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Valence-band and conduction-band electronic structure of the transpeigre semiconductofLaO)CuS
and the Ca and Ni co-doped system {Lg&Ca O)Cuy,_,Ni,S (x<0.10) has been investigated by means of
photoemission and inverse-photoemission spectroscopies. It is confirmed that the valence Kaa@afS
are composed of the bonding and antibonding states of thed(Qti,g) and S 3 orbitals as well as the nearly
localized Cu 3l (e4), and the O P states. With increasingup tox=0.03, the structure due to the Cd 8e,)
states shifts away from the Fermi levét{) and the energy separation between the valence-band maximum
and conduction-band minimum decreases rapidly, followed by an appearance of new density ¢DS&es
derived from the Ni 8 and S 3 states just abovEg of (LaO)CuS. Forx=0.03, the new DOS shows up with
X, while the energy position of the Cud3(ey)-derived structure no longer shifts. The finite DOSEat has
been observed as a clear structurexfer0.10. These results are not understood in terms of a rigid-band model.
We propose a different band model for (LaCaO)Cu, _,Ni,S taking into account the Nid and S

3p-derived new DOS.
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[. INTRODUCTION Ni ions, respectively, the resistivity decreases remarkably
with x and its temperature dependence changes from semi-
Layered oxysulfidgLaO)CusS is known to be one of few conductive &<0.03) to metallic k>0.03) behaviors.
materials with a transparepitype semiconductive property. In particular, a metal(low temperaturg-semiconductor
For the development of optoelectronic devices, fabrication ofhigh temperatunetransition takes place at150 K for the
transparenp-n junctions based on wide-gap materials is es-Critical concentration ofk=0.03%8 Moreover, a ferromag-
sentially important. However, most transparent conductivé'etic behavior with a magnetic moment 6f0.06ug/Ni
materials are type and a conversion fptype conductors is, atom is observed fox=0.01 and the Curie temperatures are

in general, difficult. Recently(LaO)CusS is expected to be
one of the candidate materials for optoelectronic devices in
ultraviolet and/or blue regions, since it has a wide band-gap
energy of ~3.1 eV2~3 with an intense photoluminescence
due to the interband transition at room temperature.

The crystal structure ofLaO)CuS shown in Fig. 1 is te-
tragonal(LaO)AgS type with a space group &f4nmm?*°
and it consists of LaO]'" and[CuS|'~ layers with OLg
and Cug tetrahedra, respectively, alternately stacked along
the c axis. An interlayer interaction between the almost ionic
LaO and covalent CuS layers is believed to be weak. The
valence bands are primary composed of well-hybridized
states of the Cu@® and S 3 orbitals, while the bottom of
the conduction bands mainly of the Cs 4tates, leading to
semiconductive properties, as predicted by the recent band-
structure calculation using the full-potential linearized aug-
mented plane-wavéFLAPW) method!

On the other hand, Sekizaved al. have studied exhaus-
tively the doping effect on the electrical and magnetic prop-
erties of (LaO)CuS. The Ca singly doped system
(La; _4CaO)Cus is all semiconductive up to the solubility
limit of x=0.158 while the Sr-doped system is semiconduc-
tive for x<<0.03 and metallic fox>0.03%" In case of the Ca
and Ni co-doped system (La,Ca0O)Cuy, _,Ni,S, where the
La and Cu ions are simultaneously substituted by the Ca and
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FIG. 1. Crystal structure ofLaO)CusS.
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evaluated to be~300 and~380 K for x=0.01 and 0.10, HALLANRAL RN LA A LA AN R
respectively. (La1-xCax0)Cu1xNixS
Most recently, nuclear magnetic resonarit®MR) mea-
surements on (La ,Ca0)Cy, _,Ni,S have revealed that the

density of statesDOS) at the Fermi level E¢) at the Cu
sites is substantially low still for the metallic region though it
slightly increases withx.° The ionic state of the Cu ion in
(LaO)CuS (x=0) is monovalent (Ct", 3d'% and the value
of the 3Cu NMR shift is almost independent &f The x-ray
photoemission spectroscoXPS) study, on the other hand,
suggests the existence of the 2Cu(3d®) ions even for
(LaO)CuS and an increase of the uions with x from the
Cu 2p satellite intensit§in contrast to the NMR resulfsFor
the Sr singly doped system (.S, 0<0) CuS with a metal-
lic behavior, ultraviolet photoemission spectroscdp\PS), Calc. (x=0)
XPS and inverse-photoemission spectroscOiRES have [ l“ I,

been performed.The observed results are discussed com- bt

H _ EERSENETERNRRSERENE FENSE FRRNE SRR NU NN AU UTE N
pared with the calculated band structure(b&O)CuS, ne 0 20 40 50 80

L L x=0.07
e L ‘ x=0.03
’ ‘ x=0

Intensity (arb. units)

glecting any Sr-doping effect. 26 (deg.)
In the present study, we have investigated the valence-
band and conduction-band electronic structurélL@afO)CuS FIG. 2. XRD patterns of (La ,Ca0)Cu,_,Ni,S with x=0,

and the Ca and Ni co-doped system {Lg&Ca0O)Cuy _,Ni,S  0.03, and 0.07 together with the calculation #or 0. No peak due
(x<0.07) by means of UPS and IPES. The Ni substitutiongo impurities is observed.

within the CuS layer are expected to change the electronic

structure more than the singly doped system. We have also All spectra were collected at room temperature for
carried out the XPS and synchrotron radiation photoemissiofLa; ,CaO)Cu, _,Ni,S polycrystals. Clean surfaces were
(SRPES experiments fox=0 and 0.10. Based on the ex- in situ obtained by scraping with a diamond file in the
perimental results, we discuss the variations of the valenceample preparation chamber below 10~ ° Torr. Changes
bands and conduction bands by the co-doping effect and pr@f the spectral feature due to the carbon and/or oxygen con-
pose a band model of (La,Ca0)Cy _,Ni,S taking into  tamination have not been observed within 24 h and experi-
account the Ni 8 and S 3-derived states. ments were performed within 12 h after the surface cleaning.
The energy of all spectra is defined with respedEtodeter-
mined from the spectra of the fleshly evaporated Au film.

Polycrystalline (La_,Ca0)Cuy, _,Ni,S samples used for

The UPS and IPES spectra were taken using the UPS aride UPS, IPES, and SRPES experiments were prepared by
PES spectrometers mounted in ultrahigh vacuum chambetbe solid-state reaction. Stoichiometric amount of,Qa,
with base pressures of<110 ° and 1x 10~ 1° Torr, respec- La,S;, CaO, CuS, and NiS powders were thoroughly mixed
tively. The UPS spectrometer is composed of an He disunder an Ar atmosphere. J@; and CaO were preheated at
charge lamp lfr=21.2 and 40.8 e)Yand a double-stage 900 °C for 10 h to remove hydroxides and carbonates prior to
cylindrical-mirror analyzeDCMA). Pass energy of photo- mixing the starting materials. The mixture was pressed into a
electrons was fixed to 16.0 eV with a corresponding energyar and the bar was sintered at 900 °C for 40 h in an evacu-
resolution of 0.2 eV. The IPES spectromététis made up ated ampoule with 10 Torr.
of the low-energy electron gun of Erdmann-Zipf type with a The grown samples were characterized by means of the
BaO cathod and a band-pass-type photon detector centeredxatay powder diffraction(XRD), energy dispersive x-ray
hv=9.43 eV. The IPES spectra were measured with thdluorescence spectroscopiDX), electrical resistivity, and
bremsstrahlung isochromat spectroscopy mode with a totalcanning electron microscog$EM) experiments. Figure 2
energy resolution of 0.56 e\ shows the XRD patterns of the grown samples %e¥0,

The SRPES experiments were carried out on the beamlin@.03, and 0.07 together with the calculation for 0. One
BL7 at Hiroshima Synchrotron Radiation CentgtSRO. notices that all diffraction peaks are in agreement with the
The synchrotron radiation generated from the storage ringsalculation and the grown samples have a single phase with
HiSOR, was monochromatized by the Dragon-typethe (LaO)AgS-type structure. No peak originating from im-
monochromatol> We used a photoemission spectrometerpurities such as CuO is observed within an experimental ac-
with the hemispherical photoelectron analyZ&AMMA- curacy. According to the XRD measurements using synchro-
DATA SCIENTA SES100 attached to the analysis chamber tron radiation at SPring-8 an amount of impurity phases in
at the end station of BL7. The total-energy resolution of the(LaO)CusS is less than 0.1%.

SRPES spectra was 100 meV arounchr=100eV. The Real compositions of the constituent ions for the grown
XPS experiments were also done using the same analysssmples estimated by the EDX measurements are in agree-
chamber at BL7 and photoelectrons were excited using thenent with the nominal valuesj within =1%. The Ni and

Mg K, line (hv=1253.6 eV). Cu 3p XPS measurements as described in Sec. Il also indi-

Il. EXPERIMENT
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FIG. 5. The XPS spectrum of (kaCa 140) Ctp gNig.105 mea-

FIG. 3. Electrical resistivities of (La,CaO)Cuy_,Ni,S  sured with the MK, line. Several arrows indicate structures due to

(0=x=<0.10).

the valence band§v), La 4d (L), La 4p (L), La 4s (Lj), La
3ds, (L4), La 3d3, (Ls), O 25 (0;), O 1s (O,), Cu 3p (Cy), Cu

cate that the compositions are close to thealues (see 3 (C2), CU 2032 (Cs), Cu 2012 (Ca), S35(S), S (S,), S 25

Fig. 6. The x dependence of the electrical resistivity for (32): Ni 3p (N
0=x=0.10 shown in Fig. 3 is semiconductive fo=0.02,
metallic forx=0.04 and the metal-semiconductor transition
at ~150 K for x=0.03. This indicates that the Ca and Ni
ions are indeed doped into the samples continuously an
systematically withx.

Figure 4 shows the SEM images for0, 0.03, and 0.07.
From these images, one notices that the grown samples
composed of more or less large pieces with habits and the

1), Ni 2pg» (Ny), and Ca D (A,) states. The

structures in the E E,, and E regions originate from the Cu

LMM, La MNN, and O KLL Auger electron emissions, respec-
tively. The E, peak is also one of the Ni LMM Auger structures. An
%rrow with N; denotes the energy region of the Nby, states.

with x to the um order, indicating that the Ca and Ni co-
doped systems crystallize more easily thdmO)CuS*
&fus the samples used for the present experiments have
é(nough high quality to measure the UPS, IPES, and SRPES

are homogeneous. In particular, a size of the pieces increasg€s

x=0.07

FIG. 4. SEM
0.03, and 0.07.

Spectra with respect to the crystal structure, composition, and
homogeneity.

(La‘]-xcaxO)CU‘] -)(Nixs
SEM IIl. RESULTS AND DISCUSSION

Figure 5 depicts the XPS spectrum  of
(Lag 9T 1090) Cy.gNig 105 in the wide energy region. One
notices that the several structures derived from the constitu-
ent elements are observed. The Guy2- (C; in the figure
and 24, (C,) derived peaks are observed a®33 and
—953 eV, respectively. No remarkable satellite structure is
found, and it is difficult to evaluate the satellite intensity
ratio relative to main peak intensity due to the Qu &ates,
as done by Takanet al® For the substituted elements, the
weak structures due to the NpIN;) and Ca D (A,) states
are detected at-68 and—347 eV, respectively. One of the
Ni LMM Auger structures is also observed-a#08 eV (E).

On the other hand, the Nif,, states are not clearly de-
tected, the energy region of which is indicated by an arrow
with N5. The structure of the Ni 25, states (M) is over-
lapped with that of the La &;, states ().

Also, as shown in Fig. @), the SRPES spectrum of
(La;_Ca0)Cu _«Ni,S with x=0.10 in the Cu and Ni 8
regions clearly shows the structure due to the plisgates, in

5 um x=0.07 20 um comparison with that ofLaO)CuS (x=0). We have carried
out the curve fitting for the experimental spectrum >of
images of (La ,CaO)Cu _,Ni,S with x=0, =0.10. The background contribution is removed from the

experimental spectrum, and the Gaussian functions are used
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E eV, that of the S P states rapidly decreases relative to the
= Cu 3d and O 2 states. For further increase lof to 200 eV,
T PR N PR only the Cu 3l states contribute to the photoemission spec-

-85 -80 -75 -70 -65 -60 tra; the ratios of the cross sections lar=200eV are
Energy (eV) [Cu ]/[O 2p]~14 and[Cu H]/[S 3]~ 15. Accordingly,
. , structures A, B, and C are ascribed to the QGlisates hy-
FIG. 6. (8) SRPES spectra of (La,Ca0)Cuy, _,Ni,S with x . ]
=0 and 0.10 in the Cu and NigBregions.(b) The SRPES spectrum bridized with the S  states and structure D to the @2

fitted with the Gaussian functions for the Cps3, Cu 3py,, Ni states. . .
3ps), and Ni 3p,, states. The Cu 3l states coordinated tetrahedrally by four S ions

split into the triplett,, and doublet, states under the crystal

for the 3ps;, and J,, states of both Cu and Ni elements, field with Tq symmetry. From the symmetries of the wave
where the intensity ratio of the@3,, and 3,,, peaks is fixed functions, thet,, states well hybridize with the SiBstates,
to 2:1. Here, we neglect a lifetime broadening effect for sim-while thee, states have a nearly localized character. There-
plicity. The curve fitting reproduces well the experimental fore the structures A, B, and C are attributed to the QGu 3
result as shown in Fig.(B). The derived intensity of the Cu (t,4)—S 3p antibonding states, nearly localized Cd 8e)
3p peak relative to that of the NiB peak is about 7.5. states and Cud(t,4)—S 3p bonding states, respectively. It
Taking into account the photoionization cross sections of thehould be noticed that the Cwd3(t,5)—-S 3p antibonding
Cu and Ni 3 states ahr=200 eV !® the amount of the Ni  states mainly contribute to the top of the valence bands of
elements is estimated to bel2%, in good agreement with (LaO)CuS, as predicted by the band-structure calculdtion.
the nominal concentration. As for structure E around-9.5 eV, its origin cannot be

Next, the UPS and SRPES spectra(lohO)CuS are pre- specified clearly in the present stage. Structure E is also ob-
sented in Fig. 7. The UPS spectrumhati=21.2 eV shows served for all the Ca and Ni co-doped system
structures at~—1.5 (A), —3.2 (B), —5.0(C), and—6 eV  (La;_,Ca0)Cy _,Ni,S with the almost similar intensity
(D). With increasinghv to 40.8 eV, structure B is enhanced and feature(see Fig. 9. The Cu 3i-derived satellite struc-
as a prominent peak and structure D almost disappears. Tleres are observed arourél0 eV as clear double peaks in
other two structures, A and C, exhibit little change. In addi-the photoemission spectra of CuO ECi, 81" while struc-
tion, one notices a clear structure-af.5 eV (E), which is  ture E in Fig. 7 is a single peak. Furthermore, since the Cu
slightly observed in the UPS spectrumlat=21.2 eV be- ion in the (La_,CaO)Cuy _.Ni,S compound is almost
hind the background due to the secondary electron$1iAt monovalent, as indicated by the Cp XPS, SRPESFig. 8,
=200 eV, peak B with shoulder A is observed as a promi-shown latey and NMR experiments structure E is not at-
nent peak and component C is observed as a tail. Structure fibutable to the Cu 8 states. This is strongly supported
disappears and structure E is slightly observed. fihede-  from the photoemission result fobaO)CusS that structure E
pendence of the UPS and SRPES spectra are explained Bymost disappears atv=200 eV.
the photoionization cross sections of the valence electron A bump around—9.5 eV is observed in the UPS spectra
orbitals® The valence bands are mainly composed of the Cuwf polycrystalline La_,Sr,MnOj; also prepared by the solid-
3d, S 3p, and O 2 states. Athy=21.2 eV, the cross sec- state reaction in case that the surface cleaning is
tions of these states are similar. With increasingto 40.8  insufficient!® If structure E is caused by some contamina-
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markable enhancement for the photoemission intensity in the
Cu 3p-3d excitation region within an experimental accu-
racy. The resonance enhancement takes place as a result of
the interference effect of the two processes 06j
tions, these are intrinsically included in the grain boundary(3p)®(3d)"+hv—(3p)®(3d)" 1+ &4 and (i) (3p)°(3d)"
of the present samples, since the intensity and feature of hv— (3p)®(3d)"*1—(3p)®(3d)" " 1+e&4, whereey rep-
structure E are independent of the surface cleaning by scrapesents an emittedd3photoelectron. In case that the Cu atom
ing. However, the grain boundary estimated to at me8%  exists in the compounds in the form of the LCuion, the
in area relative to the whole sample surface from the SEMesonance enhancement should take place in thet®to-
image is too small to give rise to the clear structure. Theemission intensity, in particular, in that of the satellite struc-
main feature of the O 4 XPS spectrum ofLaO)CuS (not  ture at~—9.5 eV!® On the other hand, since the Cu 3
shown hergis a single peak and has no tail on the higherorbitals of the Cl" ion are fully occupied by electrons, the
binding energy side, suggesting almost no contamination. Cu 3p-3d excitation does not take place so much and, as a
In addition, the C % peak is not observed in the XPS spec-result, no resonant enhancement is observed. Actually, the
trum. It should again be noticed that an amount of the impuCu 3p-3d absorption is also not detected in the Cp-3d
rity phases in the grown samples is estimated to be at mosixcitation region in the present experiments. Therefore the
0.1% by means of the XRD measurements using synchrotro@u ion in (LaO)Cu$S is monovalent (Cu, 3d'9), in agree-
radiation® ment with the result of the NMR studyAlso from the simi-

Recently, we have carried out the @-As emission ex- lar SRPES spectra of (kafCa 140)ClyoNig10S (not
periments or(LaO)CusS in order to deduce the QoZartial  shown herg the Cu ion in the Ca and Ni co-doped system
DOS in the valence band8Preliminary results indicate that remains monovalent, in consistent with tkéndependent
the O 2 partial DOS is located at-—6 eV as a peak and 3Cu NMR shift?
structure E is not due to the OpZstates. In order to clarify Now, we shall be concerned with tixedependence of the
the origin of structure E, the soft x-ray emission experimentspectra of the Ca and Ni co-doped system
in the La, S, and Cu core excitation region is in progress. FofLa; .,CaO)Cuy, _Ni,S. Figure 9 shows a series of UPS
further discussion, the growth of the single crystal with highspectra measured bir=40.8 eV together with IPES spectra
quality is also required necessarily. of (La;_,Ca0)Cuy _Ni,S (0=x=0.07). Energy is defined

In order to derive the Cu @ contribution to the valence with respect toEg of respective sample& is close to the
bands of(LaO)CuS, we have carried out the resonant photo-valence-band maximurVBM) for the semiconductive re-
emission experiments in the Cup33d excitation region gion of x<0.03, indicating that the Ca and Ni co-doped sys-
(~74 eV). The experimental results are shown in Fig. 8. Thetem is also thep-type semiconductor. Still for the metallic
SRPES spectra are measurethatfrom 60 to 80 eV includ-  region >0.03), the DOS aEg is substantially low and a
ing the Cu $-3d excitation region. All spectra are normal- clear Fermi edge is not observed in the UPS and IPES spec-
ized to the monochromator output. The SRPES spectrum ata. The low DOS aE at the Cu sites for the metallic region
hv=74 eV is indicated by a thick line. One notices no re-has also been confirmed from the analysis of the temperature

FIG. 8. hv dependence of the SRPES spectrdLaO)CusS in-
cluding the Cu -3d excitation region. The thick line is a spec-
trum taken near the Cu®3d resonance.
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inset. The finite DOS d&Ef is observed fox=0.10 as indicated by

a vertical arrow just above the Cu &(t,;)—S 3p antibonding states of

(LaO)CusS.

Based on the above experimental results, we discuss the
dependence of the nuclear spin-lattice relaxation time of thgand modification ofLaO)Cu$S induced by the Ca and Ni
®%Cu NMR experimentS. Although the NMR experiments co-doping. In the (La_,Ca0)Cu_,Ni,S compounds, the
give information only on the Cu sites, the present resultonic states of the elements have been considered tobe La
indicate that the contribution of the $3tates tcEg is also  C&£", 0?7, Cutt, Ni¢", and $~. The nominal electron
low. One notices that the energy position of the main peakonfigurations of the Cu~ and N7 ions are 3*° and 38,
due to the nearly localized Cuwl3(ey) states(structure B in  respectively. FofLaO)CusS, the Cu 8-S 3p bands are fully
Fig. 7) shifts to the deeper energy side fronB8.2 eV forx  occupied, ancEr is located at the top of the Cud3-S 3p
=0 to —3.7 eV forx=0.03, and it keeps constant for 0.03 hybridization bands, as shown schematically in Fig. 11,
<x=0.07. A similar energy shift is observed in the structurewhere “B” corresponds to the main peak B in Fig. 7. Ac-
around—9.5 eV(E in Fig. 7) as indicated by a dashed line in cording to a rigid-band modéleft-hand side in the figuje
Fig. 9. with increasingx, holes would be introduced simply into the

On the other hand, the IPES spectrum(b&O)CuS (x Cu 3d-S 3p bands. ThenEg moves into the Cu 8-S 3
=0) shows only a broad structure from 2to 9 eV. The Ica 5 bands and the CudB(eg)-derived main peak becomes close
states together with the Cis4tates contribute to this energy to Eg, in contrast to the experimental results in Fig. 9, indi-
region. No distinct structure in the conduction bands is con<€ating that the rigid-band model is no longer valid for
sistent with results of the band-structure calculatbi®e (La;_,Ca0)Cu _,Ni,S.
energy separation between the VBM and conduction-band Next, we propose a simple band model taking into ac-
minimum (CBM), determined from the leading edges of the count the new DOS derived from the Nd3and S 3 states
UPS and IPES spectra, is around 2.1 eV, which is $hiall  in (La;_,Ca0)Cu_Ni,S. The Nf* 3d bands are ex-
comparison with 3.1 eV derived from the photoluminescenceected to be shallower than the ICu3d bands, since thed
data® The basic feature of the IPES spectra is similar for Oelectron number occupying thel®ands is smaller for Nif
<x=0.07. It is noted that the CBM edge of the IPES spec-ons than for Ci" ions. The Ni 3 states also hybridize with
trum becomes rapidly close 6 for x=0.02, and become the S 3P states and the Ni 8-S 3p antibonding states
unchanged for 0.08x<0.07. The spectral weight in the en- may appear as the new DOS at the higher energy side
ergy region of 0—2 eV of the IPES spectra f0¢0.02 in- of Eg of (LaO)CuS, as shown at the right-hand side of
creasegshaded area in the figyrendicating the unoccupied Fig. 11. Holes are doped into this new DOS aBd of
states of some new DOS due to the co-doping efféct. (La; -,Ca0)Cu, _,Ni,S becomes higher than that of

In order to see more clearly the Ca and Ni co-doping(LaO)CuS, leading to the energy shift of the Cud 3
effect, we compare the SRPES spectra of(ey)-derived main peak away frorBg. The rapid shift of
(La; _4Ca0)Cuy _4Ni,S with x=0 and 0.10 measured at the CBM edge withx in the IPES spectra is also under-
hy=80 eV in Fig. 10. Fox=0.10, the intensity of the Cu stood as the unoccupied states of these new BOBhis
3d(ey)-derived main peak decreases, and the spectral weiglproposed band model thus explains qualitatively the ob-
transfers to the top 2-eV region and aroun@ eV, in com-  served energy shift of the Cud3(e,)-derived peak, as well
parison with the spectrum of=0. An inset shows the spec- as the clear structure nedt: in the SRPES spectrum
tra nearEg . One notices the finite DOS & in the spectra of x=0.10 as indicated by a vertical arrow in Fig. 10. Here,
of x=0.10 compared with that of=0, in consistent with the the C&" ions play an important role to compensate a charge
metallic behavior ok=0.10. Furthermore, the finite DOS at deviation in[Cu,_,Ni,S]* ™~ layers by the neighboring
Er is observed as a clear structure as indicated by a verticala, _,Ca0]*"¥* layers in order to keep the neutrality of
arrow in the figure, suggesting the new DOS increasesxith the material. Since the Ca-derived states are expected to
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11 F ' ' ' ] results for(LaO)CuS and those for the Sr singly doped sys-
(La1xCax0)CutxNixS tem (.Le;),955r0.05O)CuS measured by Ir)ouﬁ al! The char-
F~..  Photoemission Intensity acteristic structures A, B, C, and D in the UPS and XPS
¢ R spectra for (LggsSr o0)CuS are observed atl.9, —3.6,
\ —5.3, and—6.3 eV, respectively, which are shallower than
A o= x=0 (x2.5) those of(LaO)CuS by ~0.4 eV. Although such an energy
— x=0.10 shift is comparable to the value 6f0.5 eV for the Ca and Ni
co-doped system (La,CaO)Cuy _,Ni,S with x=0.03,
there is a remarkable difference in the photoemission inten-
T sities just belowEg. The photoemission intensities for
(Lag 955K 0=0) CusS is substantially low in the top 0.4-eV re-
gion belowEr (see Fig. 2 in Ref. }l in contrast to the rela-
tively high intensities for all (La_,Ca0)Cuy, _,Ni,S (Figs.
0.8 | . . 9 and 10. Such results can be attributed to the formation of
IW‘ . the impurity levels in the band gap in the Sr-doped system,
which may be derived from the Sr ions or some crystalline
60 65 70 75 imperfections, and located &t0.4 eV above the VBM. Tak-
Photon Energy (eV) ing into account the fact that (kgsSry =0)CuS is metallic
with the resistivity of the order of ) cm,” the actual Sr
FIG. 12. The integrated photoemission intensities in the topconcentration measured by Inoeeal. may be slightly lower
0.5-eV region in the valence bands of (LaC80)Cu_,Ni,Swith  than the nominal concentration &f=0.05. In any way, we
x=0.10 in the Ni 3-3d excitation region(solid line), in compari-  \ould like to emphasize the difference between the single-
son with the intensities in the top 1.0-eV region(b&O)CuS (dot- doping and co-doping effects on the valence-band electronic
ted ling. The photo-emission _intensit'ies are _calibra_tt_ed by the MONOxtrycture of(LaO)CusS. The valence bands (faO)CuS can
chromator oqtpgt and normalized using the intensities@b eV of easily be modified for the co-doped system but hardly for the
the photoemission spectra far =60 eV. singly doped system, since the replaced elements for the Cu
ions would produce new DOS near the top of the valence
show up in the energy region much higher than the CBMbands.
they are not shown in Fig. 11.
In order to clarify whether the new DOS neg in the IV. SUMMARY
c?t?eptisthsg il?tgij Z]t:tfe(s%?/vxg %gl)ecn%e;;g:idvﬁzxr;s%rfgr:f pho- We have investigated electronic struc@ure of the transpar-
toemission spectra in the Nip33d excitation region(~65 ent p-type (LaO)CuS and the Ca and Ni co-doped system

eV). The SRPES spectra are normalized to the monochro(-l‘al—XC:""<0)Cul_’fN'>$S (x<0.10), and f_o_und that the si-
mator output. Because thes dependence of the photoemis- multaneous substitution of the Ca and Ni ions for the La and

sion intensities neaEg is substantially weak, we plot the CE:u 'Oxﬁiggo?sie:séhnen;'Ofoarn?ngtgﬁ}geégﬁgv?;vvfggg (r)lgar
integrated intensity in the top 0.5-eV region in the vaIenceFrFO’rn this result. more drastic chan fthe b d/t. t' :
bands as a function d¢fv. The result is shown in Fig. 12 by ' ge ot the band structure 1s
a solid line, in comparison with the intensities in the top.eXpe(fIEﬁd for Co,t_Fe,I and/?{rdMn_ subs:gjtgdssystelrgs Ifor Cu
1.0-eV region of(LaO)CuS by a dotted line. One notices a :OHZ‘ Emfa%n_e ic e errflen opingtaO)Cu would also

clear resonance feature in the spectrumxef0.10. From ead to the fabrication of new transparent magnetic semicon-

hv=60 eV, the integrated intensity gradually decreases Witrguctors. The solid solution betwegntype (LaO)CuS and

5. X ;
hv, and reaches to a minimum lat= 66 eV. The resonance Q;Lﬁe\(/bc?ﬁﬁ?esé Vggzdr;g:tréy;?i srifggeelggﬂ;r:ﬁ Letlltgﬁg con-
enhancement takes placetat=66—70 eV. After that, the ' '
intensity again decreases withv. The line shape is close to
the Fano type with @ parameter of nearly zef4:?° Such a
resonance behavior is often observed for Ni compodfids.  The authors are grateful to Y. Hanaoka and K. Yoshikawa
The experimental results indicate that the new DOS is indeetbr their experimental support and to Dr. T. Saito for valuable
due to the Ni & states and support the proposed band modedliscussions. The synchrotron radiation experiments have
in Fig. 11. been done under the approval of HSREroposal No.
Finally, we should notice a difference between the presend1-A-21).
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