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Abstract SRS o

Cobalt ferrvite (CoFexOy) thin films have been deposited on quartz substrates by chemical
sprav pyrolysis techmique at different substrate temperature of 350 'C and 375 "C. The
deposited films were annealed at 900 "Cfor 5 h. The effects of substrate temperature on the
structural and optical properties were studied. The thin films were characterized by X-ray
diffraction (XRD), and UV-visible spectroscopic. TheXRD patterns showed that the CoFes0Oq
are oviented along (311) plane, which enhances peak intensity with respect to the substrate
temperature. The analysis of XRD pattern revealed the formation of single phase cubie spinel
stricture. The Raman spectroscopy confirmed the formation of cubic spinel crystal struchre
of the thin films. The optical properties of the films were studied by absorbance spectrim in
the range of 300 nm to 800 nm. UV~ Visible absorbance spectroscopy showed the band gap
variation from 3.45 eV 1o 2.01 eV with the increases of substrate temperature.
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Introduction .
Thin films of spinel ferrites have been studied for their excellent ~clcclm: and magnetic
prnpcx'tic.\‘. Among these spinel ferrites. cobalt ferrite (("nl"w();‘) thin films have proven thewr
candidature for numerous applications in magnetic recording, microelectro-mechanical

syvetemn dewvices. ctc. duc o 118 hieh Curie temperature, high saturation magnetZation. and
high coercivity [1-4]. The cobalt ferrite follows an mverse spinel structure ;.\ ih a gencral
- A v A : ) 3 .2 3 = . obrrire . g 3 <o ations are
formula for the ion distribution A [B* B 7]0;7. In this structurs, h_‘!' ol sl M
.cupied in tetrahedral (A) sites. while the remaining half of the Fe catons uloqg W ith
R ‘ A .d in octahedral [B] lattice sites [3-8]. Cobalt ferrite thin films
divalent Co™ cations arc occupied in octahedrt _ ol . S
v romising materials for magnetic recording and thin film dt.,\vlu. app ications
are very pre E L ine anisotropy energy, good chemical stability and
because they exhibit high crystalline anisc Py Ty, e
hanical wear [9-10] The excellent magnetic properties of the cobalt fernte are known 1o
ical w -1V} W) i wary differe 8
:n:c t"l attributed to the Co jons in a spinel lattice. There had been different mg\h\)da,
i g— ised laser deposition (PLD). sputtering, sol-gel method, spray pyrolysis, and
.mdy e abstaxial for the growvth of cobalt ferrite thin films. Keeping drawhugks o(
S Jmlccular bean:l o 'nd. rccemlyu several chemical methods are used for the preparation of
ica mnd, ; : g o s bkl i
lpwtho S l;llﬂ’:_,l On the other hand, chemical methods are simple, cconomic al and
e ?lm;“[: de-p(:silion of metallic thin films. The different preparative parameters are
or

aper deposition of CoFe:0y thin films by “§ing3pmy pyrolysis
;@:e:ﬂs::‘;e t:xpnperatures and their structural and optical properties were

.ﬁ function of annealing temperature.

’ .0O,) thin film was deposited on 1o QreheaFed glass substrate using

‘ (CD-F :.e f}'he solutions were prepared by using mixture of Co(NO3):.6H,0
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de nitriate hexahvdrate) ot - , 3 P Sl AT S
ltatre | NOH OHO (ferric nitrate nonahvdrated of
il Al o sepnar: ""\‘{\.“: : "
AEN M oseparatcd i { n Jdou | wer. The fina! ".‘l'l“ ins WEere prepa «} k
sxine two mitial solutions 1in | ¥ 4 : 7 3
puxinRg 9 umetne proportion. The CoFex0y  thin him was
i Y -\f MW Spraving SO it L il E 3 3
s e l.- : i reheated vlass subsirate. The glass substrate was
leanedwith an ultrasonthication tor ) mi TN .
oy . min in distiled water before film deposition. Then

after cleamng L—“i“_ﬁ substrate was mounted on to surface hot plate and set the substrate
temperature 10 550 and 375°C. The temperature controller was used to control the
temperature within £ 10 °C through a thermo couple connected to the surface of a hot plate.
Tllc set _uthcr pl'cpru‘n‘n\'c-p:n:x;\.m-:'" uch as spray rate SmU/min. the solution of total quantity
30 ml. The parameters of nozzle to substrate distance 28.5 cm w ere kept constant and freshly
prepared solution was atomized in air pressure 0.25 MPa usine a step by step film I

Compressed air was used as a carrier gas 1o atomize the spray. The atomized droplets were
(r;m.\[cn'cd on to the hL‘LllL‘d ;‘{21.\"5 substrate for 10second itermittentlv. The de().\‘llL‘d thin
films (350 and 375 °C) at annealed 900 °C tor 5 h.

Characterizations

The deposited thin film was characterized by X-rav diffraction (XRD) analysis (BRUKERDS
Advance) with Cu-Ka radiation. The optical property of the thin film was measured. using
the imstrument UV-VIS Spectrophotometer Perkin Elmer Lamda 950.

Results and Discussion

X-ray diffraction
Fig. 1 shows the X-ray diffraction (XRD) pattern of NiFe>Oy thin film deposited at different
substrate temperature 350 and 375°C. The X-rayv diffraction patterns with 28 ranging from
20° to 80° indicate the formation ot cubic spimnel ferrite with most intense peak (311)

shows l i‘it;l} of mverse spmel ier
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:nﬂydifﬂac[ion of CoFe->0; thin film at different substrate temperature. s
ty ik sases with an increase 1n substrate temperature {131 1he
y of these planes mcreases 220, (311), (400), (@11), (422). (511)

~HOnNS {ing to (2
arn shows the reflections corresponding & Gl it
: hich are allowed peaks of the cubic spinel structure. The matching of observed

' S Ci -0234which is conform that
: ade using JCPDS card No.08-02 : :
| wfuﬁvamrelue l';'ahsebcer‘;:;l::ritc s1ze z\gvas calculated from the most intense peak (311)
lihlfl;laxirna value (FWHM) by Debye -Scherrer formula [13].
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\\'hcp: D is the crystallite size. A the \\.u\-lcn-—:lh ol \T\\‘( ; ;4()6 A) Bas ﬁlll-Wilﬁh: |
maxuma i radian, and 0 is the angle of ditfraction. The crystallite size found 1o be 22
Am for cobalt ferrite thin film. The Lattice constant, X-rav density and crystallite size
tabulated in table 1 with different substrate Lcmp;x:uu;rc [H]j The increase iﬁlﬁlf‘@‘
parameter w ith saubstrate temperaturemay be due to the strain developed n the ﬁlm; M
varving crystalline size.
Optical properties

The optical properties of cobalt ferrite (deposited at different temperature and anncaled) thin ,
films on quartzsubstrate were studied using UV-vis spectrophotometer. Fig 2(a) shows that.
the absorption spectra of nanocrystallineCoFe-O, ferrite thin films were recorded at room
temperature in the wavelength range of 400-1000 nm by substracting the absorbance of the

glass substrate.
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Fig. 2(a) UV-Visible absorbance spectraofcobalt ferrite thin film (350 °C and 375 *C).

Optical absorbance increases with increase in substrate temperature from 350 °C to 375°C

until a value of 90°% for the films anncaling at 900°C for 5 h, because of siructural

homogeneity. crvstallinity and the thickness of films. The values of the band gap of the lilms

have been determined from transmission spectra by using the following relation applicable to

near edge optical absorption of semiconductors [15].

A(hv — £ :)d 2 .
gy hy L= ] :

where, @ is the absorption coefficient,A 1s a constant indep‘end;nl of hv.,hv is the p\homn
~ energy in eV, E, is the band gap and nis a number equal to 1 for fiuect band' gap and 4 for the
*indirect gap CoFe-Oy thin film [16]. The band gap energy ofCoFe>Oy thin films has been

~ determined by Tauc plot based on the above formula as shown in Fig.2 (b).
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Fhe arvstalitie size found™" band gaps ave found 0 be 145 eV e 201 eVior the Dinss as-deistnas
pial, X“fﬁ‘\“ Jetsity and gryempe wure respectively. The energy band zap CoFe:Oqhin films tendds v dog
Sure (18] The indubstrate temperature s increased due o increased erystailite Sizenr e T

7

L ;Via the strain developed in© !htck;nf_‘:-\ of thin films at mncreases substrate temperatures (375°C) may be dae
PrE: ion of the solution and previous W the substrate causing in Ferric less S
reaching to glass substrates. The result decreases in thickness of the Tl ﬁm
at ditferent temperature and "™ gl
Awis spectiophotometer. Fig 280" s e
ferrite thin filns were rec2dlt fernte thin films have been successtully deposited on quartz substrates bym
hywbsmcling the abs’_\mlysis technique. The process ot deposited at different temperature and annesiing *
aas been found to change the crystallinity of films from oriented nanocrystaline albic
tructure for XRD analysis. The energy band gap decreases from 345 eV w 200 eV
as-deposited CoFe;Ou thun films. Together with the substrate temperature. the w‘““
18 method becomes a convenient method for preparation of cobalt ferrite thin films ‘
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