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Exchange Coupling of bec-FeCoNi/bec-like-CrMnPt Films and Lattice Distortion of Their CrMnPt Films
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Exchange coupling of bce-FessCosoNiys/bee-like-Crys-
MnysPtio films and lattice distortion of their CrMnPt films
were investigated. In this system, the unidirectional aniso-
tropy constant (K.) continued to increase even if the CrMnPt
thickness (fconp) Was more than the critical thickness, be-
cause the lattice distortion of the CrMnPt film was ampli-
fied by increasing fcamp. The reason for this was that the
total stress applied to the lattice of the CrMnPt film
through annealing, due to a positive spontaneocus lattice
distortion of the CrMnPt film and a negative FeCoNi/
CrMnPt lattice mismatch, increased with the depth in the
CrMnPt layer from the interface. The K. did not saturate at
the critical thickness because of the negative FeCoNi/
CrMnPt lattice mismatch.

Key words: exchange coupling, unidirectional anisotropy,
antiferromagnetic film, CrissMnasPtyg, antiferromagnetic
crystalline anisotropy, lattice distortion
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Wi, PERIhE EEBHEREEEEOE RS LT
disorder 2@ (PdPt)soMnso fE (at %)%, PtsoMnse %, disorder
FD Mngolrzo Y, CrisMngPty 58 hid 3. Choothc
RGBT CrasMngsPty,, ORI £ EWB TS,
BAFEZF], CrsoMnse BRI Pt 2709 % &, NigFeo (F/@)/
CresMnysPtie (BB #EEBEIHENKREST K. # 007 erg/
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ESF+ v v VI RT 5 LD RATORFRESE» BT 5.
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EHELRET 2.

2. EBAE
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) OBREXEROTER LA, ToDBRIEIR VY A — 45—
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BAICHBE YL Vol. 22, No. 9, 1998

NI | -El ectronic Library Service



The Magnetics Society of Japan

diy ZEH LA, 620 2% + v Tld, CrMnPy110) -2 &
FeCoNi(110) £— 7 OA BRI ni. £ITOH20 2%+ v
DERN S dio #EH L. —FHD diey &, Fig @) LR &
512 w 8% 0 deg o x BhA 4 60 deg ICEE L 1IREETDIE
WEHEXGEMEcL 3202 %+ vOEEMSBHL
CrMnPt D bec DI EMFME» SOTIEER R TEE)
% Fig. lb) DLHICFEET B E, BWTEER (K TERE S,
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Fig.1 XRD experimental method and analysis: (a)
26 scanning method used with the w and y axes set at
0 deg and ~60deg and (b) schematic illustration of
the method for estimating lattice distortion of
CY.|5MH45P1.10 film (EJ
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Fig. 2 M-H loop for 15 nm Fes5CosNis/100 nm
CrysMnysPtyo films annealed for 3 h at 230°C.
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3.1 FessC050Niis/CrisMngsPty, BOIEEES

Fig. 2 12 156 nm FeCoNi/100 nm CrMnPt (&Ko 2L E
% (230°C-3h) © M-H g 2R ¢, M-H BRI TR0
2V 7 b LTED, He %94 0e, He$# 800e MiFoht,
Ho %194 0e % K, BT 3 &4 0.224 erg/cm? & 150, K
XN K ABTAHIEND o1, Fig 313, B—EolE
B K. DIREIKENETS B, K. 3% 200C £ TH 0.224
erg/cm? ERENEAEHEFLTEY, »o&E Te$9350C 2FH
T35 EMbhoT

3.2 —HEBRAMTEE vs. CrisMny:Ptio BOBFE

Fig. 4 12 FeCoNi/CrMnPt #£&HED as-depo ¥ & U'EVLHE
%D K, ® CrMnPt R (fonner) M Z TR Y. EIREAKIC
ITHEED - B LLGTRRET L 72 Co/CrMnPt #EEED K. D foanm
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Fig. 3 Temperature dependence of the unidirec-
tional anisotropy (K. of the 15 nm Fes5CosNii5/100
nm CryisMnysPtio films annealed for 3 h at 230°C.

0.4

0.2[CoiCrMnPt
230°

o
w
K, (ergicm?2)
=3
—h

o

0 10 20 3? 40 50 230C,3h

t nm
0.2} CrMnP?

0.1}
Asadep.

Unidirectional anisotropy K (erg/cm?)

o

20 40 60 80 100 120
CrMnPt film thickness tounpr (NM)

o

Fig. 4 CrgMngsPtye thickness (fcrwnp) dependence
of the unidirectional anisotropy (K.) of the 15nm
F€55CO30N115/10~100 nm CI'45MH.15Ptm films.
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%R L 7% FeCoNi/CrMnPt &8 D K. 12, Co/Cr
MnPt#ESEO zh & EHBMEIZ X v b4 5. fee/beelike
#FEE L7 Co/CrMnPt (8D as-depo B &L UEMILIEE O
K3, HcBEARKE 20 nm UET—EARLTVE. —4
D bee/bee-like §EA& & L 72 FeCoNi/CrMnPt ## S 0O as-
depo @ K. (3EERIEIE 20 nm L L T—FE@ERLTHE 50
D, BUHEO K, ($EERBE 20 nm TEEIF0E F 20 nm LY
FELTHAELLE->TULB, Co/CrMnPt LD A 15 54
TLOTOOERMEROTIESED K, [1BIH% L FERIEE
I LLI% —FEEAE R L TWA". 22T, FeCoNi/CrMnPt
FEABEOBMEHO K. 520 nm PLEE LT RS < 5 28
IZoOVWTLE, #®5tLA b, I ToBERERD, WEE
L (CrMnPt #EFOERE V O kYRGBT % 1
F-OEPFICLD K. WEBUET LI LS B CrMnPt lEE ¢
£ L7'? FeCoNi/CrMnPt (&80 BML DR R4S %
20nm & L7cDid, () BUUEIC & 3 K. [0 E4rE Ky YA
5 EEKERITHRLVIBTUL B, (i) Co/CrMnPt &4k
DML 2 K. [ LS b Ko OWRICE 3 L3 I hTL
57, BUPBHOEREEIT as-depo &EIL 20 nm 257U T
LBY i) NIOBEA+ +» 7BELTHEELLIEICLS
CogoFeo/CrMnPt §E&ED K, b L4 K ORAIZL 2 &
FIlEN TV EA, ZOBEREEEF v 7EATEL TV
WEBIEFEIL 20 nm 2R LTV 38, (iv) 22 (i) BL U (i)
OEBREERL, Kar OBAIERBEALTZ 5 ERIZEE - T
VWITWZ EERLTOS, Z&hy, BREER as-depo & 3
MIBRE TEOLOL VLK L2 TH 5.
FeCoNi/CrMnPt £ &EOBMBE D K, A5 20 nm L L&
LTORECBIEREL TR, fenem 2B T 3120 T,
(a) Kar DX, (b) V OHEINN, () $&AEEDREM, AL TO
BLEMELONDY, £IT, XEEH4A1T- 4. Fig 5a)
BL U (b) iT 15 nm FeCoNi/30~100 nm CrMnPt &g
@D CrMnPt BED d\o BL O dioy OPEHER A T4 teanpe BY
20nm LT DEED ) BLU dig ZRFTERDH 12D,
CrMnPt(110) B L U (101) fid 5> DEHTE — 7 AIEE TS
Mmotel &k, as-depo D dyo BLU dioy (341285 2.08
AZRLTOE, —HOBMER®RD d\, 8L dig (2, as-
depo Dol bZThENNBE L FMEL 2N S>OINE
BBLUOHEZEE oo 2B T 3100 > TKE {5 6]
WHB TIT, Fig.5@Q LT b)Ddue BT d DA
() AL CrMnPt EDIETEE # 8 L7, Fig.61c%
DFERETRT. as-depo DR FEE L 0% TH Y bec DI L%
FiEZ2E LTV 2., ~HOBIBEROBRTEE QIEQEARL
P teap ZELTRRESTHEALTOLE, 0l &,
CrMnPt BiZE W T, BUIE D K. H as-depo DZFh & i
NTHERLTEY, »DOF0 Ky 1t tepnn 2B T 2IZ0E-T
BALTOAIEATRBELTVAS®, Lizd->7T, EaEit
3 K. [ E530iE (a) @ Kar DEAMESLTHE, —3,

* CrMnPt BUz B LTI, MHYMNERAHR L E S, K, 3T
EEIRIIHAT 2EREEETEY, B K 3 Ky A8
BRKTLERECHBEINTLAEIE DS, BTE E piltkd
5E Kar WIERT 5L T A EIRNTH S,
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Table 1 {2 15 nm FeCoNi/30~100 nm CrMnPt (&&ED
as-depo EEMIFEE D CrMnPt(110) £ — 7 OX{EIES £ U]
s eRd. BIEEO CrMnPY110) E— 7 OF(EEE &
CloHradfE L as-depo DENS EHNTIREA L ERDI L,
FER» S, BUERIR TV BIUBAERIRELALE
fELTuRnEticE, JoIEhSBMBICY 3 K, AL
SIS (D) DV OBINE LU (0) DEAHEORNIRIZEA L
B5 LT,

PEDZ s, BB L5 K. [0 (@) O Ky Oh
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Fig. 5 CrysMnysPtyg thickness (fcome) vs. the inter-
planar spacing for the CrysMnysPtyo films: (a) dyis and
{(b) dyar.
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Fig. 6 CreMngsPty thickness (femnp) vs. the lattice
distortion of the CrissMngsPtyo films (E).
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Table 1 Half-width and peak intensity for CrMnPt
(1 10) peaks of the Fea5C03oNi15/CI‘45MD45Pt10 films

CrMnPt thickness Half width  Intensity

tcrmnpt (NM) (deg) (a.u.)
30 As-dep. 0.82 682
230C,3h 0.81 695

50 As-dep. 0.69 1307

230C, 3h 0.70 1300

80 As-dep. 0.66 2086
230C,3h 0.66 2135

100 As-dep. 0.64 2544

230C,3h 0.64 2548

Ktk 26D THY, D Kar ZETEE D torune K%
5 feniore FECTARICH-THARTEIENDE -1, LKL
A5 T, bee/bec-like #4 & L7 FeCoNi/CrMnPt #4180
HWERO K, PEERBE 20nm P EE L THREL L AHE

2, leminm 212§ BIZHE-> T CrMnPt O E AR
B TEDID Kap DERTB1.DTH 5,

3.3 CriuMngsPt BEORFEICHETIER

Fig. 6 ORMBEDKTEE D tenm EELTHICEST
BT 2 iz VLTEEL 72, Fig. 7 ICBWIEER: CrMnPt &
ERTIIMA SN TOAIENA # — PARd. BEmICETE L
IEE D 589 60 deg UV F2 CrMnPt #5&AFAS (110) BL U
(101 [ETH 525, FEEAMEIC [(110] Alb), foiAENC [001]
Hil (oet LLFOMPMEDE S c i) #5655,

CrMnPt {58 T3, Bz L O dyo BEE L2 digy B9
MELEME. TOIEHS, CrMnPt &G I (AR
12 Fig. T@ISRELTH A Mb - T3 LEah T %Y,
AIEFE, CrMnPt SR FHIBERNCEA MBI EILLD
HELTOWAEHAINZ2OTAREDIANLEERTS. £/,
BREOIEHOFMBLURIENI X > TEL BB TEED
HE%, CrMnPt GG T EREMNMCEA LM I HETS O,
7> Fig. Ub) T TITLIZE »THB I EMNS, EARET
5. 5%, Fig T(a) OIEH*BMRGEEICERS 100 TE
5 BREQIGAEMER L -0, BEREREICERT 51T
HOKRE S FEEY 300 MPa) T3 Fig. 7(a) DILIOKE
& (WE(EYy 1.5GPa) A3MTad, EMIIENT 2R
SMEM St TH D, T, ARETH LS,
ZhOENKT 2UHNEREPLETH B0, 50L 5 NIO
(111) TR < SHE" LB 228880 CrMnP(110) [H
By TuhwsnTREnwhEELTHA Lal, CrMnPt
BoOMSEESIRNTSY, YHAREISROBRETH 5.
—H O REFHAO CrMnPt &I T1213, (i) FeCoNi/CrMnPt
EE TR D E /112 bee/bee-like S& D 2B IEF T,
(i) 6-26 2 % + » DR S FeCoNi D a #li X U Fig.5 @
diro, dioy DEERD S bet HEEEGEL T CrMnPt lED c %
BHLTAZEFNEFNE 287 A BLUH 297~302 A
(e =30~100 nm) & 75 8, CrMnPt BD ¢ §lihs FeCoNi &
Dok OEL, (i) CrMnPt SR TRINA s BN DS
EHcEAPTOHEAZAE L TV DY, (iv) 38 O~ o
CrMnPt oD ¢ 83 FeCoNi [ED a iz L L 5 LINFEL 12
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(a) Stress on the lattice  (b) Stress on the lattice of the
of the CrMnPt film CrMnPt film around the
FeCoNi/CrMnPt interface

—_——N SN

Stress due to
FeCoNi/CrMnPt
lattice mismatch

Stress due to spontaneous
lattice distortion of the
CrMnPt film

(c) Applied stress on the lattice of the CrMnPt film vs.
depth in the CrMnPt layer from the interface

Stress due to spontaneous lattice distortion
+| / of the GrMnPt film

tﬂotal stress

Deptﬁ in the CrMnPt layer from the interface t (nm)
/

/\ Stress due to FeCoNi/CrMnPt

- |/ lattice mismatch

Stress (a.u.)

Fig. 7 Schematic illustratin of the applied stress: (a)
stress on the lattice of the CrisMnysPtio film, (b) stress
on the lattice around the FessCosoNis/CrisMnssPtio
interface, and (c) their applied stress vs. the depth in
the Cry;MnysPtio layer from the interface (¢).

MBI EMS, Fig DR L TH AEAMBEIINEh TS
F7, Fidv) o, RKIEHIRE TORTFARAIC EWLT
WBIENDLEDT, BRIAESKERT ALNLERT
5. Ff, BFREESCERT ZINN0HRE L TR

L - THUBBTEE DL, Fig. 1(b) T bec DI AT
M die DIFET 3 HEITH 2 OEBARITS 5.

Fig. 7(c) WEREOLS, KTAESCRET 207, B
CINSIEAME CrMnPt BEGIC 81 3 Rifid 5 DIRE S [)
OFERE (1) & OBMEE TS, BREOSE CrMnPt BHHET
Wi p—FE LTEOI EnSKFEROL I iz L T—
FEHDH, —HORTFABRGIERT IR TRELT
WA, RAPOEIMIICE->THET S, LaH-T,
BAREEOETEBFAREICERT 361 L0hiE, e
FEOLHCHA» O EIHBICRE - TEHEIHERL, BT
fESIIERT AL IMKRE R kB AsTlENT 5. K
th, RETOEHMEAESHIGERLTH 501, CrMnPt I
A TFABOOEEASZ T BB Ar W AETHELZBE
2, TOBTEEREHNELSEIEAHERELTVRELDTH
Y (fenar 50 nm O & XK TEE (147 —1.28%), 0l <&
P SE Ar # AL TR L 72856 T b REFEOEF ARSI
BERTAENEPKOREVEEETE 3, 5TH 5.
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Fig. 7(c) #H\V 2 &, BULFEE DR FEE D lepnirm KBS
THTE5, 5 CrMnPt 58K Dt 12H1F % CrMnPt By
BFUODIRTFEE 278 E'(t) TE&HT 2 &, CrMnPt
HRBTRMA ShilShoAEcEA P TOHEEEL TV
5T &y, BABEBEDIETE E'() O tKRTFHEE Fig. T(©
DIGFRND t {KEICEL L7 dhig 2 /< & FBxh 3. L1
BoT, BUEROKTE E'(W) O tikEHELIToE Bz
5 ETHEang,

(@) &TEEW IRBIHETAARERL, REhoES
MBI - TIEARICHEALTH S t=1t, TO &35,

(b) FEEWIF Lt ULLETEHBELD, ISEREDS
EE D BIHE - TIEAMITHEAL, BFRESICRERY 2157
RTS8 E A TS 5.

IIT, XBEWTTHIE SN ARTEE R, I8FEED O
ENAES LUBEEAROFEIETS S, LEh-1T, K15
EDOBRIER Q)REBMLTVWAE I Lzl 3,
_ KE(tpdt

LerMnpt

E'@y :E'(t) OHEAK RO
IIT, BEROBTE E'() O t kit b BIBER O T
E E'(t) Ot YL FIRRIC Fig. 7(c) OISHRID ¢ KP4
PIL AR EFENE. Lizd->T, Fig. 70) BL U
@) X&) XBREH L SHANS W 2 BUBEORTEED
teom KRR TOE B DIc B EFHEN B

(@) O<tcrnp <<foy (o> 3 to DEIANATRIOES)
BHEOBFEENBMENE DKRE X2 tovr 25
UE- THiVT B,

(b} {to) <teornpe
tenmnm =Cto) DEEDHAFEIDBRTEEICINAT, EHBDH
TEENBAISNE. ZOLEHEDBTEE DAE X fonpom
ECT R -THEAT S,

CI7T, Fig. 6 DBIIBEORTEE O temnm (KEME L LD
(b)) EEEMICE -8B DI &L, Fig. 7 oA
A= JRBBBUCRESETHEILATELTVE, Lizh-
T, Fig. 6 OBMIBEDIEFEE D temam ZIEL T BICHE-T
HRT 2EAIE, BUER, CrMnPt E&EFicHmEATL
5 BREDILEBFAEESICERT 2157 & OG0 R
POEID B> THERKLTVWELZHTHD CrMnPt 58,
WTOEENZDIEIHNGED 12D T, ZDHHBFTEEH
tenvore 2R T HICHE > THART 3B RICEZ LB TH
5. 74, Fig 6 THANBRASFOBTEE SERNEAT
WBIRWLA, CNREBARICEA T AEREMIETIC/hAC,
o) WEFICHNE L AILH BT, AFAOBTEE % X
HOHTHRTER VLD EELLNS.

34 —AMEFEEHICBTIER

Fig. 4 @ bee/bec-like 46 & L 72 FeCoNi/CrMnPt #5408
DENE% O K. EEREE 20 nm T LA VERIc>LT
EE L1 Fig 7(0) THRIAESICERT 260 EEE ¢ H
REDENILOELELEVE LIESIE, I8FEE (2335
ERIRDZBEIZLY fcame KW L TIEHEIO—E@ATT.
DI EDS Kpr 3 teommp X LTI Y, K, (RIERES

E @)
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PbT—EictibtFand. 22T, KP4 BET L7
¥, BFAESEEML SN /CrMnPt £ 450 K. ©
tonuor RFFYERRRET L 7o, ST RBA 2 KB 2 72 01213, B8R
RS D a Bl & CrMnPt D ¢ i % —H X # 5 4EHH 5. bee-
ConFes BEICATHEREOKE L AuZRM L, bee-CogFespAusg
RO a #h% CrMnPt BED ¢ #iciT 53 72 CogFesAus/CrMn-
PtEEBIED K. O teovar IREM AR L2 & 2 5, BB % O
K. BEEFREE 20 nm LILET—E@ (K.~0.178 erg/cm? %75
TEVOEEREG ., KR, BB, BTABSICRER
$RILHAPREASHEUEL FHREOLE ST UMK LIVIES
i3, BLERO K, GEEREE 20 nm L ET—ELw Al &
ERELTEY, b0 TFEE 42 —F, B0mEE [
REDIT IO B8 O A RET 51605

LTOBI5EE, Fig 4 OBIERO K, 0L 512, HEREE
20nm TREIFOLALE O, L7hi->T, Fig 4 OBMERD K,
MERFRIEIZE 20 nm cHAfD L 2 WIRKIZ, B, BHHORK
FARSUIURERT 2N ELET 210 TH 5.

RIZIC, BICHTEE 1.3~14% 2651 22 & oo EE
ED Kar 2L T3 EFEENS Co/CrMnPt 54D
MIEEHD K. %) 0.138 erg/cm? & fenmp=50nm O & XD Fe-
CoNi/CrMnPt $#£ & B OBUIEK D K, %9 0.210 erg/cm? % H
BLTHBE, FeCoNi/CrMnPt 4D K. OHHAE L,
FeCoNi BB D Hy, 135150 0e Th ¥, Ha BAXTVIRSIC
SRR O R A DEAARNELBY, K. 3FLETL
TLESDMBEHFRTH B, 24 bhhb oS4, FeCoNi/
CrMnPt #EGHIEE Ko 245 L TV 3. FeCoNi/CrMnPt &£
SIEDE K. (3, bee/bec-like &0 125 RE OB FIAR A5 —
BL, BMAEIC LD Kar BEAD K. [ FICHNIC R & h o it
HERLTOLS,

4. £ & ®

bce/bee-like #5585 & L 72 FessCosoNiys/CrasMnysPto 5208
DORPEEEFEB LU CrsMngsPt, BOBTELRA LAk
£, FiiosEkRz1E7.

(1) FeCoNi/CrMnPt 48813, CrMnPt EREHITA = 75—
THREAUERK 0224 erg/em?, H7 o % v FEBEH
350°C 25 ¢ 5.

(2) FeCoNi/CrMnPt 54 OBMEZ O HE R HHE
HoBERER 20 nm LI EE LTdAZE <5 3HE, CrMnPt
RIE%IE <4 5120 > T CrMnPt O TESE AT 3 -5
TEZD7:® CrMnPt BEOM SR AU ERPEATE100TH
%,

(3) FeCoNi/CrMnPt #£& D EMMEK D CrMnPt D%
FES CrMnPt BEEE ¢ 21t » THRAT 203, SULTE
7, CrMnPt & FICEIE h TV 2 AREDIES EEFR
BAKERNT 267 QIR RED SES h LI - T
RLTWBHTHD CrMnPt 88T O TR Z O
ZHES T &g B,

(4) FeCoNi/CrMnPt 55O EBMB®R O —FHaRAHE
HAHEEREE 20 nm THADL 5 WIERIE, SEE:, 556
(HREELRXFAME) OBRTABEICERT 2IH0EET 3
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