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The electronic structure of LaCe, ;MnO; (LCeMO) thin films has been investigated using photoemission
spectroscopyPES and x-ray absorption spectroscoAS). The Ce 2l core-level PES and XAS spectra of
LCeMO are very similar to those of CgQindicating that Ce ions are close to being tetravalent. A very weak
4f resonance is observed around the @e-#4f absorption edge, suggesting that the localized Cstdtes are
almost empty in the ground state. The Mp XAS spectrum reveals the existence of the Mmultiplet
feature, confirming the M -Mn3* mixed-valent states of Mn ions in LCeMO. The measured MnPES/
XAS spectra for LCeMO agree reasonably well with the M [@artial density of states calculated using the
LSDA+U (LSDA, local spin-density approximatiormethod. The LSDA-U calculation predicts a half-
metallic ground state for LCeMO. This study confirms that the LCeMO films are indeed electron doped.
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[. INTRODUCTION we have found that Ce ions in LCeMO are mainly in the
tetravalent (4+) states, which allows the existence of the
Perovskite Mn oxides oR;_,A,MnO; (RAMO; R, rare  divalent Mrf* ions in LCeMO. However, one of the main
earth;A, divalent catioh (Ref. 1) have attracted much atten- difficulties in this system is that the La,CeMnO; system
tion due to the colossal-magnetoresistat@#R) behavior. forms in the single phase only in epitaxial thin filfhsRe-
Pure LaMnQ is an antiferromagnetic insulator. When cently, the C&" valence state and the ¥ih-Mn®* mixed-
LaMnOs; is doped with divalent cations, it undergoes a phas&/alent states were observed in a thin film of LCeNRef. 8
transition to a ferromagnetic metal, in which Mn ions canVia X-ray absorption spectroscogAS). Nevertheless, the
exist in the formally trivalent and tetravalent states. Zene/d€t@iled spectroscopic information on the electronic states

has explaineithe simultaneous metallic and ferromagnetic"€ar the Fermi energig is lacking for LCeMO, which is
transition in RAMO in terms of the double-exchan(2E) important in understanding the nature of the charge carriers.

. . o 3 1 + In this paper, we report the PES and XAS study of LCeMO
mgerapﬂon between spin gllgned ¥ (t28) and Mrf thin films. This work includes the resonant photoemission
(t3) ions through oxygen ions.

. L . spectroscopyRPES measurement near the Céd-4-4f ab-

In the DE model, Mn ions should exist in mixed-valent soyhtion edge, and the XAS measurements near the Ce and
states to maintain the correlation between magnetism angdy 34 Mn 2p, and O & absorption edges. PES and XAS
conductivity. The question has been raised whether the DRata have been compared to the band-structure calculations
mechanism is still operative when a tetravalent ion is dOpe‘ﬂ)erformed in the LSDA U method (LSDA: local spin-
instead of a divalent ioR.This will result in a system with density approximationwhere U denotes the on-site Cou-

P R ; 3 a2 3 3 Al i
Mn ions being in the M?ﬁ (t2g€5)/MN>" (t34eg) mixed-  |omp correlation interaction for both Mnd3and Ce 4 elec-
valent states. Interestingly, the metal-insulatdf-() and  {ons.

ferromagnetic transitions and the concomitant CMR
ﬁg: ng;n Ezgggjmobje? R?EST\FI,??NQ_;? e|fc‘é'§°f§,i‘l “?:”ga”n. EXPERIMENTAL AND CALCULATIONAL DETAILS
Ro.C& MnO; exist in the tetravalent states, Kin ions The epitaxial films of Lg/Ce) sMnO; were deposited on
could be formed and electronlike charge carriers would bé aAlO5 substrates by pulsed laser deposition at an oxygen
responsible for the metallic conductivity and ferromag-pressure of 400 mTorr. The details of the film growth are
netism. Therefore it is essential to know the electronic strucedescribed in Ref. 7. No impurity phase was detected from the
tures ofRy /Ce sMnO; in order to understand the underlying x-ray diffraction measurement. The resistivity measurement
physics for the metallic ferromagnetism properly. showed a sharp and clean peak around 250 K, indicating the
In our previous photoemission spectroscdpES study M-I transition. PES and XAS measurements were performed
on polycrystalline Lg;Ce, ;MnO; (LCeMO) bulk samples,  at the 2B1 beamline of the Pohang Accelerator Laboratory
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(PAL). The chamber pressure was aboufx 10 ° Torr rrerrprrrrprrrrprrrrprrrrrreT
during measurements. All spectra were obtained at room 3d Ce3d
temperature. The Fermi level of the system was determined
from the valence-band spectrum of an Au foil in electrical
contact with samples. The overall instrumental resolution
was about~200 meV at a photon enerdyry~30 eV and
~300 meV athv~120 eV. To obtain clean surfaces, the
samples were annealed repeatedly~af00°C in the Q
pressure of about 2108 Torr. The cleanliness of sample
surfaces was monitored by the absence of the bump around
9-eV binding energyBE) and the symmetrical line shape of
the O 1s core level. All the spectra were normalized to the
photon flux estimated from the mesh current.

The electronic structures of LCeMO have been calculated
by employing the self-consistent linearized muffin-tin-orbital
band method. To simulate the Ce-doped LaMrs@stem, we
considered a supercell of k@eMrnysO4 with a tetragonal
structure 6=3.873 A andc=11.618 A). The partial densi-
ties of stategPDOS’9 for LCeMO were obtained from the
LSDA+U band method which incorporates the spin-orbit
interaction®
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We first present the Ce and Lad3ore level PES and
XAS spectra of LCeMO. XAS and core-level spectroscopy
are powerful methods of determining the valence states of 5 1 Top: Comparison of the CelZore-level PES spectra of
ions in solids. In the_ final stat_e of core_z-level PES_and XAS| ceMO and CeQ (from Ref. 10. The curve fitting resultgsolid
spectra, a core hole is left behind, and it couples with valencgneg of the Ce 2 spectrum for Ce@are superposed on the mea-

electrons. In the systems with incompletely filledl ér 3d  gyred spectruntdots. Bottom: Similarly for the La & core-level
electrons, the coupling between the core hole aha®3d PES spectra for LCeMO and b@; (from Ref. 11.

electrons is strong enough to cause the characteristic spectral
splitting in XAS and XPS spectra. Therefore, by analyzingfiguration!®*® So this figure indicates that CgOand
XPS and XAS, an important information on thé and 3 LCeMO have a very large amount od¥4f° initial-state
valence electrons can be obtained. configuration. According to the impurity Anderson Hamil-
Figure 1 compares the CalZore-level PES spectrum of tonian(IAH) analysis:>**the lowest BE peaksA, A’) and
LCeMO to that of Ce@ with formally tetravalent Ce ions the middle BE peaksR, B’) correspond to the bonding and
(Ceé*") (upper panel and the La 8 core-level PES spec- antibonding states of the strongly mixedd®f!L and
trum of LCeMO to that of LaO; with formally trivalent La ~ 3d°4f2L?2 final-state configurationd.( a ligand holg Since
ions (L&") (bottom panel The 3 core-level spectra of the charge-transfer energy; between the #° and 4L
Ce(, and LgO; were reproduced from Ref. 10 and Ref. 11, configurations is small in CeQthe ground state is strongly
respectively. The spectrum of Ce@as then shifted so that mixed between #° and 4f'L configurations. Hence the va-
the 3ds, main peak is aligned to that of LCeMO. These lence electronic states in Ce@ontain non-negligible con-
spectra exhibit the same magnitudes of the spin-orbit splittributions from the extended states bfsymmetry, even
tings between the &, and 3, levels, 16.8 eV for the La though the localized # states remain nearly unoccupied.
3d spectra and 18.1 eV for the Cel 3pectra, respectively. It This results in the averagef Zlectron numben; of about
is clearly observed that the Ce and Ld 8pectra of LCeMO 0.5 in CeQ.

are very similar to those of CeCand LgO;, respectively, The La 3 spectra show the double-peak structures of
indicating that Ce ions in LCeMO are nearly tetravalentnearly equal intensity for both thed3, and 3ds, levels.
(Ce*™) while La ions are trivalent (L¥). Based on the IAH analysi®;'*it is well known that the La

The solid lines along the measured 3pectra for Ce®  4f level in the ground state of L&, is nearly empty due to
and LgO5 denote the curve-fitting results, by employing the the very weak hybridization between Ld 4nd O 2 orbit-
Doniach-Sunjic line-shape functidA. The curve-fitting als. On the other hand, in thed3core-hole final state, the
analysis reveals that the Cel ES spectrum of Cecon-  attractive Coulomb interactiod ;. between the 8 core hole
sists of six peaks, and similarly for LCeMO. These six peaksand the 4 electrons U.<0) pulls down the 4 level, so
arise from the three-peak structures for each spin-orbit splithat the charge-transfer energy; between 8°4f° and
component of 8z, and 3, respectively. Among the 3d°4f!L! becomes almost vanishing, resulting in a strong
three-peak structures, the highest BE compone@ts@’)  hybridization between &4f° and 3°4f1L? final-state con-
correspond to the roughly d34f° final-state con- figurations. Therefore thed$4f® and 31°4f!L* configura-
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LCeMO
* LaoO, FIG. 3. Left: The valence-band spectra for LCeMOhuss ob-

tained at the Ce d— 4f absorption region. In each set of the two
superposed spectra, solid lines and open circles correspond to the
spectra for the lowehv and the next highenv, respectively. Each

set ofhv values is labeled at the left side of the spectra. Right: the
constant-initial-statg CIS) spectra of LCeMO for several initial
states, which were obtained by plotting the photoemission intensi-
ties at several BE’s vhv.
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Photon Energy (eV) tures, the Ce 8 XAS spectrum of Ce@is very similar to

FIG. 2. Top: Comparison of the Ced3XAS spectra of LCeMO  the La 3 XAS spectrum of LaOs, suggesting that the mul-
and CeQ (from Ref. 1. Bottom: Comparison of the LaBBXAS tiplet structures of the @ XAS of CeGO, resemble those of
spectra of LCeMO and L#; (from Ref. 16. La,O5 with La®>" which has the #° configuration in the

ground state.
tions are strongly mixed in thed3core-hole final state of Figure 3 presents the normalized valence-band spectra for
La,O3. The two peaks of the Lad3core level PES spectrum LCeMO obtained at the Cedd—4f absorption region. In
in La,O3 correspond to the bonding and antibonding stategach set of the two superposed spectra, solid lines and open
of the 3d%f° and 3°4fL* configurations. Due to the circles correspond to the spectrum for the lowerand that
strong final-state mixing in L#s, the intensitie® of the  for the next highehv. The values ohv’s are labeled at the
two peaks become comparable. This interpretation can bleft side of the spectra in the increasing order from bottom
similarly applied to the La 8 PES spectrum of LCeMO. toward top of the figure. If there are localized Cé dlec-
Thus, Fig. 1 provides evidence that L& dtates are almost trons, the 4 photoemission intensity is enhanced fat
unoccupied in the ground state f&, but are strongly hy- ~121 eV due to the resonance effect through the interfer-
bridized with the O D states in the 8 core-hole final state. ence between two processésThe first is the direct photo-

Figure 2 shows the Ced3XAS spectra of LCeMO and emission process, such as
Ce0,, and the La 8 XAS spectra of LCeMO and L#&s.

The 3d XAS spectra of both Cepand LgO5; were repro- 444"+ hy—4d%4f" ¢, , (1)
duced from Ref. 16. The Ced3XAS spectrum of LCeMO is

very similar to that of Ce@ consistent with the finding for where €, denotes the emitted electron. The second is the
Ce & PES spectrum, which confirms the tetravalent valencyphotoabsorption of adlelectron to an unoccupiedf 4tate,

of Ce ions in LCeMO. The Ce & XAS spectra of both followed by a two-electron super Coster-Kronig Auger de-
LCeMO and Ce@ reveal a main peakM) and a weak sat- cay, such as

ellite (S on the high-energy side of the main peak. The main

Ce 3d XAS peaks show no multiplet structures. TikeandS 40104 "+ hy—4d%f" 1 4d1%4 1" L, . 2
peaks correspond to the bonding and antibonding final states

of the 3d°4f! and 3°4f2L* mixed configurations. Since the The interference between these two processes leads to the
ground statgg) of CeQ, will be |g)~a|f%+B|flL), the  Fano resonance. Such a RPES process will not be invoked
3d XAS final states will have both thed34f! and 31%4f2L  for a tetravalent C¥ ion (4f° because there is no direct
configurations. In both LCeMO and CeCthe energy differ- process available. Therefore the very weak enhancement
ence betweerM and S in the Ce 3 XAS spectrum aroundhv=~121 eV indicates that the localized Cé dtates
(=17.5 eV) is approximately the same as that betweemre nearly unoccupied in LCeMO and that the Ce valence is
A(A’) andB(B’) in the Ce 3l core-level PES spectrum far from 3+. This finding is consistent with that for the Ce
(=~18.1 eV). Note that, except for the weak satellite fea-3d core-level PES and XAS spect(Big. 1 and Fig. 2
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The right panel of Fig. 3 showkv dependence of the
emissions at several initial-state energies. These are the plc
of the normalized photoemission intensities at several BE
versushy around the Ce d absorption thresholds. Hence _
these curves measure the RPES cross-section line shap.g
and correspond to the constant-initial-st&@@S) spectra. In =~ 3
constructing the CIS spectra presented in this figure the in§
elastic backgrounds have not been subtracted from thE
valence-band spectra. The vertical scale of this figure is alg
bitrary but it is the same for all the spectra with different BE £

states. 1 Wﬂﬂx"ﬂ'\
The O 2p states, with BE betweer 3 eV and~8 eV, TP xa h'.

- hv=124 eV
——— hv=120 eV
® difference

Ce 4d - 4f RPES

hv=121eV
hv=118 eV
—e— difference

show the strong peaks aroundl24 eV. Such a resonating ey

behavior for the O P states agrees with that for Cgaé)cs We T

interpret that this peak reflects the resonance enhancement 2 1 0 10 5 0

the extended states 6fsymmetry near the Cedd—~4f ab- Binding Energy (eV)

sorption due to the hybridization mixing of the ( Ztates

with the Ce 4 states. The resonance for the @ &tates can FIG. 4. Left: Comparison of the normalized valence-band PES
occur due to the interference between the following two pro-spectra of LCeMO obtained fdrv=118 eV anchv=121 eV. The
cesses: difference between these two spectra is shown at the bottom. Right:

Similarly for hv=120 eV andhv=124 eV.
Ad™41%(0 2p)"+hv—4d™4f%(0 2p)" Te (3 weak and it overlaps with the strong La 5esonance due to
the La 4d—4f RPES, which has a broad maximum around
and hv=118-122 e\
In order to examine the resonating features more clearly,
4d%4f°(0 2p)"+hv—4d%fi(O 2p)" we have compared the valence-band spectra around the two
resonatinghv values ofhv~121 eV andhv~124 eV. The
—4d"4f%0 2p)""'e. (4)  left panel of Fig. 4 compares the normalized valence-band
spectra of LCeMO obtained fohv=118 eV and hv
That is, the resonance occurs through the combined process121 eV, and the difference between these two spectra is
of photoabsorption and the subsequent Auger decay. The irshown at the bottom. Similarly, the right panel compares
tensity of the Auger process is proportional to the matrixthose forhv=120 eV andhv=124 eV, and the difference
element of the Coulomb interaction between relevant orbitbetween these two spectra. The left panel shows that the Ce
als; (4d, €| 1/r 154f,(0)2p). Hence the resonance energies4f contribution is the largest at 1.5 eV belowEg with no
of the Ce 4 and O 2 orbitals need not necessarily be the Ce 4f emission atEg, consistent with the insulating state
same'® In the present system, the resonance energy of thaboveT.. As mentioned in Fig. 3, the magnitude of the Ce
hybridized O 2 states is expected to be higher than that of4f resonance ahv~121 eV is very weak, indicating that
the Ce 4 resonance because the CE @rbitals are located the localized Ce # states are nearly unoccupied in LCeMO
aboveEg. The strong resonance of the @ Btates implies and that the Ce valence is far front-3 The right panel
the large Auger matrix element, and accordingly indicateshows that the O |2 states resonate atv~ 124 eV and are
the substantial wave function overlap between the ©® 2 spread betweerr 3 and 6 eV BE with no states betweEpn
states and the unoccupied Cé dtates. Indeed, the calcu- and 2 eV BE.
lated band structure shows the non-negligible @ Sates Figure 5 compares the Mn@2XAS spectra of LCeMO
above Eg hybridized with the unoccupied Cef4states as and LaMnQ which was reproduced from Ref. 20. LaMgO
well as the extended O states off symmetry belowEg  was chosen as the reference material which has the formally
between—8 and—2 eV. trivalent (3+) Mn ions and the same crystal symmetry. The
The low BE states, those at-12 eV belowEg, show difference curve between the Mnp2XAS spectrum of
another weak peak around121 eV, which is ascribed to LCeMO and that of LaMn@ is shown at the bottom. The
the resonance of the localized Cé dlectrons due to the Ce transition meta(T) 2p XAS spectrum results from the dipole
4d—4f absorption. The very weak resonance of the low BEtransitions from the @ core level to the empty@states. The
states indicates that the localizefl gdtates are almost unoc- peak positions and the line shape of th&p XAS spectrum
cupied in LCeMO. On the other hand, the strong resonancdepend on the local electronic structure of thén, which
of the O 2o electrons suggests that the valence-band statgwovides the information about the valence state and the
contain the extended statesfafymmetry, which are respon- ground-state symmetry of thE ion.??2 The Mn 2ps, and
sible for the non-negligible #population ofn; in its ground  2p4,, spectral parts are clearly separated by the large 2
state 1;~0.5 for CeQ). It is difficult to tell whether the core-hole spin-orbit interaction.
resonance peak dtv~121 eV for BE's~1-2 eV has a Similarly as in other manganitédthe Mn 2p XAS spec-
Fano line shape. This is because the enhancement is vema of both LCeMO and LaMn@exhibit two broad multi-
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FIG. 5. Comparison of the Mn2XAS spectra of LCeMO and S
LaMnO; (from Ref. 20. The difference curve between the Mp 2 10 5 0
XAS spectra of LCeMO and LaMnQis shown at the bottom as Binding Energy (eV)
black lines. The calculated Mn@2XAS spectrum(gray lineg for
the Mr?™ ion under theD,, symmetry with 1@q=0 eV (from Ref. FIG. 6. Top: The extraction procedure for the Md ®SW of

21) is compared to the difference curve. See the text for the detaild.CeMO. See the text for the details. Bottom: Comparison of the
Mn 3d PSW of LCeMO to those of 7%-doped NfCa,,MnO;

. . " (NCMO) (from Ref. 26 and Pg;3Sr;;sMnO5; (PSMO) (from Ref. 27.
plets separated by the spin-orbit splitting of the Mp Gore The former PSW for NCMO was obtained from the Mp-2 3d

ho!e before subtraction. The main Contributions_ to the broad'RPES. The extraction procedure for the latter PSW for PSMO is
ening come from a large spread of the multiplétand a described in Ref. 27
covalent character of the ground state. In contrast, the differ- T
ence curve reveals the sharp structure around 640 eV, which
resembles that in Mn&jndicating the existence of a Mnh 26) and Pg;sSrsMnO; (PSMO, Ref. 27 both of which are
component in LCeMO. To check this argument, we havemetallic in the ground state. The former Mrd SW for
compared the difference curve to the calculated NINXAS NCMO was obtained from the Mn®2-3d RPES. The ex-
spectrum(gray lines for the Mr?* ion under the octahedron traction procedure for the latter PSW for PSMO is described
symmetry Op) symmetry with 1 g=0 eV. Thisresult has in Ref. 27. It was extracted by employing the same proce-
been reproduced from Ref. 21. This comparison clearlydure as for LCeMO, wherBv=119 eV was used as the off
shows that the main features of the difference curve can beesonance in Prd—4f RPES and thév=18 eV spectrum
described mainly with the Mii component under th®,  was considered as roughly representing the Ospectrum.
symmetry. Thus Fig. 5 confirms the Ki+Mn3" mixed- Indeed, the Mn & PSW for PSMO is very similar to that for
valent state of Mn ions in LCeMO, in agreement with the NCMO, obtained from the Mn @— 3d RPES, except for the
previous finding slightly lower intensity neaEg. This finding supports the
The upper panel of Fig. 6 shows the extraction procedurgalidity of the extraction scheme for the Mrd3PSW em-
of the Mn 3d partial spectral weighPSW) of LCeMO. As a  ployed in this work.
first approximation, the Mn @ PSW of LCeMO is deter- In order to understand the microscopic origin of the
mined by subtracting the valence-band spectrumhat valence-band electronic structures of LCeMO, we have com-
=25 eV, where the O g emission is dominant, from that at pared the experimentally determined Md BSW and O §
the off-resonance hir=115eV) in Ce 4l—4f RPES, XAS spectrum to the calculated Mnd3PDOS, which was
where the Mn 8 and O 2 emissions are comparable to obtained from the supercell LSDAU calculation. The O &
each othe?.The former spectrum has been scaled by a factoXAS spectrum reflects the transition from the G tore
of ~0.9 to account for théhv dependence of the Op2 level to the unoccupied O states hybridized to the other
photoionization cross sectidn.The extracted Mn 8 states  electronic states. Therefore the @ XAS provides a reason-
show two broad structures, arourt?2 eV and and~7 eV.  able approximation for representing the unoccupied
The spectral intensity at 1 eV belowEg is weak. conduction-band electronic structure. The results are pre-
The bottom panel of Fig. 6 compares the Mth BSWs of  sented in Fig. 7. The parameters used in this calculation are
LCeMO to those of NglzCa sMng L1 0703 (NCMO, Ref.  the Coulomb correlatiok) =4.0 eV and the exchange corre-

104406-5



S. W. HAN et al. PHYSICAL REVIEW B 69, 104406 (2004

AL B AL B spin carrier half-metal, contrary to a minority-spin carrier

LCeMO . 3dPES 0 1s XAS half-metal suggested by Ref. 20 based on the large positive
- . TMR. This point remains to be clarified experimentally by
employing direct spin-resolved experimental probes.

Finally, the measured spectral weightt [ (Eg)] with
respect to the M4 peak is lower than the calculated PDOS
at Er [N(Eg)]. This difference nealEg can be ascribed
partly due to the measurement temperature being above the
M-I transition (=250 K), which corresponds to the insulat-
ing phase. The second possibility for this discrepancy is the
surface contribution in the measured PES spectra, which
were obtained withhy’s in the rather surface-sensitive
regime3! Normally surface electronic structures are more in-
sulating than the bulk electronic structure due to the more
localized nature of the electrons at the surface. The third
possibility for this discrepancy is the presence of some kind
of carrier localization mechanism. Several mechanisms have
been reported to explain the pseudogap nature in
manganites? Assuming that the Coulomb correlation be-
tween Mn 3 electrons is properly accounted for by the
LSDA+U method®® one of the plausible localization
mechanisms would be the small polaron formation induced
by the stronge, electron-phonon interaction, originating
from the Jahn-Teller active M ion in LCeMO?"3*

LSDA+U

Intensity (arb. units)

Energy Relative to E_(eV)

. . IV. CONCLUSION
FIG. 7. Top: Comparison of the experimental Md BSW and

O 1s XAS spectrum and the calculated Mrd DOS obtained We have performed PES and XAS measurements for
from the LSDA+U calculation. The O & XAS spectrum is shifted | CeMO thin film, including the RPES measurement near the
by referring to the calculated PDOS. Bottom: The calculated Mn 3 Ce 4d—4f absorption edge, and the XAS measurements
PDOSs of L_CeMO obtained_ from the L_SBAU calculation: The  near the Ce and Lad® Mn 2p, and O X absorption edges.
Mn 3d band is decomposed intg, (black lines ande, (gray line$  The PES and XAS data have been compared to the band-
bands. structure calculations performed in the LSBA) method.
lation J=0.87 eV for Mn 3 electrons, andJ=5.0 eV and Both the Ce 8 core-level PES and XAS spectra are very
J=0.95 eV for Ce 4 electrons. It is found that the LSDA Similar to those of Cepwith C&'", indicating that the Ce
+U results are not very sensitive to thévalue, within valence is far from 3 in LCeMO. The RPES measurement
AU=~=1 eV. As shown at the bottom of Fig. 7, the LSDA IS0 shows very weak enhancement around the e 4f

+U calculation predicts a half-metallic ground state for 2PSorption edge, providing evidence that the localized Ce 4
LCeMO, which is consistent with the calculated electronicStates are almost empty in the ground state. The MXAS
structure obtained in the virtual crystal approximafiérin ~ SPectrum reveflls'the multiplet features of Mrions besides
this comparison, the OSIXAS spectrum was shifted so that tho§+e °f3+Mﬁ _ fons, confirming the existence of the
the peak in the O 4 XAS spectrum aligns with that in the Mn~ -Mn" mixed-valent states of Mn ions in LCeMO.
LSDA+U calculation?® This comparison shows that the This study confirms that the LCeMO films are indeed elec-

measured PES/XAS data for LCeMO agree reasonably welfo" doped. The comparison between the measured ¥in 3
with the calculated Mn 8 PDOS, particularly in the peak NES/XAS data and the calculated Mrd DOS in the

positions. The broad peak arourd eV originates from the -SDA+U method shows a reasonably good agreement, par-

tgg and eé majority-spin states, and the high BE features ticularly in the peak positions. The LSDAU calculation

(=5-—10 eV) have the strongly mixed electron characterprediCtS a half-metallic ground state for LCeMO with major-
of the Mn 3d-O 2p electrons ity spin carriers aEr. However, the predicted half-metallic

The ground state of LCeMO becomes half metallic in theground state is not observed in the PES measurement done

LSDA+U calculation, reflecting that the DE mechanism is above theM-| transition temperaiure.
still operative in LCeMO® Indeed this prediction is consis-
tent with the recent observatithof a large tunneling mag-
netoresistanc€TMR) in ferromagnetic tunnel junction built This work was supported by the KRerant No. KRF-
from LCeMO/Lg Ca sMNnO;, which suggests a high de- 2002-070-C00038and by the KOSEF through the CSCMR
gree of spin polarization in LCeMO. The LSDAU calcu- at SNU and the eSSC at POSTECH. The PAL is supported
lation, however, indicates that LCeMO would be a majority-by the MOST and POSCO in Korea.
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