€ od-F-> Journal of The Korean Magnetics Society, Volume 6, Number 4,

x|’7|I'| °|'_|r—o Nig Fe s

A7 1A

HIE -

S40]l 01X = AHaES Exf2|ef S

August 1996

I:II~EII-O| ?.x ol

_ —_ =
O

(=]

I

M - ursd

a4

M

- ]»E]] b oAl sy

5 300, 440-746

ol-F=rl ohar el elat

'I""J /l] JL\/L?_ 0] 7:«]

- 4k 5, 412-749

(1996 79 29 28 199601 99 149 HEBFAH whg)

RF. vhriu) 4; vl o Al 2% 400 Al NiyFey, whe

ulad Abe } p}o] wb i Azl " BE4-S zabeledel BAbE e
2Rt b ) 7H Aol o & gkaskadar, 2
4 M, ol dqe) ol whof Lo Eg woelx| 9ka, 9.2 kG FFel Aol IdA

ghofl ‘4\]' 471 A 82- 37 uQemel A 24 #QLWI 234

ARk i wAa, 271 E gl 1.5 %ol 3

400 col e Al g

e Z7} stk whiji] zb7) R ghuj o] b=

o LR EEL R E D REE S
dAle) 7} 300 T/ Fohakel mek wimhi

s zEe] Fobol ola] Z7hshaiet,
@ o wgch 9He Lot 7
shelonl, AN AVRE 0.6 uom +Fow 7ol A

%% F2 A7 A
o) 7 1 Aqrgh oz vhebubek. of Al 4] rw% QdlAel A\ A Asel S8 wefdl, A dHe 2L
400 Oe o] nbek =k 300 Coll M 1417 3 el & ol 2 vpelstet
I.M 2 & Agolck[6](7].

Zefo) A4 vjulololl AEE]o] L kR o] Wiutke A
<t A7) A5 o] nul g ste} ofoff whE -4k A 2 ubdoll = =, Avladd, A=) Fa (EB S
5ol gl g ol ol rd7’:6}1£ 7 ghgt harg el W), i Asepy 5o} chekgl o] AREE T glow],
o] 28 A7) Aubo] Aol 1] £ nUE g o]} zho] oje| ZFabdlow Zabyl wukzo] wiulol Azt
2138 st=v]~ =z, DCC(digital compact cassette), 714 EAol Hgh B [8] 9] ot A s S
HDTV -2 VCR (video cassette record) ¢} #-7]&= o APAL o) ARG sAbw 71*%7}%’5& s A
Srb -2 ntubaa] cluto] 2cof] gl NizFe s{nbzol Hojo] FAlol gl wiuke] Rz ol Feisteol uE

0

Tl o1 7h A e Ay

4.

oAek[2]13]

whakakd] o clvpel ol wubiele] xr]A )k
(ragnetoresistance : MR ) fahr o] -3} Al 4] vfufo)
23 L SAIE 1000 A o] shel <1 gk winte i St

5lojof ahu], o]} 7 HhuLe 5o xp) Al o, e
SO B R B A el 5]
azoleb |5

alubal o @ ouba)
A8} e e

ofak ahel sk,

1
rabar cluk olulgh i abel = FEy ol u
sk elatsiud, whube] 4A71H 5

arslan 9l o) Al A TFe L e &

Sl i RN

AA7| A Bl 3t o1 72 i,\_E]J_ 914 exch.
£ AFoldde Ankzol ok AR A1 o=
2tz Agsl7] 9al odzbel 249 Niy Fey (wt%) ol
3 ebAlg ARgslel et Faba] grelel wivbxd
behsl s RE-ol1u B8
e Fatabolet, efan vt
&} 400 Oe ¢
L wistol| uwp wintel
el il U]}\—”,r;’e ‘35}0“ i
s} <1 akgich,

]
hy ol S 1],7101111»44.2‘ ,roq 71 9)s
Ak Zrol

A7) A Aol v

. A&y

,_
e

3 Aglel 2] AL-ggk 498 4% Varian 2H VKR

- 242 —



KATE=E> A7 IH G =S NigFey whete) 32 9 Q7] E40f-.

122 n7g} b2 whilo g 13,56 MHz 9 23}
AYEE AHEslole), 7lake A o7 el ofellol 43|
Stalend 71ake] Absl o] E3} 814 18] DC bias A4t
A7t 7HgstAl AzbE olek, glAlS w2 CERAC AR
HIP o g Azt3t daelyozy 24 Nig Fe (wt
%), 719+ Corning glass 7059-%- Ahg8telm, 7]=he]
a7lE 4 ol oube 2v)e Alzsledch v]ske] A
2] H,SO,+H,0,, Trichloroetylene, Aceton,
deionized water =22 683 = 2u} 4 HS s}l
el zA] 27185 7 x 107 Torr o) 8kz $-2]8}
, TANAREE I Ar(99.999% o)A & A}

= o8] FH2AL 7 Edle] 731
# 1 mTorrell A

w

300 W, o} =24k

,454 Bhatel] A& G5 2] o kS Holslr] ol sl
P4 dAel g AAskedo), dale] A= 2] Ak
h) 2241 7hed gl 2g Al a2 chambers 4ol A}
stglond, zele] Hrg ol gsled 5x 10 Torr ol
| A3-& FRIAZ L olul] ed2]2)i= 400 Oe =7] 7o) Q)
Pl b4 shellA o3 He] 2= 200, 300, 400 C 2 W}
A7 A X 8] E 14704 Al skact,

dete] FAZA e o-step s} DekTak 7]7]2 )43}
o] ZHskct 24842 ICPS (inductively coupled
ol-goto] fufjz whulg o

O‘:O o

{0
Of

N
N

plasma spectroscopy )&
7+ Adrol z4ulE Py, AES(Auger electron
spectroscopy )it o] &-3sho] Al Zabg] wbnlo] Ted

2 St} T2 AES ~vlel4r 110 A /minz o
%JBH 7l zabsbeict

pate] x5 zabelr] 98l XRD(Rigauku D/
MAX-1) & gjab7be 2°, e} S Cu, 71549t 5 A5
<= 40 kV, 100 mAol 4] Bl 1° % scanning sted 3|7 4)
g st w3 W=l 84 golme) wizjEo g
Scherrer A& o] &5t} QYxte} 27| o Azpasz A
Abstoleh [10]. vzl 3o 251 4807 (trans-
mission electron microscopy : TEM)-& o]&a}eiar,
ot HApgn] 74 o] Al carbonel uﬁiﬂ Cu grid¢|
off ®obe 400 A Fabebed Al ataleich, olwf wAlobito
2 qbartete| vld 228 abeba, AgHA]o) 3l Ak
2 AYT =S Haglolo} Zalx] wlulel FwtzE
alxlH ez 2AA zabslz] 98] PSI(Park Scientific
Instruments)e] AFM (atomic force microscope)
Auto Probe CP % Alg-8lo] ututel gruiate) s za)a}
e}

A7V SR 2 A4 2 lvpabael He)

1 ©

AR L L R EE B E E P E)

=

& &5 AHEolE (easy axis) W A3 =& Ashe
212 (hard axis) 22 A& 3}to], vlule] ¥ sha)s
M), 222 (H.)& DMS#le] 2% A58 =LA
(vibrating sample magnetometer)i =338t =
g tulo] A7) wl 2}71 Aag 242 Jal A A5

g. 13} 2ol Alztalgict. A7)

U'l: 4

2424 3 AHAL F
'@%nawﬁ%%-ﬂaaﬁ%
o

el %
AL 2171 $lshed huksiell fe) ol AElqlels ARG

Axskx, D. C. bridgewle g =pabgolade] =g s}
oAl o] vlstabd gaboll W2 AFe R=p-
/ht A& ol &3te] 24 s Act

transverse field coil
gaussmeter
J———‘Hallprobe
palirey f

o
” *—longitudinal fleld coll

MR specimen

K181 K617 ] bIs PIS
nanovolimeter| | electrometer AP100 P/S

IBMPC
( GPIB card control )

M

AY T | ‘___._>

*film layer

substrate

Fig. 1 Schematic diagram of the magnetoresistance
measurement system and test specimen.

M. Mgz o8
Hbgo] wlapella] fgaide sxbe] 2r)El, 2]
Wy 5o Axr1d 548 dotelr] s ol Feal



T 244 - 3% #}7] 53] 2] Volume 6, Number 4, August 1996

axz A8e] wlEol Nish Feel gapol iz vl s 2 S7behis e walol wek moppel d A4
wol 4 wEAEE ob o] Maskch bl £ A o) $A4Ee (IDWE Heb wARE & 5 Ut S
ol 4] Aggk ~vE] A 2N Fabgl wbuhe] 24 wAalul Fzel Hurzoele] zHUwe (111) wold &
<= ICPS - 734} Ni:81.4 %, Fe:18.6 %5 £A5 oz & iz G dog AHdaAS 3 45}
9} o = glulgo| d-gubulolx] 2y e FHol 0o =710 2 vhehyto}

J—EI—L[IZ] 9l zmAlel Wejof £HG ok 4 it
Fig. 2% W3 2ARzE 2clslr] $3te] AESE
depth profiledt 7 zfolct, 3473} whal
b wlad wpel &S ort ol Ay
o) 218k =tel A13tg e FhekEn, wheb
o) wrol Frar|gly, FAZ =42 Njg} Fee
Auslst 7o) FA skl ol AE 5

Deposite canditions :
300W, 1mTorr, 100°C

—= -~ NijFe (200)
= —a— NijFe (220)

&

>~

2>

ofo

el

m‘!‘

l

il

us
———
e —NiFe (111

Al 4% ariet sadeare] Aozt ety wlel }
B 2l sl b Aol 217 248l Aol s}
WA 4 oledw 9w 54 Adadel oz et
ol Al 24e FEbl 24l AT AT g
ATy el x| sh= AR ®oick[13]. as-deposited
35 40 45 50 55 60 65 70 75 80
20 -
100
w0 Fig. 3 X-ray diffraction patterns of Ni-Fe thin films
RN IR S deposited 300W, 1mTorr. and 100 C as a function of
“or annealing temperature in 400 Oe unidirectional mag-
s Or! netic field.
Y
RN 1
f:}‘/c Fig. 4% 9dAe] £xo0] w& XRD 314 Az ye
» ' Fe ~ Scherrer A2 Ed 3t siurgole) Azxpds, FW-
ol HM, 2Aa 2715 vrebdl 23loleh, adnbHal XRD
oty ol g et vyl S 4gA el B

Sputter Time(min.)

A =
Fig. 2 AES depth profile of compositional analysis of Ni- mho] MbaL 9l §H & 0 ofeh AT & ek, wheba) A
Fe thin film deposited at 300 W, 1 mTorr and 100 C. Hol| 4] =AE Az 27170 d Bt 2 BAddks
Woll4] whete] xuiatel ZbAel eluh fuwitre s
400 Aoz Bl ubl S Ak adAela) dAe & bEgalg woud d, wrp ol dpete] FAutgke
Foll upit Araish oy njalazl o] o b wabaly) ffelA A o] FolGol sautare 2 oA E e e @
XRD 2438k )]s Fig, 3ol viebiele}, e =2t nlgich, A AR dxe] 2] Frlol whet Sl st
ot s vjubzol ubuko 357~80°9) 20 #el Hell 4 z} JPH & %o 200 C A Hbe HEGEE et
wialelut A aEzel NiFe w3 Akl 3]Au| a0l 300 ¢ o] AoAlE QlA2HS wn QPHS F 4 UM
(111), (200), (220) o2 77+ Llelsh Aoz vlfo] v} o}, gk oA €% 300 € 7hAE FWHM2 o]=jst
e g des EARS o 4 deleh @AY £x A sk ARUA 270100 A daiglert, 400 T
74 Zrhatel whel 53] 300 € ol4ellM (111), (200), ol 4l FWHM 2] F4% zhaeh A3 sl=k= 200 A%
(220) 31ARIe] ko) FA4%] Arasted ol 2isil s A Foz 349 F7HE 2och
o wol upuke] A e Aol Yoidhg ok 4 ek = Photo. 1

! 74\1] Tof /‘Lbﬂi]— AR P B Y

(111) &] g Aol 7hx = (200) 2} (220) 3 el ¥ ojare AARA o 7 WA Yl 400 Aoz FAE



LA > A7) Hhsle g Niy Fe,y kel 32

2.050

2.045

dwim-spacing (2\)

2.040

FWHM (deg)

N

[=)

o
T

N

w0

o
T

Grain size (Z)

100 ~

L L 1 ! 1

o] 100 200 300 400

Annealing temperature (°C}

Fig. 4 Variation of d-spacing, FWHM, and grain size
for Ni-Fe thin films as a function of annealing tem-
perature in 400 Oe unidirectional magnetic field.
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Photo. 2 AFM surface image of Ni-Fe thin films de-
posited at 300 W, 1 mTorr and 100 ¢ as a function of
annealing temperature in 400 Oe unidirectional mag-
netic field.
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Fig. 7 Variation of hard axis MR characteristic for Ni
-Fe thin films deposited at 300 W, 1 mTorr and 100 C
as a function of annealing temperature in 400 Oe
unidirectional magnetic field.
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The effects of annealing in magnetic field after deposition on electromagnetic properties of Niy Fe thin(400[o\)
films prepared by RF-magnetron sputtering were investigated in terms of microstructure and surface morphology.
The coercivity of the films was decreased below 300 C due to stress relief and recrystallization, while increased at
400 C due to grain growth and increasing the surface roughness, And then, 41 M, was almost independent of
annealing temperatures. Increasing the annealing temperature, the electrical resistivity of films was decreased from
37 puQcem to 24 uQcem, the magnetoresistance was nearly a constant of about 0.6 pQcm, and the MR ratio was
increased from 1.5 % to 3.1 %. Therefore, It was shown that increasing the magnetoresistive ratio was mainly af-
fected by decreasing the electrical resistivity. Considering the practical application of the films for
magnetoresistive heads, optimal annealing conditions was obtained after one hour annealing at 300 C in 400 Ge
unidirectional magnetic field.



