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Valence Band Photoemission Study of Co/Pd Multilayer
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We report the photoemission (PES) studies for the Co /Pd multilayer. The Co 3d PES spectrum of
Co /Pd exhibits two interesting features, one near the Fermi energy, L, and another at ~2.5 eV below
Ev. the Co 3d peak near Ei of Co/Pd is much narrower than that of the bulk Co, consistent with the
enhanced Co magnetic moment in Co /Pd compared to that in the bulk Co. The Co 3d feature at ~ —2.5
eV resembles the Pd valence band structures, which suggests a substantial hybridization between the Co
and Pd sublayers. The Co 3d PES spectrum of Co/Pd is compared with the existing band structures,
obtained using the local spin density functional calculations. A reasonable agreement is found concerning
the bandwidth of the occupied part of the Co 3d band, whereas a narrow Co 3d peak near Ey seems not to

be described by the band structure calculations.

I. INTRODUCTION

Artificially structured multilayers(ML), consi-
sting of magnetic layers a monolayer thick and
intervening non-magnetic ones, have recently
attracted much attention as model samples for
studying interface magnetism and also as new
materials which do not exist in nature|1]. Ferro-
magnetic /non-ferromagnetic ML's such as Co /Pd
and Co /Pt show perpendicular magnetic ani-
sotropy when the Co-sublayer thickness is less
than a few monolayers[2-5]. These ML systems
appear to be promising candidates for high-density
magneto-optical(MQ) media, due to their high cor-
rosion and oxidation resistance, and enhanced Kerr
effects at shorter-wavelength lasers[6-8].

The origin of the magnetic anisotropy is not well
understood yet, even though the anisotropy of
these systems is considered to be primarily attribu-

table to the surface /interface contribution[3, 4].

The magnetic anisotropy should be closely related
to the electronic structures of the system. A few
theoretical studies concerning electronic and mag-
netic structure of Co/Pd and Co /Pt have been
reported[ 9, 10]. But only few experimental studies
concerning electronic structures, such as photo-
electron spectroscopy (PES), have been reported
yet, probably due to the difficulties in in situ prep-
aration of the ML samples and simultaneous sur-
face measurements,

In this paper we report photoemission studies of
Co /Pd. We have investigated Co/Pd with a par-
ticular interest in the extent of the hybridization
between Co and Pd states and its effect on their
electronic structures. We have determined the Co
and Pd partial densities of states(PDOS) by mak-
ing use of the minimum in the Pd 4d
photoionization cross-sectionn around he ~120 eV.
the so-called Cooper minimuml[11]., Cooper mini-

mum arises from the vanishing of the matrix
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elements for electron transitions to final states at

that photon energy[12].

. EXPERIMENTAL DETAILS

The Co /Pd multilayers with a few atomic layers
of Co were prepared onto a Si substrate at room
temperature[13]. The prepared multilayer consists
of 17 bilayers of alternationg ~3 A thick Co-and~8
A—thick Pd-sublayers, terminated with a Pd top
sublayer which is very stable to oxidation. Pd and
Co films, both of which are~ 300 A—thick, are simi-
larly prepared to be used as reference materials for
this study. X-ray diffraction(XRD) measurements
indicate that the prepared Co/Pd has a
superlattice structrue with sharp interfaces and
with alternating fcc Pd(111) and fcc Co(111)
layers, and that the pure Pd film has the fcc(111)
texture,

The photoemission measurements were per-
formed at the Synchrotron Radiation Center of the
University Wisconsin-Madison, on the Ames/
Montana beamline. All the samples were measured
at room temperature in a vacuum better than 4 X
10~" Torr. The measured surfaces were obtained
by mild sputtering of the ex situ prepared samples.
Co /Pd was cleaned by sputtering using Ar-ions at
about 500 eV in order to minimize the roughness of
the surface due to sputtering, whereas the Pd and
Co films were sputtered at ~1 keV. The cleanness
of the sample surface was monitored by the oxygen
2p emission which appears at~6 eV below the
Fermi level(Er) in the energy distribution curve
(EDC) with the photon energy of he =21.2 eV, For
Co/Pd and the Pd film, no detectable O 2p
emission is observed after sputtering. A commer-
cial double-pass cylindrical-mirror analyzer(CMA)
was used to analyze the photoelectrons. The over-
all instrumental resolution is 0.2 eV at he~20 eV
and 0.4 eV at he~150 eV. respectively, for the
spectra presented in this paper. The Fermi level of
the system was determined from the valence-band
spectrum of a sputtered Cu sample. The EDC’'S for
each sample were normalized to the incident pho-
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ton flux and also to the transmission function of
the CMA[14].

. RESULTS AND DISCUSSION
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Fig. 1. (a) Energy distribution curves(EDC) for Pd
withe hr between 14 and 36 eV, and (b)
EDC’s for the Co /Pd multilayer with he be-
tween 16 and 36 eV,

Fig. 1(a) and (b) show the valence band EDC’s
of the Pd film and Co /Pd, respectively, at /e be-
tween 14 and 36 eV. It is interesting that peaks in
the EDC’s of the Pd film show dispersions as he
varies. Our data in Fig. 1{a) are qualitatively simi-
lar to the angle-resolvd PES results of Pd(111)[15,
16] which were compared with the band structure
calculations[17]. Considering that the Pd film has
the fcc(111) texture, and that the detected
electrons are mainly those of normal emission{ 18].

the measured Pd surface seems to represent the



fcc Pd(111). The EDC’s on Pd(111) [15] exhibit
sharper features than ours, probably because of
the rough surface of our sample and the contri-
bution from the glancing angle emission in our
data.

Valence band EDC’s of Co /Pd in Fig. 1(b) also
show a dispersion-like behavior with he. The vari-
ation in the EDC’s of Co /Pd is smaller than that of
the Pd film, which probably reflects the loss of
translational symmetry in Co /Pd due to the Co
interlayer. This figure suggests that our PES
spectra of Co/Pd can be considered to represent
the intrinsic electronic structures of Co /Pd. This
conjecture may be further supported by the fact
that our PES spectra of the Co /Pd multilayer are
different from those of the Co-Pd alloy film[19] as
well as those of the Pd Co dilute alloy(Pd : host, Co
s impurity ) [20].
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Fig. 2. (a) EDC’s for the Pd film with he over
50-150 eV, and (b) similarly for Co /Pd.

Fig. 2(a) shows EDC’s of the Pd film with he
over 50-15 eV. Analysis of the Pd 4d photoioniza-
tion cross section for the Pd film yields that the
overall hr dependence is qualitatively similar to
that in literature, but that the size of the sup-
pression in the Pd 4d cross section at the minimum
is larger than in literature[11, 21, 22]. The
discrepancies may be due to the differences be-
tween bulk and film as well as due to the
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uncertainties associated with normalization The
valence band line shape in Fig. 2(a) changes
slightly from he =750 eV to 70 eV, whereas it does
not change much for he above 70 eV. This may be
because the momentum uncertainty becomes larger
at higher he [23, 24], so that the valence band
spectrum begins to represent the density of states
(DOS) as he increases. In fact, our valence band
PES spectra of the Pd film with he above 70 eV
are similar to that obtained using X-ray photoe-
mission spectroscopy(XPS) [25, 26].

Fig. 2(b) shows EDC's of Co/Pd with he over
50-150 eV, in comparison with Fig. 2(a) For he be-
low 90 eV, where the Co 3d cross sections are neg-
ligible with respect to the Pd 4d cross sections[20]
and so Pd d emissions are dominant, EDC’s of
Co/Pd are similar to those of the Pd film. The
well-known Cooper minimum in the Pd 44
photoionization cross section is clearly seen around
hv =120 eV. Consequently, the sharp structure
near Er in the EDC’s of Co /Pd with he around 120
eV is taken to originate from Co 3d states.

Fig. 3(a) compares the valence band spectra of
the Pd film and Co /Pd, taken at hv =70 eV where
Pd 4d emissions are dominant. The purpose of this
figure is to show the ecperimentally determined Pd
d partial density of states(PDOS) in Co /Pd. The
large energy scale features of the Co/Pd PES
spectrum are similar to those of the Pd film,
suggesting that Pd d electronic structures of
Co/Pd are not much different from those of the
Pd film. This finding is consistent with the Pd 3d
core level PES studies[27], in which the Pd 3d
spectrum of Co /Pd is found essentially identical
with that of the Pd film, implying that the average
local environment of Pd is nearly the same in Pd
and Co/Pd. on the other hand, there are some
differences : (i) The Pd d bandwidth of Co /Pd is
slightly larger than that of Pd, which probably
reflects the compression of the lattice constant in
Co/Pd(~3.8 A) relative to that of the bulk Pd
fcc lattice (3.89 A ). (ii) The emission near Er in
Co/Pd is smaller than that in Pd. These di-
fferences may be important in understanding the



(i) BB S o & Co/Pd — A5 WA AR FAS-ol g AR F

(a) hv=70eV /
........ CO/Pd s
— Pd

(b) Co 3d PES

........ CO/Pd
Co (hv=120eV)

INTENSITY (arbitrary units)

-10 -5 0
ENERGY RELATIVE TO Ep (eV)

Fig. 3. (a) Comparison of the valence band spectra
of Co/Pd and the Pd film, taken at hv =70
eV, where Pd 4d emissions are dominant,
(b) Comparison of the Co 3d spectrum of
Co /Pd and the Co film. See the text for
the details.

induced magnetic moment of Pd in Co /Pd [9, 10],
which will be discussed later.

[t is possible to extract the Co 3d spectral
weight in Co/Pd by subtracting the spectrum at
the Pd 4d Cooper minimum from that well away
from the Cooper minimum, It is necessary to scale
the former by a factor, &, to account for the
non-Co 3d emission. We have chosen hw=70 eV
and 120 eV, respectively, and have used 2= 0.02,
which is determined from the hv dependence of the
valence band PES of the Pd film, As discussed in
Fig. 2(a), the magnitude of this factor is smaller
than the value in literaturel21, 22]. Since we have
used a consistent normalization scheme for both
the Pd film and Co /Pd, the errors associated with
our normalization would be cancelled in extracting

the Co 3d spectrum.
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Fig. 3(b) compares the extracted Co 3d spec-
trum of Co /Pd (dots) with the PES spectrum of
the pure Co film(solid lines) at ho = 120 eV. Before
we discuss the Co 3d features, we should mention
two experimental artifacts. First, the PES spec-
trum of the Co film was obtained from a somewhat
oxidized surface. Nevertheless, at ho=120 eV
where the O 2p cross section is negligible with re-
spect to the Co 3d cross section, our Co PES spec-
trum is nearly the same as that of clean Co in lit-
erature[28, 29]. Secondly, a weak feature was
observed in a wide scan for Co /Pd, at the binding
energy corresponding to the Si 2p level [30], but
not for the Co film. Thus the unusually long tail in
the extracted Co 3d PES of Co /Pd, which extends
almost down to—15 eV, is likely to be due to the
s/p emissions from the Si substrate [31], as
compared to the PES studies on the amorphous Si
[301.

The major findings of Fig. 3(b) are as follows :
(i) The Co 3d peak of Co/Pd at low binding en-
ergy is narrower and located closer to Ev than that
of the Co film. (ii) There is a broad shoulder about
2.5 eV below Er in Co /Pd, in contrast to bulk Co
[32). The narrowing of the Co 3d bands near Er
may be a consequence of the stretched lattice of
Co /Pd(the nearest neighbor Co-Co distance, dco-c
~ 270 A)[33],which makes Co more atomic-like,
compared to that of the bulk Coldc,—¢. = 2.5 A)
[34]. This narrowing, implying enhancement of the
DOS near Er, can be ascribed to the origin of the
enhanced Co spin polarization than in bulk(9, 10]
and may play an important role in determining the
magnetic anisotropy of this system. Another fea-
ture, a shoulder at~ —2.5 eV, resembles the Pd
valence band features(see Fig. 3(a)), suggesting
tht there is a substantial hybridization between the
Co and neighboring Pd sublayers.

Fegure 4 compares the Co 3d PES of Co /Pd with
the calculated layer projected density of states
(LDOS) onto the Co layer in Co/Pd (111). Three
curves are scaled arbitrarily. The experimental Co 3d
PES (in dots) is that of Fig. 3(b), from which so-

me fraction of the emission around —10eV
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Fig. 4. Comparison of the experimental Co 3d PES
spectrum of Co /Pd (dots) and the theoreti-
cal Co 3d LDOS taken from Victora et. al.
(thick solid lines) and from Wu et.al. (light
solid lines) for Co /Pd(111).

has been subtracted in order to eliminate the con-
tribution from the Si substrate, Both of two theor-
etical results are obtained from the local spin den-
sity functional (LSD) calculations. Light solid lines
denot the Co LDOS obtained by Wu et al. [9], in
which Co/Pd (111) is simulated by 5 Pd (111)
layer slabs covered by a Co monolayer on each
side. Thick solid lines denote the Co LDOS which
is obtained by Victora et al. [10] for an fcc
supercell with 1-Co layer /4-Pd layers along the
(111) direction. In this comparison, the occupied
parts of the theoretical Co 3d majority and min-
ority spin LDOS are summed because our exper-
imental PES spectra are not spin-resolved. Then
they are broadened by a Gaussian of 0.3 eV at
FWHM (full width at half maximum) to simulate
the instrumental resolution, whereas the lifetime
broadening and the matrix element effects are

ignored,
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For systems with strong correlations, the exper-
imental bandwidths are considerably less than the
one electron bandwidths, obtained from band struc-
ture calculations, in general, Fig. 4 shows that the
theoretical bandwidths of the occupied parts of the
Co 3d LDOS are comparable to that of the exper-
iment, suggesting that Co 3d correlation effects
are rather weak in Co/Pd. In contrast, a sharp
peak near Er, observed in the experimental Co 3d
PES spectrum, is missing in both of the theoretical
Co 3d LDOS. It is not trivial to assign spin charac-
ter to a specific peak in our Co 3d PES, but theor-
etical results might be used as a guide for
spin-identification of the experimental features.
According to the spin and layer projected DOS in
both of the theoretical calculations, there is a high
and narrow minority Co 3d band peak just above
Ev, while the Co LDOS below~ —1 eV is mainly
due to the majority Co 3d spin bands which are
substantially hybridized with Pd 4d bands. There-
fore a broad shoulder at —2.5 eV may originate
from the majority Co 3d spin states hybridized
with Pd 4d states. A sharp and narrow peak just
below Er is difficult to be identified as the specific
spin character at the moment since there is no cor-
responding LDOS in the theoretical results [9, 10].

Remember that the general features of the Pd 44
PES of Co /Pd are similar to that of the Pd film (see
Fig. 3(a)). even though there are differences such as
smaller intensity near Er and larger Pd 4d bandwidth
in Co/Pd. These differences may be important in
understanding the induced magnetic moment of Pd in
Co /Pd since the band structure calculations [9] pre-
dict that major differences in the Pd LDOS between
Pd(111) and Co /Pd(111) will occur near Er. How-
ever, such small-size differences observed in
experiments may not be taken too seriously at the
moment, considering experimental uncertainties as
well as rather large-size discrepancy between exper-
iment and theory as the following. We have found
that the width of the Pd 4d LDOS [9, 10] by ~1 eV
for both the Pd film and Co/Pd(not shown in this
paper), which is taken to reflect Pd 4d correlation ef-
fects in both the Pd film and Co /Pd.
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IV. CONCLUSIONS

The EDC’s of both the Pd film and Co /Pd show
dispersions at low photon energies, suggesting that
the measured surfaces probably represent the in-
trinsic features corresponding to the fcc (111) tex-
ture. The Co 3d PES of Co/Pd shows two inter-
esting features: (i) The bandwidth of the peak
near ki is narrower than that of the Co film. This
narrowing is consistent with the enhanced Co spin
polarization in Co /Pd compared to that in the bulk
Co. (ii) Another shoulder-like feature, at~ —2.5
eV, resembles the Pd valence band structures,
suggesting a substantial hybridization between the
Co and Pd sublayers. A reasonable agreement is
found between the PES spectra and LSD band
structure calculations in some aspects : First, the
theoretical bandwidths of the occupied Co 3d
LDOS are comparable to the experimental Co 3d
bandwidths. Secondly, the feature around ~ —2.5
eV. observed in the Co 3d PES of Co /Pd, is well
predicted and explained by the band theory. On
the other hand, the narrow Co 3d peak near Ev in
the Co 3d spectrum of Co /Pd, which may play an
important role in determining the magnetic proper-
ties of Co /Pd, is not described by band structure

calculations.

ACKNOWLEDGMENTS

Discussions with B.I. Min are appreciated. We
thank for the support by the Pohang Light Source
under User Training Program. The experiment was
performed at the Synchrotron Radiation Center
which is supported by the National Science Foun-
dation (NSF). The Ames Laboratory is operated
for the U.S. Department of Energy (DOE) by lowa
State University under contract No. W-7405-
ENG-82.

REFERENCES

[ 1] T. Shinjo, Surf. Sci. Rep. 12, 49 (1991) ; also

references therein.

Nal- &l 5} o)odm]. A1 3 5

&

[ 2] P.F. Carcia, A.D. Meinholdt, and A. Suna,
Appl. Phys. Lett. 47, 178 (1985) ; P_E. Carcia,
J.Appl. Phys. 63, 5066 (1988).

[ 3] H.J.G. Draaisma, W.J .M. de Jonge, and F.J.
A. den Broeder, J. Magn. Magn. Mater 66,
351 (1987).

[4] F.J.A. den Broeder, D. Kuiper, A.P. van de
Mosselaer, and W. Hoving, Phys. Rev. Lett.
60, 2769 (1983).

[ 5] S.-C. Shin and A.C. Palumbo, J. Appl. Phys.
67, 317 (1990) : D.G. Stinson and S.-C. Shin,
J. Appl. Phys. 67, 4459 (1990).

[ 6] S. Hashimoto, H, Matsuda, and Y. Ochiai,
Appl. Phys. Lett. 56, 1069 (1990).

| 7] F.J.AM Greidanus, W.B.Zeper, F.J.A. den
Broeder, W.F. Godlieb, and P.F. Carcia,
Appl. Phys. Lett. 54, 2481 (1989).

[ 8] W.B.Zeper, F.J.A M. Greidanus, P .F. Carcia,
and C.R. Fincher, J. Appl. Phys. 65 4971
(1989).

[9] R. Wu, C.Li, and A.J. Freeman, J. Magn.
Magn. Mater 99, 71 (1991).

[10] R.H. Victora and J.M. MacLaren, J. Appl.
Phys. 69, 5652 (1991).

[11] 1. Abbati, L. Braicovich, G. Rossi, 1. Lindau,
U. del Pennino, and S. Nannarone, Phys.
Rev. Lett. 55, 1799 (1983) ; G. Rossi, I.
Lindau, L. Braicovich, and I. Abbati, Phys.
Rev. B 28, 3031 (1983).

[12] ].W. Cooper, Phys. Rev. 128, 681 (1962) : U.
Fano and J.W. Cooper, Rev. Mod. Phys. 40,
441 (1968) : G.M. Bancroft, W. Gudat, and
E. Eastman. Phys. Rev. B 17, 4499 (1973).

|13] For details, see S.K. Kim, J.-S. Kang, J.l.
Jeong, J.H. Hong, Y.M. Koo, H.J. Shin, and
Y.P. Lee, to be published in J. Appl. Phys.,
Nov 15 issue (1992).

{14] This photon-flux normalization is approximate
because of a small contribution from second-
order light, non-perfect alignment of the
chamber, etc.

[15] F.J. Himpsel and D.E. Eastman, Phys. Rev. B
18, 5236 (1978). The feature observed at~
—2.5 eV in PES spectrum with hv ~21 eV has



[16]

[17]

[18]

[(19]

been attributed due to direct transition from
Az d band into the A, free-electron-like final
band by comparison with band structure
calculations (see Ref, 17).

P. O. Nilsson, C. G. Larsson, and W.
Eberhardt, Phys. Rev. B 24, 1739 (1981).
AH. MacDonald, J.M. Daams, S.H. Vosko,
and D.D. Koelling, Phys. Rev. B 23, 6377
(1981).

Our experimental geometry is such that the
angle between the CMA axis and the surface
normal is about 45°, so that the electrons of
mainly normal and glancing emissions, with
angular acceptance of +4° are analyzed.

J.-S. Kang et al, unpublished data (1991) :
The Co-Pd alloy film was prepared by the
co-evaporation of Co and Pd, and valence
band PES measurements were performed
after the film was sputtered at about 1 keV.
We have not succeeded in obtaining oxi-
dation-free surfaces. The PES spectra for the
slightly oxidized surface of the Co-Pd alloy
film do not exhibit any dispersions at low
photon energies. At higher photon energies,
their PES lineshapes are quite different from
those of the Co /Pd multilayer.

[20] J.F. van Acker, P.W.J. Weijs, J.C. Fuggle, k.

Horn, W. Wilke, H. Haak, H. Saalfeld, H.
Kuhlenbeck, W. Braun, G.P.Williams, D.
Wesner, M. Strongin, S. Krummacher, and
K.H.J. Buschow, Phys. Rev. B 38 10463
(1988).

[22] M.-S. Han, Ph. D. Thesis, Seoul National Uni-

versity, Korea (1991).

[23] Photoemission in Solids 1, edited by M. Cardona

[24]

and L. Ley, (Springer-Verlag, New York,
1978), Chap. 6.

R.J. Baird, L.F. Wagner, and C.S. Fadley,
Phys. Rev. Lett. 37, 111 (1976).

[25]

[26]

&h=2}7]3t5] 2] Volume 3,

Number 1, March 1993

H. Hochst, S.Hufner, and A. Goldmann,
Phys. Lett, 574, 265 (1976).

J.C. Fuggle, F.U. Hillebrecht, R. Zeller, Z.
Zolnierek, and P.A. Bennett, Phys. Rev. B
27, 2145(1982) : F.U Hillebrecht, J.C.Fuggle,
P.A. Bennett, Z.Zolnierek, and Ch. Freiburg,
ihid 27 2179 (1982).

(27] Pd 3d PES spectrum for both Pd and Co /Pd

shows very symmetrical 3ds,, and 3d; » peaks,
with spin-orbit splitting of ~5.2 eV,

(28] P. Heimann, E. Marschall, H. Neddermever,

M. Pessa, and H.F. Roloff, Phys. Rev. B 16,
2575 (1977).

[29] F.J. Himpsel and D.E. Eastman, Phys. Rev. B

21, 3207 (1980).

[30] T.-W. Pi, A.-B. Yang, C.G. Olson, and D.W.,

[31]

Lynch, Phys. Rev. B 42, 9566 (1990).

The s/p emissions due to the Si substrate,
which will give rise to the long tail down to
—15 eV, will have a weak contribution under
the Co 3d main band as well, with an inten-
sity comparable to that of the tail. It is likely
that the Si substrate is detected via small pin
holes present, but broda emissions due to the
Si substrate do not seem to distort main
features of Co 3d or Pd 4d states of the
Co /Pd multilayer.

[32] These findings are somewhat similar to those

of the Co 3d PES studies of the PdCo dilute
alloy (see Ref. 20), but different in that the
Co 3d peak near Er of our Co /Pd multilayer
1s much (i) sharper, (ii) narrower, and (iii)
located closer to Er than that of the Pd Co al-
loy.

[33] The lattice constant for Co /Pd is determined

[34]

from XRD measurement data.

Crystallographic Data on Metal and Alloy
Structures, edited by A. Taylor and B.J. Kagle
(Dover, New York, 1963).



4ke] 7} 5} /l"oirL 713?%@91%%#
C. G. Olson

Ames Laboratory, lowa State U niversity, U.S. A

(1993 14 189 )

A zha] (Photoelectron Spectroscopy @ PES) & o] &3te], ahalef #=17] 7)o+l 2 Gust Co /Pd c}zubit
o] Azt drsket, Co /Pd vhaubite] Co 3d # =k PES sl Eilofl 4= sl =v] ollf=] (Ex) i-#of] Fo] %o u
ol s} MAE]Q AL, o} gw] Ev2 R oF 2.5 eV ofelffol] ¥o] w12 volax habE|glch, 1 & B EHol 921§ vjo) o] %

o bulk Co 3d %4} PES o] 2lol 4] 2] o] zLol] vlske] 3140 Fekiztl, ol2ldk dholi= Co 47|l est Co /Pd i
“L‘”Oﬂ‘ 1 bulk Co | 310}04 L‘]k? A= @Akl A=k gk B olel 2.5 eVell $]#gk 3o 24= Pde] valence band #+%
oF FApgtol Wb B gls=rll, o]1= Co vh&7} Pd ghaztell Abitet A% 22 (hybridization) o} 91-8-& viehdvkar & 4 9lc}
Co /Pd vhzubutel chzled ‘36“411 Ak Co 3d #2k PES 2= ylg Fal| ~u]) x ghro) &g o) -8-5lo] o2 o] &7
Az A Ak vhel wlarshodet, o] 4he] vlatol olshi wlolsAlslell 2)9h Co 3d vl %-2- Algla} A Alxsiel o), PES

2o Edlof 4] Akl ol 2] By 2A 9] o] 52 ylo) s iiie] o] b 7)) ] Hgho) wbr slgie)

v



