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Polarization-dependent x-ray absorption near-edge speNsES) of the O Ik has been measured

on a highly in-plane aligned-axis YBaCu;O,_ s (YBCO) thin film. The in-plane XANES, with

the electric fieldE of the linearly polarized synchrotron light being parallel to ther c axis of

YBCO films (E//b or E//c) were obtained in a normal-incidence alignment. The XANESHGa

was then calculated from the data obtained by varying the angle. The results lend strong support to
those obtained by using detwinned YBCO single crystals in all crystalline orientations, including the
extrapolatect-axis spectra. ©2003 American Institute of Physic§DOI: 10.1063/1.1590057

Determination of the exact location and concentration ofment. Furthermore, the XANES fdE//a was extrapolated
the hole and its symmetry in the high-temperature supercorfrom data obtained with different oblique incidence angles.
ductors(HTSC9 has attracted tremendous attention becaus&herefore, the XANES for the three polarizatio&s/a,
it has been generally conceived as a key to understand tHe//b, andE//c are unambiguously distinguished.
origin of superconductivity. For many years, the electronic It has been suggested that a PBCO buffer layer can fa-
structure of Cu@ planes and Cu@chains and the distribu- cilitate thea-axis YBCO nucleatiott on K,NiF, type (100)
tion of holes on all oxygen and copper sites in single crystaldaSrGaQ (LSGO) substrated? However, due to the low
of YBa,CuzO;_5 (YBCO) have been extensively investi- substrate temperature required to form thexis PBCO
gated by using polarization-dependent x-ray absorption neatayer, the YBCO films obtained all suffered from significant
edge spectréXANES) of the O sand Cu .2 *Itis, how-  degradation inT.. Here we present a modified deposition
ever, difficult to handle a small size single crystal andprocess, which produces well-alignedaxis YBCO films.
precisely reproduce the light spot on the sample to exclud@he energy density and the repetition rate of the 248 nm KrF
the dependence of the incident photon enérgynatural  excimer laser pulse were 3 J/érand 5 Hz, respectively. In
alternative is to use YBCO thin films for such investigations.our process, a 50-nm-thick PBCO template was deposited on
The usual (001) YBCO films nonetheless often contain siga LSGO substrate at 660 °C and in 0.1 Tog.@hen, with-
nificant twins, making it difficult to resolve the intrinsic out interrupting PBCO deposition, the substrate temperature
properties along respective crystalline orientation. Insteadyas raised at a rate of 20 °C/min until it reached 780 °C. The
only average XANES for the electric field of the polarized target was then switched to YBCO and the oxygen pressure
light parallel to theab plane of the (001) filmsK//ab) was  was raised to 0.28 Torr immediately. Finally, a 300-nm-thick
obtained® YBCO was deposited on the PBCO template. After the depo-

Well in-plane aligned (100) and (110) oriented YBCO sition, the film was cooled in 600 Torr of oxygen to room
thin films provide us the opportunity to fabricate different temperature with the heater off.
types of planar sandwish-type Josephson juncfibas well The resistivity versus temperature characteristics of the
as to investigate the anisotropic properties of HTSC, such ag-axis films was determined by a standard four-probe method
transport propertied-wave symmetry of the superconduct- and is shown in Fig. (). The transition temperatures along
ing gap? ultrafast dynamics of carrier relaxatidhand elec- b andc axes were 91.1 and 88.7 K, respectively. The crys-
tronic structure. Here we report the results of polarization4allinity of the films was analyzed by measuring the x-ray
dependent XANES experiments using a highly in-planediffraction (XRD) pattern, the full width at half maximum
aligned a-axis YBCO thin film. The in-plane XANES (FWHM) of the rocking curve of the (200) peak, and the
(E/lcandE//b) were obtained in a normal-incidence align- x-ray ® scanning. As shown in Fig.(f), the XRD patterns
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of the films were essentiallg-axis oriented and no peaks bital plane. The energy resolution of the monochromator was
other than the (100) peaks were observed. The FWHM o§et to be 0.1 eV at Oslabsorption edge. The flurorescence
the rocking curve of the (200) peak is shown in Fi¢g)land  light was detected at an angle of 45° with respect to the
was less than 0.41°. The degree of in-plane alignment, ascident beam using a microchannel plate deteé@hifts
revealed by x-rayb scanning in the (102) plaré€ig. 1(c)], in the energy for the monochromatic light were calibrated
was better than 97%. using the known Cu [2 absorption peak of the CuO com-
The a-axis YBCO thin film was cut into two equivalent pound. The incident photon numbely) was measured si-
pieces and rotated 90° with respect to each other for aligninghultaneously by a gold mesh located behind the exit slit of
the E field of the linear-polarized x ray to tHeandc axes of  the monochromator and calibrated by the flurorescence-yield
YBCO. The whole arrangement is depicted schematically irmeasurements of a clean gold film mounted on the sample
Fig. 2. The linearly polarized x ra§623—-618 eV was sup- holder. All measurements were normalized §o
plied by a 6 mhigh-energy spherical monochromatic beam In order to compare the absorption cross sections at dif-
line at Synchrotron Radiation Research Center, Hsinchu, Taferent O sites, the Oslabsorption spectra recorded up to 618
wan, Republic of Chin&® Because the polarization state in eV were calibrated by the self-absorption effecn the en-
the cross section of the monochromatic beam are linear a@rgy range 591 e¥E=618 eV, the spectra are almost struc-
center and circular at both sides, the 95% linear polarization
was achieved by using the narrow slits centered on the or-

[ (a) 0=60° T 8=60°
I /\ (Ellc + Elfa) + (Elfb + Effa)
E‘/ \.v\f\_{\i- \..J"'\F

a
(100)YBCO (@)

0=0° 9=10°

7,
/ ...... -ﬂ 4 B ‘E/field oty 5 (Elfc) T \h (Elib)
®) A ) W
N

[— R i ! ﬁ / A

Fluorescence Yield (a.u.)

2

a » X-ray -
E field

A A . . . . ; )

1 526 534 540 546 552 528 534 540 546 552

Photon energy (eV) Photon energy (sV)
FIG. 2. Schematics of the experimental setup of polarization-dependent
XANES. The electric fieldE of the linear-polarized x ray is parallel to the FIG. 3. The XANES in(a) and (b) are the results of Figs.(d and Xb),
(@ cor (b) b axis of an in-plane aligned-axis YBCO thin film. respectively.
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YBCO thin films for polarizatiorE//a, E//b, andE//c axes. peald: 527.5
eV, peakB: 527.8 eV, pealC: 528.3 eV, and peak: 529.5 eV.
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bution of 2) and Q3) in the CuQ planes to the spectra of
E//a andE//b should be about the same. Hence, the shoul-
der on the low-energy sidgpeakB, ~527.8 eV) of the main
absorption peak foE//b is believed to arise from the unoc-
cupied density of states of one(1) site in CuQ chains,
which is absent foE//a. This implies that the binding en-
ergy of 1)1s is inbetween those of @ and Q2,3. In
addition, the peab at 529.5 eV can be assigned to transition
into unoccupied O 2 states admixed to the upper Hubbard
band. Thus, it is only observable in the spectraEdfta and
E//b.

In summary, we have demonstrated that the © 1
XANES alonga, b, andc axes is obtained from the in-plane
aligned (100) oriented YBCO thin films. These spectra are
consistent with the results obtained from the detwinned
single crystal. Since one can estimate the hole distribution on
each oxygen site by the curve-fitting analysis, the current
results suggest that many fundamental aspects of high-
cuprates could be resolved by studying the doping and tem-

tureless and hence they could be normalized to the tabulatderature dependent XANES using in-plane aligreeelxis

standard absorption cross secttfn.
For the case of normal incidenc@<0°), theE//b or

E//c absorption spectra can be obtained by rotating the

(100) YBCO films such thab or c axis of the film is parallel
to E. The O L in-plane XANES forE//c and E//b are
shown in Figs. 8) and 3b), respectively. In addition, the
absorption spectra for the oblique incidence#at60° were
obtained by rotating the sample along the vertieabxis, as
shown in Figs. 8) and 3b). Consequently, the Osl
XANES along thea axis could be calculated fronh,
=1,c0S(6)+19esir?(6), wherel o, | o9, andl , are the fluores-
cence yield at the incident anglés=0° (E//borE//c), 6
=90° (E//a), and #=60° (E//a+E//borE//c), respec-
tively. Therefore, the XANES for the three polarizations
E//a, E//b, and E//c are distinguishable as shown in
Fig. 417

The high-energy part, above 532 eV of XANES, is due
mainly to continuum absorption to Yd44f, and Ba 4 empty
states hybridized with O @state$? and displays a similar
feature for all cases. The pre-edge<{532eV) absorption

thin films. Measurements along the line are in progress and
will be reported separatefy*°

This work was supported by the National Science Coun-
cil of Taiwan, Republic of China under Grant No. NSC90-
2112-M009-036.

1J. Fink, N. Nucker, E. Pellegrin, H. Romberg, M. Alexander, and M.
Knupfer, J. Electron Spectrosc. Relat. Phené).395 (1994).

2N. Niicker, E. Pellegrin, P. Schweiss, J. Fink, S. L. Molodsov, C. T. Sim-
mons, G. Kaindl, W. Frentrup, A. Erb, and G. Muller-Vogt, Phys. Rev. B
51, 8529(1995.

3M. Merz et al, Phys. Rev. B55, 9160(1997.

4M. Merz et al, Phys. Rev. Lett80, 5192(1998.

5K. H. Wu et al, Jpn. J. Appl. Phys., Part37, 4346(1998.

81. Takeuchi, P. A. Warburton, Z. Trajanovic, C. J. Lobb, Z. W. Dong, M. A.
Bari, W. E. Booij, E. J. Tarte, and N. G. Blamire, Appl. Phys. L8, 112
(1996.

"H. Akoh, H. Sato, N. Nakamura, and S. Takada, Jpn. J. Appl. Phys., Part
233, L766(1994.

8S. Misat, P. J. King, D. Fuchs, J. C. Villegier, R. P. Campion, and P. S.
Czerwinka, Physica G31, 241(2000.

9C. W. Luo, M. H. Chen, S. P. Chen, K. H. Wu, J. Y. Juang, J.-Y. Lin, T. M.
Uen, and Y. S. Gou, Phys. Rev. Lefto be publisheg

spectra, on the other hand, exhibits very different feature$’C. W. Luo, K. H. Wu, J. Y. Juang, J.-Y. Lin, T. M. Uen, and Y. S. Gou,

among various axes. These results are consistent with thogg’

obtained by using twin-free YBCO single crystals reported
by Niickeret al? The absorption peak for E//c at 527.5 eV

is caused by the core-level excitation of the ©electron to
both O 2p, orbitals associated with the apical4) atoms.
For E//a and E//b, the main pre-edge absorption peaks
(peakC) occur at almost the same energy528.3 eV. This
state is due to the strong hybridization between Gy 3,2
and O 2, orbitals, which leads to the formation of the
local singlet state, called the “Zhang—Rice” singtétErom
the band structure calculation of YBa,0,, 1° the contri-

hysica C388-389 477 (2003.
A. Inam, C. T. Rodgers, R. Ramesh, K. Remschnig, L. Farrow, D. Hart, T.
Venkatesan, and B. Wilkens, Appl. Phys. L&7, 2484(1990.

123, Hontsu, J. Ishii, T. Kawai, and S. Kawai, Appl. Phys. L&8, 2886

(199).

133, C. Chunget al, Rev. Sci. Instrum66, 1655(1995.
3. M. Chen, S. C. Chung, and R. S. Liu, Solid State Comn@®n.493

(1995.

153, Eisebitt, T. Bske, J.-E. Rubensson, and W. Eberhardt, Phys. R&V, B

14103(1997).

163, J. Yeh and I. Lindau, At. Data Nucl. Data TabB% 1 (1985.

W, M. Temmerman, Z. Szotec, and G. Y. Guo, J. Phy21(1 867 (1988.
8F, C. Zhang and T. M. Rice, Phys. Rev.38, 3759(1988.

193, Zannen, M. Alouani, and O. Jepson, Phys. Re40B837 (1989.



