LATE=E> Journal of the Korean Magnetics Society, Volume 21, Number 2, April 2011

Holgs «
LIS

P

A=dish sk, Aea

o11d 39 159 vk, 2011 49 15Y

F7JA3A (ferrimagnet) Fe;0,.5 71HF B4 8lo] F718%

Ro

BT BlFE 1A, 143-701

DOI: 10.4283/JKMS.2011.21.2.056

—Jlk—7l' ilil_l'5|_| %_:—%I'XI'AQ'Ii-" T0_2F92_304(T=V, CI', Mn) EI'E"%QI
N E4

AR GRS 2011 49 18Y AAEA)

el Fesk QI3 Holg<s €4 T(=V, Cr, Moy} =3¢ 4

YBITHE(TyFe,50,) B AIRES AlRsle] 1 B8he AL 1~8 eV HY| WollA E3ElIal 4 (spectroscopic ellipsometry)
< ol8sld SASAL Fe;0.001419] Axfel BTt V, Cr, Mn =3 A] Ad55e 294 (spinel) 72 9] ol A2 (site)
g o] 2 (ionicity)e} A¥E AAFE AFe] Wstel] ZAS] AHASIIET Fe0,8 5 ZHER jolof ARlS A4S

Fe;0, ¥ Holg<: =34 3RESNAN #A=F F4 35 24
Z10](charge-transfer transition)ol] 28} WA= ol =] Zo]

UL F2 Fe o29] d A7} VAR ol 7o) Walols
Qe Frzse sldd g Ao sjMe. wa, F 2~

HAEHAM A5H FL oluix] Fo] 7252 APAA| ARl EAshe Fe''(d) o2 W9 d AAksel o7k 247 Aol (erystal-
field transition)ell 7]:1gF A= sjAHTt. o]e} Z2 Holgd} ddE MAIHES SAUSE Fe,0, AATES EURE Ve

asic

FHIO] - FAIA, B8 A, A=, AslolE Mo

L. M e

vlIU|ERO] E (magnetite)2} E2]= Fe;04= oF 27004 A
ZAAAR FES FeE= ase, 1 A H dde =
AS Ak A o]RE9] FAM(ferrimagnetism) ¥
Ad 23S B2 AYEa o} Fe,02 9294 (inverse
spinel) 725 WeRl=H], A2 8398 Aol AAM &
S el 4k (07) ol a7t BEAlEdll EAlshs AFEA]
] FE Fe** o]2E0] A3, 0* o]250] 7]e] 2
Aol EAlske 16709] AR ARES Fe*' B Fe'' o]
€ 7} g7} RS "ot 2EA] A2lsol EAlsks Fer,
Fe¥* o] 252 APAA| ApfEol| SRSk Fe¥* ol Wiy
&gt 29 2] RHEES 7EAA EHO| Fe;0.8 T3AMIS
YeRA Fot.

o]¢} & Fe;0004 TR 79 3d Hola<s 4Es0]
Fe O] 252 X283t A (ternary) ©)/32] H|2lolE(ferrite) 4+
sh= 99y 9 ekl 7|9 A}, AlA(sensor) 5O-29]
S840 7|9t 1 F2F, A)H AE Tl B B2
ZAETE0] BuEar Qlok 3l Fe,0004 23 HI v}
2 AT s EAPY A2 ASEEA SHEEYS
S A5 AAE B2 IS WAL U1, 2] Fe;0004]
dojd F= e T2 A=A} 29 HaEE olEFoEs

3= o] 7P AK(valence electron)Sol 2Jste] A==

*Tel: (02) 450-3085, E-mail: kjkim@konkuk.ac kr

& Aol

Ui W= 2 o) F=20(Fermi) 9] Foll A==
W (half-metal) 722 EUIE A9E 5 o [3]. o9}
2 YA Wie = EF9 33H A4S olslish] ¢l
gk 0|23 XS AFsIe k.

2 AFINE Fey,0,0] HoPd7A82d-A1eld g1 eV
<E<8eVpPIXe F ZHERS HAdsld = 5 Jd= A
2L S 7ke] 71s3t FshE Aol (transition) 7RSS If
ofslara} sh, ol flele] F7lask AdollA] Feok AIFTH V,
Cr, Mn 5°] X2 T,,Fe,304T =V, Cr, Mn) 2sl3t=
=l g F5 SHEH A B Fe;0014 9] As} vl
S it siitesd] 35§ ER S 23
E} 314 (spectroscopic ellipsometry)yS ©]-8-3F f-A 8-
(dielectric function) S8 B3] LoHct. o|F Balo] 2
I P25 zke FAVIAe] B AR O dAxeE
3o Al Bee] ofsfstalzl siditt. EgErdslA =

e 9% HEs =2 ARE 4] 98k E-A(sol-gel) 2=

_!

Y51H (spin-coating) S &3 B} AlEE ARSI
1L Eyy

B A7 o]8H Fe;0,00 FolF<: ¥4 T(=V, Cr, Mn)
T34 ToFer 04 AR A A8 WS 0|83l
Si(100) 71 9ol =t Fej2 AFEHAS AT &4
(precursor solution)2 -4 2-methoxyethanol®ll Fe(NOs); -
9H,0 FHE E3JAIZ F, CrFe; 042 79 Cr(NOs); -

—56 —



LGT=E> Aolad: Yavt xeH &4

9H,0 I9H1E 7Isle] 60°Ce] 2% SlollA 250 rpme] &
T2 4087t stirringdF, MngFe;_ O, == V,Fe; 02
734 Mn(CH3COO)2-4HZO EE (CsHs0,),V0 3-HE 3
7Vske 70°Ce] 2% FholA 250 pme] £EE 60%-3H
stirringdFATE $H9E 84S 719 9ol 3500 rpme] £E o
2 20s 9 27 FHEHNOH, CrFe;_O4MngFe;_ Oy,
V,Fe;_0,)2] 735 160°C(170°C)2k 250°C(300°C)01W z¥zy
3 B9 @A eEA Tid fld got e 7] EES
A A 0}35]\‘:]'. o] HAE 103 = vHESH & ARt weks
~107 Torre] 213 #2171 4 750°C, 5AITF EAY T =H
24 AlE eSS 4S8 4 IS ARNE AEEY A
olgg HAaE 7] AEHle oyA 4t XA 237 54
< B3l AgEen, ‘911";’44 FAE FAF A2 d@vA
(scanning electron microscopy)ys ©|-8-3l 400~500 nm H
Aol As= ERlsATt

;(ﬂ?(]—ﬂ )\]— g]_‘og—‘:’ H]—U]—;oﬂ q]ol_o:] X}\—] Q@(X_ray
diffraction) =3 Ealo] 1 7x32 A4 2L APAS A}
31aL, RFAEARS} (vibrating sample magnetometry) S
< B3l A1 S ZARK Fe;0004 Qo1 3kt
H stk AlEsel theh B33 4 ZALE flet %3
EFISiATHS o] 83t 1~8 eV olUA] WfelA B {1
~(complex dielectric function) Z7g°] o]FoXc}. BRI

< ol&ald o] Alg FHel] YA - vALE o] AL
Hol| =2]gh W] A AR (r)ell thet HalsE T3 4E(,)
o] vl p(=rjr)e AT 5 doh. T AFE o83t =4
o] FRATTF (=g +ie)e oFfS] 27 o] Foixint.

€= sin2¢ + sin2¢tan2¢G—}§)2
98] Al g e Gajzieled, B 3olate 70° o]
AU}, olgf e ZHEL wE Fedd ool

. Zx ¥ oF

Fig. 1914+ TyFe,s04T=V, Cr, Mn) B0
XA 34 3 A9E vepiler, Al 7] A 3
B AE 25 x=02 A% £Ho] HOV%OHE
Il Fe;0,8 vlnlsle] AgAde] & e B
o}, 3 e ARIERHE /\]EEOHH Fe;0,8}F HlaL

Aol & Biske VERA] ke m, Cr B AlRe
T 0.1% 727 BSHAJCE Fig. 204= AlESol g
e oﬂxu AsAEAE 54 2d9s Jepdsd @ 17

Feke Alg WAy B3, Fe;0,0 Hlasle] v £33 A
EQI 735 E3}A)8) 3 (saturation magnetization)©] 42 % A~

mg
ok

ol
2 4

Lo
on [y %o oh

[‘

o
E
0{:
r

AAIA] TooFeys04(T =V, Cr, Mn) 3}E-2] 38H2] A4 B4 — 7345

- 57—

Intensity (arb. units)

6 oo,

(440);
(220) '
(111)

- (400) (511) |
(222) 422)) |
- \ ol H

20 30 40 50 60
20 (deg.)
Fig. 1. X-ray diffraction patterns of polycrystalline Ty Fe, 304 (T =V,

Cr, and Mn) and Fe;0, thin films sol-gel-prepared on Si(100)
substrates.
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Fig. 2. Magnetic hysteresis curves of Tg,Fe; 30, (T =V, Cr, and Mn)
and Fe;Oy thin films measured at room temperature with the external
magnetic field being parallel to the sample plane.
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Fig. 3. (a) Real and (b) imaginary parts of complex dielectric functions of Ty,Fe; 304 (T =V, Cr, and Mn) and Fe;0, thin films.
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Fig. 4. Schematic representation of spin-polarized electronic density
of states of Fe d states at tetrahedral and octahedral sites in
ferrimagnetic Fe;O4. Some charge-transfer transitions between the
bands are denoted as arrows.
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Analysis on Optical Properties of Transition-metal Substituted Ferromagnetic
Ty,Fe; 304 (T =V, Cr, Mn) Compounds
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Department of Physics, Konkuk University, Seoul 143-701, Korea

(Received 15 March 2011, Received in final form 15 April 2011, Accepted 18 April 2011)

Optical properties of Ty,Fe; 304 (T =V, Cr, Mn) thin films derived from ferrimagnetic Fe;O, were investigated by spectroscopic
ellipsometry in the 1~8 eV photon-energy range. The difference in optical-absorption spectrum between the ternary compounds and
Fe;04 was analyzed based on preferable sites in spinel structure and iconicity of the doped V, Cr, and Mn ions. The observed
absorption spectra from Fe;O4 and the ternary compounds can be interpreted as mainly due to charge-transfer transitions of Fe d
electrons characterized by absorption structures with wide energy width. Also, the observed absorption structures with narrow energy
width can be interpreted as due to crystal-field transitions between different d electron configurations of tetrahedral Fe**(d®) ion. The
transitions were described in terms of spin-polarized electronic states of Fe;Oy.

Keywords : ferrimagnet, optical properties, electronic structure, charge-transfer transition, crystal-field transition
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