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Potential phase control of chromium oxide thin films prepared
by laser-initiated organometallic chemical vapor deposition
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We have used laser-initiated chemical vapor deposition to grow the chromium oxide thin films
through the oxidation of G€O)g in an oxygen environment. While both £ and CrQ are present

in the film, the relative weight of each phase depends on the oxygen partial pressure. The Curie
temperature of the film increases and approaches theThut CrO, (397 K) as the partial oxygen
pressure is increased. @001 American Institute of Physic§DOI: 10.1063/1.1343846

The high electron polarization, in addition to the half- The growth of the chromium oxide films were carried
metallic character of the surfacenakes Cr@ an attractive out on S{111) substrates in an ultrahigh vacuum chamber,
material for spin—tunnel junctioA$where very large tunnel- maintained at a base pressure at 2.0orr or less. This
ing magnetoresistance is expegteas well as other magne- chamber was designed for laser initiated chemical vapor
toresistive device$* The insulating antiferromagnetic chro- deposition as described elsewh&® The photolytic de-
mium oxide CyO; has a Nel temperature 307 K and is composition and oxidation of QZ0); was performed by a
suitable for tunnel junction barri¢r$oth below and above commercial nitrogen laser with the main emission line at 337
the Neel temperature. The ferromagnetic chromium oxidenm (corresponding to 3.69 eV The ambient oxygen (£
CrO, with T, 397 K (Ref. 5 has been predicted to be half atmosphere was varied fromx110~ 7 to 1x 10 ° Torr rela-
metallic (metallic for one spin direction while insulating for tive to the C(CO)q partial pressure of % 10~ ° Torr, uncor-
the other spin directionby band structure calculation$;®  rected for ionization gauge cross section and monitored with
though Kulatov and Mazin found Cglo be insulating in  a quadruple mass spectrometer operated in pulse counting
both spin direction$? Evidence of 80% to 100% polariza- mode.
tion, consistent with the half-metallic character of GrO The x-ray adsorption spectroscop¥AS) and magnetic
were observed in spin-polarized photoemissibwvacuum  circular dichroism(MCD) spectra were taken at the U4B
tunneling!®> and Andreev scattering:** Biquadratic beam line at the National Synchrotron Light Source at
coupling and/or giant magnetoresistance, observed above tiBrookhaven National Laboratory. The photon beam was set
Neel temperature for Fe/Cr multilaye’r%‘,16 may be en-  ~75% helicity and the incident beam was 45° off from the
hanced in Cr@/Cr,0; multilayers because of the lower dle  surface normal. For magnetizing the sample, a 200 Oe pulsed
temperature and insulating character ob@x Below the field was applied in plane. The MCD spectra were recorded
Neel temperature, unidirectional magnetic anisotropy and exby alternating the magnetization at every photon energy with
change bias at the interface between the ferromagnetic angfixed helicity of the incident light.
antiferromagnet layers may be expected, as in the case of The nonmagnetic chromium oxide phase is dominated
NiFe/NiO,""*®NiFe/FeMn;® and Fe/Cr(Ref. 20 bilayer and by Cr,0; crystallites with a pronounced preferential orienta-
multilayer systems. tion. Figure 1 shows the light polarization dependent Cr L

It is difficult to fabricate CrQ ultrathin films using con-  edge[Fig. 1(a)] and O K edgdFig. 1(b)] XAS of the chro-
ventional methods because Grf3 metastable. This is not mium oxide film fabricated with an ambient of 5
altogether bad, as the two phases &@,0; system exhib-  x 10~ Torr oxygen partial pressure. At energies above the
its higher magnetoresistance than the pure mattridle  Cr L, edge, the spectra are dominated by two peaks, around
oxidation of the organometallic complex hexacarbonyl577.7 eV and 579 eV, followed by another two peaks above
Cr(CO)s has the potential for selective deposition of the L, edge, around 586.9 eV and 588.5 eV. The oxygen
Cr0,.#"**These studies have established that chromium oxspectrgFig. 1(b)] are first dominated by a large feature be-
ides are the thermodynamic sink of chromium hexacarbonylween 532 and 535 eV. This oxygen XAS spectra is similar
decompositiof? and the oxidation is further aided by the to the expected XAS spectra of £ (Ref. 26 while the
presence of an ambient oxygen backgro&id.By modify-  chromium L edge spectra are consistent with a mixed okide.
ing this organometallic chemical vapor deposition procedureThere is a strong dependence of the spectra on the light in-
we have been able to fabricate the ferromagnetic and antifetidence angle, particularly at the oxygen edge. This origi-
romagnetic chromium oxides. Here, we describe both theyates from the orientation of Op2 Cr—3d hybrid states
growth and the magnetic properties of these films. with respect to the crystalline axés.

The polarization dependence of the XAS and the x-ray

dauthor to whom correspondence should be addressed; electronic maigiffraction (XRD) results indicate teXtL_”e QTOWt_h in our
pdowben@unl.edu films. The XRD pattern, shown as the inset in Fig. 1, indi-
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partial O, pressure, the fraction of gb; decreases. We find
no evidence of the GDg or CrO; phases in XRD but do not
exclude the possibility of a very small minority fraction. In
the case of Cr@rich samples, the structure identification in
XRD is not conclusive due to the fact that boti{14i1) and
tetragonal Cr@(110) diffraction peaks overlap.

The coexistence of CrQand CpO; is evident in the
hysteresis loop obtained at 100 K, with the applied magnetic
field in the plane of the film, shown in Fig(&. The curve
shown is for the sample fabricated with an fressure of
2Xx10 " Torr relative to the QICO)4 partial pressure of 1
X 107 ° Torr. The coercive force for left-hand side half loop
is 250 Oe while for right-hand side half loop it is 150 Oe.
The fact that the coercive field is often not symmetric in our
- films suggests uniaxial magnetic anisotrdpy?’ or ex-
change coupled bi4s?® between the textured domains of
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antiferromagnetic GO; and CrQ. In addition, antiferro-
magnetic hysteresis is observed at higher fi¢kig. 2(a)].
Figure 2b) is Cr L edge MCD signal of film fabricated with

ambient Q 5x 10 ® Torr. Note the evidence for magnetic
order in the CrQ t,q and 4 bands for both L and Lg

- edge<® The signal indicates the strong ferromagnetic char-
K acter of CrQ,® though we attribute some, like weight to
small amount of GiO3, even for samples fabricated at these
higher oxygen partial pressures.

Figure 3 shows the magnetization versus temperature
obtained from superconducting quantum interference device
magnetometry. The critical temperature clearly depends
FIG. 1. (Color) XAS polarization dependence. The polarization dependentgpon the oxygen pgrtlal pressure _a;( the time of film fa_bnca_
XAS for Cr L edge of film fabricated in an ambient,(3x 10"’ Torr) tion. Samples fabricated at>210"‘Torr oxygen partial
background is shown ife). The data shown as red line was taken at a 70° pressure relative to the @O)g partial pressure of 1
incident angle, while the blue solid line shows the XAS data for normal x 10~ ° Torr exhibit the Curie temperature of 3#30K.

incidence(pures-polarized lighi. The polarization dependence of XAS at O - : —6 _
K edge is shown irtb). The data shown as blue is for normal light incidence Samples fabricated at the hlghel’< 10 ° Torr oxygen par

(pure s polarized, and green is for a 55° light incidence angle. The XRD tial pressure(relative to the QiICO)g partial pressure of 1

data for the film fabricated with ambient,@ressure 5106 Torr relative X 10~ ° Torr) exhibit the higher Curie temperature of about

to the CfCO)q partial pressure of X 10 ° Torr is shown as the inset. 390+ 10 K. The absence of a shafjp and the presence of a
long tail in the magnetization curvéBig. 3), near the critical

cates that the GO rich samples grown on §il11) adopt a temperature, are again suggestive of a two phase system.

rhombohedral structuréR3C space group Strong texture When we increase the (artial pressure, the amount of

growth is characteristic of other chromium oxide thin films CrO, phase increases and the critical temperature approaches

grown by chemical vapor depositidit* As we increase the the expected, of CrO,.% The samples characterized by Au-
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FIG. 3. The magnetizatiofM) vs temperaturéT) at an
\A applied field ofH=500 Oe. Data are shown for two
™~ \ films: the data(M) were taken from the film fabricated
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shown as inset&) and (b), respectively.
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