«H=E> Journal of The Korean Magnetics Society, Volume 8, Number 6, December 1998

NiO Z&fA|Q] Ar i2{ H3l0| e Ni-Fe/NiO
ol5atel A7 1M &M OjMIT =0 CHSt A7

=X - OIS - A8 - MH
AFaeta 352, £94, 440-746

HpH
AA71Ed B4, $2%4), 440-600

(1998 99 129 whe, 1998 109 20 FHEFAE HHE)

£ AFoAE hIEE 2ElY HoR AR NiFeNO o]% woldl, Ni0 23 3 Ar gtelo] ohe mito]
el wWels asiglon o8 vlAzAs} BAAA AAskaA shadeh F Ar ol SHE Ni-Fe/NiO
olamhe $4qt maoluhAl B¢ JehAR oM Ar o] Z71eel wet meel e FAsA Fastalct.
}& Ar el 22 ABL NiOS} NiFe ARsIA epitaxy A& el em 1 A FHa 2 3
£ FgeA TN 22 B Ar GHold 2248 A9 NiOs) NiFes] AA7} Faishil 7254 9w
2 AR R BEeA) Uske. U N0 YL Ar el 2vbo] wet Abae] 240] A F7baisic

LM 2

WA A2t A A] Alololl A A S i)
gL Al 27]7] & AL e okl Zhag wb
I gle A1AH 549 sEA, A7 3HMR) 2t
o] 9)¢]A] Barkhausen x-¢|ZF F}AA) 7AW, ==
283 Ahz}7) A 8)(Giant Magneto Resistance)
AA el glo]x] A Z(pinned layer)& 7)Aoz 3
sl [2] 8] = slch A7 7w o
7k A= 2 Qe wgAY ohE 72 FeMn/Ni-Fe
o|t}[3-4]. FeMn< 8|23 32 wgtoula] AAI(H,,)
# FE 74 Fo mAHH)SS] AHE 7 A 9
Z|ut, wke] FATA A Al2=AFe] FAlel WEAol
vm g gekgt WAl o] EAI[S]2 st Al ¥ #
27} FE7] ol 3-8 A6 1A =t dfe}
A WA iAol §rRE WA Sl iRt o
7 AP 3 glerm] 1F FollA] NiO% FeMno]] 1]
sle] 73jt WA Ad 5} 200 °C9] 2 blocking 2% o
3 2R 5 2 FAo] 3] Wl A4
3} SelA o] & 7S WESET Qe (7] o8] o
TAFE[8-13}2 Ni-Fe/NiO2] wdo|w}A] EAo| dis}
o] o3l g) 0w o)A NiO2] AAF =], A
A, Az 59 vAF2e A-e] ke FAE
3lar 9lont o} AR AHFE Ul uhy WA Xt

3 g)e}.

wjela] B o FollA= Ni-Fe/NiO2] wgloluly] &
Aol gt NiO9] S3x7e] g 5 59 A vl
Az} A7 EA L] A3 AT 3 siAdska
2} &t et

IL AlY 4

2 A7o)AE (100) Si Hol=] 7]% $)e] Ni-Fe/NiO
0]Z =g wlUEE AHEFY Axglow Zilslg]
oun] 2 9o B3 Z02 Tag F3slct. 27)3F
3 1.5x107° Torr o]315 §x|519l.0om] 71#e] &%
£ AL fFAIE N0 BHehe- NiO 313HE el S
o]-8-3le] RF. power 5-33lgit). o]w Ar }37] %
2 AL zbz} 0.5 mTorr~6 mTorre} 70 W~200 W2
wstA gt Ni-Fe k2 Ni-19 wt% Fe $HEldl$
0]-8-8}d Ar 7}~ 1 mTorrel| 4], D.C. power 40 Wolj4]
A Z el 2= AlHe) Ap7|A o|ukEE A S
A Foll AT S o8-8 300 Oe2] Ap71AH-E <
718t

Z3 ube] %Al mechanical stylus & o83
Dektak 303022 &33]9]2H, o] & 0|83 SALE
£ ZAAsgdc). A7) H AL VSM(vibrating sample
magnetometeryS- ©]-§-5td FA3}gl.on, v)AF2o

—369 -



-370-

3t 42 XRD(X-ray diffractometer)?} HRTEM
(high resolution transmisson electron microscopy)s- |
S3liTh. NiO upete] ZAE Ales] AEF B4
#3led RBS (Rutherford back-scattering spectrometry)
FAubH 2 oxygen resonance mode S o]-83lo] Nig}
08) 24| ek,

I A%z % oF

Fig. 12 9PAAd A2l NiO Aol wh& Ni-Fe(10
nm)/NiO(60 nm)2} 7|2 54 H3l-E ehf i glc).
NiO9] FA7} ok (<40 nm)= w3HZ A1 A|(H,,)
7} el edthzt 40 nm o)A o o FAsA S0}
e A o = givh 9 H2 20 nm o) AfellA F
A3A F7tsicizl NiOS] A7} Z71ete) utet A4
e A o 4 oloh dukd e g Ay A
27] gl = -85 Y8M= H, Be} Hoot o
HokgtcH14]. weba] £ Aol M= H, Br} H,7} o
2 &z Nio9] F7(60 nm)E A=s}e] o] & 7|
F22 Ar o wiste}l 23 Aol upE wgho]upA
w3E wasisich

Fig. 2% Ar % w3lo]] @& Ni-Fe/NiO o| & w1t
2714 549 wsks veld 2ol H,0| WEE
¥ 1.5 mTorr7}A] &= 2 55 Qeo v)2A =& e
A &kct7) 2.5 mTorroll A FA38] 24 F 1 o4
2] Ar HHellX & He 3ol o 2 OeZ FAM 3a
= S B 4 9lr). 9 H 2] ¥H3= 2 mTorr 71-A]
v*h& S FAlstekzt 2.5 mTorrel| A 9| 2.8 vehd

F 43| Zas|A 4 mTorr o] olle YA &

dehils e 4 gleh
80
D

601 [ ‘\D\.H“
— \\\D
é 40 ) o
3

20}

0 | o

0 20 40 60 80 100

NiO thickness(nm)
Fig. 1. The variations of H,, and H, with the NiO thick-
ness in Ni-Fe(10 nm) / NiO(t nm) bilayer.
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Fig. 2. H,, and H; of Ni-Fe(10 nm)/ NiO(60 nm)/Si with

the variation of Ar pressure during NiO deposition.
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Fig. 3. XRD patterns of Ni-Fe(10 nm)/NiO(60 nm)/Si
with the variation of Ar pressure during NiO deposition.
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Table I. The compositions of NiO layer, analyzed by
RBS, deposited at various Ar pressure

deposition composition

condition Ni(at%) O(at%)
Ar 1 mTorr 43.5 56.5
Ar 2.5 mTorr 41.5 58.6
Ar 4 mTorr 41 59
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Fig. 4. Cross-sectional TEM images of Ta/Ni-Fe/NiO/Si
multilayer. (a) 1 mTorr, (b) 2.5 mTorr and (c) 4 mTorr.
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Fig. 5. H,, and H, of Ni-Fe(10 nm)/NiO(60 nm)/Si

with various R. F. input power during NiO deposition.
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The exchange anisotropy between NiQO antiferromagnetic layer and NiFe ferromagnetic layer has been investigated
in NiFe(10 nm)/NiO(60 nm) formed by magnetron sputtering. The NiO films were sputtered from nickel oxide using
R. F. power and NiFe, Ta were deposited using D. C. power under Ar atmosphere. Above all, we studied the
exchange anisotropy of Ni-Fe/NiO bilayer, and focused especially on the effect of NiO deposition condition. Our
experimental data showed that the dominant factor for determining the exchange anisotropy properties was the Ar
pressure during NiO deposition. The better exchange anisotropy properties were found when the NiO film was
deposited at low Ar pressure probably due to the flatten interface and the epitaxial tendency of NiO grains and NiFe
grains. However, as Ar pressure increased, interfacial diffusion at NiFe/NiO interface and oxygen content of NiO film
increased, and consequently reduced the exchange anisotropy. We concluded that the flatten interface and relatively
low oxygen content of NiO layer are dominant factors for the enhancement of the exchange anisotropy in NiFe/NiO

bilayer.



