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Developing high-temperature superconducting
films with superior critical properties is an extremely
important problem. The synthesis of superconduct-
ing films of perovskite ceramics by a variety of
methods has been reported in several papers.®»®
Better results have been achieved for films of the
Y—-Ba—Cu—0 system. The temperature at which
the superconducting transition begins is T, = 94 K,
the width of this transition is 4T, = 10-30 K, and
the critical current density is Jo = 107 A/cem?.

The apparent reason for the large value of aT.
and the low values of j, is that the compounds which
have been synthesized are imperfect and contain
other — nonsuperconducting — phases. In addition,
the methods used to synthesize the superconducting
films in Refs. 1 and 2 are of limited applicability
because of two sericus drawbacks: 1} The films
musi be subjected to high-temperature annealing a:
~600-900°C after they are deposited. This require-
ment is incompatible with semiconductior technology
in most cases. 2) The films having the critical
properties specified above were synthesized primarily
on SrTi0,; substrates, aithough this material is

not widely used.

In this paper we report the synthesis of thin
(<1 wm) superconducting films of the compound
Y,Ba Cu .0, with T, = 86-102 K and with « super-
conducting width 4T, < 3 K. The superconducting
films were synthesized by the laser annealing of the
surface of a sample conmsisting of a finely disperse
mixture of oxides of yttrium, barium, and copper.
The finely disperse stock material was prepuared
by a chemical method.? The nitrates of bLur:ium,
copper, and yttrium were dissolved in nitric acid
in the required stoichiometric proportions of the
compoenents Y, Ba, and Cu. After evapuora:
the solutions and d-wposition, the verulting
was annealed in air at ~900°C {or severa]l hours.
The results of chemical, x-rav, and thermz! analyses
showed that the fincly disperse mixture obizned
a result consists of the oxides of ¥, Bua, snd Cu
in which these components are present in the gives
stoichiometry. From this mixture we presseag tablets
5.0 mm in diameter and -1 mm thick. The surfaces
of the resulting tablets were subjected to lzser
annealing, which produced a thin (<1 LMy super-
conducting layer of the compound Y ,Ba Cu ...
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The leser annealing was carried out in en
oxygen stosphere by running a laser bos
in diameter (2t the 1l/e level} in a raster uve:
surface of the tablet at a scar step of 56 .o The
length of the laser pulse at half-maximum was 30

ns, and the wavelength of the light was = 1.06 um.

The radiant energy density was varied over the
range 0.01-1.00 J/em?.

To ubtain the reqguired stoichiometry i 1he
resulting film. we carried out the laser annesziing
in an oxygen atmosphere at pressures up to 100
atm.

The supuerconducting transition was dot e
from the change in the relative magnetic cuscenti-
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FIG. 1. Relative magnetic susceptibility versus the

a) Before; b) after laser annealing.
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bility xpe) @s the temperature was varied, X
frequency end amplitude of the modulating’m
field were 41 Hz and 30 Qe, respectively, *
sample temperature was measured in the T
4.2-300 K by a TSU-1 carbon resistance th

to within 0.5 K. The diamagnetic response
the test sample was compared with that from
sampie of known geometry, positicned in a'cp
pensating coil. :

Fig. 1 shows the relative magnetic sus®
versus the temperature for the films of the
Cu—O system which we synthesized. The ji
Xpel 8t 7.2 K (Fig. 1} is a consequence of .
conducting transiticn of the lead, normalize
a thickness of 1 um. The temperature at whi
superconducting transition begins for these Yo
Cu—0 films was 4% ¥, The «idth of the sup
ducting transition between the levels 0.. and
of xmax was 3 K. Also shown in this figure
a plot of yype versus the temperaiure for a té
which was not subjected to laser annealing {
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An estimate of the diffusion range t4iff
the components of the stock materjal for thesg
laser-anneeling conditions yields fgjff = 0.1 Wl
figure is an order of magnitude greater than
dimensions of the Cul, BaO, and Y,0., crysts
in the finely dispersc stock material. Acco
the comments above and a comparison of the -8l
plitudes of the diamzgnotic response from lea
the Y—Ba—Cu--0 film (Fig. 1) suggest that W
Y—Ba—Cu—0 film has & high concentration (
of the Y,Ba,Cu 1 supcreonducting phase. -m
several cases we oblained samples in which the!
superconducting transition bepan at 102 K.
critical current density i measured at 71 K I
zero magnetic ficld war not less than (5-8) 1
for the better samples. The values cited for,
here are lower estimates, singe we were not 8
to determine the thickness of the resulting &W
conducting film on the tablet very accuratelys:
we were not able 1o & Licve u reliable ohmic
with the test samplos.
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his study has shwn that it is

Fi tn hjgh-temperature supercon-
'bY the method of laser annealing

7 Finely disperse stock material.

method will make it possible

Bb - films of high-temperature super-
iy jous semiconducting and insulating

1 deposition of a finely disperse
ous gubstrates is a problem which

Head June 14. 1986
7o Tekin Fiz 14, 1591 1554 September 12, 1988]

ant spectra of metal—oxide—semiconductor
n-a silicon surface reveal an emission
oni—hole pairs which are bound with a
prge layer (the S line*:?). At a high
rge density ng the surface pairs exist
f a two-dimensional (2D) plasma with
parxite electron and hole layers. The
gition of the S line is determined in this
o depth of the Fermi level of the 2D
¢ surface-charge layer and by the
of the electron—hole correiation interac-
#3} meV (Ref. 1). At low values of ng
#oe-pairs exist in the form of excitons
h @ surface-charge layer.:®

. .

resent experiments on a number of
the {100) surface of phosphorus-doped
“have observed a new line on the long-
side of the S line in the spectrum.

“line comes from the radiative recembination
eirons and holes which are localized at
genters (the D line; Fig. 1). As thc gute
creased, this new line arises after a

118 reached during the formation of an

A ;pace.—charge layer. This spectral position
nRne is determined by the depth of the

vel of the 2D electrons in the quantum well
ihe binding energy of = hole at a surface
At a low density of two-dimensional

the binding energy of a hole at a surface
about 45 meV, and the spectral peak of
Hes 25 meV lower in energy than the
£#0e of an exciton bound to a neutral donor
MTUs).  As ng increases, this line shifts

a Wavelength direction because of an in-
'fume depth. of the electron Fermi level in
oo Potential well, At low values of ng
o Width of the D line is determined by
the band of hole cnergy levels in the
~and bending region near the surface and
C_tuatjons of the surface potential. The
' 'e: Case iz substantizlly greater than

p . CTBY of the ZD electrons. At large
ns’ s spectral width becomes approxi-
Samp: as the Fermi energy of the 2D
o0 it increases with increasing ng.

€ Spatial separaticon of the electrons

8o
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 We wish to thank 5. V. Gaponov for a useful
discussion of these results.

1 A. I. Golovashkin, S. I. Krasnosvobodtsev, E. V. Pechen', and
V. V. Rodin, Kratk. Soobshch. Fiz, No. 9, 39 (1987).

2 4. Adachi, S. Kentaro, M. Tsuneo, H. Xumito, J. Jo, K. Takeshi,
and W. Ksyotaka, Jpn. J. Appl. Phys. 26, 709 (1987).

% X. Tomoji and K. Masaki, Jpn. J. Appl. Phys. 26, 736 (1987).

Translated by Dave Parsons

centers in silicon in metal-oxide-

[7 elP}lSicorechmcm' Institute, Academy of Sciences of the USSR, Leningrad

and holes we observe a short-wavelength shift of

the D line with increasing excitation level. This
shift is approximately equal to sup = 4 we®c,” -
and,’Z, where n,, is the density of lecalized holes,
zq/? is the average distance from the surface to

the holes, ey is the dielectric constant of the silicon,
and e is the charge of an electron. By determining

I
BE]| %7
L 5”()(3)
A, ~L.
1.082 1.072 1.052 1.032
hy,ev
FIG. 1. Recombination radiation spectra of silicon at T = 1.9 K
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(MOS structure; Si:P with a donor density ~3-10 en” ? 3
TO—10 lines). The electron densities in the channel, ng, are,
in units of 1012 1 1) 0.07; 2, 2') 0.3; 3) 0.54; 4-4") 1.47;
5-5") 3.35. The excitation level, in'units of W/em? , is: 1-5)
107 2751y 1077 5 4n, 51y 1071 .
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#10. 2. Degree of circular
polarization of the recombina-
tion radiation of silicon, Py,
versus the magnetic field H at
T = 1.9 K. 1) TO—LO0-D line,
hy = 1.071 eV, ng = 5.4°10"}
cm?; 2} TO line of a bound
axciton (BE), h v = 1.092 eV,
The excitation level is 5-107%
Wien?® .

the nonequilibrium hole density np from measure-
ments of the short-wavelength shift of the S line

in the case of a {100) hole layer,* and also using
sup, we find the average distance from the surface
to the localized holes to be Zd,f2~(‘2-3)-10‘E cm.

In this case the maximum short-wavelength shift
corresponds to completely filted surface centers

with a density ng = Iip ~ 10%° em™. We suggest
that these surface certers are boron acceptor atoms.
An excess boron concentration (~10*° cm” ) may
arise near the surface during the deposition of the
semitransparent metallic gate of boron-doped pelycrys-
talline silicon on the oxide. When the emission is
detected zlong the direction perpendicular to the
surface, we observe in the Faraday geometry (Fig.
2) circular polarization of the LO—D emission line,
due to the orientation of the heavy holes in the
magnetic field. The energy level of the light holes
is split off by the surface electric field and does
not contribute to the emission. The TO-D emission
line is unpolarized in a magnetic field because of
the orbit-valley splitting of the states of the 2D
electrons. The average degree of circular polariza-
tion of the resultant TO—LO-D emission line is

Py 10 (Lo * Irp )y ¢ (3¢, /% Hf2 KT ),

of a moving object
1. A. Dukhovskii and P. I. Kovalev
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The supersonic flow of a dust~containing gas
around a blunt object was studied experimentally in
Refs. 1 and 2. The investigators observed the
formation of a zone of elevated concentration of the
disperse phase near the shock layer. It has been
suggested that this effect is a consequence of the
breakup of solid particles in collisions with the sur-
face. In an effort to refine the model which has
been proposed for the formation of a zone of ele-
vatet.i concentration of the solid phase, we have now

< carried out experiments on the collision of individual

NI, .
,trﬁaclgjlglmg to our.estimates, most of the frag-
ey resu. rom the breakup are less than
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where Iy oflTo = 0.14, u, is the Bohr magnetop
H is the magnetic field, kT is the temperature -
and g, = 0.6 is the g-factor of the holes. Ty
degree of polarization of the emission is essent
independent of the excitation level and of ng,
reaches a maximum at the short-wavelength eq
of the line in the region of the maximum contrj
tion of the LO emission line. The absence of

quenching of the TO—D line in a magnetic fielq
large values of ng is evidence of a pronouncegd;
mixing of the hole states with angular momentg
£3/2 and *1/2. When the emission is detected
a direction parallel to the surface, the TO-D
in the absence of a magnetic field is polarized
the surface with a degree of linear polarizatio
([!l e IJ.) I(I' + IJ_) = 0.30, confir-ming the

sion regarding the 2D nature of the electrons
decrease in the intensity of the D line with ines
ing ng (Fig. 1) may be a consequence of a de

in the overlap of the electron and hole wave fupg
tions as a result of a decrease in the radius of N
wave function of the 2D electrons.

We wish to thank A. A. Rogachev for us
discussions.
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10 pm in size. It follows that in order 10
the velocities of the fragments we should PES
their slowing in the gaseous medium. = gl
of solid particles with surfaces were 39091,
means of & gas jet; the maximum collisiol
was ~100 m/s.

To carry out some similar studie
bailistic method, which make it possi®
the gas from influencing the motion O
and to study the collision process at el
tties -850 mfs. We studied the collisiod
falling solid particle with an object hur
atory accelerator. The samples wWere me
steel cylinders whose leading edg®
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