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Effect of Annealing on Magnetoresistance in {bcc-Fe(M)/Cu] (M=Co, Ni) Multilayers
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The influence of annealing on the giant magnetoresist-
ance effect in [bcc-Fe(Co, Ni)/Cu] multilayers was in-
vestigated from the standpoint of the structure, especially
the preferred orientation of magnetic layers. Samples
were prepared on an MgO(001) single crystal with an Fe
(Co) or Fe(Ni) alloy buffer layer by an ion-beam sputter-
ing (I.B.S.) method. The MR ratio of both [Fe(Co)/Cu] and
[Fe(Ni)/Cu] multilayers increased to 53.6% and 42.3%
after annealing at 200°C for 28 hours and 300°C for 2
hours, respectively. It should be emphasized that the pre-
ferred oriention of Fe(M) is (001) and that Cu shows a bct
structure. The MR ratio of [bec/fcc] multilayers in-
creased as a result of annealing bacause of the increase in
the preferred orientation of the magnetic layer.

Key words: giant magnetoresistance effect, [bcc-Fe(Co,
Ni)/Cu] multilayers, annealing effect, ion-beam sputtering
method, preferred orientation
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EABSIENZE (GMR) ORREEE, A€ vici&EFLE
CEEBESELT, £BATHRT, Py RxAES VI7=a
S—HEDOLH IS FXTRPRIBBAKITDOATVS., T
T, SEREBEICBLTRBRERPRICH L TRELFIT
AR L IFEARO _SORTRALHRSTOATE /L. &
AROBEREOBIEAYRIFEST LA THAIER
(MR) (LR & faMBELHIcKE VT EBRETH 5. B
HMOZBEOWE T Co/Cu D & 5 i< fec B & fec FERE
#EH LU Fe/Cr ® X 5 iz bee BB & bee JEREHEE O S
BhHOBEBEISDVTHE(HESATVE, ThikxdlT
bee/fcc DA AL TRBEFIIER IO, BIER
(MR) Z{b R L fec/fecc Ric R T/hEWEBBESh T Y
5279 ¥ ARSNGBt B oz BREE I
ER 2 120 B oS RSB B EH I EE T
BT EMFRENB, AT HE T bee-Fe(Co, Ni)/Cu
B, 475bb bec BUEE fec HHBOMAADEOEE
BOBSHRIC >V THE LY, bec/fecc DFBROBTUE
MR RESKAEE L UBTOTFHIBEKET 5 L 28
&1, % TEHHETI bee-Fe(Ni, Co)/Cu HREEOHS
BRI T 2 BNEH R LA, SREMECPREO I+
vy S E OB L OBGRERE L.

2. HBEREIUERAE

R4 v e -2y F(IBS)EICIDAERL, 2

BAGHBS$SE Vol 22, No. 4-2, 1998

Ny S HRIBATERVA, BEEEFE2X10 Torr AT T
MgO (001) B ¢ @& & #% b 1 ® 8 T Fe(M) M=Co, Ni) %
buffer B & L CS50A B L, % @ ki< [Fe(M)/Cul % 20§
PR L, SR LB E LT Cu% 50ARBS 1.
KB OB I E N Z H [Fe(Co)11A)/Cu(13A)), [Fe(Ni)(16
A)/Cu(14A)) & L7, COCUBERRA BLA#MEL
MR Z{LEDORFD Ist ¥ — 2 ODBETH 2Y, 14 v E—
LEH BFEWRZTHhZH 38mA 1000V & L, REEE R
Cu #5 1.5A/s, Fe(Co), Fe(Ni) 13 0.8A/s Th 3. F1, BRE
BE(T) W 30°C & L7, EPMAICX BT OER, Fe
(Co) B &L U Fe(Ni) o¥iER i3 £ h Fh 14 at%Co & 14 at%Ni
THot. ThoOLEEITETHT T.=200, 300, 400C X
1h & T.=200°Cx1h, 3h, 8h, 28 h ((Fe(Co)/Cul) & T.=
300°C X 2 h, 7 h((Fe(Ni)/Cu)) OBMME 21T - fo. BEHE (&
SEEE BTFOTA ALAEE £ XEEITE (CuK.
BB Ik AN, BREFSR QEFKUE TS
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ZhF i [bec/fec] EEIE T H 5 [Fe/Cu), (Fe(Co)/Cu],
[Fe(Ni)/Cu) ZRBBE O & BIIBRHROBKRRLETOLS
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Fe(Co, Ni)[100] Al & MgO[110] RS ETc®RE L THRE
42%. D&% MgO & Fe(Co, Ni) DEHINOKT I A= v Fi3
¥ 4% Tho, Ny 7y -BREERAFEICSIEEITENT
RET2. cOoXy 77— BEOEZEBEOCuldbeticEA
bec HMMEHRE L BAMRKRET 5. COLE, bet-Cu %4t
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HAROFEICEY, HicEEAFICHATWS, T TFe
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HicHEE— 2 ¥ F OHAMBEE L, BEEEHO 2 © v Hx A
DEEREESIC L D ERET180° &L, MRE{LRIRK
XML S, SHREMESAEVEAICIBRE-—A V04
HREEARCRESTICHEBRO X v /XA 180°H» 5
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Fig. 1 MR ratio as a function of the annealing tem-
perature for (a) [Fe(Co)/Cu] and (b) [Fe(Ni)/Cu] multi-

layers.
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Fig. 2 Low- and high-angle X-ray diffraction patterns of (a), (b} [Fe(Co)/Cu] and (c), (d) [Fe(Ni)/Cu] multilayers.

542

AARICHBESFSE Vol 22, No. 4-2, 1998

NI | -El ectronic Library Service



The Magnetics Society of Japan

60
....... D
50 O .
o
- D
S0
3 o
9 c n
Tl - -0 Fe(Co)/Cu T, = 200°C
e | O FemyouT,=3000
20 | : °©
o
10}
T T

0 5 10 15 20 25 30
Annealing time (hours)
Fig. 3 MR ratio as a function of the annealing time
for (a) [Fe(Co)/Cu] (T.=200%C) and (b) [Fe(Ni)/Cu] (T
=300°C) multilayers.
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Fig. 4 High-angle X-ray diffraction patterns of

{Fe(Co)/Cu] multilayers after each annealing time.
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E—sdBHiEnBVIEMS5CuldFeMNi)txESF vy
VICEWREETHEEB L, Fe(N) 0 RERENFERICRAS
HoTW3aEEZoh3.

Chonl thoiEBRERNEREO I + v v 7OEEHR
itk MRZEARSHMNBEEOZELICHLTE-2%L 5
LEZONS.

3.2 HSKIENHEORMAEBEMEETH

i< MR Z{LRAE L - BABEBRE IC BV THIERY
B oo SNBSSk % F~ 1. [Fe(Co)/Cu] BREED T.=
200°C & [Fe(Ni)/Cu]l £BE®D T,=300C itk 5 MR %1t
RO LB (K FEHE % Fig. 3 1IT/RT, [Fe(Co)/Cul HERK
T3 MR bR I3 BB & & biciEmL, 28 BEsffio 3
BETREKG27T% (TTK) &3, COEE0hABTOXE
EBliff/ 4 — ~ % Fig. 4 ioRd. BOLERHOEmME & bic Fe
(C0){002) o [ElHr WA st Im L, bet-Cu(002) & bet-Cu(200)
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Fig. 5 MR ratio as a function of (a) the intensity and
(b) the half-width of the w-scan peak. Dashed lines
are guides for the eye.
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3.3 HRARFAE(LLHTBERBR

X BEHT O 6-20 2+ + ~ OFUE T X Fe(Co), Fe(Ni) DK
HRORMEL L 5 VO TRBLBETORA L micBES
FOEREREAFA<I LD XBEFcE D 0-2AF+» v %
fiote. BEHEO (112 HOBI~<Z vt 20 2EE L,
w-A* v V%17 » 72. Fig. 5 2 [Fe(Co)/Cu] & [Fe(Ni)/Cu]
CEBEZhThov— 7 BEB L UEERICT 5 MRE(L
ROTALATRT. COLEDE — 7 BED L AR IR
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Fig. 6 Variation of the MR ratio as a function of the
electron number of the magnetic layer. O] after
annealing, CJJ: before annealing in the present work.
W ref. 8, 9, A: ref. 8, @ ref. 10. The solid lines are
guides for the eye, while the dashed line is the
calculated result from ref. 12.
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3.4 [bec/fec] SMROBIUEHIHE

HIEID#ER 1 & bee/fec LM O YIRS R (3B RS
OFEBEMIECIKET 2 &bh - . KR TES R
7z [bee/fec] ZIEE DO MR Z{LE D 42K TOMEA45 % TicH
HIA TV [fee/fec] BBEPEHE L TREBOE TR
L2 TFEEHEEFig 6 DXIHICHB, I THOHE S
KBS 2729 Ap/oe (p: ERBTORIET) T7 o5 b L
fo. BT 5 & T [Fe(Co)/Cu] & [Fe(Ni)/Cul BBET %
NEN Ap/po (3 35.1% & 288% &7ih, [fee/fec) BIBHE &
BIEEI%EO MR Bt R A R4 LB S b &K 5. LIFTHE
HE i Inoue SOHEBEFEVYTREFKOHME & 612 Ap/
oo (XML, BFHH 266 M THRABEERD, & 5ic#m
THEEBDLLTVE, COEMRBERERE—HLTVLS, L
L, Ap/po DRESBEBBLELBEORIL TV, 20
Kb taRizz ok, RE7 72 2E2EFIC AN E XD [fec
CoNi/Cul ZBEOHEHETH 'Y, LREHE S hi-ER
PBRET 72 A5 EZE LB EEL THNEEAFRTRY
- 1z [bee/fec] BBED Ap/po DRE S I3HRE & 1313 —%
TELEZILND.
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4. £ & &

LB.S. i & » T MgO(001) Bk REM £ H L, bee-Fe(Ni,
Co)/Cu BB A ERI L, BULEic X 2SR OZ{LIcBL
TUTORREEBL.

1. LB.S#:1Z & b [bee-Fe(Co)/Cul BREM B & U [fee-Fe
(Ni)/Cul #BEAESI L, MR ZIEOSNEEEA T~ 7-.
Z D#5R, [bee-Fe(Co)/Cu] EREEET I3 T.=200°C, 28 h D34
BRIz X D B K 53.6% (4.2 K) £ THIML, [bee-Fe(Ni)/Cu]
ZEETIE T,=300C, 2 h OBMBETMRELLR IR K
42.3% (4.2 K) icBmL /-,

2. [bee-Fe(Co)/Cul, [bee-Fe(Ni)/Cul flif B 1< 5\ T #
MEILE Y MRERSKE S NT 2013, SRoRME
BEELAERTHEEEZI SN B,

3. [bec A /Cul BRBIC BT b [fec BREHE(A/Cu)
ZRELEIRED MR E{LRERT I EMbh- 1.

H B ARRO—IIHERENEER BT (A) GE
BET 09750729), BIRMBEBIE [Kil « RE-EiEo®
frefit. GRERS 09NPI201), BLUXMEAM TR
HARHOT R THER] GRESS 6499240) OoBERick b
frbht.
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