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Synthesis and magnetic properties of transition metal (M = Zn®", Ni?")

doped magnetite (Fes_xMxO4) film.

Hye-Young Yang

Department of Chemistry, Graduate School of Education

Pukyong National University

Abstract

Transition metal (M = Zn'zl, Ni') doped FesO, films were deposited on
the glass substrate from the aqueous solution by using the light
enhanced plating (LEP) method below 373 K. The morphology and
thickness of the films were observed by atomic force microscope
(AFM). The surface of the M-doped films is consisted of close packed
grains, whose diameter is about 300 A. The root mecan square
roughness of surface of the films was in the range of 120~693 A.
The thickness of Zn-doped films and Ni-doped films were in the
range of 265~573 A and 270~1445 A, respectively. X-ray diffraction
patterns of the films showed that the deposited films were cubic spinel
ferrite. The lattice parameter (A) of the structure was increased by
the incorporation of the Zn, whereas the lattice parameter was reduced
by the incorporation of the Ni. It was expected that Zn~ is located in
tetrahedral site (Tq) of spinel structure and Ni°' is located in octaheral
site (On) of that. Saturation magnetization (M,), residual magnetism
(M,), and magnetic coercivity (Il.) are decreased by the elevated level
of the impurities (Zn°', Ni’). The Zn-doped films had strong
superparamagnetic properties (Il. = 52.7 Qe for Zn/Fe = 1 % and H.
= 573 Oe for Ni/Fe = 30 %) at 300 K. Low temperature (10 K)

hysteresis loop of metal doped LEP film showed that magnetization

_V|_



was not saturated upto 15000 Oe. The blocking temperature (Ty) was
increased from —~ 150 K over 300 K by the Ni doping and Zn/Fe = 2
% film have the blocking temperature at 150 K. These characteristic
magnetic properties  of the film might be promise for the unique

magnetic recording material.
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AFJCPDS 19 062919 el x5S % 9l

7ho A g el ARp 4 Table Io vhepi@lel. sl d o g e A4
oAz e g Znel midko] Fohshel whel Frbsle} Axp At
8408 Aol A 8435 A7bA E7FEALH Zne] = @ol AEFEH &7 2}
dagel Az 8396 Akt bR ghE 7AW Znol weslwke] whol
A5 Zn Fex050] Ak 2484411 Aok 2AbsE gbs vl gl
A wrgow g vAA Al Fey ZnOelA x < 1 olstoldl Zn™
Aol ~uldl pzeo) APAA(THAE & A shcka oA ok ™ el
A LEP #leto]E A& A% o] ewhdol L Zn7 (74 pm: CN = 4)7} 29
Aol Tyrbelel 213 Fe' (63 pm 1 CN = D& thalsbel] et o 4w
A Zdere] Fkek A= A E

Figure 6l Ni*'e] dolit4o] #H7bg 2Ha LEP @& XRD 3144
Wb gk AEg LEP 259 XRD 3 448 vlalste] YER AT Znol
W7bel Aok fAbekAl AR e Miller #5(JCPDS 19-0629)9F 2 X ®
vhocreiul Znol ESiE ArE R "] =5sk AEEe Az e Bt
U ghagl Azl 44(<8300 A)E ZHHh Nio) v o] 485 =4
3 oHge] A% AR8396 A bhe & AT Niel =9 ol
Wold 4% Ni Fe0s9 24 A45(8339 A)sh i:Abeh gh3 vbehuja ek
Nitis & ZaAae] k43 oW A(OSSE = 862 kj/moDE 7F# OSSE
= 0 kJ/mol &) HWA(O)AE] S Fe'' o] 22l 5 4 AAstA 2 3o
2onleh webA Ax e Frkz ol WA Fel 2 NiT(83 pm Oy
site)o] Fe''(785 pm : Oy site)E X §3 Ao 7]elgh Aoz 2B & v}
Lefuh Nitel ZL717F ZnPell ule) @A gRobx AL Aol Fahvb
7n FesOol vla] @Ash4) oA "ok B8 Niv(69 pm at Tq site)7} Ty
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off 21tz Fe’ (63pm at Ty site)E thalahAl € Aol FAs 2z A

of F/hE ey @ 4 9lont, olis F o2 (ko] OSSES] el M o)
bisdol ek srebeiv

Table 19 VER U[(M/Fe) o) 4he] Mol e/ Hol o) wE 7hd 4
Folol Mi: foom el &+ o= £l ATl FAHA et w

vbA] XRD w4 o2 LEPH S o]83ste] Zn 2 Nivl &5 =48 2y

9 orxE FAEEA 48 "eg s 5 deS @98ty ZnT e 9
vhol iz 2l o) AbAAl Abel, NP3 BuAl AelE s 2
o e 4 Adrh
Table 1. Lattice parameters of metal (Zn, Ni) doped LEP film.
[ Lattice Lattice |
Sample ) Sample .
| parameter(A) | o parameter(A) |
Zn 0.25 8.408 Ni 2 8.395
Zn 05 840:) Ni 10 8.390
7n 1 8.407 Ni 30 8.381
Zn 15 8.426 Ni 50 8371
n 2 8.430 Ni 60 * 8.350
n 25 8.436 FesOs 8.396
/n 3 8.435
* (Ni 60 sampleZ XRD pick7} F818}2] kol whelaL o] Axpg+&

Po) e

a = dhkz*\/h‘ + k24

O)yA ek dek

o] &5}
1.476 Aco|t}.

A4 Artsdv old (4, 4,
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Figure 5 . X-ray diffraction patterns of Zn doped LEP films. The

numbers indicate the nominal ratio.
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Figure 6 . X-ray diffraction patterns of Ni doped LEP films. The

numbers indicate the nominal ratio.
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LEP WMoit @438 wad(Zn W Nbol wisl zd Aol &t

A1 A Table I o veERWRIch LEP 25 ol &Exdks F&50l-5
o] wliir UhA wisol Qo) wEg folo A i o] FiEe] Tt
Fbehel upel Frhely: FAE XAk Figure 79 whg 89 W9 Zn/Fe
el LEP #1330l A 221k Zn/Feeol i “rg o2 vpehudch. 18 o A

Mz onpep zRo] ShAl¥l LEP 255 Zn/Feul7b 04olste] b5 eI

AL, Zn/Fevl = 3 E7Fsksivh. Table Mo Fol-e] v & et o g i}
R deh, shetafoll A Bitel 7Zn FeOuiz RES-&Fef sl ot v
AIVHAIZE 4SS 9 QAL Fes ZnlOgol A x<1.09] AFefe] A Fel &4

Mﬂ

Schiz Aok A sha Qo

Flck o]i= Znol Tyxlel &

')* ’ = -1 = 337} <2
At EFH Fgoonve d4E AT

2 YT

\O

] 24 ‘5% (Ni/Fe)2t 3}sk2]
S Table I % Table HSIH +5eiL, Figure 8ol wWg 8o vje)
NifFe vlsh LEP #golA sele NiFeel vz ez vehiieh. Zn
9

LA

Asiel Ak gol Aolx AHE xAE b Soldl xFw
Niol2e] ol o|&ate] 7t 43s AS 4 AU At £
ol A} Ni/Fev]7} =1/l Z7batviebe @49 BFol A NifFer A3 Z7t
3hA QI Fey (NigOoll A x > 0569 A8 AAE A ekgieh 2 A
shd QbR A (L OSSE)S 7Hd Nir'7F OSSE7F 0 kJ/mole! Fe’ (high spin)

Aol gapAo]l Fstthi= AL ofv] A3t

N

2oy FroM A Sl
it zto] LEP Ao wis Adstael 4o 9 o] ofvlg no
=k

Figure 9ol 43z ICP® F4e H4 sl Axp dete pAE 19
22 vehiech Sel A olsrd Aske} npasA @ Znel =) Fol Frh

A~ i3 1 5 A <)
T /%A} )?sl“l‘ %k??

Hebe AL % 5+ Qo NiZk wqs 28 7



$olis Niol wiebol Frbabai Ad da grol wavi: Ag w %

ALt

Table IV ¢} Table Velli= Zn” ¢ Nit 7} #3tg s gNo e g%
A5 EDX# A A4 wX(Ni/Feleh sheba& vehllaL, Figure
103} Figure 1132 wkg &< el Ni/Fe vj9b LEP el 2l EDX2
ghelgk NifFeel Ml rgoi vhepliolvh ICPR H4g8 A4 glaghs
Vhas atols Mofar ek thAli Wil kglgel] wep dA sEE

Z7beky: A4S B 5 v} Figure 129145 ICP¢F EDXE F54% A

wresr ulaeksith ICPSt EDX2 348 A sEi Uk Aelg e

_‘Ig_



Table II. The atomic ratio(M/Fe¢) of the M (Zn and Ni) doped

Fe;O4 LEP films. The chemical analysis was performed

by ICP.
Sample 1 7n/Te Szmﬁ)le Ni/F e
Zn 0.25 ‘ ().04‘2 Ni 2 0.033
72[1 ()5 ' 0.086 Ni 710 7 ().027 |
| Zn lﬁ o | ()0% ' \h 30 ‘().08()
 mis o021 | Nis0o 0.161
| an 3 | 0.394 7 .

Table III. Compositions of M (Zn and Ni) doped Fe304 LEP

films. The chemical analysis was performed by ICP.

Sample Formrtilé; 7 v B Sdmple Formular
Zn 0.25 Fc;x;njg()i 7& 7 \112 I<‘eg_f)<}Ni()_1(JO,|
mo05 | FeaZmeO N0 FeuNinsO1
7Zn 1 FessiZnoOs | Ni 30 FemNio»0y
15 | FeuZnusOs NS0 | FesNineO:
7n 2 | F;HZ;]RN Ni 60 1’03_411Ni(;.m04
25 | FemZnwO:r | D
3| FenZnO -
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Figure 7. Real Zn/Fe ratio, which was estimated by ICP
analysis, in Fe3 Zn:O4 film was increased with the

nominal ratio.
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Figure 8. Real Ni/Fe ratio, which was estimated by ICP
analysis, in Fes (NixO4 film was increased with the

nominal ratio.
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Figure 9. Lattice parameters for real compositions(by ICP) of
(a) Fe; «Znx0O4 were roughly increase with the Zn/Fe
ratio and (b) Fe3 \Ni.Os were roughly decrease with the

Ni/Fe ratio.
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Table V. The atomic ratio(M/Fe) of the M (Zn and Ni) doped

Fc;04 LEP flms. The chemical analysis was performed

by EDX.

Sample Zn/i’ e ! Szmrlple Ni/’i“e

7n 0.25 0.028 | Ni 2 0.013

7Zn 0.5 0.062 A\IiﬂlO b()%b o
 ma 0.061 Ni 30 o
: Zn 1.5 0.221 Ni. 50 0180
e 0.258 Ni 60 o3

Zn 2.5 0.399 -

Zn 3 0.398 -

Table V. Compositions of M (Zn and Ni) doped Fe3;Qq4

films. The chemical analysis was performed by EDX.

Formular

Sample Formular Sample
Zn 0.25 FesaZnoenOs Ni 2 Fe29sNip0aOa
7n 05 Fe:wZnois0a Ni 10 FeuuoNig 1004
| /n 1 Feu w3 7no.1704 Ni 30 Fe27Niy:04
| Zn 15 Fe 15Zn05:0s Ni 50 Fes5NioOx
| 7n 2 " Fe:3:7n0.6:04 Ni 60 Fes41Nig5004
Zn 2.5 | Fé'%l.lz}l()&ioklr
/n 3 FeoisZnoasOa
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Figure 10. Real Zn/Fe ratio, which was estimated by EDX

analysis, in Fes «Zni0O4 film was increased with the

nominal ratio.
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Figure 11. Real Ni/Fe ratio, which was estimated by EDX

analysis, in Fes «NixOs film was increased with the

nominal ratio.
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Figure 12. The relationship between real and nominal compositions
of (a) Fez xZn04 (b) Fes «NiyO4. The real compositions
were measured by ICP and EDX.
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el ix meFy c1vl Ts WAleky] fIst FAR w0 vl
(scanning probe microscopes, SPMs)<- #2455 z17] 72 Alsie] &
AAEkA W g e di: SEe] Avk SPMsiz 3 @dvj et @
A abis whe], Ajire] x vEol upiE el ofujel el zlolQl z &
of thslele  ApAsAl RodFvh oldA FA® Az EE1 9]
(topography)ebal gz Alge] ol 2o gwle] JFels AP o g e}
ok e AEd Aol B2 F4 7 sl v w F3E 4
3ol wAE EFA-s 9t SPMEelA Ux @ Av) 7 (atomic force
microscopy, AFM)& o] &3slo] SAsUl AFM2 w538 g

9% AU zFe] wsel od) m¥ciguE darsiels gulolt

o

o] ¥

[S U

Aol HAe Park  scientific  instrument  AF2]  Autoprobe PCA) & &

contact modeiz® ZAsIHC-AFM).

Table VI. Thickness of metal doped LEP films.

I e e - P O -

Sample ‘ 'I‘hickness(nm) Sample T hlckness(nm)
Zn 0.25 N o713 Ni 2 - 294 o
Cmo0s sz | Nilo 522
‘ 7Zn 1 » 453 Ni 30 e : 277717 N
| /n 15 298 Ni 50 o5
N /n 2 ] %% Ni.60 o _lig_ N
- w2 . FeOr | w0
| o B 265 ~ - _
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e Kot lizdl E-dtfol A Aol vl dekA FEE AL Atk oy
UV-VIS =9 eExls FajA g]lstal o, Figure 139 Znol &% A5

o) UV VIS ~#lEel s vepyiieh, 9 a) Ao s g1et 5 glAv

/nel -grol ghaghel wep Faevh Frbski FAlE #dd 4 Qv

W NIZE EE S EEe] s 2~ 10 %7HA3E 270 ~ 320 nmiE M|
EAE AN 50 %, 60 %0] HIES A A4S, FA obF &

g 7EAE Ao n EA vt
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Figure 13. (a) VIS absorption spectra of Zn-Fe304 films Zn 0~3 %

(b) absorption for real compositions at 450 nm.
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AP e] B0%)iE wrete] fL ders A4Sk o] vEssiuk ¢ el
sk et 8 oju o wrxrlol At oy A rekE] v &

abaLzk gt Figure 14 55 siwlol]l oliz Alvk(step)s 7FA w3z ahit

o] AFM scan dolt}. o] el A] izole] zboli= Figure 159014 H.o]i= 34}

9 o1l Algkel o] Aolsh @ik ow) LEP #EHel AR sito]
A7 Aol WS- Foshy] WEe TS Qs FAe: R8s
ofth. o 7| Mis 5% 8 A% ol fato] LEP AEol v weg wEeln)
ol AY Wg v)Fon Jlwel Wk FAw NG piel FAm 2
Bz g (Figure 1400 o8] B9 wolE H9a £ . ol

A S5 grom ARl P ICP ¥ XRDell ejs] +A3s vk of

_29__



0.5-
'—!\ A'A' 'r\
0.4- - R
=
2 03
£ 0.42
2 0.2- - UAenm
=
0.1
0.0-
0 2 4 6 8 10

Traverse (um)

Figure 14. The height profile of the scratched edge of Zn 0.25

LEP films.

Figure 15. Threc-dimensional image of scratched edge of Zn

0.25 LEP films.
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Table V= zb 2153t e] et d#b 924 (Root Mean Square
Roughness)9ldll, 7h A5530e] War2 A o 173 ~ 339 Ao iir A8k Q)

A9l ¢ 4 Qv Figure 162 7Zno|l Z3tE R a9lwo] 9li= =2l o)
o) 2ARRIART LA ) vheh Qs el b i Fe) wiel uhel i

4= sk Figure 179 Figure 188 7
A4H5gE FE-SEMO.it #h28k 59 o) #Jo|t}, Zn 0.25uF Ni 29 4$-2
SAREE Reke) z1v) s veha 9l
itk Creiv EEEe) whvh Fbees

BirA A0 NS e 9

olul x|} el i

Table V. Root mean square roughness of metal (Zn, Ni) doped

LEP films.

i Sdmple RMb roughngss (”A") Sampg IU\ISiroiuﬁg;r;;sw( Z:) B
7Zn 0.25 263 Ni 2 144

Zn 05 259 N0 18

m1 280 Nz 120
/;1 3 | 71307 N : 7\Ii 507 N 412
Zn 2 o Ni6o 698

Zni 2»5 . ]3.9 H | Fe‘x(h B - 105‘ i |

7; % _____ | _71 _ B _ et i
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Figure 16. Two dimensional AFM topography of Zn doped LEP
films. The shape of microcrystals was changed from

polygon to sphere by the Zn doping.
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Figure 17. FE-SEM images of 7n doped LEP films. The
crystallinity of LEP films decreased by the doping.
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Figure 18. FE SEM images of Ni doped LEP films. Large
irregular particles appeared on the films by the

doping.
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3-3. 45 T AEF A5 Ass FA4H - SQUID

Al algel g8 dAM THE sa3t a4 & skl 2] E Aol
choo A H e e sipal of el A g 4] H s spivg
LEPW ol o)a) g%l doli4(Zn, NDES] A3 g5 #4714 A
A5 gdohlv] fla SQUIDE ol &38kith. SQUIDY:  Superconducting
QUantum Interference Device®l ©Fapiial, Aol 4] doji= 9zt
(A @RS o] g3z MAolth o] g A A 27 G0
el oF 1 ool Kol ro] sikaliz 107 Tel v ARG A FAE 5 Q)
S I ) S B oS A e’ G =i R SEes] S e S S IV K R ol e B i B
PN AAE v W A A ARstehe RSFE UERWE a9l A2 9]
H M (hysteresis loop)E a8l <4+ vk SQUIDE o] &3k 2300
)2 210 K)ol A #p7) o] &< M (hysteresis loop)S A vh o714 #}
NH AdAe BEAAE grow oA 3 /3 27 R EM,, magnetic
moment of the compound per unit volume, or the magnctization)”} =%
wi o) ghell Aol Wk E ol A HW e A @ Gyl RdE
(M, Mass magnetization) gke] #|Alglv) z7] 23y 2h713F Aleleo)] @A &
vhebl s F 2%k gtow zd&(susceptibility)o] o o] ZFe M./H
dolE A7) o golwivk ! Zrela el wE sE3kAbslE (M,
saturation magnetization)®} 2 2F3HM,, Residual Magnetism)% X A=

(He, coercivity)S A4t}

H‘J

AAdA e 7pset HAst w343 (saturation magnetization)
WAl Wl 93z RE 4/ 4347 9% ARl met Az gEn o

Wi xahsg gtk w2 IAASES hAFE AV V5 AR
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*%%"5‘“/}.1 Figure 193= 42300 K)¥F #2-(10 Ko~ LEPW | ¢)s) ul
rol Rl EEdh AR AR A5t #v] olelarMolvt Figure 1904 [ // ]i=

sbafE Ap7 el kel lito] sai o ol AFE|C] 4}/] o] ¥ A o)
AL TR helE AR el kel mH oxl Fol Rl dFe] #v] 9
et e vreRICE Ao Aol v} o) i@ vhe] Aol A el 2h7] o)
W e fEglo) ashs| 4] R Blos upsghul =48k ap Ak o] sEs)a)st

F2 92 emu/gol,” Fapxat & e Hagale] Fo'/ Fe''o] wlel o3 4l
1AL Sadelnk” o) el A Ayl A4 HE LEP W aajsg
2 64 emu/go] ALt

A71skek A7) A wpg el A R 2hv) gekek g} wWeko R vhs) 5o
oF &k gkl XA (HOS 2=¥e] 23t HA&S vhehgicd, &4 2
150 54 A 7hel & #bghel]l wigh Alsizh 3ol e waee 153

Oco] 3L, 42 ware]l& 56 Oeolglt}.
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Figure 19. Magnetic hysteresis loop of Fe30s LEP films (a) 300 K
(b) 10 K.
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7bode] SRS, N 2908 A dadel 9300 K) #F7) o) el 2rd x
A010 K) #F7] o) #2498 Figure 20, Figure 21, Figure 22, Figure 23
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saturation magnetization) 2k ZH5F 4 3HM,, Residual Magnetism) % 12
(He, coercivity) AlAE 8F 5 0Avk Table VIOl 4300 K)ol A #}7) %
T 15 kOe ~ 15 kOc Feol A WstA 7l /b A bl 73k Axpiz

Aoliidm, NS B8 4043t #5428 4A%e] Laiaatas 057

1 [

b vpebdl Ak Znol Ede A RSS Eeh A Ao Zakaisign

oo wB AR S AN Znel g o] ol RS ¥akxbahg ol

ks glos vrpwkvh Znol #9lw A H FollA Faabshe 2 84.30

A HAe] HaakabgS Ni 30004 5318 emu/g?) o =A ). &%
vh b ko w A(10 Kyl A vkt Avis Ao vhsle 271 %o
15 kOeoll A e fFlat Al 28p7b w1 4] ¢z S-S Woju Qlrt

Table X2} Table Xell 7FzF 300 KoF 10 Kell A2l Zn, Ni7zb €915 2

Go ARASBE vt LEsk welAY gl Ao w 447148
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Figure 20. Magnetic hysteresis loop of Zn doped LEP films at 300 K.

_39_



200

Zn 0.5

100-‘ // . /‘ _J_

M(emu/g)

-100
-200 T v T T T M T T T T T v T
-15000 -10000 -5000 0 5000 10000 15000
H(Oe)
150
Zn 1 -
100 -
o0 50 -
\ e -
S 1
£ o
<]
T
= -50 -
-100 4
150 A———————————
-15000 -10000 -5000 0 5000 10000 15000
H(O€)

Figure 21. Magnetic hysteresis loop of Zn doped LEP films at 10 K.
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Figure 22. Magnetic hysteresis loop of Ni doped LEP films at 300 K.
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Figure 23. Magnetic hysteresis loop of Ni doped LEP films at 10 K.
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Table VH.

Sample
7n 0.25
7n 0.0
/n 1
/n 1.5
/n 2
/n 2.5
/n 3

Table KX.

Sample

Zn 0.25
Zn 0.5
7n 1

Zn 1.5

Zn .

25
/n 3

Table

Samplc
Zn 0.5
7n 1

/n 2

X.

Saturation magnetization (M) of metal (Zn, Ni) doped

LEP films at 300K.

| M., 7 temus) o M, L (emu/g) :

J 56.65 5556
816 8450
o6 63T
®m | 5
56.66 5382
2646 | 264l
om0 a7

Sample
Ni 2
Ni 10
Ni 30
Ni 50
Ni 60

~ Fe:Or

M., 4
46.42
4117
5318
26.67
18.68
64.82

temu/g) | M, L temug)

48.30
4161
_5l72
2720 |
E
6283

Residual magnetism (M;) of metal (Zn, Ni) doped LEP

films at 300K.

Mo e | M, L e
36.97 600
901 279
40.60 329
79 208
3431 6.06
745 055
1250 199

NI 50

o N ° 1
Sample

Ni 2

N0

Ni 30
Ni 60
FesOq

M., [ temwg)

2876
22040
3414
908

204 |

3356

M, L (emu/g) |
3.15
187

Residual magnetism (M;) of metal (Zn, Ni) doped LEP

films at 10K.

| M, emw) | My, L (emu/g)
o9 699
oas | 06
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Figure 24. Saturation magnetization (M;) of (a) Zn-doped and (b)
Ni-doped LEP films at 300 K. The atomic ratio

(x axis) was determined by ICP.
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Figure 25. Residual magnetism (M;) of (a) Zn-doped and (b)
Ni-doped LEP films at 300 K. The atomic ratio

(x axis) was determined by ICP.
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Figure 26. Residual magnetism (M;) of (a) Zn-doped and (b)
Ni-doped LEP films at 10 K. The atomic ratio

(x-axis) was determined by ICP.
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Table XI. Magnetic coercivity (H:.) of metal (Zn, Ni) doped LEP
films at 300K.
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Magnetic coercivity (H:) of (a) parallel and (b)
perpendicular of Zn-doped LEP films at 300 K. The

atomic ratio (x-—-axis) was determined by ICP.
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Figure 28. Magnetic coercivity (H.) of (a) parallel and (b)
perpendicular of Ni-doped LEP films at 300 K. The

atomic ratio (x-axis) was determined by ICP.
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Figure 29. Field cooled (FC) and zero field cooled (ZFC)
magnetization curves of magentite. Applied field

was 200 Oe.
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Figure 30. Field cooled (FC) and zero field cooled (ZFC)
magnetization curves of Zn doped LEP films. Applied

field was 200 Oe.
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field was 200 Oe.

,55*



b3

ool At e AW S8 A AbAa gz ARy A%y A
o & (zn”, Ni'hel F7kel whit Apabe] w4 Wekel thakel gk

st Al Heli&znt, NiT)el ReEnal ke AR

Az wHAZnCh,

NiCl) @t FeCly, NaNO.o 4284 &ef& -ieoh Agbs 2Hske] #e 7

shelth WA, AEel pxE PAL 9§ XRDYA Avs 74 BHHol

0839 Aol Ax A543 7pxis e o Ay RAS e

N
3
e
ro
I\
Vi
i
~Olr
N
-
o
ofg

il o] AbEA Al NPT 3uA xe) s
s A e £ ATk AFM EXCreuelA Znol 99 HE
o] fFAlz oF 200 ~ 580 nmolv], &) T7hEel whel FAVE 3Fas)
Avk Wb Nizk &€ A5 F7= 210 %7 270~320 nmE M
sxgk FAE ZHAANE 50 %, 60 %o ERES VR A, FATE obF
TogE v e FANAY A AFEe] Ay 9% EHAde

173~339 A oA wlAleh fA9)s o & Stk FE-SEMe &2 733 %

h56ﬁ



uloolp Ao At Znelk Nisl HeEol H3%% £48 Audu obF
Fabe mepsh m/1E dehga e ¥ ik Znolu NiTh 9@

AR Ghdol FAUL% Fahxsifol askis Ao vehuloy

O [e) - 1
/nol 0% AHG FolA HiASE S 8316 emu/gel EE zbi= Ao
oA EQAL Nizk &% 2P FollA a4 d &2 5318 emu/g el
gho i SAEAC HgAstde E3hapskE ) v Sg Ao eyt e

g vheble Ao vpskoh ZFC-FC 2 Aol A5z Zn 29 -5 ] #HA]
ol Al FAFAA o W 3k= Ty(blocking temperature) 7} 150 KX-+to 4] o}

Ehvbs e SAssled, Nivk &5 AF5e] 4932 Niel el

N
N
N
fle}

%
Bl
Sk
—
Ul

O K 300 I{Oﬂ )‘1 TB]} 71:} —A;] 70*7}_§1 _% ILJAO] al 9\}\1;]' O] 271 _EE]:

,57‘.



LA o ) aere] R & (000

o

Wdsl, 7] W K A (20000

TY. Kim, Ms. Lee, Y.I. Kim, CS. Lee, J.C. Park, D. Kim, J. Appl Phys.
2003, 36, 1.

4. A. R. West, Basic Solid State Chemistry (John Wiley & Sons Ltd. 1991).

5. M. Taher, 5. E. Campenter. V. Cestone, N. M. Niller, M. . Raphael, M. E.
McHenry, V. 5. Harris, J. Appl Phys. 2002, 91, 7595,

. J. Mistrik, R. Lopugnik, S. Vignovsky, N. Keller, M. Guvot, R. Krishnan, J.

[P

Magnetism and Magnetic Materials, 2001, 226, 1820.

7. J. Golz, J. 7. Zhang, H. Han, B. Motherway, A. Srivatsa, 3. L. Halpern and
J. J. Schmitt, Advances in Coating Technologies for Corrosion and Wear
Resistant Coatings (1995). A. R. Srivatsa, C. R. Clavton and J. K
Hirvonen, eds;, The minerals, Metals &AlaterialsSociety, 37.

8. H. Herman and S. Sampath, Ind. Ceram. 1998, 18, 29.

9. S. Sampath. R. Gansert and H. Herman, JOA, 1995, 47, 30.

10. R. Nathaway, R. D. Vispute, S. M. Chaudhan, 5. M. Kanekar, S. B. Ogale,
A. Mitra and S. K. Date, J. Appl. Phyvs. 1989, 65, 3197.

11. S. B. Ogale and R. Nathaway, J. Appl Phys. 1989, 65, 1367.

12. S, B. Ogale, S. M. Kanetkar, 5. M. Chaudhan, V. P. Goodbole, V. N.
Koinkar, S. Joshi, R. Nawathey, R. D. Vigpute, S. K. Date and A. R
Moghe, Ferroelectrics, 1990, 102, 85.

13. V. N. Koinkar, R. Nawathey, S. M. Chaudhari, S. M. Kanctkar, S. K. Date
and S. B. Ogale, Proc. Fifth International Conference on Ferrites, ICF-5;

C. M. Srivastava and M. J. Patni, eds, [, HhZ5.

_58_



14 W. D, Westwood, 11 K. Eastwood and A. . Sadler, /. Vac Sci. and
Techn. 1971, 8, 176.

15. 1. Zaquine, 11 Benazizi and J. C. Mage, J. Appl Phys. 1988, 64, 5582.

16. A, Morisako, H. Nakanishi and M. Matsumoto, J. Appl Phys. 1994, 75,
5969.

17. B. X. Gu, 11 Y. Zhang, 1. R. Zhai, M. Lu, S.Y. Zhang and Y. 7. Maio,
Appl Phys. Lett. 1994, 65, 3404.

18. B.R. Acharya, R. Krishnan. S. Prasad. N. Verkataramani, A. Ajan and S. N.
Shringi, Appl. Phys. Lett. 1994, 64, 1579.

19. M. Abe and Y. Tamaura, Jpn. J. Appl Phys. 1983, 22, 1.511; M. Abe, Y.
Tamaura, Y. Goto, N. Kitamura, and M. Gomi, J. Appl Phys. 1987, 61,
3211; M. Abe, T. Itoh, and Q. Zhang, Trans. Mat. Res. Soc Jpn. 1994,
I5B, 1117, Q. Zhang, T. Itoh, and M. Abe, ]J. Appl. Phys. 1994, 75, 7171.

20. T. Itoh, 5. Hori, M. Abe and Y. Tamaura, Jpn. J. Appl Phys. 1991, 29,
11458,

21 T. Itoh. 5. Hori, M. Abe and Y. Tamaura, J. Appl. Phys. 1991, 69, 5911.

22. 'T. Itoh, Q. Zhang, M. Abe and Y. Tamaura, J. Appl Phys. 1991, 70, 6443.

23. T. Itoh, 5. THori, M. Abe and Y. Tamaura, [EEE Transl. J. Jpn. 1991, 6,
214.

24, K. C. Yoo and S. H. Talisa, J. Appl. Phys. 1990, 67, 5333.

25. J.D. Adam, Magnetic thin film device (Academic Press, 2000).

26. B. L. Halpern and ]. J. Schmitt, J. Vac. Sci. Tech A, 1994, 12, 1623

27 (. F. Dionne, G. C. Gui, T. McAvoy, B. L. Halpern and J. J. Schmitt,
IEEE Trans. Magn. 1995, 31, 3853.

28. BB. L. Halpern, J. W. Golz, J. Z. Zhang, D. T. McAvoy. A. R. Srivatsa and
J. J. Schmitt, Advances in Coating Technologies for Corrosion and Wear
Resistant Coatings(1995): A. R. Srivatsa, C. R. Clayton and J. K. Hirvonen,

eds: The minerals, Metals & MaterialsSociety, 99.

_59_



29. B. Negulescu, L. Thomas, Y. Dumont. N Tessier, N Keller, M. Guyot, J.

Magnetism and AMagnetic Materials, 2002, 242, 529,

30. V. G. Harris, N. C. Koon, C. M. Williams, Q. Zhang, N. Abe, J. Appl

33,

36.
37.

38.

Phys. 1996, 79, 4561.

. Co M. Tru, HLS) Hsu, Y. C. Chao, N. Matsushita, M. Abe, J. Appl. Phys.

2003, 93, 7127.

. N. Matsushita, C. P. Chong, T. Mizutani, M. Abe. J. Appl. Phys. 2002, 91,

7376.

. Ravinder, K. Vijay Kumar, A. V. Ramana Reddy. Alaterials Letters,
2003, 57, 4162.

A. M. El-Saved, Ceramics International, 2002, 28, 363.

. M. Abe, Y. Tanno, and Y. Tamaura, J. Appl Phys. 1985, 57, 3795, K.

Kitamoto, S. Kantake, F. Abe, and M. Naoe, J. Appl. Phys. 1999, 85, 4708,
T.Y. Kim, M. S. Llee, C. S. lee, Y. I. Kim, J. C. Park and D. Kim, J.
Magn. Magn. Mater. 2003, 36, 1451

http:/7kss.super.or kr/squid html

D. A. Skoog, F. J. Holler and T. A. Nieman, Principles of Instrumental
Analysis (Freedom Academy Publishing Co. 1999).

7. Kakol, J Sabol, J. M. Honig, Phys.Rev.3, 1991, 43, 649.

39. D. Kim, K. 5. Hwang, C. S. Lee, J. C. Sur, . K. Shim and Y. 1. Kim,

40.
11

42,

43.

14,

Bull Korean Chem. Soc. 1999, 20, 1313.

AT, SR, AFYEelsre] sjEe) & (FAWE H3 M & 2001).

7. S. Teweldemedhin, R. .. Fuller, M. Greenblatt, J. Chemical Education,
1996, 73, 906.

M. Ijaki, and O. Shinoura, Adv. Mater. 2001, 12, 142.

S. Park, B. L. Clark, D. A. Keszler, J. P. Bender, J. F. Wager, T. A.
Reynolds, and C. S. Ierman, Science (Washington, DC, U.S.), 2002, 297, 65.

JCPDS(Joint Committee on Powder Diffraction Standards) data base 19-629.

_60_



1

5. 7. Kokol, J. Sabol and J. M. Honig. Phys. ev. B3, 1991, 44(5), 2198,

6. . Wang, 7. Kakol, M. Wittenauer and J. M. tonig, Phys. Rev. 3, 1990,
42070, 4553 0 JN Honig, J. Solid state chem. 1982, 45, 1.

7. 7. Kakol, R. N. Pribble and J. M. lonig, Solid State Communications,

1989, 69(7), 793.

,_61_.



2402 JE %aH ww IR 2

hgol AU B4 AgA 250z FAY AF 1T FA 2
42 B 9A R YU B WRAAL Y21 E 1Y
% 283 wled) HFAE A IS A4 FN B2 21593
S8 2497 2L E =AU obFd B3PI Aok @
AT AT AIFA o) EA A, AAY L3Y, 298 23
99 29, A¥Y 249, FUF 259, FY5 249, A5 =
9, WS RAd, 94 249, 849 LAY 22 WAE =YY

4&Ldnmlmmj\'.‘.4)-n:’,rloo,‘iL}u

92 TLF3FY AIAL AN S PE A8 Asdd 248 A
A AHFAR FFHeR Y2 235 FA oJET AAd.
EE 3 FA A A AY =5 AT Auc wel Hojg
A ZAE g SR 3T P AT AYS AEL FA e
ReJokE BojFA oA F g FFNY 2E FAFE AHFA o)
A Awd.el 2E 3800 3 EIY A
2832 (Y EEF 998 B2l E.%%0) FX3D AT ¥A, HLH
295 2383 58 65543, F¥AD. Y5, o7, H¥Y, Y
.58 £ 99955 ARG o1 x4, WA, 430), AL, A
A, o1, o)}, FF3, AAF, AP ez YA H. 23
2y T AR o fel. Ay JBFL A BIY FF FAQ
A A HAHY Ao A A ?Mlﬂ T 9 Ay 283 ¥
< 395 WY F2F g A2 HE 2.

shrleto g F3Y A} P2z ﬂ-g 39 FA AT opwiA, o
* B85 2892 0135 25 A3l M EY YL
£ <+ s A ol 8% =2FV AL



	표지
	목차
	초록
	1. 서론
	2. 실험
	2.1 금속 혼입 자철광 필름의 합성
	2.2 전이 금속 혼입 자철광 필름의 분석

	3. 결과 및 고찰
	3.1 전이 금속 혼입 자철광 필름의 구조분석-XRD
	3.2 금속 혼입 자철광 필름의 표면분석 -AFM
	3.3 금속 혼입 자철광 필름의 자화율 측정 - SQUID

	4. 결론
	참고문헌

