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Pulsed Laser Deposition W& AME3]d Zng Fe, 0, 1S S25190H ol A H A|d E4S ST 32
ZARIATE. 257} 300 °ColE AS e I E(corundom) o-Fe,05 BBE YA E (wurzite) ZnO T-25 XYL A
o} ZHL 57} 500 °CE SIS A9NE ZngsFerc0s(111)/AL,050001)2] 24 RS Ad w)l¢- P 294 (inverse
spinel) A470] o]FojH oW et o] AAV|E FEE7) 300°C & W B} o HHsteF ). o2st g2l Zng,Fe, 04

HEtlM = XA A B4 A3 a-Fey0s, ZnOdll dEek=

o 28 BEHA Ygkor] olefdt AEE 7wt TS

EojFol W} gampde] ApdA] 2ol XSS ovldit). MH F49] =4 Ay S22 % 300 °C Wk 2 40|
A9l FSER] &2 whA 500 °C Bl Aeolls ulg- s AxPd EAS ER1E 4 glor WaRn) gk Exls) gk
A4 Z2]e] Fe 2HE2] WE (canting)ol] 23 Ao 2 o€,

FHlo] : ARPduteA), g, 2389, Zn,Fe; 0,

. M 2

A de] 2oln Q= WAl 2Pt AA} Shse)
Aol =Y Rlo BeAEA ol Holde Az )

ol thgh wi- st A7t o FoiA|ar Stk ol#gh b
Al 2fe] d 2 ZARRe] 2AAREE E83 o]2nt A
2APE & F et ols A3 EETS o83 &
2AETE 9] AR % 540 239 AREE St
AAFOZHN M2 52l gt AUig Aaks st
7] 915k Ao= Al g ARSI = GMR 3= 5]
2 EAHQ ool siFETH1-3]. ©] GMR hard diske] B
o= gt ujg- =epiEgt JEAGEHF] S 718l
B3k uf], o]H3t 2~HEZY X (spintronics) AAES 7150
= AR ¥UE AZE 71548S 7T & A= 7)Y
At b HT S0 o5 A AR BRI A2 &
A A AR B AR FERE o5 T
o theh B2 AN A7t o]FolA AL = et

o9} & 2|AAEL VAR HE FEIe WA
o] 2~yo| H=EZn] qiA] ZHol|A] & WEko 2t WA
o] = olEul 2A|AFS VIE HAZ A =M GMR
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A B4o] AelE ayFor ~¥Es AYle & o
E o2 s A8 APAl T2 wieA] Bl vl A
sl HEAIA AAPIAR Qlste] wihg- =4 TS Hdske
HE=Ao] FAAT = o]2n8} 2HF(spin injection)’ HH
o] St} ole Holage] |3 AR <3l vi-g- e e
255 Ad 34 ARIEA o= g dolME gA A
3 ~9HE A1 ¢ e S AYa Ao Fe
HieAe] H3 B MnAs 5 HE=A|e] Aol dd
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A A QA A o] M oA AT a8 vig-
ol F e AoR dHAAEA A RIEAIE o83
237500 A2 S Eejder|a doHi1].

B Ao Ms 2T A (source)?] A EE=E,
A Ad F(magnetite) 2 FEH A AT G223 (inverse
spinel) Fe;001 ZnE X838t Zn,Fe,04(ZFO) HFte] A4
7 o]o] AFARI B A dhiste] 2R YR o
2 APAA(tetrahedron) AF2]Q1 ARl 2718] A% o]0,
72831 ¥R (octahedron) A&Q1 B-AE]e) 371¢] B o]
o] Eo7k= AB,O; 29dl= 2] J2ud 729 Fe;0,
© AR Fe’* o]o], 2]l B-Ao| Fe*'¢} Fe'' o]
1:19] ¥l&2 SoP/Ml HM(Fig. 1) AAE= Solgh 4
W40l SAS AYA He Zo=Z d#A doh12]. 53]
27} AL R B 25oloX Fe00 ZnE A
3kt ZFOQ] 7%, Znd] A3 E¥= wi=zio] AAE]o]
AR BIEAR Hold ZhsAol o ol A &
AT &0l wie- & AR ogEoe] 2AUFYY A
2A g 85 22 7FsA0] e A= Z|tiETh
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2 ARoNX9 ZngsFe 05 W22 Pulsed Laser Deposition
(PLD) WhHo 2 AA=lom oA Fdd KiF H2 )]
M =248 nm)S AFE3FA Y. A2 (source) AMEHY EFA
(targetye] A= ZHL o3 2ok 4 % 99.9 %2
ZnO, Fe,03 ¥ZES Zn:Fe=04:26 o HIEE TS
ZAsle] sl o]F ERRrpPS ARESle 1XRF BE
millingS AAEI0.0H o]= 7] ¥al 1000 °CAlA 12
AZE AT o2 A sl Ed B PLDE Mgt
e g Ay flste] AF 1RIA 53 Sl A9
A3 S 1050 °CY] &4 1047 22381301 o] o]
< i A4 20 mm, =°] 7Tmme] FEE AnpEHAS 7]
4 el Abele] A-le 50 mmE AT Sl A}
S8 oA Avle B2 3 300m), TV 2HZ 1
At AHe] 714 (base pressurey> 5 x 1076 Torro| .0
w wheke] FRRe mE AMTIAE FUATNA 2 V1A
g 2971004 303t ol FiRT 718 a-ALOs(0001) T
Ao AREEOH THeEE FE] AlRlAEE €7
A AT =2 FAEHJT. o]FA T2 IR ZngFe 04
uhae] e}l ARAS AR fl8td XA 3H(XRD)
S4S Aldstdoer 3xEW dEHl= AFM(atomic  force
microscopy ) A3t SAEQILE A |1F] 544 48]
#8le]  Alternationg Gradient Magnetometer(AGM)S- A&
ko™ e were] H8slt T/ Field Emission
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7Z1#o gz AREH Algkolo] o-ALOs9}t Fes0,8 AAHT+E=
Fig. 1914 H& upe} Zow ¢-ALO50001) HHI}
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Fig. 1. Crystal structures of (a) magnetite Fe;04 and (b) sapphire
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Fig. 2. XRD 0-20 scans for ZFO thin films with 7,=300°C and
T,= 500 °C. The solid circles and squares denote the reflections from
Zng 4Fe 604 and o-Fe,O; or ZnO, respectivley.
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o2 953 vlasste] Fol Fds] He o] ASHaL
o] o] AAIZE ke 20 =349 20 =355 XA e}
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2 9 W, o-Fe05 ZnOZE SiAEe 4] Azt A= &
o] W=9] 7o} o] IAsHA Azl EAS 3k Y
o] ofe} Z7ke] mwle) wet wshrt Avhes A,
ARl a4 To|le] B 277t & ol &=
= v]E|E ZPobA Lorenzian broadening ©] #AX Z&
= 7 Stk

Ty FHLEE 500°CE %9 FUS B¢ 2N
B e} 2ol 7,=300 °CollA AZHUE Zn0 ol 7191
she FE52 98] AL Azl F-x20] ZFOuel 3f
Fohe 5T ASHI oM 53] T,=300°C1 792} HlaL
st g9 Holl i Arsiies & 5 Uk olF%
A Zole ¥ Hole ZFO gxudl ko] 4} gAjo]
T,= 500 °CollA mi-¢- QFY=]o] -5 vFehlar wba| ZFO
o2-md uhate] Ay FAREE UigF 500 °CUS FRINA
T AR o)del] BRagl ~ud g gmd 2FE50] o
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Fig. 3. AFM images and vertical profile of ZFO thin films with (a),
(b) T,= 300 °C and (c), (d) 7,= 500 °C. The vertical profile was taken
along the line indicated in the image.
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Zn®* o] £-& AEBR Fe;0, ol XNSIE 735 A-AE el
2= 797 BAR] X$hEE 790 Hlasie] oy
Aoz e Zog vFo] T 4 itk oj2fd d¥
of AME WlFolHekS wf £ AelA AE ZFO Bl
M= AdE WA = Zn7t Fes0, G29do) A-Alel ]
FE|ickar gkt

Fig. 3& Z17o] 2&o)x F2E ZFO Bl2te] W AFM
ARl 2 EA4olth. 7,=300 °Collx] e uiete] 7
S =49 38 AZ7IE 0443 nmQ) WHA T,=500 °C uhet
£ 0376 nm=A] FriHoz A2 e Blor wEhd F
Z2EE Folwdl wet A 31 Adels BRsldS
& 4= ok I Fig. 3(a), (cPlH He nie} 2o 7,=
500°C] "here] e 7,=300°C) vl gy Fhe
&780] (grainygo] R o]Foixl FEE Ho|H o]= Fig.
2001 HelE XA A AFE aesle] ddshd SRk
£ ZIP7IEA AAEE ZFO 92 Bl B S gl
3L o]E ¥7¥ole] HtAl =7l =k 100 nm F&=olct.
oj¢} o] Hxuldl ZFO w2 22 7gele] ®e) et
LERHA HARE o7]el e F58 vigk ARk ffollx A
Sl3i5zo] Hhek Ao "t A-7IE 0376 nmEA] ©l= o
23 7ZFO9] 3 ©91AR}el sfgehs ~0.84 nmBE e 24
2R gholghe Zloltt. o] HIF she] Z2XgHoR oF
o]l g Az} W2 o ARt & TejARe] AR}
HOE E4 2e Heh 1S 215l o] ZFO Hiehs A
Az Alpsofd a5 o] 859 B8 WM B
ke o v st & & ok

Fig. 4= A< 300KoA A€ ZFO ¥4&9 M-H
F3E BT ek Kol uke 2] 7,=300°C ¥HEte]
785 Al Fhol v Fol Ae] A 5ol Hol ke A
o2 FZ=HJ) ol a-Fe,0:8] Aol WA BdE &

300 T,=500 °C .
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Fig. 4. M-H curves of ZFO thin films measured at 300 K.
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Fig. 5. Sublattice spin configurations of (a) magnetite Fe;O, and
Zny4Fep 604,

FE71 ool 7IRIske AP wig- 2R Alolw G ZnO
= HRM Bol7] Wil Ao= olad 4 ik 13yt
SEREE 500 °CE S7MAFTIES 749 E3HA)3} (saturation
magnetization) 7%°] THEF 280 emu/ecm®Z wl$- ZA| Z7)8}
o oluje] HAEL 380 Oe2 W=HUT). 0|9} e T,=
500 °C BFEre] ZAAA] EA2 2f2olA AR ule} o]
FHZEE 500 °CE T7HATSE W Y g2ad
TZE ZFO 749] AR 3T o= <1k A EHRlE
o] ¥4 Axz & 4tk

dukro g 7 JGAvdl Fe,0,2] ATEZE Fig 5(a)
oA Bi= ule} o] APHA] AR e, t, FARHIE AMZ
2o 2~y wgko g AP Axpl si ARSPEA A=
Fee] o]} m1a)5 B BRG] 1, ¢, AT A}
7}y 232 ), ol A HHA A7) Fe¥', Fe?' o250 A
2 whske 2 g mel £73AMd (ferrimagnetism) S
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do] ZslEaL o]9] A= ZspAE} o] o Ad Ro=
A AECh 22y Fig. 5(b)elA B vlel o] Yafet-Kittel
Ldlof] ofsfe] FAA| B-ARE|S] ZEEo] WEko] wigold
uem o)) Avz xRS} Fro] 23]8 ol 7k
Al EAIgEH15]. olEgk M Fig. 204 AW
,=500°C o] zZno B FE5o] RALS sl
HHEI9S W), M-H 34 (Fig. 4014 A=HE ¥ 498
2k T,=500°C, ZFO v2ke] x3iz}s}l 3280 emu/
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Growth of Zn(Fe, 0, Thin Films using Pulsed Laser Deposition
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We grew Zng,Fe,O, thin films using Pulsed Laser Deposition and studied their crystal structure and magnetical
characteristics as a function of growth temperature (7p). For the film with 7,=300°C, X-ray reflections from o-Fe,O;
and ZnO were observed. However, when 7, was increased from 300 to 500°C, crystal structure of inverse spinel was
stabilized with the crystal orientation of ZngsFe,s04(111)/Al,05(0001) without any detection of o-Fe,O; and ZnO phases.
The surface morphology shows flattening behavior with increasing 7, from 300 to 500°C. These observations indicate
that Zn is substituted into tetrahedron A-site of the inverse-spinel Fe;O4. M-H curves exhibit clear ferromagnetism for the
sample with 7,= 500 °C whereas no ferromagnetism is observed for the film with 7,=300 °C.

Keywords : ferromagnetic semiconductor, magnetite, spin injection, Zn.Fe;_,O,



