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RESONANT PHOTOEMISSION OF LaNiO 3_s THIN FILMS
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Thin LaNiOs_ s films with pseudocubi€¢100) preferred orientation were prepared by reactive DC magnetron sputtering and
annealed at ultra high vacuum above dehydration temperature. The resonant photoemission spectroscopy was used to study
the surface composition and electronic structure under La4fdand Ni 3p—3d photoexcitation. The resonance features
observed in core level and valence band spectra under Ladfittansition were explained in terms of autoionization process
and lanthanum-oxygen valence band states’ hybridization. No resonant features were observed in the valence band spectra
under Ni 3p—3d excitation indicating that nickel species are not present at the LaNifim surface after heat treatment.
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1. Introduction Angle dependent spectra, obtained with synchrotron
X-rays at much higher energielsi{ = 3000 eV, escape

LaNiOs is one of the few conductive oxides with a depth about 10 ML) reveal that significant variations in
crystal structure suitable for integration in epitaxial het- oxide versus hydroxide concentrations occur within the
erostructures with perovskites of enormous technolog-relatively thin surface layer even after long-term (one
ical potential such as colossal magnetoresistance mayear) exposure to the atmosphere. Estimated thickness
terials, high-temperature superconductors, and ferroof this hydroxide enriched layer is about-@ ML [5].
electrics. The initially hydrated LaNiQ_s surface may be re-

It is known that a considerable surface segregationstored by heating above dehydration temperafure [6, 7].
of elements may take place in LaNjG; samples|[1].  Nickel hydroxide, in turn, decomposes/&t> 230°C
Another factor to be considered is the tendency of rare(melting point) [8]. When heated to decomposition it
earth and nickel oxides to absorb water vapour and caremits toxic fumes of metallic nickel, and one would
bon dioxide from air, so that angx situexposure of  expect a decrease of Ni-species relative concentration
these films to air will result in an uncontrolled reac- in the previously hydrated surface layer.
tion and surface stoichiometry variation [2]. Thus the A powerful tool to investigate the electronic proper-
knowledge of the surface composition is extremely im- ties of d- and f-metals’ compound surface is resonant
portant because it is directly related to the heterostrucphotoemission. In this technique the radiation energy
ture properties. hv is tuned to reach the resonant electron transition,

In the previous paper [3] by means of X-ray photo- e.g. 3p-3d for transition metakf ~ 30-90 eV) or
electron spectroscopy (XPS) using Mg, kexcitation  4d-4f for rare-earth atoms-(L00-200 eV), to excite
(hv = 1253.6 eV) it was shown that even a short time locally and selectively the electrons in the particular
(of about two hours) exposure to an outside ambientchosen atom. The escape depth of electrons leaving
leads to the formation of the hydroxide layer on the the crystal depends strongly on their kinetic energy and
film surface. The escape depth at these conditions iseaches a minimum value ef2 ML in the case when
about 4 monolayers (ML) [4] for the La 3d and Ni 2p kinetic energy of escaping electron is about 90 eV [4].
spectra of interest. That is the reason why the resonant photoemission
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spectra become a powerful tool for studying surface ——200C -AD0008
electronic structure. ——560C -AD0015
The aim of our work is to investigate the sur- Eiched -AD0028

face electronic structure and chemical composition of
LaNiO3z_s thin films after heating above dehydration

temperature of about 50C. hv =58 eV
=
o
2. Experiment = Etched
k7!
=)
Thin LaNiO;_; films onto monocrystallyn€100)- «2 560°C
!

plane oriented NdGafsubstrate were deposited by 200°C
using a reactive DC magnetron sputtering technique.
The ceramical LaNi@target (25 mm in diameter and
2.5 mm thick) was prepared by pressing &t Pa L L L )

and after sintering in air at 100C for 10 h the LaO; 0 ) i ) 10 13

and NiO (99.99% purity from Aldrich-Chemie) pow- Binding energy, eV

ders in the stoichiometric ratio. The sputtering was per-rig. 1. Photoelectron spectra of LaNiQ thin film valence band
formed in Arand @ mixture (201) at pressure of about region measured after annealing in UHV at 200 and B6@&nd
15 Pa. To prevent the film bombardment by high en- subsequent Ar ion sputtering.

ergy ions during deposition, NdGgQubstrates were 3 Results and discussion

positioned in ‘off-axis’ configuration at a distance of

15 mm from the symmetry axis of the discharge and3.1. Spectra normalization procedure

20 mm over the target plane. The substrate tempera-
ture was~750°C. Under these conditions, the deposi-

To compare photoelectron spectra obtained at differ-
. . ent excitation photon energies one needs an appropriate
tion .rate wgs 25 nih, and the resultant thickness of normalizationpprocedure 'qu adjust measurempepntsi.) In
LaN|03_.5 film was about 0.J.m. _ the absence of data required for normalization to the
The film was annealed at 56Q under ultra-high  h6t0n flux, the adventitious contamination peaks such
vacuum (UHV, 10 torr) conditions for 10 hours. a5 O 2p signal of surface oxygen (at about 6 eV bind-
Additional Ar* ion sputtering at 600 V and current jng energy) in the case of metallic lanthandm|[10] or
density 0.5Acm~2 during 15 min were used to re- contaminations peaks from carbon monoxide around
move surface contamination. The resonant photoemis~10 eV for metal oxides may be used for normal-
sion experiments were performed in the synchrotronization [11]. The photoelectron spectra measured at
radiation laboratory HASYLAB, Hamburg (Germany). hv = 58 eV, i.e. far from both La 4d-4f and Ni
Synchrotron radiation obtained from the storage ring 3p—3d resonance are presented in Fig. 1 after different
DORIS Il was monochromatized with the FLIPPER || treatments. All spectra are normalized to the valence-
plane grating vacuum monochromator designed for thePand (VB) maximum. The relatively thin (FWHM
photon energy range of 15-200 eV. The spectrometert-24-0.08 eV) peak at BE- 10 eV may be attributed
was equipped with a CMA electron energy analyzer. to carbon monoxide contaminatidn [11]. A sequential

The total energy resolution was kept at 0.1 eV. The Ori_decrease in this peak mtens@y after a“'.‘ea"”g n UHvV
. : . at 560°C for 10 hours and Af ion sputtering confirms
gin of the energy axis was set at the Fermi energy a

Yhat it may be associated with surface contamination
measured for a reference Au sample [9].

. _ resulting from CO absorption.
After Shirley background [10] subtraction, the com- e photon energy dependence of adventitious peak

plex photoelectron spectra were decomposed into Septensity includes not only the intensity of the mono-
arate peaks by specifying the peak position — bindingchromatized photon flux, but also the cross-section and
energy (BE), area, width, and Gaussjdrorentzianra-  escape depth spectral distribution and may be used as a
tio. The accuracy of the measured lines BE and relativereference for the spectra normalization. This procedure
intensities were about 0.1 eV and 10% respectively. isreasonable since the peak arouitD eV arises from
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Fig. 3. Photon energy dependences of the relative intensities of

Fig. 2. Representative energy distribution curves for the core levellines corresponding to the Auger {NO2 30,5 and Ni502,5V)
( La 5s and La 5d) and Auger (NO230:.5 and Ny 502.3V) and photoelectron (5p and 5s) transitions for LajNi® films in

electrons in LaNi@_s thin film recorded around the lanthanum the vicinity of the La [4d-4f] threshold.

La[4d—4f] transition energy. Excitation energies are also shown. ]
The giant resonance observed for lanthanum 5s; (5p)

the binding state & of oxygen 2p and carbon 2s/2p core levels may be explained by an autoionization pro-
orbitals in CO, their photon energy dependence of thecess[[10] leading to the emission ejected electron after
cross-section is similar to that of oxygen 2p|[12-14]. the resonant La 4 4f excitation:
3.2. Core-level spectra 4d'%55°p® + v — [4d%4f1°?p°]" —
4a195s1p8 + e7; (4d'058%p° +e7),

A set of energy distribution curves (EDCs) of a
LaNiO;_s film for the photon energy range covering Where® denotes the excited state.
the energy of the La 4eh4f transition are shown in In this process the energy of additional electron is
Fig. 2. In the photoelectron spectra there are thredhe same as it were when produced by direct photoe-
different line groups: 5s photoemission with bind- Mission of an electron from the 5s; (5p) orbital ex-
ing energy of around 36420.3 eV; 5p doublet be- Pressed by formula
i;g&aé Il_a\?;@m ?ﬁhz 18..3520.3 ev (sEin fE!itti?_g: 4d1952p 4+ hy —

.2+0.1 eV), and the main Auger peaks at kinetic ener- _ _
gies (KE) of 62.30.1 and 81.5:0.1 eV corresponding 4d'%5s'p° +e7; (4d'%5s7p” +e7).
to Ny 50,3023 and N, 5023V Auger peaks respec- The direct photoemission occurs in a wide rangéof
tively [15,[16]. These results are in agreement with energies, while the additionally ejected electrons are
the data reported for 4d4f excitations in metallic lan-  excited in the resonant photoemission energy region
thanum [10]. Slight (of about 1.2 eV) BE shift for La corresponding to 4é-4f threshold and in photoelectron
5s and 5p lines towards higher energies may be atspectra these processes are seen as enhanced intensity
tributed to Coulomb interaction in ionic compounds. of corresponding photopeaks.
The Coulomb interaction also leads to a slight en- The resonant structure also appears in Auger
ergy shift of 0.7 eV towards lower KE in the case of Ny 5023023 and N, 5023V transitions (Fig. 3) in
N4,502,3V transition, while KE for N 50230, 3 tran-  agreement with an autoionization model of resonance
sition is actually the same as for metallic lanthanum.  process after 4¢-4f excitation [17] 1B].

Photon energy dependences of the relative intensi-
ties of the different Auger and photoelectron lines ob- 3.3, Valence band spectra
served for LaNiQ_; films in the vicinity of the La
4d—4f threshold are displayed in Fig. 3. The relative  Apart from the giant resonance observed for lan-
intensities of these four lines have been determined bythanum 5s and 5p core levels, a relatively weak res-
spectra fitting after Shirley background removal. onance structure is also observed for valence-band
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Fig. 4. Representative energy distribution curves for the valence-
shell electrons in LaNig@_; thin film recorded around the lan-
thanum La[4d-4f] transition energies. Excitation energies are also

shown.
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Fig. 5. Photon energy dependence of the photoelectron spectra inA

tensity at valence band maximum in the vicinity of the Laf44ff]
threshold.

photoemission (Fig. 2). In this section results of de-
tailed study of VB photoelectron spectra in the vicinity
of La[4d—4f] and Ni[3p—3d] resonant transitions are
presented.

Valence band energy-distribution spectra for vari-
ous excitation energies near Laf4df] transition are
shown in Fig. 4. The relatively weak resonance ob-
served in the VB maximum (Fig. 5) may be related to
a small admixture of La 5d character to O 2p valence
band. The difference between OMNA= 119.5eV) and
OFF (hw = 127 eV) resonance photoemission spectra
(Fig. 6(a)) clearly indicates that only bonding (i.e. O
2po) states around 5-7 eV [11, |/19] participate in the

n J. PhyE0, 241-246 (2010)

corresponding to nonbonding O 2pnolecular orbital
is actually insensitive to resonant La-4df excitation.
Contrariwise, no changes were observed in VB spec-
tra under Ni 3p~3d excitation (Fig. 6(b)). This re-
sult means that only traces of the nickel species may
be present at the film surfaces within the escape depth
(of about 2 ML) after the heating above dehydration
temperature of 550C.

4. Summary and conclusions

In summary, we studied the surface electronic struc-
ture and chemical composition of LaNjOy thin films
after heating above dehydration temperature. The ex-
perimental method used in this study was resonant pho-
toemission spectroscopy using tunable synchrotron ra-
diation.

The giantresonance in La 5p and La 5s peaks’ inten-
sity observed at excitation energy corresponding to a
La[4d—4f] threshold v = 119.5 eV) is accompanied
by a weak resonance ofsNO; 30,3 and N; 50, 3V
Auger peaks. The obtained results are in agreement
with the model of an autoionization process after reso-
nant excitation.

The relatively weak enhancement of the intensity of
valence band maxima (at about 6 eV) may be explained
by the small mixing of the La 5d ionic character to the
O 2pvalence band. No resonant features were observed
in the VB spectra under Ni[3p 3d] excitation (escape
depthL ~ 2 ML), indicating that nickel species are not
present at the LaNiQ s film surface after heat treat-
ment.
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PLONUYJY LaNiO 5_; SLUOKSNIY REZONANSIN E FOTOEMISIJA

S. Mickevitius?, S. Grebinskif, V. Bondarenka, H. Tvardauskas, M. Senulis®, V. Lisauskag, K. SliuZiere?,
B. Vengalis*, E. Basky$, R.L. JohnsoR

 Fiziniy ir technologijos moksly centro Puslaidininkiy fizikos institutas, Vilnius, Lietuva
» Hamburgo sinchrotroninés spinduliuotées laboratorija HASYLAB prie Vokietijos elektrony sinchrotrono DESY, Hamburgas, Vokietija

Santrauka niniy lygmeny ir valentigs juostos fotoelektrony spektruose zadi-
Plonieji (100) orientacijos LaNi@_s sluoksniai buvo paga- ~ hant fotonais ties La 4d—4f Suolio slertks, aiskintinos autojoni-
minti nuolatires sroes magnetroninio dulkinimo budu ir atkaitinti  Zaciniais procesais ir lantano—deguonies val@stjoostos b useny

ultraaukstame vakuume vir§ dehidracijos temperattros. Sluoksni§ibridizacija. Zadinant fotonais ties Ni 3p—3d Suolio slefigkfo- _
elektronire struktUra ir cheminsugtis tirti rezonansies fotoemi- ~ toelektrony spektruose rezonansas nestebimas. Tai rodo, kad ti-

sines spektroskopijos metodu, Zadinant fotonais ties La 4d—4f ir Nj iamo LaNiQ; s sluoksnio pavirSiuje po terminio apdorojimo ni-
3p-3d Suolio slenksu. Rezonansies savybs, stebimos kamie-  Kelio koncentracija tampa nykstamai maza.
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