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Co/bee-Cr, Ni/bee-Cr AT FOHESIEIIZIE

Magnetoresistance Effect of Co/bcce-Cr, Ni/bee-Cr Artificial Superlattices

BRHERRE « A% — « AHEH
BEHBRFILHE, ZHERTREXAEE (8464-01)
Y. Kamada, K. Sugimoto, and M. Matsui
Department of Material Science and Engineering, Nagoya Univ., Furo-cho, Chikusa-ku, Nagoya 464-01

Epitaxial Co/Cr and Ni/Cr superlattices were prepared
by using MBE. The crystal structure, interlayer exchange
coupling, and magnetoresistance are discussed. The crystal
structure of the Co and Ni grown on the bce-Cr{001) were
distorted hcp(1120) and, fcc(110), respectively. In the Co/
Cr system, an oscillatory exchange coupling, similar to that
in an Fe/Cr system was observed, and the MR ratio was 2%
at most. On the other hand, antiferromagnetic coupling
was not observed in the Ni/Cr system, and the MR ratio
was less than 0.1%. These differences are discussed from
the viewpoint of mixing (alloying) at interfaces.

Key words: Co/Cr and Ni/Cr superlattices, magneto-
resistance, exchange coupling, epitaxial growth, MBE

1. #

ERMSHEIZIER (GMR)Y B LU, B ORZ RSSO
WM BRI & 2IRBERY1E, Fe/Cr ATBTFTORRLIE,
B« IDHEE D SBIL b 1o, BiEA THRFIEOKX
ENRF—2D—2LM->TWVWE, Thi TS, ERMED
TEEZSFLFREAZDDIOVTIHENTHLN, ZoHE
DERVHIPHRESNTE L. YHIOMETE, ALRTOHES
WKLY ERBIERPEBONLD LN, 20—>DFEKFEL
T, BRAEREED BEOEEEOTESI LT TH 722
EBBFONE, Boll, TE€5 %Y » VERED Fe/Cr ATHEF
T220% (1.5K) DREX MR bAFEXINTWBEY, Tk
i, BEBATHRTEESL ZOEREEE M EET 5
T &M, GMR BLUBRESZE 2 3 L THERTR LY
TH3. TIT, Fe/Cr RITBWTHEMEE% Co, Ni oA 72 &
XD GMR, BREHEEDEZEVIEOVWT EEN SN, L
L, Fe/CrR& B Y, Co, Nild NV TENEF N hep, feo
BE LD, bec FED Cr OBESUNEBEV - DRBELHABOE
AR TH 5. Co/Cr %2 TIE, Parkin SHBRHFNIC 25% O
MR HEREL TV 242, EEEBETO VTERELIMINT
WIEY, Zeidler 53Ty & v » VEOERIATY, BRI
BPHMKEREC O VWTHELIT> TWVW5EY., Fe/Cr &EED
Cr BT AF 2o 7V v IBEST BT A MELT VB,
BHRF RSN TORY, /oYy 7 7 —BHE HSIE
POBPERIT > Tz, —F, T¥ %+ ¥ v+ Ni/Cr ATH
Forefls LU, WKIED - BEES T A RERIChET
IRV, KRFETE, SFRIEs+ v~ (MBE)EEEL, T
¥4+ v Co/bee-Cr, Nifbee-Cr ATHRFE/ERIL, &
T, RUMENE, MSIEIREETY, EREE, BREES.
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SHEMERLZ VG #8! VBOM v 27 A%y, BhEEZerit
1 X107 Torr, BREEZEE X 5X 107! Torr DBEEEFR T
fT-%. Co,Ni l& eb-gun TH&Z L, BEHEIC/KRRSHE
BEit2 AW/, CroBBIR I I 77430842 8EE L1
HiE K-cell ZHWe, ZBEFEERIVTNEH 3~54/min Td
%, 7z, Co,Ni,Cr & & AN OFiED b D% FH L. Crid
BLEHEOODTHRERELEETNATVEI ENBID
T, BEFNZREOEHERODEOMEIAER Uk, EFici
MgO(001) ZERHL T, F+ Y N—HNIKEBAT ZRICHEESH
U 900°C THEWEARE L /-, RANCEWERE 500°C T Cr
Ny 7y —JE% 100A BELZ. 2oL %0 Cr EHEZ bec
(00 ETH - fo. 2D e BB 90°C T [TM xA/Cr yA]
(TM=Co, Ni) 2% 03X L 20 B s ¥, &%ic 50A @ Cr
F oy TEERBESR. 5,y 3ENFHH 5~30A ot &
L.

REE R i in-situ < RHEED (RETEEBTEET) 2HV
TREMBEEHEL, A% X BREFEE (Cuk,) 2 H
WT 620 2% + YT 20=1.5~20° B XU 45~90° &I
ZREL fo. BALRDE B E RS BIRIRT (BRI
13kOe) AL, 45K TOREICIE SQUID 2HW 7. &,
BIIROWE GREINME 17 kOe) T3, EFRPIHTES
ER L.

3. RBRERBIUEE

3.1 MR

Fig. 1 ic [Co 8A/Cr 29A1, O/NMEH L Othf X BEHF-<
F—VERT. ¥FIA M-I BBKEONBZI LD, B
HFRATRBEZE > ATBRTFHERS NI EBbH 3.
[Co xA/Cr 18ALy Oy X HEWT X4 — v hd, RF v 7E
T E R TR EE S 5 O mEE 2 FEE L 72 b D% Fig. 2
WY, Cr BOHEMMIR Co BREEIC L SFRIE~NLI D
bee-Cr, dpoy IKIEWEES Y, £/ RHEED iR E bHHE T
bec(001) BETH 5 2 L 2R L 2% —7, Co /B
CriBobnip/Ns<E->TBY, Co BEENEINT 3 IR
W, 2NV 7 D hep-Co, daizo) W#IE T 5 2 Ed8bh - 1o, EE,
Cr(001) Liz 300A @ Co #BEX ¢ -HEEO X BEHF <
% — v iTid hep-Co, darzy O A E— 7 B S h, RHEED -~
s — VvOBBEERYL HHE 5 &, Cr(001) Lo Co iZEE s
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Fig. 1 The low- and high-angle X-ray diffraction pat-
terns of a [Co 8A/Cr 29A1,, superlattice.
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Fig. 2 Variation of the layer spacing of Cr and Co as a

function of the Co layer thickness. OA: [Co 4A/Cr
9A1:, @A: [Co/Cr 18A1,, Mk Co 300A/Cr film.

g 5 & (1120) B\ L7z hep-Co 2T 5 T & ASHER S 1
7z,

BRI LT, Ni/Cr ATKETORBERITZTT - 2R, Cr
(001) o Ni ZREE BT % & (110) B L 72 fee-Ni O
AT 5 T E0ibir - o, Fig. 3 KEEMNEWEAD Co,
Ni @ bee-Cr(001) o9 2 HABAKREZTRT. Co, Ni &3
AT 4w FOSE/NE B K ST, bee-Cr(001) [110] KR
Fld BT, O BEER BREFMMBELLDEE
Z5h5. Fig. 2 iRk dic, EESHVEAEIIOLD
HAMBRDO b ETHEBDBALEERE>TVWEbDEED
Nn%. 1B, RHEED /¥4 — v OB X, Ni/Cr ATHEF
DREERRHT O > VTR THE T 35,

3.2 BRSO Cr BEKkEH

Fig. 4 ic Co/Cr AT FOERTOMLHRE RS, Kl
P & EE O A FICREE %2 BTN URIE 217 - 7. Fig. 4(a)~(c)
»5, CriEE%2—Eic LT Co BEAHEL LTWwL &, BLE
BEIETEA L o BEEEARICE(L T 5 2 L 8bh 3, Fig
4(c) @ [Co 8A/Cr 18A%, REEBLE LS ->TH Y, BEW
ftbREVWT EH 5 Co BEIZREEREZLTWALEZS
N5, —74, Fig. 4(d) @ [Co8A/Cr 9AL, TRIFEU < BERHL
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Fig. 3 Growth relationship of hcp-Co and fce-Ni on
bee-Cr(001).

ETHBh, BEREEEL, 9kOe fHETRAEY 7Y v 7%
f2ZLTWw3B, Col@fliZ 2 € v PEHICERICH T, KRk
HEEAEZLTVWRLEEA LN, BEWMLAREO A LItk
b, Co BEOHARELMT LB TELDT, CrEE
& BRI L M, THIRSL L 7R/ L (M./M,) OREfR% Fig. 5
R, Fig. 5(a) iLAER» 58 5 h i Co/Cr, Ni/Cr D%,
Fig.5(b) IZ Fe/Cr R THE I N T W BEY%/RYT. Co/CrRT
BEREAORBERLEESN, ZOFY &AIMHIE Fe/Cr
HREBIEFROREITH B LBbH» B, —F, Ni/Cr BTl
M/M, © Cr R 2 EFEIcRBIIR S e, BRIt
BREWT &6, NiBEOHRESKEMESS ERRASH
1w ots. TOERRIOWTRETTEET 3.

3.3 5E mixing OEE
KEFFETIERIE hiz Co/Cr, Ni/Cr AT T 0 il gy 1
HOBALOKE &I, BEEBRESEVEE, Vs OfEI
MBS LTV, 22T, "V 44T CoCr TCr
259%, NiCr Tld Cr 12% OKER CIERMEICI 3 & &5 5
nTwab,. o Ed»r 5, Co/Cr, Ni/Cr ATHRFIIARET
mixing KX 2 ASBHERE W TS AREEMSEZ S0 3.
ZZTFig 6Dk REFNICESVTRETO mixing %5
L7, FTRhbbigtE%2 - 2RTOBBEAHTORES
s, Fig.6 OXHEFRKB-TVWBE LT3, TOEER
FHFEOE>B{LOKE &3, Co, Ni EED 100% OFERT
d5 2 @ hep-Co, fece-Ni EEREOR LERE>& L, Cr &
mixing %I LTV 2R TR & » TRALSER 5 &
RIET S, TOMEBEINS Co 50k Ni 247 0faf
BtoRE SERKNTRT T EMNTE 3,

Co/Cr it 2W T My=M; nepcoltco— 0.75¢mix)/tco

Ni/Cr iZ2WT: Me=M; teeniltni— 0.88¢mix)/ tni
RS T, toopn LT Mteony 270w b L, BEHEEH
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Fig.4 M-H curves measured for the Co/Cr super-
lattices with an applied field H oriented parallel (/) and
perpendicular (L) to the film plane. (a) [Co 31A/Cr
18A50, (b) [Co 16A/Cr 18A%L0, (c) [Co 8A/Cr 18Al,, (d)
[Co 84/Cr 9Al.
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Fig. 5 Variation of the M,/M, ratio of TM/Cr (TM=

Co, Ni, Fe) as a function of the Cr layer thickness,
where M, is the remanent magnetization and M is the
saturation magnetization.

ooy BHERD B RN D by FRBEO BT ENTES, THHD
FERE Fig. T 10RT. B 5N fuix 13, Co/Cr TH BA, Ni/Cr
TH 12A £ ok, TOEFATIE mixing OB (Eni=0)
BEMNS AT TFOBS, fafifbid vy LRICKREE &R
3.

—J, N FHEIC L B & mixing DEWVIES TS, REN
D Co,Ni i Cr OFEIT & » TRMLBSBDT 3. Licdi-T
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Fig. 6 Mixing model in a Co/Cr superlattice.
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Fig. 7 Variation of M-ty as a function of ¢ry (TM=
Co, Ni).

POREDIAMO > TV B SHB. LL, Co/Cric
HAT Ni/Cr T©O mixing BBSAKZVEWVWIERIEBEDLD K
WHDEEDLN, TOBVHPBRHESOBVIENTVEELE
Z5., $1bb, RETO mixing Of b Iic BB IEREE
DESHHENTETLEY, i Ni/Cr FTEOLKEL
TEho, RERENEREALIED SRS EZ SR
3. zoftiic, MBS CriE, A4BL2BE A LItk
DIRENCEET B 7 = VI FEDEIANY F VBB - 72
AREHESEZ SN B, Tz VIHOEENbI O WIZHEE
MOV TRAETH 3.

34 HBSERHE

Fig. 8 12 [Co 8A/Crl, [Ni 18A/Crl ® 77 K TORESIEHL
DORIEFERERT. Co/CricBl L T BHEE A R R4
mLTWw3, Co/Cr 2T Fig. 5 TR UIREN & AR S
EHEEE (MR I oRESHESh, BKTH 2% © MR
B o, Be i, ERREREEHO S & T Fe/Cr ATH
TAER USRS 2 BIRE U743, [Fe 9A/Cr 9AL, o BV T,
42K THAfE 116% © MR %875 Fe/Cr & Co/Cr D&
Wi, HEooERHEOKER " oBETRX S, LS, A
THFARETOMMERFAE S FFREME2BER L2 & 20|
FORF VY v VI X NVF - DEDPREBET OBEE
(random exchange potential) Ic75 % &£ %, Fe, Co i LT
SEIFENEBEB R EMAADLEZLZD MR A HE
LTWwa, Felax LTI MMEEE LT Cr2HVWRER, &Y
VAEVDIREBFNFe DT 2 WIHTRLEARF VY ¥ v b
&, CCD72VIETERLBRF Y Y v VEBRBE—KT 3
EHELTVWE, ZORRE, 5Fv v R VEBFOIERMNTHD,
MR BB RICE B, —F, Fe 2 ColcZEZ 3L, TOH>D
RF VY p VITEBEL, MRESTEZEFELTVWS, C
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Fig. 8 Variation of the MR ratio of Co/Cr and Ni/Cr
superlattices as a function of the layer thickness.

DFETIZ, REICBY % mixing % 1 JHFEE L, REmA
OHEBHNTORELY, A VIREEORVEELS E2/EL
L LTV A0T, FEMIKEETZE3EGEM LV, L
ML, AEBRTHES NI Fe/Cr & Co/Cr ® MR HoZE ZEME
PlicH oo R AT b0 EEZ NS,

Ni/Cr AT#T @ MR thid Cr BEEREMEDS 72 <, Ni BRI
KBRS L TOROVWOT, 01% BED/PNIBEES -
LEZOND.

4. ¥ B

MBE #EZ2HW, = E 4% % ¥ % )L Co/bee-Cr, Ni/bee-Cr AT
BTEERL, SREE BREES, MRIZHE L BEE
BEW & %, bee-Cr(001) Eiz Co iF hep(1120) @i, Ni i3 fec

(110) HDERET 5 & Edbd - f2. [Co 8A/Cr] ATHTFTE
BERSEFESEHE SN, Cr BEAL AL %, Fe/Cr &
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HOBREASORIBEZPBE S e, —A, Ni/Cr ATHKT
Tk Ni BRICHBESERERSIROWEh -, TOR
W& LT, RATOASBOEXGEL SN S, MR Hid Co/
CricBLTHEATS 2% BETHYD, Fe/Cr ® MR & Hig
LTINS WT Edbh-t, ORI, HLEooHE:H
AL BN —3d 3. Ni/Cr © MR i 0.1% BET
H - I,

#H ¥ SRATETOMSIBIIRICO>OVWTE OFRE
Fimx L THV L, ZWBRFI¥MOHt LIR—meh#E,
BREME LI E R LS E .
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