBT 2R ICHY)
EHEIBVEOBHERERSLEL IS,

NiO (38R BLEFEEE T2 100 NI v — b FERICER A
) =245, COMBEERRT BT, Ty — i FEAESIK
LET 08NS B,
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2. RBAHE

NiO(50 nm)/a-Fe:03(2 nm)/Co0(0.5 nm) & & NiFe(6 nm)
BEORBBEABEAER L, HESEEEEMHL:. 22T,
a-Fe:03 BE 2 nm, CoOEE 0.5 nm i3, KEW He, T4
LK AB20ORBEETH S, NiO, a-Fe,0s, CoO, HL&
UNiFe ¥ =% » P 2R, #5284 (2 —= v 7Ly,
#7059) Lic, NiO &, a-Fe:0s i, CoO i, £ & U NiFe fE%,
MR, rf 2%y 5 ) v JEBEBCTERL . BEEEEL 4X
107" Torr LIF & L, Ar FEAKP TR L 7o, EARERE 4~
TEE&E L7z NiO M, a-Fe:03 8, CoO &, # XU NiFe D
FEFZ RS D Ar 7 AL 0.6 mTorr, X7 —BEIZFNEFNKY
1.1, 1.1, 060, 3XU 014 W/em?2 &L, TDEEDRNy
g0 v 7 L= R, FRENHK0.130,0.033,0.024, 0.053 nm/
s T - 7. NiO/a-Fe03/Co0/NiFe BRI, BEZEHR R
BULEEEE =AW, BET - 7o, BRHC—HRER 3 kOe %
L 75435 230°C-3 h MR L, [E—ARIOHR 2L 72
DOERE THHEIT 5 2 &2 L D NiFe Bic—HREH A
5Lt

HED Hex 13, HREFEIER G VSM TRIEE L 22, T i1,
PUo A= —ickDBIEL. Bonicr v h—T 0 1[E
RS & 0 Ke 2HH L, Ke OEKIRELARD, BEL .
Br7 oy v 7BEOSTIE, EZEhR PS4 /A
W, I ERE A R A S L - Bl R BV E TR L
7.

3. HRLEE

3.1 A

Fig. 11z, (a) % & S B LIATE % L 72 NiO(50 nm)/NiFe(6
nm) &%, (b) Fujikata 5% OBHER LT -» ERB oMK
NiO(50 nm)/a-Fe;03(2 nm)/NiFe(6 nm) i, (c) FrEifa s L
T, a-Fe03 & NiFe & & O R CoO % A L 72 NiO
(50 nm)/a-Fes03(2 nm)/Co0(0.5 nm)/NiFe(6 nm) B D R{taE
BERT. ChoDaBlo Hy i3, #heh, 188,310,365
Oe T& » 7. NiO/a-Fe,03/CoO & 45 Z &ick b, NiO B
FEI%, NiO/a-Fe.O3 Bk b RE Hy MBS0, He %2FLE
SHBIENTEL,

CoOEDIAIC LY, He ORI EIRVBEONIOT T &
HISE L7, Fig. 212, Fig. 1 &FEBEOEEL (a) NiO(GO nm)/
NiFe(6 nm) f&, (b) NiO(50 nm)/a-Fe;03(2 nm)/NiFe(6 nm)
B, (c) NiO(50 nm)/a-Fe;03(2 nm)/Co0(0.5 nm)/NiFe(6 nm)
oK OREERGEEEZTRT. ERTOK B, Theh,
0.09, 0.15, 0.17 erg/cm® TH »tc. K FREERE L bICT
Va7 YRR L, Zo0RBdNTH 230°C © T %
RLTHD, CoOBEBAILLS Ts DIETDHVI &AL
7.

PLE, BGEREMHE A NiO/a-Fe03/CoO L §5 2 itk
D, & Te#9230°C 2 LoD, Hey $HDBL K %[ LX
#5ENTE L SEIEARL &, NIOGO nm)/a-Fe03(2
nm)/Co0(0.5 nm) R & NiFe [ & OAZHEESED K. 1345 0.17
erg/cm? TH D, T OfHEIE NIO ~— 2 OREHEE O b Id
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Fig. 1 M-H loops obtained along the easy axis for
exchange-coupled films: (a) NiO(50 nm)/NiFe(6 nm), (b)
NiO(50 nm)/a-Fe;03(2 nm)/NiFe(6 nm), (¢c) NiO(50 nm)/
a-Fex053(2 nm)/CoO(0.5 nm)/NiFe(6 nm).
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Fig. 2 Temperature dependence of the unidirectional
anisotropy (K.) for exchange-coupled films: (a) NiO(50
nm)/NiFe(6 nm), (b) NiO(50 nm)/a-Fe,03(2 nm)/NiFe(6

nm), (¢) NiO(50 nm)/a-Fe;03(2 nm)/Co0(0.5 nm)/NiFe(6
nm).

RLEWETH 5.

FES I, SHRBO NIO/EHMHEICE VT, Ha THLEL
K IZH5 L TV A EIREESMEIE, Meiklejohn € 71T
DT LOEREREZEBTVEY. ZOEA, K. JrarMr:
Map BT 3. Jear SGEHM:/ BRI TOR E v —3t
B OIS, Mr (IEHMEOMTE~ 2 v b, Mur i
MR oMK E— 2 » F THB. Meiklejohn € FNICH
WTOD Jrar DRE S L, BEEBEOERESY Jr, REERIMH:E
DRBIESY Jar DR E SIS HESN D L OWENH 510,
FRE-S>DRB O BB L NiFe lEERILTH 205, =5
DOFEETD Jp, Mr DREXSRBREILTH S, F7, Jarlid Tn
KBl s EpmonTVS, Dbt xlEZ 5L, O
CTOK AL, Tn, Marp WKEL L BIIERE L BERNICH
BT ENTRBENS. NIOD Ty, Mar i3, 250°C (523K), 1.9
up TH B, a-FesOz3 D Tn, Mar 13, 677°C(950K), 5us TH
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312 CoO @ Ty, Mar 12, 27°C (300K), 38up TH B, L1z
$ - T, NiO/a-Fe.0Os/NiFe A3 NiO/NiFe ik 0 b K& 13
K. 27734 D3, NiOITHRT a-Fe03 D Ty, Mar WK E W
HEEZ B, LI LIS, CoOD Ty, Mar id, a-FeO3 @
205 &0 d/h& L, NiO/a-Fe,03/Co0O/NiFe A3 NiO/a-
Fe,Os/NiFe X & K& 7 K. #/RdHBITO>WVWTIH,

Meiklejohn € F 2R WTOHREAMNTES, I<{bhon
Mmootz CoO BRI 0.5 nm EHRETH D, CoO(111) BLfa L TW
BLERETHE, COBRER L 2=y bV EHEKT S0
MEH/NMERE 0.7 nm £ H biEL. TOT Eh 5, CoO(0.5 nm)
I N7 @ CoO & IRBRL ZWSIMEEEE L TVWA &M
FHEN 3, 5%, HFHRIFTETETH 5.

3.2 JouvFxvTEEOSH

NiO(50 nm)/NiFe(6 nm) &, NiO(50 nm)/a-Fe;03(2 nm)/
NiFe(6 nm) i&, ¥ & ¥ NiO(50 nm)/a-Fe;04(2 nm)/CoO(0.5
nm)/NiFe(6 nm) fElc>WT, Bff7 o+ v 7BEOSHD
MEZIT» 7. Fig. 31, Bl RPBNEEICL /7
oy & v SRESTHOFMAEERT. BAREE, LEEE
O MSHEL L 72 ac BRI B LELTHEDT, TIT
FREE S EARIcE EBTEBL.

%9, Fig. 3R L9518, de R L RERN A & H5ETIC
1AL BEERERPAMEEENICEA- LY P T 5 K
12, de IR TR AEEE S G20, b BGHBARIRE (Tr)
T TIEL, 5 9 Te DREICHRT 5. &R, HERSP
THREEZR E THEIT 5.

Wi, WA EEENS. & Ty h o OEEMATGEKR D
EOWMRE Hoy &35 &, Hey & Te 05 Ty OREERICKH
7oy vV REART AHEOERTOMEHAOKRE S
TH 5 (Hex, To-Tr). Hex 13, EilD S Tp OREHEHHIFHAH 7
oy F v SREAETARBGOERTOMBEHAOREXLE
WHZ B EMTEB (Hex, RT-Tg). Hexy (T D5, Hey, Tp
Ts) & Hoy (15, He, RT-Tp) FERELLTEHZ SN
BDT, Hu b Hoy 2 LGIC T EICKD, ZEiRDS Tr D
BEGHICER oy F v VBEEE T AKAOFERTOMS
BER (Hey, RT-Tp) DRESIWRKE 5. RIRIC, He, RT-Tr %
Hux TE|ZC &ick by, ERAS Tr OiREHBICKE 70 v
v BEAETAEAEOBRTOREHA~NOHFSER %
BHi4 3. DR I unblockable lhAEERL, —/ 52 —%
ELTOEMMBEE ->TWAIEMSW, ZITHR EFEIT
sz B,

Fig. 4 12, (a) NiO(50 nm)/NiFe(6 nm) I, (b) NiO(50 nm)/
a-Fe,03(2 nm)/NiFe(6 nm) &, (c) NiO(50 nm)/a-Fe,03(2
nm)/Co0(0.5 nm)/NiFe(6 nm) D Tpxt R HifE 5 /R 7.
NiO/NiFe JET3, #100°C T R BHEBEL T, L% Tr
MEL BB -TRELHE>TWVWE, N, FR7o .y *
v TIBEDNFH, EiE (8 20°C) ~%230°C OEESRHIC 7
O—FIZRHLTVWBIEERLTVWA, £-TC, FBF7oy
F v VREONTHIEIRF 210C b5 &t b, JhicH
L, NiO/a-Fe;O3/NiFe T34 180°C ¥ T, NiO/a-Fe:03/
CoO/NiFe JEICE - T3 200°C £ T, RIZ0ODEZTHY
P RMBEELTWS, Ihsi, #0%h, Bif7o v+ v
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A dc field cooling
with the sample rotating
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Fig. 3 Schematic illustration of a dc field cooling
performed with the sample rotating in order to estimate
the distribution of the local blocking temperatures.
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Fig. 4 Unblockable ratios (R) of the exchange-coupling
field in exchange-coupled films: (a) NiO(50 nm)/NiFe(6
nm), (b) NiO(50 nm)/a-Fe,03(2 nm)/NiFe(6 nm), (c) NiO
(50 nm)/a-Fes03(2 nm)/Co0O(0.5 nm)/NiFe(6 nm). The
unblockable ratios (R) of the exchange-coupling field in
the exchange-coupled PtMn and NiMn/NiFe films
previously studied are inserted in the upper left for
comparison.

TBREDO DK 180~230°C, #200~230°C DEEHIFHIC
SERBEL, poRFAFT o+ SEEOSHIES 50°C,
30C ICEFTRBESNTVWA I EERLTWS, Libh»s, KiE
Bt % NiO/a-Fe,03/CoO L 35 2 &Iz kb, NiO BB
8, NiO/a-Fe, 0 i ~TRF 7o v + v VBEOY AR
200~230°C L EEBES B E0TE, poFHR7oy +
vV BEOATIES 30C It TIERBTE 3 I E8bh- k.
Wiz, oo, Fig.4 ® LA, NiMn B, PtMn Eic> W
T, BES LR NET Araki 5 EH L2 Te W R i
HAWEA L7, NiMn i, PtMnBEid, W& & b4 380°C L&
bEWV T 2B 5EMETH 5. L LA S, NiMn
& PtMn B &, #1200°C TR IIN 02 THEDOMHERTE
5. Thid, FlzE, BB EITLY, GMR ~v FA235200°C
EVWOBRETICE S a3, CORENTEENy F, kgL
PoS VS LARERAZITEFOL FHMENLESICR,
2 E|DORPEESE NS v ¥ L ti—HEEFE b BEHRT &
BT 3. —7H, NiO/a-Fe;03/Co0 D R 13§ 200°C Tb
0ThHa, hid, BEZLEICLD, GMR ~v FA5200C &
WORE IS s sh, CORET TR~y F, Bika s,
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55 v LRBHRAZITEOLEERFINLEBETS, EHHH
%o K, OEEMIEFETE 5 2 L AEWEY 5. NiO/a-Fe,03/Co0
i, 200°C LIT TO— AR AMOBHILZER L VS AT,
NiMn &% PtMn i & W - 725 T 263 5B L 0 BN T
W3 EMbho .

I s8I % NiO/a-Fe 03 &, NiO/a-Fe;03/CoO L 9%
Z itk Dy, NIO BB, B 7 ov+ v 7 BEOSH
HiEEd AEEICO WTEE L. NiO/a-Fe;03/NiFe i,
NiO/a-FesQ3/CoO/NiFe fic W T, Bt 7o v + v JiBEE
NENZNH 180~230°C (#453~503 K), #7200~230°C
(#1473~503K) KERFET 2L VS T &E, NiIOD Ty=
523 K (< /ar) W EABROHBICB W CORFT 7 0y & v 7RE
DERRITER) 453~503 K, #7 473~503 K (o< Jpap) 121492
RMENTWAE I EERBELTVES, 20T, He 371
DB K T35 L TV A RIS SR O RS, 88
& F MpMpyp OFMEBRLTWALENHBLEEZ S, L1t
HoT, a-FeeOs B, CoO &\ » 7o BigiIL, 55UV A2
koY, TRD5, MplMar ORHEGBE L2 EFRRE &R
AR L, EERNEEARSY, 3bhb5, BBXZ Myl
Myr OEMHEBET 2R RBRESGHEIEOAEW O BT 7 4
Wy —ERERIL, ZODFEER7T oy F v IREOS TN
mEL-bDEWETS, 0700y —{ERICLD, NiO/
a-Fe;03/NiFe I%, NiO/a-Fe;03/Co0/NiFe OBt &
PRI DD NIO/NiFe [EOZh L h b E-TLE WL, &
DRD K. DIRTHREE SN B0, 1Ll b a-Fe0, B,
CoOfEfEAIL & % K. [0l L33 K & <, NiO/a-Fe;03/NiFe
5, NiO/a-Fey03/Co0/NiFe Jid K. 45, NiO/NiFe o % h
LD HbARELHABRIZE->TVBIZE NV, FEIT, NIiO/
a-Fe,03/CoO L+ B Licky, 7oy v VEED
ST NiO/a-Fe03 BEICH AT E L TOWAEREIC>W TR,
a-Fe,O; HEMMEIETIMEL D & a-Fe,Os/CoO RN N 4
D7 4y —{EAD L B D EEL TN,

4. ¥ & &

BRIL VIR BRRIMERE 2 NiO/a-Fe,05 (Wr7E) /CoO (Ki) FEfE
WiEL L, ORI S NiFe 8L OGS REEE %
i LR, FilokmEsr.

(1) NiO/a-Fe;03/CoO Rk EEHE L4+ 5 I LItk
D, &7 oy F v IEER230°C 2L, AR, T
bt —AHEAMERERLEE S &N TE . NIOGO
nm)/a-Fe203(2 nm)/Co0O(0.5 nm) f& & NiFe & & O #iE &
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Bo—HH R AEEER 247 0.17 erg/cm? TH Y, NiO ~— 2
DIBEHMEEOR TRROEVVETH 5.

(2) NiO/a-Fe:03/CoO Rttt EEHE L 5 Lic &
D, FAi7 oy % v VREOSHEK 200~230C &SRl
WE, Fii7 oy * v JBEOAMIED 30°C KT AL
MTEL, THITED, NiO/a-Fey03/CoO & & SRR &
REGESIEIC B VT, 200°C LIFTWArE 3 Hlaph S ORER
EZThH, TO—HHEAEERRIBHROBEES L2
Lol

W OB AR -HRIEEE oY b [BAREFR
WEAFIEHEE ) O—EHE LTNEDO L SERIFEINTEML
1z,
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