Characterization for strontium titinate  /Fe3;O, and TiN/Fe;0, interfaces
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The interface formation between different thicknesses of strontium titanate (JroiCitanium

nitride (TiN) with a 2000 A FgO, film is studied using x-ray absorption spectroscéAS) and

x-ray magnetic circular dichroisiXMCD). Our results show that the deposition of 10-50 A of TiN
results in an immediate and substantial removal of oxygen from the near interface region, resulting
in the formation of spin-randomizing FeO interlayers. For the deposition of FrdiFe0,, our
measurements show only a small deviation from thgdzeharacteristic XAS signature, suggesting

the limited formation of perhaps only one monolayer of another Fe oxide at the interface. The
persistent XMCD signal, however, confirms the preservation gOfrén its ferromagnetic state.
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[. INTRODUCTION structures relies on maintaining the electron spin character-
istics as they traverse, or are reflected at interfaces associated
with overlayers and/or multilayers. Although &, is the
cause the electrons that participate in the conductivity mus[grototyplcal HMF, experimental de_monstrahops of its half
metallicity have not been accomplished due, in part, to the

lie within a few KT of the Fermi level, these materials are __. .
. . S . failure to generate a good interface for transport measure-
recognized as ideal for application in spin conductance de-

vice structure23 Even if HMFs were routinely manufactur- ments. For these magnetic structures, the overall electron

able, for use as spin conductance devices, they must be oSpin transport behavior and device performance depend both

ployed as one layer of a multilayered structfifeFor on superior materials and controlled magnetic interfaces.
technologically relevant applications, it is essential that the
high spin polarization observed in the bulk of a single HMF !l TECHNIQUE
layer persists throughout the entire multilayer structure and To fully characterize both the quality of the material and
that the interfacial regions do not degrade the electron spithe interfaces, we have used x-ray absorption spectroscopy
character. (XAS) and x-ray magnetic circular dichroist{MCD) on ex
Maintaining the spin character of the electron relies on thesitu grown FgO, films interfaced to various overlayers that
magnetic, chemical, and structural characteristics of buriedhay serve as appropriate interlayer materials. XMCD is a
(under a nonmagnetic layeaind hidder(under another mag- synchrotron based element specific, magnetic spectroscopic
netic layej interfaces between the constituent materials. Al-tool where absorption spectra for left- and right-hand side
though the structural and chemical qualities of the interfaceircular polarized photons are measured at the absorption
play an important role in electron transport across the interedges of the relevant element, and then subtracted from each
face, the magnetic properties of the interface determine thether”® Standard XAS is obtained by adding these two po-
electron spin transport properties of the structure and, therdarization dependent spectra. It gives information concerning
fore, the magnetoconductanté poor quality magnetic in- the chemical state of the element. XMCD gives information
terface may degrade the spin transport performdeag, it  concerning the magnetic state of the elentent.
may reduce the electron spin polarization or limit the spin Figure 1 shows how the x-ray absorption selection rules
coherence Furthermore, the magnetic properties of the in-associated with the XMCD process act on the unique band
terface may be very different from those of the bulk due tostructure of a HMF. In addition to the helicity-independent
reduced magnetic coordination, roughness, or interdiffusiondipole selection rule that the angular momentum of the elec-
creating magnetic moments that are noncollinear with théron must change by-1, there are selection rules for the
bulk and interfering with the transmission of polarized elec-magnetic quantum number. For a circular polarization se-
trons across the interface. lected so that the photon spin is anti-aligned with the major-
The successful realization of proposed magneticity spin of the electror{left-hand side of Fig. }. the appro-
semiconductor, magnetic/insulator, and magnetic/metgpriate x-ray absorption selection rule is that the magnetic
quantum number must change byl. For the opposite cir-
dElectronic mail: lussier@physics.montana.edu cular polarization, where the photon spin is aligned with the

Half-metallic ferromagnet$HMF) are metals for which
the Fermi level falls within one of the spin band gagRe-
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Fic. 2. Peak area normalized Eg ; XAS (top) and XMCD (bottom) spec-
Fic. 1. Effect of the absorption selection rules for circularly polarized x raystra as a function of TiN overla_yer th}ckhess. The upper m_set is the experi-
aligned (right-hand sidg and anti-alignedleft-hand side to the majority mental geometry. The )_(MCD |ntens_;|ty is corrected for incidence angle and
electron spin direction on the HMF band structure. incomplete degree of circular polarization of the beam.

majority spin of the electrongight-hand side of Fig. Xl the  Strates. Substrate temperatures were 150 °C for th©Fe
magnetic quantum number must change bg. Note that ~growth, and 200 °C for the overlayer film growth. The;6g

electron transitions occur for both spin subbafith dif-  thickness was 2000 A for all samples and the overlayer

ferent probabilitie but due to the absence of one spin statethickness varied from 0 to 48 A.
at the Fermi level, the absorption process is spin selective The XAS and XMCD spectra were measured at the Mon-

when the photon energy matches laredge binding energy tana State University/National Research LaboratdhsU/

and is mixed at slightly higher or lower photon energies. ThisNRL) Magnetic Materials X-ray Characterization Facility lo-
has the net effect that, for the transition métaldges, thé 5 cated at beamline U4B of the National Synchrotron Light
(L,) edge is increasettecreasedfor the anti-aligned case Source (NSLS) at Brookhaven National Laboratory. The
and decreasedncreasedl for the aligned case. If the two Peamline supplies monochromatic, circularly polarized x
helicity-dependent spectra are summed, the resulting XAS igys (in this case, a polarization of 70% was upénl the
independent of the electron spin direction, and therefore ofnergy range 20-1350 eV. The monochromator was set at a
the film magnetization also. The XAS spectrum therefore'€solution of 0.25 eV at the He, 3 edges. The details of the
represents the spectrum fall Fe atoms On the other hand, U4B beamline have been published elsewtiére.

the difference of the two helicity-dependent spectra, the We record two total electron yield spectra, one with the

XMCD spectrum, represents the spectrumdaly the ferro-  incident light helicity(circular polarization oriented parallel
magnetic Fe atomdn this way, we can separate the contri- t0 the remnant magnetization of the sample and one antipar-

butions of the Fe atoms in ferromagnetic and nonferromag@ll€l, as shown in the inset of Fig. 2. The XAS is the average
netic environments to the overall Fe absorption spectra. ~ Of these two spectra, while the XMCD s the difference be-
tween the two. Here, the light helicity was kept constant
while the sample remnant magnetization was reversed at
lll. EXPERIMENT each photon energy by reversing a magnetic field applied in
To determine the effect of the deposition of an overlayemplane with the sample. All XMCD spectra have been cor-
on a prototypical HMF, we have performed XMCD and XAS rected for incomplete photon polarization and the 45° sample
experiments at thé edges of iron in FgO, films with a  orientation with respect to the incoming beafrwith this
single TiN or SrTiQ (STO) overlayer. Multiple samples with  experimental configuration, our measurements are sensitive
different overlayer thicknesses were grown by pulsed laseio the top 50-100 A of the E®, film. To first order, the
deposition at the University of Maryland on Mg, sub-  presence of the TiN or STO overlayer does not change our
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probing depth, but does decrease the signal intensity. The
results reported here are therefore not due to any variation of
the probed interfacial volume. The spectra were collected at
room temperature and at pressures less thai® ° Torr.
They were normalized to the incident flux via the current
measured through a gold mesh placed in the beam prior to
the sample.
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A. Overlayer effects on Fe 30,:TiN j
Figure 2 shows the effect of various thickness of TiN 02 j
0.0 ;

L.

overlayer deposition on the peak area normalizedLke
XAS and XMCD spectra. As the TiN overlayer thickness
changes, there is a marked change in the XAS spectra. First,
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a shoulder appears at lower binding enef@yapproximately 2

707.7 eV if we focus on théd.; edge, then the spectral 2 0.0F

weight shifts from the peak toward that shoulder. Simulta- pc_a, _ ?;‘X"gg" Fes|°4 :

neously, the XMCD spectra are observed to decrease inin- < 5.2 Bl 18 A STO overlayer -

tensity, but remain essentially unchanged in shape. This can O i T giﬁgg gzz:gyz E

only occur if the Fe environment is changing from a ferro- E _025_ ........ 26 A STO o\,e,|a¥er _

magnetic FgO, environment to a nonmagnetic environment E . ggﬁgg gzz:::gg; ]

with TiN overlayer deposition. 3 3
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The different binding energies for Fe in different valence B S e v ey
states yield a method to differentiate the chemical state of the Photon Energy (eV)

Fe. Iron in FeO is F&", iron in F&0; is FE™, and iron in

Fesoz} ha§ a m|X§d vglgnce. We can th_e'rEfore tell which state,s 3. peak area normalized Eg 5 XAS (top) and XMCD (bottom) spec-

of oxidation the iron is in from the position of the Fe XAS tra as a function of STO overlayer thickness. The upper inset is an enlarge-
edge (lower binding energy for |:2éL) Figure 2 shows the ment of thel 3 peak for detail. The XMCD intensity is corrected for inci-
spectral weight of thé 5 edge shifting from the F©, posi- dence angle and incomplete degree of circular polarization of the beam.
tion to the FeO position as the thickness of the TiN overlayer

is increased from 0 to 48 A. We conclude that there is &his XAS and XMCD behavior may be due to a magnetic
continuous decrease of &, in the interfacial region via the reorientation, perhaps from a structural transition as the film

formation of FeO. The FeO is the byproduct of oxygen OUltthickness reaches approximately 22 A. Additional work

d!ffu5|on from the FgO, into the T'N (probably. forming should be done to complement our preliminary results in this
TiO,). Although we were unable to directly monitor the for- thickness range

mation of TiO, from oxygen absorption at the TiN interface, Additional insight into the overlayer effect on the J83

the relative forma_tlon energies for various compoundscan be determined from the overlayer thickness dependence
strongly suggest Tipformation as the most likely occur- of the XMCD peak intensity, as displayed in Fig. 4. For the
rence. TiN data, we see an exponential decrease of th®feom-
ponent with increased overlayer thickness. This type of de-
cay is suggestive of a single dominant barrier to FeO forma-
STO has already demonstrated itself to be a high perfor-
mance interlayer material for oxide bearing ferromagnets and
was therefore considered as a candidate matelafigure 3
shows the peak area normalized Eg; XAS and XMCD
spectra as a function of STO coverage. Unlike the behavior
from TiN overlayers, STO overlayers generate only minor
changes in the XAS spectra, and no change in the XMCD
spectra(with two notable exceptionsFor these two excep-
tions (the 22 A and 24 A STO overlayer thickessewe
observe a substantially reduced XMCD intensity. The corre-
sponding XAS spectra also exhibit a peculiar trend. Again, : ]
for these thicknesses, the obsereg edge shift with in- 070 10 20 30 40 50
creasing STO thickness is not a simple shift toward the FeO Overlayer Thickness (A)
peak but rather a change in shape. The peak height at the

initial position is in fact slightly increased and a clear shoul-7': 4: FeLs peak XMCD intensity for TiN(open squargsand STO(filled
circles as a function of overlayer thickness. The line represents a least-

der appears on t_he left-hand sid_e of ﬂheedge- This can be  squares fit through the data points for an exponefifial) and linea(STO)
easily observed in the enlarged inset to Fig. 3. The reason fdit.

B. Overlayer effects on Fe 30,:SrTiO4

Relative XMCD Intensity
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. . Fic. 6. Top panel: The Fé&, 5 XAS for the 12 A TiN overlayer sample
Fic. 5. FelL,3 XMCD spectra all separately normalized to the first peak (dotted ling, the scaled F¢2’3 XAS for the uncapped R, (solid line),
intensity for TiN (top panel and SrTiQ (bottom panel for all overlayer  anq the resulting spectra from the subtraction pro¢éashed ling Bottom
thicknesses. panel: Remaining component of the Eg; XAS spectra for all TiN over-
layer thicknesses after subtraction.

tion. Furthermor.e,.the XMCD intensity is .only sensitive 10 Fg,0, contribution from the total measured XAS spectrum
the ferromagnetic iron and is therefore a'dlrect'measure of itg obtain the residual spectrum representative of the nonmag-
The STO data shows a constant XMCD intenséiycept for - petic Fe component for identification purposes. Following
the two thicknesses previously discussed this procedure for all TiN overlayer thicknesses consistently
To confirm that the XMCD spectra are direct indicators ofyje|ds the same spectrum, corresponding to the XAS spec-
the percentage of &, in the interfacial region, in Fig. 5, trym for Fe in FeO. The procedure and results are portrayed
we show all XMCD spectra after normalization to the peak-in Fig. 6.
to-peak intensity. In each case, all STO and TiN samples finaly, as a check, this same subtraction procedure can be
have exactly the same shape. There is a slight deviatiogpplied to the two STO thicknesses that resulted in the
when compared to the uncovered;€g films, but this may  greatly reduced Fe XMCD intensiti¢82 A and 24 A. This
be due to a degradation of the uncapped films upon transpogtocedure, shown in Fig. 7, results in two spectra which are

from the growth chambers, through extended periods of timgery different from the FeO spectra of Fig. 6, but similar to
in air, to the XMCD characterization chamber. It should be

noted that the uncovered films used for comparison in the

TiN and STO studies have slightly different XMCD spectra. A T
This may represent growth variations from sample to sample, S 0'8§ .............. 2 A
or these two uncovered samples may have experienced vary- S ¢ 65_ 24 A 3
ing levels of exposure to air between growth and character- S Tk
ization, leadi light i tHh z f Feq0, Lg-edge 3
ization, leading to slightly varying spectra. £ F " 3
. : Lo @ 04f peak position 3
Still, we are confident that the Fe XMCD relative inten- s E
sity is a direct measure of the percentage of(ein the £ .k E
interfacial region. A further check of this conclusion can be g
made. By taking this percentage decrease in the XMCD in- 0.0E it I

700 710 720 730

tensity (relative to the uncovered E®, XMCD intensity), Photon Energy (eV)

we can determine the fraction of §&, lost due to oxygen
outdiffusion attributed to the addition of the overlayer. FiG. 7. Remaining Fé., 3 XAS spectra for two STO overlayer thicknesses

KnOWing.thisy we can scale the uncovered®gXAS SPEC-  after subtraction process. The major peak is still aligned to th®©Fpeak
tra by this determined percentage and subtract this reducesition (dashed ling
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