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The effect of the laser frequency in pulsed laser deposition on structural and magnetic
properties of cobalt ferrite thin films

Eskandari, Fatemeh'; Kameli, Parviz'; Salamati, Hadi*; Esmaeili, Amirsajjad?

'Physics Department, Isfahan university of technology, Isfahan
’Physics Department, Trinity College Dublin, Dublin, Ireland

Abstract

In this paper cobalt ferrite thin films were deposited on MgO (001) single crystal substrates by pulsed laser
deposition method with 2 and 5 hertz laser frequencies. X-ray diffraction patterns of samples showed the
formation of single crystal structure along (008) direction for samples. Atomic force microscopy images
exhibited the surface continuous structure for the sample deposited in 2 Hz frequency and islanding structure
for sample deposited in 5 Hz frequency. The results of hysteresis curve of samples deposited in 2 and 5 Hz
frequencies indicated anisotropy magnetic and changing in easy axis direction of samples by changing laser
frequency.

=T u—<'l[\c J1s0s J}_q-ju_ﬂ:éwél.auij) CFO

o G Y CFO 5L Y el sl clie L o (CFO) COFe,0, LS o b oS30 slanY

PRV

TTOM) YU S Sl eslinad Sde 4 s, ol 3 2ol (PLD)
jPLD u:“JJ a osle d’l‘ LCFO é)l_' ‘UNY L;Lavfﬁjf OJL.L

(V) ok S5 6ss 2oAd 0HZ 5Y Gl ulS 3 s

Yv

Ol Vb (558 slos diile i 5 e (S8 sla S Lo
S35 bl (65 Sluenl oS53 iblas 5 (He) S0l
e Glas )8 (6l e 45 (0 plad SILL
- Sopsblae blay 5L JB blias glabans il
63 el s He il La S5y ool 51 2 0 [V Vsl

k;;l_.ija\.l‘})‘_;\ﬁ.w'* @LJQQYL.:\FJJZJJGU I (e


https://scholar.google.com/scholar?hl=en&as_sdt=0,5&as_vis=1&q=isfahan+university+of+technology
http://www.sid.ir

N ol 1 6 o i S cueiits dols Ao
e cm— 0‘)“}‘0 oty N
Ol g la slSLS1 11414 UbT Y"Y' an Vacuu™

MgO i <ol ol 55 31 S Sl @cro=1/AT4 NM)
s CFO SHL Y pl ple .l @ugo="/fY NM)
Al Gl pde S A0 @Y 5 gamio Sl SA2S A
3 2 CFO su¥ 55 6,8 w13 a5 5 oY oS
(5=(Amgo- 8=%:/5 s> MO V.5
S ossee 4S5 ool ials cel &S cdcero)/@cro)
b w5 Lo 0 CFO ek sas 55 oY 5 gammins
Yol Sl Y Gals s il L e Sk« Y IKe XRD
Jisl 5o S slaagsly o 4 CFO(A) Ky 0 HZ &,
S by SRal GekiasOlil Wl s ¢ 5850 ol il il

[Pl 55d b8 aulbl LN o5 amis 13 ges

MgO (004)

—(@)
—(b)

Intensity (a.u.)

93.0 93.5 94.0 94.5 95.0

20(degree)
ilsee sla 8 3 L e Sl oY (CFO (slas 500 XRD b 1 ¥ S
oHzb) sv@)
‘U. [ERTY )‘ IS bJ.'S C)bb cPLD u;:j) 4.> L;'L:.q 44"31 )J
A AN s Sl Sose 4wl bl s
WY 5 e w905 Db G gl BB L LLLS
2L e Glae i b LS e 8 e i s L
o 4 3 3,5 Sl (Sl oY uslS i S s
Kol b o3 Sl gl blS 3 3 a8 o i 58 4V )

S Lo b a5 5 03,8 5,55 5 4N 5 e 4 (5SS

95.5

YA

3550 OF o5k 5 omablinn sla S5 5 0 SLiS Y MQO
RO Pt S I R
AL

S5 2 s o SLE Y s, « CRFO S50 ey
O3S JLis 5000 °C gl L3 MO ) (o5 S Y 5
Sede e HLid U adass il us JLiS Y Y+ mTorr
S35 A a3yl OS] S e 5 O £xV T TOIT
s3d G5 5 YA M 20 Ik L (KIF) w81 5
i A S jaze abims 05,5 s 55, » Yoo MI/pulse
S5 70 CM sgu 4N 5 6 Coda aols 5 Vevvn 5 L
op ose 4 A WD HZ 5 Y gl L0l 5 L LS oY
ik wld g s S 5 ol s S
(AFM) 3l G55 @K Ko 3 XRD) L1 55,0 3l
S5 esliad b bk gas [iblias cpimean s S 15 eslizal 5 50
A 58 o316 SQUID oKas
o gl

das e Ol 1, CFO Gus o3 XRD b ) s
—~~°\ve)wa)ls,Xpert)p\psp&uu%iaQi\ug;g

I, CFO Goa (gl onSo Jrmmal b o Sl 1S5 04
LS e 36

(312)

Intensity (a.u.)
(440)

(220)

10 20 30 40 50 60 70 80 90
20(degree)

CFO Gus o3 5450 XRD b 1) S
S oY CFO slaaY XRD b ¥ s
CFO «Lis ol s o OLis 1) ,3J O HZ 5 Y la 5 5

100

DL ol


http://www.sid.ir

&

i 835 IWRE ST Y1

Sl oY FePt S50 4N s gt ol bl .l ECA
ol o )}:.‘ alises 6L®wutsj.9 L’ PLD Uij) 4o ol

JA ]l

um/div (a) _

0.0069

0.0065

umrdiu(b

Sl 55 s eds Slis oY CFO s s AFM ., glas (Y IS
oHz ©) y@) il

Sl e 53 eld sdalie wblie o3 Slaal s s
EIE= s v L;-...:LLM @ﬁwu 4 Ol e | \‘Ji...'z
Sl ol ple 5 b s 63,55 kenl [Tl Cons I
By e i 3see (52, Klennl Esl Y 15 5 Y 4SS
53 Ol e sls bl e 6o Slaanl & J= 3
S Jalpe pl by il WY amie Gl skl

.J;s&u.buiwa.)b)) b QL«)T))N

o 21 WS o il S paoiid 4ol Ao

Y4

2 Loy o Glae i 5 LS OS> sl (g5l B
Sl a i Y iy b sl oS s cplaly s
I RIS Jl 53 35S e s plav 55
sl SRl e g e Sld s, Sl (Gl Y s 5
33 S el Ty We s o &S > gl B cas b o3
I Lo Aol om0 nimr Do 4 il i A, e
05 A Sk Y Calis e B 4 res
Colies i) W5 Rl by sl aly Sli oY s
ol s b i nl s b e IS O s L s il
Culbes Ol poid g ol b Slis Y 5 55d (L slaws o«
¥ CFO ladised AFM | slas ¥ Ko sl 50U Lo g
03 des e 0L ) L) il gl S8 5 s e LS
S spdh eedys (YA S Y HZ LS5 LAY AFM  pa
LS Jb s cl o35 ad)y ata g Q)yq‘uf.:clw
oY phe (Sawpn (P SE) 0 HZ w3 5 nl5
w\«fwdﬁc}a.wéjjé&dbMungquts
LB 53 Kges Glopyr A, e ka0l LIS o § e e
BUI gl 53 dileww gowie oiasolis ¥ S sl 0 HZ
Odee S 4 O HZ 5 Y 018 3 L s Sl AV (glad gul
Oldee ¥ HZ Lsai 5o ol ¥ 5 av 5 550 5 S5l
SLosly ols 5 v T (He') ¥ 05 sl SKlsls
T T WU IV Ul I e P S
o5 ool DS O sSe (al ol el Y HZ w5ad s
Sdlos amt 53 5 LIk faS Waed cpl 3 peblan la
T s Shaly 4 Cod w310 Slaly 3 prblian
ol 3 ibliae Ol s g w55 S OS> S
T 0,0 HZ s He'' ol V5 amio Sle 4500
s308 Wgad ol Ol jpme 5 ol /88T T 0T Hol 5 v/ess
O35 Fatw s Sle o a Oloyllasl lae 3L 0 &Y 5 e
YHZ wui He' 0 HZ & coi Y HZ w50 s maw il
0 Hz 5 Hol 51 T Hel 5 25550 Hz w0 H 5l


http://www.sid.ir

&

of 9 W8 o it S cmositd a0l AWl
~—em— Ol jlo oSt
S IFRF LUT Y)Y
amio p34es O HZ OL&T)}NASJ[}-)J sea ) asis
g “-N;i)' 03 @ I
“goz
ber s ¢, 01
vo.
[ T. Dhakal, D. Mukherjee, R. Hyde, P. Mukherjee, M. H.

Phan, H. Srikanth, et al., "Magnetic anisotropy and field switching
in cobalt ferrite thin films deposited by pulsed laser ablation,"
Journal of Applied Physics, vol. 107, 2010.

[¥] Y. Suzuki, R. B Van Dover, E. M. Gyorgy, J. M.

Phillips, V. Korenivski, D. J. Werder, et al., "Structure and
magnetic properties of epitaxial spinel ferrite thin films," Applied
Physics Letters, p. 714, 1995.

[v] W. Rao, Y. B. Wang, Y. A. Wang, J. X. Gao, W. L.

Zhou, and J. Yu, "Surface morphology and magnetic properties of
CoFe204 thin films prepared via sol-gel method," in Advanced
Materials Research vol. 750-752, ed, 2013, pp. 1024-1028.

[¥] H. Yanagihara, Y. Utsumi, T. Niizeki, J. Inoue, and E.

Kita, "Perpendicular magnetic anisotropy in epitaxially strained
cobalt-ferrite (001) thin films," Journal of Applied Physics, vol.
115, 2014.

0] S. C. Sahoo, N. Venkataramani, S. Prasad, M. Bohra,

and R. Krishnan, "Pulse laser deposited nanocrystalline cobalt
ferrite thin films," Journal of Nanoscience and Nanotechnology,
vol. 10, pp. 3112-3117, 2010.

] A. Chen, N. Poudyal, J. Xiong, J. P. Liu, and Q. Jia,

"Modification of structure and magnetic anisotropy of epitaxial
CoFe204 films by hydrogen reduction," Applied Physics Letters,
vol. 106, 2015.

v] S. C. Sahoo, N. Venkataramani, S. Prasad, M. Bohra,

and R. Krishnan, "Thickness dependent anomalous magnetic
behavior in pulsed-laser deposited cobalt ferrite thin film,"
Applied Physics A: Materials Science and Processing ,vol. 106,

pp- 931-935, 2012,
[A] I. A. Golovchanskiy, S. A. Fedoseev, and A. V. Pan,

"Quantitative model for tunable microstructure in magnetic FePt
thin films by pulsed laser deposition,” Journal of Physics D:
Applied Physics, vol. 46, 2013.

[4] M. Khodaei, S. A. Seyyed Ebrahimi, Y. J. Park, J. M.

Ok, J. S. Kim, J. Son, et al., "Strong in-plane magnetic anisotropy
in (111)-oriented CoFe 204 thin film," Journal of Magnetism and
Magnetic Materials, vol. 340, pp. 16-22, 2013.

netlc Moment
&

-0.2
& ——In plane
=03 —— Qut of plane
-6 -4 2 2 4
noH ()
0.4(b)
03
203
w2
S 0.1
o
£
< -0.1
=
.E -0.2
o
g"ﬂs R ——Inplane
04 —— Qut of plane
-6 -4 -2 2 4

(1)
noH (T)
@) Gla w5 b 5o edd SLas 4V CFO S50 4N Wl o 1 ¥ IS
OHz () , YHz

S5 doms
5> MgO Y5 » PLD iy, o SIS oo b S50 slaeY
bl el XRD il bus atlu O HZ 5 Y gla S 3
iSO e a8 sl Olas 1 LS el L A
oA L edd S Y Gladpas 5o a5 4 55 aio S5l
oS b 4 13 s Sal &S pl e 4 (Y HZ) L
03 el Gl Y badisel 5o 5 0p mie oY Siusn (ol
oo & b e miy Gl i, 0 HZ
L god 53 Olal H e g &5 AS (6,5 4t i gad Loy


http://www.sid.ir

