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In this paper, we report the transport properties of Cr-dopg@sTihin films. The thin films were
grown ona-Al,05 (012 substrates by pulsed-laser deposition. X-ray diffraction and transmission
electron microscopy results show that the films are single corundum phase. @kgi;_,),05
show semiconducting behavior. Without doping, pure,CEi thin films show positive
magnetoresistandR) of 23% at 2 K. The MR behavior changed dramatically after doping with
Cr. Sample(Cry 1Tig 9205 shows MR=-360% at 2 K. All of the Cr-doped films are ferromagnetic
up to room temperature. @005 American Institute of PhysidOI: 10.1063/1.1852855

I. INTRODUCTION terference device(SQUID) magnetometer. The transport
I[%roperties were measured with a physical property measure-

Recently, we have reported the magnetic and transpoment systen{PPMS from Quantum Design.

properties of Fe-, Mn-, and Cr-doped reduced-rutile
Tin02n_1.l_4 Following the study, we have investigated Cr- |||. RESULTS AND DISCUSSION
doped T3O; thin films. The microstructure, transport and
magnetic properties of Cr-doped,Us; thin films are re-
ported in this paper.

Ti,O; has a corundum{a-Al,O3) structure’® Below
200 °C, ThO5 is a nonmagnetic semiconductor with an en-
ergy gap(Eg~0.1 eV) between the top oé,4 band and the
bottom ofe, bands of the 8 electrons. * The electrons in
the conduction band are much heavier than the holes in the
valence band, and the material exhibits positive Hall coeffi-
cient (p type).

Previous study reported that between@yand CrTiG
the sesquioxides form a homogeneous corundum-type solid
solution. In (Cr,Ti;_),05(0.5<x<1) the CpOs-type anti-
ferromagnetio AF) structure is found with the ¥ ion act-
ing as a simple diluent. Electron-spin resona(i€8R gives
a signal width=1600 G andj)=2.00 for bothx=0.9 and

The results of XRD and TEM show that single phase
epitaxial (Cr,Ti;_),05 films were formed by ablating the
Cr,Ti,_O, targets and reduction during the deposition. Fig-
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(Cr,Ti;_),05 (x=0, 0.04, 0.06, and 0.1@hin films were _eooof o S (
grown on a-Al,03 (012) substrates by pulsed-laser deposi- £ 5000 B ' . E
tion (PLD). Prescribed amounts of high-purity Ti@nd Cr 3 [ 53710 |
powders were mixed, cold pressed, and sintered to make < 4000} 3.703
Cr,Ti,_,O, ceramic targets. The films were prepared in = - 000 28 O'y 0
vacuum of 2<10°Ctorr at substrate temperatures of ﬁ 3000 &
800-1000 K. The pulsed excimer laser uses Kk £ 000l
=248 nm and produces a laser beam with an intensity of i
1-2 J/cn and a repetition rate of 4 Hz. The deposition rate 1000 i
is between 0.3 and 0.5 A/s, and the film thickness varies 0 : !
from 150 to 300 nm. The crystalline structure was investi- 22 23 24 25
gated by x-ray diffractio{XRD) with CuK« radiation and 20 (degree)

transmission electron microscop§TEM). The magnetic FIG. 1. (a) XRD patterns for(Cr,Ti;_),05 (x=0, 0.04, 0.06, and 0.10
properties were studied with a superconducting quantum infilms. Only the reflections from th€012) family of corundum phase are
observed(b) The peak position of théd12) reflection of(Cr,Ti;_,),03 films
shifts to higher angles with increasing Cr concentrakiomset shows the
dElectronic mail: jtang@uno.edu (012 values that decrease linearly with the Cr concentration.
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FIG. 2. MR curves for TjO3 (8), (CrygaTigge203 (b), (Crgyoelip 203 (€), and (Cry 10Tig.90)205 films (d). Inset of (b) shows the thermo-oscillation of
magnetoresistance. Inset @) shows the small positive MR at 10 K for the=0.06.

ure Xa shows the XRD patterns ofCr,Ti;_),05 (x=0, The magnetoresistancf MR=(Ry—Ry)/Ry X 100%)
0.04, 0.06, and 0)Ifilms grown ona-Al,O3. Only the re- was measured with magnetic field perpendicular to the film
flections from the(012) family of corundum phase are ob- plane for TyO5; and (Cr,Ti;_,),O5 at various temperatures
served. Figure (b) shows XRD peaks for th@12) reflection  and the results are shown in Fig. 2. The MR at 2 K foi(i
of the (Cr,Ti;_,),05 films with different Cr concentration. reaches +23% at 140 kOe, as Figa)2shows. This large
For (Cry04Tig.09203, the (012) peak shifts to a higher angle positive MR is in agreement with previous data and is ex-
relative to the(012) peak of TpO3, which indicates the de- plained with a two-band model where both electrons and
crease in the lattice parameters(6f,Ti;_,),0,. This shiftis  holes participate in the transpdft.
further enhanced with increasing Cr content, as shown in the Figure Zb) shows MR forx=0.04 samples, at lower
patterns for(Crg gglig 94203 and (Crg 19Tig009203. The Cr field, the MR is negative, while positive MR dominates in
content dependency of tHe-axis lattice constanted (012 high fields at 2 K. Positive MR was observed at 6 and 10 K
valug] is shown in the inset of Fig.(h). It is observed that for x=0.04 films. Inset of Fig. @) shows the thermo-
the value ofd (012 decreases linearly as the Cr concentra-oscillation of magnetoresistance. With 14-T constant mag-
tion increases, which indicates that the Cr ions graduallynetic fields, the temperature sweep caused two peaks in the
substitute for the Ti ions in the films without changing the magnetoresistance at about 7 and 84 K. Such peaks in the
corundum structure. magnetoresistance were observed in 1J-XMnXTe.17 The
Transport measurements with PPMS show that the filmstrong temperature dependence of the energies at which the
exhibit a semiconducting behavior—increasing resistivityLandau levels occur suggests that at a constant magnetic
with decreasing temperature. The carrierspatgpe for both  field (that provides the Landau quantizatipthe temperature
doped and undoped films. The Hall effect of the films wassweep will cause the crossing of various Landau levels with
measured with a four-probe method at room temperature. Ahe Fermi energy, if the carrier concentration in a sample is
carrier density of 1.X10%'cm® was estimated for properly chosen. These crossings will then lead to successive
(Cro.06Tin a0 from the Hall-effect measurements. All peaks in the magnetoresistance of the sample as a function of
films do not exhibit anomalous Hall effect at room tempera-temperaturéf3
ture. It is underway to measure the Hall effect at higher and The MR is negative and takes a giant value of —107%
lower temperatures, trying to observe the anomalous Halind —-365% at 2 K in 140 kOe for=0.06 and 0.10, respec-
effect at various temperatures. tively, as shown in Figs.(2) and 2d). The magnitude of the
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1oL aligned to the direction of the applied magnetic field, in-
ook gﬂ_ creasing the mobility of the carriers. The negative magne-
! AP toresistance is attributed to smearing of the polaronic cloud
= 06 300 K with increasing magnetic fieftf, corresponding to the slowly
g 0sp vy —ymp=t—y—v increasing part of magnetization in the high-field region
S 0.0 1 shown in Fig. 3.
\j‘_n —0A3.- r—y-F=V=¥v
= o6} IV. CONCLUSIONS
09 A _ _ .
L The experimental results show that Cr ions systemati-
v — o 20000 cally substituted for the Ti ions ifCr,Ti;_,),05 films. The
H (Oe) (Cro.10Ti0.9205 films show a negative giant magnetoresi.s-
FIG. 3. Hysteresis loops dry ¢6Tig 94,03 film measured with a SQUID at tance as Iarg.e as.—365% at 2 K’.Whlle the undOped film
T=2 and 300 K. shows a positive giant magnetoresistance of +23%. The Cr-

doped samples exhibit ferromagnetism up to 400 K. They
are p-type semiconductors with a carrier density of about
negative MR 0f(Crg 6T 94203 and(Crg 10Tig 90203 in high 1.2 10?7 cn?® for the x=0.06 sample.
magnetic field decreases with increasing temperature. The
inset of Fig. Zc) shows the low-field regior? of thg .MR.curve ACKNOWLEDGMENTS
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