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Abstract

Cu/Co nanomultilayers with different wavelength ( A } were electrodeposited on
p-type Si by double pulse methods under potential control. The results of SEM
shows that the sublayer of the multilayer is distinct and continuous, and the thickness
of each sublaver is almost the same. The structure of the multilayer with different
wavelength was characterized by XRID): when A is in the range of 20~ 160nm, the
multilayer grows epitaxially, and with the decrease of A, the effect of epitaxy growth
is more and more prominent. While when A is smaller than 20nm, satellite peaks
appear in the XRD pattern which proved that the multilayer has formed superlattice.
The potential under which Cu, Co is deposited {pcy, ©co.) has great effect on
orientation of crystal in Cuw/Co multilayer: as @¢y, growing more negative, the
predominant orientation of (111) crystal plane is decreasing, while as ¢c, growing
more negative, the predominant orientation of (111) crystal plane is growing. When
Oco 18 -1.2V, and @gy is -0.5v the orientation factor of (111) crystal plane in
multilayers reaches 2.86, shows apparent predominant orientation. .

(Giant magnetoresistance (GMR) of Cuw/Co multilayers was measured by
four-point probe technique. The effect of wavelength, Cu layer thickness( 8 ¢,), Co
layer thickness( 8 co), Pcu, Oco and number of periods(N) on GMR was studied. When

A is smaller than 30nm, GMR decreases with the decrease of A, but whenA is
smaller than 8nm, GMR doesn’t change regularly with the change of A . At this time
it changes periodically with the change of 0, and shows three peaks at 1.3nm,
2.8nm and 3.5nm. When 8 ¢, is fixed at 3.5nm and 0 ¢, is bigger than 0.8nm, GMR
increases with the decrease of § o, but when 6 ¢, is smaller than 0.8nm, no apparent
GMR effect was observed. Besides, GMR value increased with the increase of N, and
increased with the negative moving of ¢¢,, and @co.

The GMR. effect was explained by Double Current Model, which was proved by
the result of hysteresis curve of the multilayers.

Keywords: Electrodeposition  Cu/Co nanomultilayers  Structure  GMR
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ALK, SR 0.05°, S EEREM. WETER AR B X FHE4E

EQE%: Eﬁﬂ‘} 4°/min.

2.3 R LR

sSER R RERNZSHNBHUENEREN SRR ZHZE, XA=H
WBR, THEERVES, BUERITHRES, SHBRAEAHRER,
FHE 35 YA A 50mV/s-300mV/s.

2. 4 7 e PE 4 ge il

12 BRIRFATRR ARG b, (EREH BB 07 P AT T IR 5 B iR 07 |
FAT, mE-4FTR. BEIMAES, MAZEREREFRBRERTHRITHE
GMR{E: GMR=Ru-Ro)/RoX 100%. R R FEE N T £ BB Ak
{8, RJERGIRE AHE B REHE.

K 2-4 ERHENERERRER
Fig 2-4 Schematic drawing of the GMR measurement apparatus
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Vizs = Vigﬁ— x 100%

GMR = (RHR' Re) s 100% =

H 1:};2{1'

zsﬁ%ﬁ&mﬁ

YRR R RIARE LD B B REGRTT (VSM) , BIE T TR
R Bk, BN 1 X10%emu.

VSM AR BRI E 2-6 Fin, EEEARRAEE Rl a] B R
TR, BRMANNRNEL. SREL EAT IS F A He, WHE TS
[E Ms, BABERNEE Bs, FEXEH

&l 2-6 TahE: SRR TT N B IREE
Fig2-6 Schematic drawing of vibration sample magnet

DAE 2-7 BREEMEY R RN B R D Bk UL BH . SREE A R E R AL T R
A, B H ASENEMBIEN H {8, BEELE caZil: HEEH a g5,
MR HEME DR 0, BIEWE ab 8 h: FHE b A H RAMKERIBIEN
0, BAGEIRE be BTk, MRE cASERNEZE HERAE, BHERE cd&R
W 7E d SR HEBE H=0, BER de £3TN; WG, HEFE HERIE
R BRI, BEES ca 8 L. Wik, BNIERE A abedefa Hi&
¢, WA “B” . ATRENEST H (FllnE b R, H=0, fI#EXT
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B oW LRHAEE

0; £ c /., H<0, MWEFZTT 0O gpA “Biim” . EP obh “BKRBIE" ,
oc ,“,d};g “%"ijjﬂ . ga% ﬁiﬂfﬂﬁﬁ» .

P 2-7 SR PEY R RN ] 42
Fig2-7 Magnetization curve of ferroma
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F=E HFRET®R

3.1 YT Cu/Co YK % B IR

SREEALE, RARHEHEAKRERZERATRER L, BHiR
fE. BB HBHERTERRESRA . FCRAEBRATKPHEAR, DS
& Cu/Co IKREZIR. N/ rREIEENSER MR HeErRm, XA
iR Si Rk, BEEENR: 0.03~0.06Q cn

3. 1. 1 JiR ALK E

10

dmAjend

Gl

Potentisl(V vs.SCE)

B 3-1 SRR EHRIUR Cu/Co KL B IRAIB B ol 2R

Fig 3-1 Cathodic Polarization curve of electrochemical deposition Cu/Co
multilayers on the single crystal Si

SCI SR B AL XUk Mkl & Cu/Co BKEZ B, BIEAR AL T X R )
BTN, REEEENEE. ATERGENFRBLKE, TRPXAEK
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BT E SRER

LB R RS, MRT P RESER (111 &LRITE Cu/Co ZEBIHH
WARIL NS, EREEWE -1 FiR. |
R B AT B, BAIA-0.5V i, MAFEHITEE. H TR
AT Cu BFRAERERL, %E Cu MUTHBLH-0.6V. LB
Z-0.9V DL En, BEREETRERASEEHK, XiRE Co HnE s bird, HE
EVREMAR RS, Co MTREERFEA. ZRIERPRANSEFNETM
B, R, HHSRERNTHE, b TRTEHRIE Co BF Cu &
S8, FNXEERROEREHENE, BEHOITREMALN-1L 1V ESR.

3.1. 2 HEN ML

S ‘; b \ N U T

§
e w x0 20
t's
B 3-2 iR ER il
Fig 3-2 Variation of the current density with time

SRR Cu BRI A 5-0. 5V, Co HIIAIEAr K1, 1V, SR HEITH
ST R RIgetk, WA 3-2 Fin. WA R R R IR - IR e R £
EAE—E, BIE 3-3. NBEhTUEY, SMEAANBRBKESER
7, REXBEPESHEENEERS, STREEHY. BdEHS BN
Fikeaknt e, BESRECETHEHEERTEFRENER, HEHlEHRA
EARAHEKHNZER.

-23-



t/s
3-3 ZARYIRRAFE-HHEHE
Fig 3-3 Variation of the current density with the time of different cycle

3.2 Cu/Co 4hREEBRIIRIE

3.2. 1 HI

HEFRRBERLERANTEN HY-014 BIREMRREH ST
HEE, FHATTIMENEERR WEEERARHER SBO ARERE
ERH. BN REALE -4,

o SEK

B 3-4 T ER
Fig 3-4 Schematic drawing of preparing the sample
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H=E SREWR

AHEARRRSNENAET Y, TRESTRYTE. ATHAEEN
HAEEEFHNSAER, RAZIMEY 2 ERIET2 . 7520 HEi
R, ShEMREER. AMEERREETAR, WRERER, HHER
e, WENERRERETRIER :

K,CrOy - 1.5~20¢g

H,0 15~20mL
BE =il
pH 1~2
%)ty I] 60S

3.2.2 ZRBEWHESH

RA LdwieRMELE, RERHEKA 200 i Cu/Co 2 REINTE
Fedi B R T 3-5 fim. BRAARRA R, REWIRN C Z. WE
P LAY, BRARENEERLERES, EEEA 498, EEAEEN
HRETE, ZRENEZRSEREESNAGEERN, A NBEE
BERG L ERES ) MR RAR R A, PEnE 3-5 EMEEER
%,

B 3-5 £ R BNTE SEM R A (U Si hEE)
Fig 3-5 SEM of the depesit cross section (Si as substrate)
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ARBEE. HEERYITEHINOHE LR, EREF AR
Cu/Co ZEM, REHGFINRAMERL, KRERLE 3-6. & 3-6a. b
SHHEFEKA 160nn 1 80nm KL ERAWHRE . MESFTLEE, £
EREREGHENIES, $TERERSY.

b( A =80nm)

A 3-6 & BRNATH SEM A (LA Cu A EE4k)
Fig 3-6 SEM of the deposit cross section (Cu as substrate)
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BHEE SR5HR

3.3 Cu/Co 43Kk £ BB #4544

3.3. 1 EEHEKMEKER

20/°

37 AREABIEKR Cu/Co £ 218 XRD #E

Fig 3-7 XRD figure of the Cu/Co nanomultilayers with different wavelength
ARV E, EBMHHEKSHH 160om, 80nm, 40nm, 20nm K
CwCo KL EM, HXTHMT X HRHFH, TREGERLE 3-7. BET4,
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B=% HR5i0

WHEEKY 160nm B, Cu ® Co 89 (111 4TRSS EN. HEEER
WHIBER D, Cu, Co 1 (111) fPFTEEHRIE, WHEKA 20nm K, B
WesEd a3, FHE (D AHERMERT BE%. RIE Brag F1, HHHE
3-7 RS ATEHE ST R R R AR A, HRFITER 1.

R 3-1 LR, £EEBEHEKS 160om B, Cu, CoHEHREH S
RN BEE, MRS, Cu. Co BIRBENBEWESS. HHlk
% 20nm B, Cu, CoMIRBERISEEHER, BREERT CuFil Co 2,

R IIAFRMERE Cw/Co ZERMBEME. RREH
Fig 3-1 Iattice factor, interplanar distance of the Cu/Co muitilayers with

different wavelengvh
_ WEIK K/Mnm

e 160 80 40 20
208¢/° 4331 4340 4340 4345 4375
2054/° 4422 4415 4405 43.85 ‘
downy A 20873 20833 20833 20812 5 801
deoanty A 20467 20496 20538  2.0631 )
WHEREYy A 36153 3.6083  3.6083  3.6046 3 6043

HHREEE A 35447 3.5499  3.5572 3.5733

UEBEEFRBERHSRNEE LN, ERBHTENBRTREIIRR
BB RRGET KNSR, MRALERMIMELRD., RIESK,
LEHSEAEASENRESEEEREY 15%, THEENMEEK. &
HR RN EE WL RETRER. SRTHEKIREY, B ERE RN
HEBMERERHEL BAENERE EEANARBHEMETRHEE.
Finch Al Sun™HF R TH £ ERANHENERRE, RAEBARENS
ERWATHEE 1000m BFE. Menzies Al Ng i, ZESHMRH 100nm
% S Etk EAMNER SN 200nm; 2R & EMTTE 4nm L LS,

ELSEFEMN Cu 71 Co BIRBEN RN 3.6153A 1 3.5447A, HZE
2%, SEAMBMEERNEN. £EEBER TS~ HAMRGWLY,
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F=F FR5ihe

W OGRS ARGECEMANG (B etk ERBRERmE, &g
ZH I H 5 M EAEE. £EEREEKEAD, B 0FE AT F i E 2R 5
ZA, WAGNREEHE, EERERANEARTEEERESER. i
PAS 22 B AT NS R BT R IR HE & 3

3.3.2 L EIRMERBEN

T AR RS, BAEE SEM RAFESIFEKADT 80nm KL EE. M
RF TEM RIE. ERBFHEEEEE, SEBgsm, ROBKH. K
5 B i) R R R B G M T PR A D A BT S B R A AT ) LR 2 A
¥ £ EEESE R, £RERERSK LRI, TRRBEKREH. BT
HBEBEMMERE—FATAKNARLEAE, ERXEAGERKEY
g EBmM—IMALEY, INMAREHNEBREREDMTRTHFHEHE
2, BAXRHE, URESHE PR THEREREEMEEBS, SRR
HEARMES, A—RBAGEH—#, BREEERY X SHERENa, R
TRk, HiBEXKS Bragg 23, Wk 3-1. BEEAK LEGA B S
AW SEES, B EREREK, ok 32

2Asinf, =(nt DA 3-1

Sl b

1 _sin(,)~sin(6.)
A A
of 0. Eifs TEMEHTSH
0. (K TDEBHA
A: ABNEK
A BEBIASIRE
S4B 20nm. 13nm. 6nm. 2. 5nm MIBERGHT X SHEATH,
A8 XRD EEME 3-8 Fix. BE 3-8 AfULENEENEE 208 43.6° R T
RIRIOATETIE, AIF Cu A Co (111) ATHTMEZ 1A, SLRAMLA &R Cu BRI Co
B AN ANEAE K, Cu. Co MBI ERBAH k.

3-2
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R=F HA5R

x 3-2 H4 XRD THRESEHER
Table 3-2 statistical result of intensity of XRD

HRHS  REE/m  EREETI O TESEET I/

1 20 30969 10176 0. 33
2 13 89277 6146 0. 06
3 5.8 21197 500 0. 02
4 2.0 71690

SHE 3-8 PENS AV EERTE, SRR 3-2. ME 3-8 MR
-2 ATLLEN, STFREEER 20nn, 13m WEERE, £ (111D @EETXTRK

BRAEMEATHENNHRNIER., ZREGTEERPEHE. BEE AN
JBEEHES], R T HBREEH, X X FEFETEERN. JRHEEd
6nm B, ZEEATEEREHENEE. XEEMZERBBERKE/AN, B
BRISD B ETEERRBEA LR AN, R TFEERmY, R
i B RBIEHATH SR LRSS . RHlikE MR 2. 5nn BfE BN XRD BB R
HEEE, XRREEAZEBRNERESIER, BAREEAFFARKELXR
W, FERH B RELENERGEHTERR.

MELR 3.2 HEEEANENEK, IS ERNERFBHEKL AH
by EREE RS RE AR TR 3-3. BX 3-3 ATLLEHERAGIES
BERREEKEEAE, RETUREEN S8R AR ARKENZERE
-

B

£ 3-3 BREHBKERESNEENT
Table 3-3 the contrast between theoretical and calculated value of the

wavelength
H&a&HS  Mnm (ERE) A/m GERRED (A -A) /A
1# 20 225 - 12.5%
2H 13 12.3 5. 4%

3% 5.8 6.8 17%
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 B=E AR5D

P8

-
L

CPs

1 - 1 .
45 L ]

26/°
c{ A =5 6nm)

& -
AN .
po * pr 25;’“ o
b{ A =13nm)

SRENREEE

U\ R

A A ]
4“4 E !

24/

d{( A =2. 5nm)

B poy

3-8 Cu/Co Z B XRD %
Fig 3-8 XRD of the multilayer
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3.4 Cu/Co SiKZEEBEAEKE M

ZREMEKR N EEREEERERER, XMBIRELEENER
pREY (111) R EAMNTHREGEANEREMMN. THEaEENEK
WE B, REEBRFHAT Cu, Co MPHBANE EEE KN MNE
e o

3.4.1 Co WIYTER HB L%} & B R4 K B jn] R 82 W

RS RUTREAA-0.5V, BBESHEARBEMALSHIA-0.9V, ~1.0V, -
1.1V, -L.2V, BE—RFIA A 4m HEER, XA -85 TR REE
KEE, £R0E 3-9 frac. MRAERERY, 22EPHEENSEY B
Fe, FHMAMSKRRENCEHE K, BRRTIES THREZE. 87T
ERERESZXEH, FERE, FUEEHAEIIER,

RAHERSM, CIAE (hk) MERAE Te KRS HKELIAE
T2,

Ti(hkl)
HO(RK)

[ ]
Z Vhiochi -

iﬁ‘#’:

i (hk1) A SRTE (hkl) RESENERBATHRE,
1i0(hk]) A3RERAETE (hk]) REAENS BT,
n A BT AT g B 4.

AYE on 8% 5, BE (111> . (2000 . (2200 . (311> . (222) &
EATHHE. SEMHER Te HMERN, RENHRELFEHN, WRESRE
B Te AT FHE 25% WZREAFEEREANE. Tc 8K, HEERIRE
FIFEEEERA. RIEE 3-9 F XRD HI|A AN 33 i+H ARSI ZXFTF
3-4,

H

Ry

e b
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R=E SRR

% ﬂml— ‘ g ]m"_ i)
®a | - w0y - L:im
P S J Tl e
a{@c=—0.9V vs. SCE) b{@e.=-1.0 V vs. SCE)
: | g |
m:t w , v ; —**': ’iﬂ g _ﬁﬁ_rji{f.}_ﬁﬁ—-* "
c{g.="1.1 V vs. SCE) d{pc=~1.2 ¥ vs. SCE)
& 3-9 Cu/Co & 2N XRD # K
Fig 3-9 XRD patterns of Cu/Co multilayers
R I AR RE
Table 3-4 T¢ of different deposits
ST QPco RS EmEBELRE T
e (Vvs.SCE) (111)  (200) (220) (311) (222)
a -0.9 1,47 1.114 0, 833 0. 601 (0. 982
b ~-1.0 1.22 1. 05 0,727 0. 533 1,44
c -1. 1 2. 39 {3, 592 (. b4 0. 437 1. 016
d -1.2 2. 96 0. 486 G. 503 0. 429 0, 77
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FZE SRS

B 3-9 ¥ 34 4858k, BESANIHENAE, & R EE$
(111) HATSHEER X, MATCERAEGHBERBME, SRR EA
F-1.2v e, B (11D T EEIEEER.,

4.4.2 Cu RIPIRBAIXTE B RRA KB [ B2 0

Bl Co MBI N-1.1V, HZTH BB B L4 514 -0, 45V, -
0.50V, -0.55Y, -0.60V, B —FWN2L A imm MELEE, XA X HETHH
REAKRE, &R0E 310 Fin.

ool (1113 m' qin
% 1m:— E n
**[ 1 (200) (222) | |
3 {220} {311) o -
LA S — | ! ® o
- -1 -2 G;“ % x 1% r | .;ijﬂ o 7 148
a{@a=—0. 45V vs. SCE)  b{@e=~0.50V vs. SCE)
=
Qi) |
- oo}
5 & el
- §{200)
H_ {200} 5 o1 | : e |- (220} {311{222}
" " nz o e e W - " 102 N 140 ™ m
¢ (@c=—0. B5V vs. SCE) d{@.=0. 60V vs, SCE)

Bl 3-10 Cu/Co £ MM XRD i%E
Fig 3-10 XRD patterns of Cu/Co multilayers

BELX I IHEFFRBERE Te , FHFTRIDHF.
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RI5HERBREARK

Fig 3.5 Tc of different deposits

A 5 Pe,
e  (Vvs. SCE)
a ~(. 45

b —-(). b0

¢ -0. 55
d -0. 60

T MBI EILRE Tc |
(111) (2000  (220) (311)
2. 33 0.593 0.595 0. 488
2. 39 0.592 0,564  0.437
1.87 0.791 0.771  0.567
1. 82 0.818 0.8 0.6

(111) HRTHERERTE, T

ATELE BRI & B IR KR
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EZE FRHITR

3.5 Cu/Co 81K % EEITHREILENPIH

3.5. 1 IR UiEHLHE

K THR CUWHBITRAERTRE, BEH T E8F XFEBFRITEER MR
AL R CUPRIEEHE, WBHWE pH EHIAE 5~6, MRAHENRRZHE, 52w
% 3-11 1.

— 200mV/s

g et =

AL
LTS “-._:1-11 3 .,.._._._....-..r-,-

Wl L T NI " L
0.0 -2 .4 .6 0% -1.0 v).2

potential(V vs.SCE)

& 3-11 ARBP#EETHOES R ZNE
(SCBOYAWE : CH:Nas0; « 2H,0 + NaCl + CuSQ, » 5H.0)

Fig 3-11 CV curve of the solution
(C¢HsNa3; 07 * 2H;0 + NaCl + CuS0y4 ° SHzO)

ME 3-11 A4, ERME CUBEERT, JARREBEe=0.27V A5,
a5 TR EE. BEERMEEARK, BHIT 2RINE, K
MR EEARANSHAETEE, MAMEREEENEX, TRE
i B T AR ARAR /D, HAR BRI RERT RN, BB AL RN B4 E
HeEAERI36], WLAEREERY, CRERSBI#AT:

Cu*+e——Cu’
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FBEE GRHUE

A Co” YTE Y s RIL S,
LR Co”HIBIE, Bl pH EHE 5~6, WA E

3-12 FT 7.

Cu+e——Cu

EH T EA X FRBIRITRE = RE L
BRI, SR OE

B 3-12 &

(%%ﬁﬁ: CﬂHﬁNaa 7 ® 2H20 + NaCl + COSOq

}

A

potential(V vs.SCE)

ST A IR AR 2

Fig 3-12 CV curve of the solution
(C6H5N3307 .

2H,( + NaCl + CoSOy -

2

« TH,0 )
7H,0 )

3-12 4, EFEERBELe=- 1. OV Etﬁﬁ%ﬁ%%ﬁm, E - TEREER

WAL, AREHEE Co"R HEER. RmHl T NEHE TFEME

BRI T 8B, BE i HRHZ 5~6, WIXKBEH Rz

2, GRME 3-13 Fir.
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44

| — 300mVs
ancamcee IOV

|||||||||||||

]
ey i
;

polentizl(¥ vs.SCE)

B 3-13 ARPEEE TZOHBERBEHRREZ RS

(%%ﬁﬁ C.HNa:0; « 20,0 + NaCl)
Fig 3-13 CV curve of the solution
(CEHENa:;O? « 2H,0 + NH.C].)

AE 313 $EUEFHR, SREREEe=-1.0V 288, FhEAENE
. #%E 3-12 5F 3-13 ) RMFHELN EREE AR FELHER .
EFHREREAE-1. IV ER, B TESREEEE, DEREEE 312
oW ER B A BRI R R,

SETR(6IFESERRER, TEE cﬁ*“ﬁf}ﬁ%%ﬂfﬁﬁf“

Co*+%e——Co

HHSHYERREFFER = SRE AR TR COTRIR AN, W
REBHRE ML, SR wHE 3-14 FiR.

HRAEREN, FREFET, ﬁ%ﬁﬁm%ﬁﬁﬁ%ﬁﬁ fEe=-0.27V
Flo=-0. 5V Z& W T BRI, 45008 CH Cu'lIE R, ¢o=-1.0V BlE
HAEESRENRENTENSNEEXRERENN.
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Potential (V v3.5CE}

B 3-14 R RFAHEE T 8435

=l 6

TR AR 2

£

(A . CHNa0; « 2H,0 + NaCl + CuSO, « 5H,0 + CoS0, = TH0 )
Fig 3-14 CV curve of the solution (CsHiNa,0; « 2H;0 + NaCl + CuSO; » 5H0 +

CoS0, = TH,0)
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3.6 Cu/Co #KEL ZIEA GMR tEEE

3.6.1 GMR #:fE

F

KRSk AR Cu/Co KL ERE, RAITIHRETEAEE MR 1
fe, B 3-15 HEZEERT Cu(B. 5mm) /Co(l. 4nm) & = B FE (& BERE I, 38 8 OB 11,
ghigk. WEHTTLIEH, Cu/Co ZEMINEHEERERSEREATMED, H
R TR BE, BIZE 20006s BA LR ghek B b T F4E, XX
LB NP R mEN, MERNNEESEHRE, NEESTEN.
T3k GMR E T REIA AN R PR AR (L 3 |

(RRYR, 100
T

-
g
5
B
i
:

I 3-15 S F Cu(3. 5nm) /Co (1. 4nm) 2 /5 B BB M 37 38 P B A it 22

Fig 3-15 Room temperature magnetoresistance vs. in-plane field curves for
Cu(3.5am)/Co{l.4nm) multilayer

3. 6. 2 BT GMR H1 2

MR NEEE GMR MKW, BHEEET Cu B Co BRERE
% 2:1, MFEISEEYRENE, 83T —ZFARAERERK (A1) 1
Cu/Co ZEME, MAEL EREK GMR, IS4 MLAE 3-16,

-40-



B SALITIR

b A

& 3-16 {HTESEREY OR EHRERBEKHZLER. BB 5, ME
B, WEMNZRHEMN MR . 2 A<30nm Bf, GMR BE A WU X,
T A <Bnm B, GMR ANER A S TEL., XEFENR, XERNERBHEMRE
FESZERPESEEEATTERITAE X, HAEKRM, EFHUMRBA
B, BEE A BN, XMWNECEHMEE, OMR EhEREX: 32 <8m i,
ZELEETERBEMREEEXRESHREMT, MR AHHE A 20T A
A4 .

20
1,5: l
£.6
1A -t:,
124 "

1.0 -

GMRN%

0.8 -
0.6 »
0.4 ”

0.3 -

0;(1— L3 ¥ y 3 ™ T S ¥ | T '
1t} b} 10 15 y.i o’ 30

Mam

& 3-16 £ MR HBARIEKRIZEM
Fig 3-16 Variation of GMR of the deposits with difference wavelength

3. 6.3 HEERENE R GIR &%

REGERERN L4 XTRENEREE, FREEEM Inm BX
5nm( A #/0F 8nm), HANEHENBEZERM OR H, LRERLE 3-
17. PRL R %E, NEEEEER, SEEN OR HEREAMRERY. B2
% RS BN, SRAREMATRES, KU REERNEER
EE ARG, OREFREZRE.
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BSE AR5

HIRB R T, =84 BEBERSEERBLRER. A
SRR TREER Y 3. 500 B, OMR ELEEER & 2. 8nn RIHEX,

K318 REER 1, 2 ol AHEREN 2.8, 3.5mm WEER (RIEH

KA ELE . 7EAR

XL HERKRNES S HEEEN 3. 5nm B5 EEME 0 EWREEL, BE

RAFHINY F TR

.........

VR

& /fom

™
THas

E3-17 ZEBOREMEEE HBE-18szEEMEHEAEMESRRE

REAE AL M 2% HIZEAL
Fig3-17 Variation of GMR of
the deposits with 5 ¢,

2 (

g% 1. 28a750K

2.8nm. 3. 5nm)

Fig 3-18 magnetoresistance vs.

in-plane field curves( & ¢, of curve

1,2 are 2.8nm, 3.5nm seperately

3. 6. 4 &5 2R RER £ I GMR B0
v EEFR, SEBEEY 3.5mm L ER GMR

(8K, NARREF. BT

HHIRENTUREFEDY 80s A%, HERBNVIRNEN 1s 3] 10s 1%, #E

WEEREN 3. 5nm, SEEEM 0. 4nm £ 4.3mn F—RFEER, IREE

MAFEREMERE, ERERWE 3-19 FHEHR.
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BZE 4RSI

Alnm

B 3-19 £ IR OMR {HRH & 2 B 24k 2R
Fig 3-19 Variation of GMR of the depesits with 5 ¢,
HE 3-19 WUEH, SHEREN, REHENMBEEIR, TREH
FCo BioEttdsk. BBEREN 0. Snn i, BEEARE 10% ZER
HEEES EEENE R, HEEEEE 3om U EMBEEBEASFEE
HEEETL.

3. 6.5 FLA A & B R GMR BN
(D) S5 B TTR A% 28 A OMR 48 AR B 8y

A . e ¥ ¥ s L

R%
R L T S - S

> 3 ’ T i * ) —— * B ——t ™
L35G  BYF 108 188 -1 L1158 -1
YV, (V va5CE)

B 320 BB AX L ER GMRBIRENY
Fig 3-20 Variation of GMR of the deposits with @¢,
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F=F SREVHL

PRAAEA RSP E TEIMOMES (B 3.4.1) B9 GMR 18, 4
R 3-20 from. MEIFATRIE W, BERRTREAL A, £EE OMR |
A, —FHEHEEAMRAKABACERTHREREE (11D BREHEE
B 5 —25, SHBBi s, AL ERYEENTE S BB, MR
RN EE.

(2) WU BLAL% % J2 IR GMR H RE R W

-
12 F
-

ol

+ R

iiiiiiiiiiiiii

—ﬂdz 044 046 D48 L5350 -{}52 £.54 .0.56 -{353 -{}ﬁi} .62
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