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Co:TiO, films were fabricated by laser ablation on Si, LaAIQAO), and SrTiQ (STO) substrates

from a ceramic target. Films on all types of substrates have Curie temperagjratjove 400 K.

All films are highly crystallized with different structures. While films on Si substrates are rutile,
films on LAO and STO substrates are single phased anatase. Due to the different lattice mismatch,
films grown under the same growth conditions on Si, LAO, and STO substrates have different
saturation magnetization and coercivity. While Co atoms are mostly localized near the surface of the
films, magnetic measurements suggested that the ferromagnetism unlikely originates from Co
clusters. ©2004 American Institute of Physic§DOI: 10.1063/1.1669111

After the discovery of Matsumotet al.> Co:TiO, thin  images were observed by Nanoscope IlIA magnetic force
films have attracted many research groups due to their exhmicroscopy(MFM) operated at room temperature under zero
bition of room temperature ferromagnetigfM). Growth of  field. The chemical composition was determined by the Ru-
this diluted magnetic semiconductor by thin film techniquestherford backscattering spectrosca®BS) method.
provides excellent control of the dopant concentration. So It is clearly found that the type of substrates certainly
far, Co:TiO, films were basically fabricated from two targets, defines the structure of Co:TjOfilms. With our chosen
Ti and Co metal targets, or TiOand Co:TiQ with a very  growth conditions, all Co:Ti@films on Si are rutile, while
high concentration of Co in order to get a very small percenfilms grown on LAO and STO are anata$gg. 1). From Fig.
of Co incorporated into the films.* A big issue in the field 1(a), one can see that the film grown on Si is single phased
at the moment is that whether the high temperature FM irrutile and highly epitaxial with thec axis of the rutile
Co:TiO, films comes from Co metal/clusters or not. In this (around 2.96 A perpendicular to the substrate plane. Neither
work, we have fabricated Co:TiClilms on silicon, LaAlQ; ~ Co peak nor cobalt oxide peak was found in the spectra.
(LAO) and SrTiQ (STO) substrates. Effects of the substratesFilms on Si substrates are mostlyaxis oriented but other
on structural and magnetic properties of Co:Fif®dms will diffraction peaks indexing on the basis of the rutile phase are
be discussed in detail. also present, indicating that the film grows with several ori-

A TiggdCqy 10, target was synthesized by a sol—gel entations(probably due to the large lattice mismakc®ther
method. 2300-A-thick Co:Ti@films were deposited by the additional measurements such asdhecan recorded around
pulsed laser depositiaff’LD) techniqueg248 nm KrF laser, the{110 family planes shows 90° separated peaks that gives
5 Hz repetition rateon unetched100) Si, (001) LAO, and  evidence of in-plane texture of the rutile phase and similar
(001) STO substrates. The oxygen pressuPgy) was either  scans taken on thg20; family planes of Si proved that the
1x10°° or 1x10°° Torr, and the energy density was either TiO, rutile layer grows epitaxially on Si substrafeRutile
1.5 or 3 J/crA. The substrate temperature was 700 °C. AfterCo:TiO,/Si films were fabricated by co-sputtering from Co
deposition, films were cooled down slowly to room tempera-and Ti target$, while in the present study they were grown
ture under thé® o, of 20 mTorr. The crystalline structure was by the PLD from one ceramic target. Co:Ti®ms on both
studied by x-ray diffractiofXRD). The magnetization mea- LAO and STO are not rutile but pure anatai1) oriented,
surements were performed by a Quantum Design supercoRvith only anatase peaks appearing in the spectra. No peak of
ducting quantum interference devic@QUID) system from O any impurity appeared in the XRD patterns. The out-of-plane
to 0.5 T and from 400 K down to 5 K. The magnetic force lattice parameter calculated from the 004 reflection is about
9.52 A and the in-plane lattice parameter obtained from the
dAuthor to whom correspondence should be addressed; electronic maill05 reflection is about 3.77 A and they are consistent with

hoahong@delphi.phys.univ-tours.fr the values of bulk anatagélhose parameters are almost the

0021-8979/2004/95(11)/7378/3/$22.00 7378 © 2004 American Institute of Physics

Downloaded 07 Aug 2007 to 150.65.7.70. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp


http://dx.doi.org/10.1063/1.1669111

J. Appl. Phys., Vol. 95, No. 11, Part 2, 1 June 2004

0,25

Hong et al.

7379

2-Theta (deg)
20 30 40 50 60 70 80 0,
15 . : : : " : Tt
@ —~ 0,204 S 1
o) n
S ~
o © a)
101 P g = 0,15
= c 0. =
7 S e
; = —=—LAO
0.5 s 8 8 oo —a—5sT0
8 005
0,0 + '
* 2 = = “\n—w‘“—n.n.;_;_‘“
Lo NE 2 T
° g |2 4 0,00 ———————
7 3 g g 100 200 300 400
€ ARE Temperature (K)
g
5 03
2 Ll <0
2 < ——LAO = o
2 § ° 029 [ a—s10 -
= % ——si
0 + + + 0,14
@) \
( j 2 = =
1] 1]
= = 5
o S = il 0,0
=4 & @ =
2 %] « ©
2 . N
S g g 01
c
(e)] h—a—b—d—4-
g 02] gt o )
o° HJ"’.
S -0,3 T T T T T T T T
5 4000 -2000 0 2000 4000
20 30 P 50 60 70 80 Field (Oe)
2-Theta (deg)

FIG. 2. Magnetization vs(a) temperature taken at 0. 2 T afit) magnetic
field at 300 K for the Co:Ti@films with Co content as of 10% on Si, LAO,
and STO substrates.

FIG. 1. X-ray diffraction pattern for{a) a Co:TiO, film deposited on a Si
substrate under an oxygen pressure of1D7° Torr and a fluence of

3 J/ent; (b) a Co:TiQ, film deposited on a LAO substrate under an oxygen
pressure of X108 Torr and a fluence of 1.5 J/énand(c) a Co:TiQ, film
deposited on a STO substrate under an oxygen pressure ©071° Torr
and a fluence of 3 J/cm

for films on STO. The better ferromagnetic properties ob-
tained in films on LAO compared to those in films on STO
can be explained from the viewpoint of the structural analy-
same for both films on STO and LAO. Films grown on bothsis. The rocking curve measurements, which were recorded
types of substrates are epitaxial and highly oriented. So faground the 004 diffraction peak of anatase for films with the
good anatase Co:Tidilms were fabricated by a combinato- same growth conditions but different substrates, showed that
rial library PLD from two targetd, while films fabricated the full width at half maximum{FWHM) of the film on LAO
from one ceramic target did not show good qualitiesis smaller (0.3°) than that of the film on STO (0.5%)Such
(Co:TiO, films on STO were mixed by anatase and rutilea difference between LAO and STO substrates can be basi-
phase$, or in those films, FM came from a Co clusfétpor  cally explained by the lattice mismatch between the film and
besides having Co nanoclusters, Co:Jidms showed me- the substrate as observed in Ref. 8. Indeed, the in-plane lat-
tallic behavioy.1%* tice parameter of anatase is 3.7848 A, therefore the mismatch
Along with the good crystallinity and the semiconduct- is smaller on LAO(3.789 A and larger on ST@3.905 A).
ing behavior¥ (where the resistivity is about 0.0 cm at Since it is not able to observe a MFM image for films on
room temperatupe our Co:TiQ, films are room temperature STO due to their small remanent magnetizatiBivi), MFM
ferromagnetic and the FM likely stems from the Co-dopedmeasurements were performed on two films on LAO and Si
TiO, matrix rather than any type of clusters. The RBS datao confirm the room temperature Flidee Fig. 3. To detect
showed that Co content in the film could be slightly deviatedthe magnetic signals, a magnetized, hard Co-alloy-coated
from that of the target, and it might vary from 6.9% to silicon tip, was applied perpendicular to the film surface with
11.6%. However, on the same type of substrate, the magnetglift height of 250 A. Figures @) and 3b) are the topogra-
properties do not depend much on Co content. In contrasphy image and the phase ima@espectively for the film
with the same Co content, Co:Tj@ilms on different types with the highest Co conteriil1.6%9 on LAO and Figs. &)
of substrates clearly showed some differences in their ferroand 3d) are the topography image and the phase inage
magnetic behavior. Figure(@ shows that all flms hav&.  spectively for the film with the Co content of 10% on Si.
above 400 K, however, the magnitude of magnetization ig-or both films, magnetic responses at room temperature were
largest for the film grown on Si, and smallest for the film observed. In Fig. ®), we can observe parts with a different
grown on STO. From Fig.(®), one can see that even though brightness. Compared to the corresponding topograplay
all films are ferromagnetic at room temperature, the satura3(a)], one can see that the spots which appear to be dark in
tion magnetizationl1¢) and coercivity are different for films the MFM image do not match the dark spots in the topogra-
on different substrates. The maximuvty is 0.31ug/Co for  phy, therefore, it is clear that the obtained response is really
films on Si, 0.23ug/Co for films on LAO, and 0.1@g/Co  due to the magnetism of the film but not the surface effect.
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FIG. 3. TopographyA) and (C) and corresponding MFM imagé8) and

(D) for Co:TiO, thin films grown on LAO(Co content as of 11.6%and on FIG. 4. RBS spectra for Co:TiOfilms grown on LAO, STO, and Si sub-
Si (Co content as of 1095 respectively. The topography image and the strates under an oxygen pressure ok 10 ® Torr and a fluence of
MFM image were recorded on the same area ok2% um? for the film 1.5 J/cm.

on LAO and 5<5 um? for the film on Si.

sample is 0.3y (referring to the value in Fig.)2which is
about 1 order lower than that of the Co metkhown as

Moreover, at room temperature, no intrinsic domain structurel.7 ug/Co), these small bright regions cannot be ascribed to
was seen, showing that the film is very homogeneous and h&3o clusters. It is more reasonable to consider them as local
a small RM. variations of the ferromagnetic response due to the nonuni-

RBS spectra for Co:Ti@films are shown in Fig. 4. Be- form distribution of Co. The remark about local ferromag-
cause the signals from the LAO and STO completely overlametic phase observed in the Co:%iflm on Si seems to be
those from the films, and signal/noise ratio is comparable, itonsistent with the RBS data mentioned earlier. The fact that
is very difficult to determine Co contents in the films grown the Co:TiGQ /LAO film is more magnetically homogeneous
on LAO and STO. In the spectrum of Co:Ti@rown on the than the Co:TiQ/Si film can be explained from a much
Si substrate, peaks are well separated, and the noise/sigragger lattice mismatch between the film and the substrate in
ratio is ignorable, therefore we may say that the composithe latter case.
tions which were determined from these data are precise, and Besides the XRD pattern which showed no trace of any
basically they can be used for films on LAO and STO, whichimpurity, the modest values & ¢ in our films(much smaller
were deposited in the same run. While the Ti peak has &han that of Co metaland theT - just around 400 Kit must
simple rectangular shape showing that the Ti contribution ide 1000 K in the case of Co metal clusjeas well as the
uniform over the whole thickness of the film, the Co peakmagnetic response observed by MFM likely ruled out the
has a larger height on the right hand siderresponding to  existence of Co particles and implied that the room tempera-
the shallower levels taken from the surfa@nd a smaller ture FM in our films seems to originate from the Co:7iO
height on the left hand sid@leeper levels We can interpret  matrix.
that the Co distribution is not uniform, and Co atoms are ) o )
localized mostly near the surface of the film. Calculations in 1 he authors would like to thank A. Hassini for preparing
this case give the results that Co distribution is richest in thdh€ target and Professor F. Gervais for his support. One of the
400 A thick layer taken from the surface. For this 400 Aauthors(A.R.) acknowledges Professor J. M. Triscone.
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