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Raman and luminescence spectra of high-T
c
 superconducting oxides

are summarized, mainly УВа
г
Си

з
О

7
_^ and partly La.^Ba^CuO^. In Raman

spectra we succeeded to distinguish electron scattering, to define the
energy gap Д in the superconducting state, its relation to T (r=

С

2Д/к
в
Т

с
 =3.52+0.15) and temperature dependence ДСТ)=а(1-Т/Г

с
)

1/г
, that

is not inconsistent with the BCS theory. The luminescence spectra are
due to the emission of a thin adsorbed layer, atomic with the
necessary participation of oxygen and interaction with conduction
electrons. Intensities of both the narrow lines (3.36 and 3.31 eV) and
the broad continuum CE a2.7 eV) are sensitive to the SN-transition

max

that makes it possible to suggest a new diagnostic method of the
SC-phase.
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1. INTRODUCTION
Since the discovery of HTSC, they are being intensively studied

theoretically and experimentally, aimed at the definition of the
nature of superconductivity. Moreover, one of the most important
questions is that of the role of phonons and electron-phonon coupling
in the HTSC mechanism which can be solved using the Ranan scattering.

Raman spectra in themselves give insufficient information about
the phonon spectra of the objects studied since an essential part of
phonon modes is not Raman-active. However, together with other
investigation methods, Raman scattering makes it possible to obtain
quite useful information that is hardly or never available in other
ways. An important advantage of Raman scattering is that it can
provide the exact definition of the phonon energy in high symmetry
points of the Brillouin zone and observation of these values changing
under various external effects. At present Raman scattering is applied
to obtain information about the phase composition and to find optimal
synthesis conditions l>e>.

Spectroscopy of the electron-photon emission is a fairly well
developed method to study the electronic structure of plasma
resonances, surface adsorption state and other characteristics of
normal metals 3). However, the emission spectroscopy of classical
metals in the superconducting state was not applied and until recently
the relation of luminescence spectra and superconductivity was not
found. Since the discovery of HTSC, experiments are performed on the
emission spectra of these materials in the SC-phase. Now cathodolumi-
nescence spectra *"7),those of photoluminescence 8'#) and thermo-
luminescence 10) are obtained for HTSC samples and, first of all, for
the Y-Ba-Cu based ceramics. For the first time the effect of the SN-
transition on the HTSC emission was detected in B'e) where cathodo-
luminescence of YBaaCu30?_<j was studied under the low energy electron
bombardment 0), as well as photoluminescence of YBa3Cua07_^ under
synchrotron radiation *}. Moreover, the superconductivity effect is
detected l0) in the thermoluminescence spectrum of YBaaCu307_^
irradiated by X-rays. In this review the results are summarized of the
SN-transition effect on cathodcluminescence HTSC spectra, various
anomalies are demonstrated in the points of SC-phase nucleation,
certain conclusions are made about the nature of the emitting centers



s,e,11,18)
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 pesujts of complex studies of optical, resistive and
magnetic properties make it possible to state that some HTSC emission
components are extremely sensitive to SC-phases. Comparative spectral
studies of cathodolurainescence of HTSC and different metallic CAu, Cu,
Al, etc.) and dielectric Csapphire, quartz and solidified gases)
surfaces showed that the HTSC spectrum is mainly due to the surface
emission centers of the adsorption origin. Adsorption emission
components appearing on metallic surfaces are sensitive to the
SN-transition, i.e. sensitive to free charge carriers. CThey are
charge-sensitive spectrum components). Henceforth, we should not
consider in detail the results of this comparison and concentrate our
attention on various anomalies in the points of the SC-phase
nucleation. It should be noted, however, that though the adsorption
centers nature is not finally determined, our preliminary data indi-
cate a significant role of atomic and molecular oxygen on the surface
in their formation. This oxygen can be adsorbed from air or accumulate
on the surface from the superconductor bulk. Previously, the adsorp-
tion emission induced by oxygen on the nickel surface was used

 l3)
 to

detect the magnetic phase transition at the Curie temperature С360 С).

2. RAMAN SCATTERING

YBa
2
Cu

3
0

7

Fig. 1. The atom positi-
ons in a unit cell of
orthorhombic

superconducting materials are crystallized into the
orthorhombic structure (space group D^

h
)

with one formula unit per a unit cell
CFig. 1). According to the theory group
analysis

 l4
"

l7)
, the Raman spectrum has 15

allowed active modes with A , B
g
 and B

3

symmetries. Moreover, for each vicrational
symmetry two low-frequency modes are
expected due to Ba and Cu2 atom
vibrations, as well as three high-
frequency modes for those of 02, 03 and 04
oxygen atoms. Y, Cul and 01 atoms do not
emit Raman-active modes. Only 5 A modes
are observed, in fact, in Raman spectra
(Fig. 2).

A - vibrations of metallic ions. In
YBa Cu 0 z-vibrations of Ba and Cu2 ions

Э 7
belong to them. These vibrations are res-



can be accounted for by a decrease of electron shielding С via
electron-phonon coupling) while approaching the semiconducting
composition

 87)
. Of great interest is the behavior of the 500 cm"

line which is due to the 04 oxygen vibrations. The line frequency
diminishes linearly as oxygen is removed. As it is known

 a
*
J
 , with the

oxygen concentration decrease the unit cell length Cc) increases in
the z-direction and the Cul-04 bond is shortened that should result in
an increase of the 04 oxygen vibration frequency along the z-axis. In
RBa

a
Cu

3
0

7
 (where R are rare-earth elements) an increase of the rare-

earth radius also leads to the c-axis lengthening and the Cul-04 bond
shortening

 30> 3I)
. In this case the 500 cm"

1
 mode hardens

 30> 3I)
. An

anomalous behavior of the above line in Yl:2:3 seems to be related
with a change of force constants in compounds with various oxygen
concentrations

 ae)
.

Since phonons can play an important role in the superconductivity
mechanism, the Raman spectrum response to the SN-transition is of
special interest. The temperature behavior of phonon lines was vastly

. An anomalous behavior was detected only for the line
CFig. 3). As the temperature drops up to T

c
 this line

hardens. Below T
c
 the

frequency shift changes its
sign, i.e. the line softens
(by about 6-7 cm"

1
 at T=10

К " « " ' D . Such behavior is
typical for lines attribu-
ted to bending vibrations
of Cu2-02, CuE-03 bonds in
the entire family of super-
conducting materials Ml:2:3
CM=Y, Sm, Eu. Ho. Gd)

 3a)
.

In nonsuperconducting samp-
les Yl:2:3 the 340 cm"

1

mode frequency increases
smoothly without any anoma-

Softening of Raman-active modes below T
c
 made it

that strong electron-phonon coupling is present

studied
 38
-

38)

near 340 cm"
1

0 iQO 200

TEMPERATURE (K)

Fig.3. Temperature dependence of the
center frequency C«

o
) of the 335 cm'

1

phonon line in YBa
a
Cu

3
0

?
 single crystal

34)

ly upon cooling
 3a)

possible to assume
 3
*
}

in Yl:2:3 superconductors.

As the excitation intensity rises some variations were observed

5



in the Raman spectra of a tetragonal YBa Cu 0 crystal, i.e. a shift
towards the low frequencies and broadening and enhancement of the band
at 480 cm"

1 37)
. The above peculiarities of the phonon line behavior

were different for different laser wavelengths. Polarization reflec-
tion spectra RCX) showed a sharp change in RCX) at Х&Ю00 8 which was
attributed to interband electronic transitions resposible for the
resonance character of the phenomena observed in the Raman spectra. It
was pointed out that the treatment in

 37)
 is consistent with the band

structure calculations
 3e)

 which show also the possibility of low
energy electron transitions in Yl:2:3 crystals. These transitions
should result in the formation of the electronic continuum in the
Raman spectra with which phonon scattering can interfere.

Electron scattering being an intense background in Raman spectra
was observed while studying single crystals YBa

2
Cu

3
0

7
_

<5

 3#
'

40)
 and

Bi Sr CaCu 0
 4i)

. The electronic continuum is found to be
a. s l. • 2 у

symmetrically dependent, i.e. the background level is different for
polarized CXX, YY) and depolarized CXY, YZ) Raman spectra. The
electron background is appreciable for XX-, YY-geometries and weak for
XY and YX ones. Comparison of XX- and YY-spectra shows that the
contribution due to interband transitions decreases when the exciting
emission polarization is normal to Cul-01 chains.

Phonon interference with the electronic continuum is described in
the framework of the Fano resonance

 4a)
 and manifests itself in the

asymmetric line shapes, viz.
Cl - exp С ЬйИс

в
Т)Г

1
 aiw Ctf - и

8
)

8

SCw) a ,
C«

2
 - a

8
)

2
 + 41* w

8

О
where fl

a
 is the antiresonance frequency, Г the coupled-phonon line-

width, u
o
 the renormalized phonon frequency and k

B
 the Boltzman

constant.
Interference was observed in the Raman spectra of the

orthorhombic single crystal YBa
a
Cu

3
0

7
_

<
j for the 116 cm" and 340 cm"

1

lines « • " • •
0 )
 (in "•

40)
 the 116 cm"

1
 line is assumed to be due to

the z-vibrations of Cu2 atoms; in a tetragonal crystal the 340 cm'
1

line shape is symmetrical
 S 3 >

) . Experimentally, the effects observed
indicate that the electronic continuum symmetry is the same as that
for the 116 cm"

1
 and 340 cm"

1
 modes, since phonons can interact only

6



with the continuum of similar symmetry.
Since the theoretical treatment assumes different HTSC

mechanisms, observations of the energy gap, the determination of
r=2A/k

B
T

c
 and temperature studies of the gap parameter A should be

useful for understanding the superconducting nature in HTSC. However,
during this stage of studies, the results of various experimental
methods are quite different. Vlhile studying the tunneling

 43
"

4B)
 the

value of г was found to be equal to 4.5-13, whereas infrared
reflection *•-••' and ultrasonic attenuation

 4
" give r*3.5 that is in

a good agreement with the BCS theory in the case of a weak coupling.
It should be noted that sometimes the results can be inconsistent even
within a single method.

Therefore, it is clear that accumulation of sufficient reliable
reproducible data is required obtained by various methods.

Together with other methods, Raman scattering makes it possible
to directly observe the energy gap at the transition to the
superconducting state and to obtain a reliable value of the gap
parameter. The possibility of observation of the superconducting gap
by Raman scattering is substantiated theoretically in

 e
° -

e s )
. The

energy gap in the electronic Raman spectra should manifest itself at
the transition to the superconducting state as an asymmetric feature
near 200-600 cm"'

 93)
. The effective scattering cross-section is as

follows for T=0
 et>S3)

f
P (A)

f a A
8

Сш) = S d t P (A) + 1
l со Co* - 4 A

8
) «

/ s

where P
s
CA) is the weight gap distribution and factor a includes

constants and scattering tensor matrix elements. This equation leads
to the low frequency cutoff of the above special feature for o>=2A.
However, a direct observation of the energy gap in the superconducting
state is made difficult because of the low intensity electronic
scattering. It is mainly due to the fact that light penetrates into a
fairly thin surface layer only

 S2)
. Thus, the electronic scattering

efficiency in the superconducting state is estimated to be about 10'"
so)

In our works
 B4

'
se)
 we studied four ceramic samples of

УВа
2
Си

з
0

7
_£ with different oxygen concentrations. (The sample diameter

is 7.5 mm, thickness 2 mm). The samples are synthesized using a
7



standard ceramic technique eo> from the mixture of Y203, BaC03 and
CuO. A nonsuperconducting sample has the tetragonal structure and the
composition similar to YBaaCu30e. The Te values for three HTSC samples
studied were determined by electrical resistance to be 92, 87 and 76
K, respectively.The sample surfaces were mechanically polished using
diamond pastes.

Raman scattering was excited by an Ar+-laser (the 4880 £ line; a
diffraction grating was used to filter out the plasma emission) and
recorded using a Jobin & Yvon U-1000 double monochromator with
holographic gratings С1800 gr/mm). The spectral gap width was 6.5
cm'

1
. The 80 mw laser emission was polarized in the scattering plane

and focused at the sample into a spot of 0.1x2.5 mm which is
appreciably larger than ceramic microcrystal sizes. The angle of
incidence of light was about 68° to the sample normal.

To estimate variations in Raman spectra appearing upon cooling,
the 300 К spectra were subtracted from those below T

o
. Figure 4 shows

the results of such processing
for samples with 6=0; 1. It is
seen that for YBa

t
Cu

3
0

7
 there

is an anomaly near 56C -ж"
1

with the half-width of about
500 cm"

1
.

The lines observed in the
difference HTSC spectra had a
prominent low-frequency cutoff
which defined the
superconducting gap width. For
YBa

a
Cu

3
0

7
 at 4.2 К the energy

gap is 2A=225+10 cm"
1
 (about 28

600 УЮ 200
RAMAN SHIFT, cm'1 meV). This makes it possible

to obtain r=3.52±0.15 (for T
c
=

92 Ю coinciding with the uni-
versal constant in the BCS
theory. The results of the
present work are in a good

qualitative agreement with the earlier studies of Raman spectra of a
film (r=3.4) "

7>
 and ceramic samples (r=3.5) ••». Unlike the latter,

the present measurements were performed on Uniphase samples.

8

Fig. 4. Results of subtraction of
Raman spectra at 300 К from those at
4.2. К for two YBaaCu30T_£ samples.



It should be noted that a decrease of the difference spectrum
intensity in the low intensity region is not so sharp as it could be
expected. Such a behavior can be accounted for by both: i) the
intensive electron scattering contributing to the scattering at T<T

c

and ii) anisotropy of properties of the objects studied
 9e)

 resulting
also in appreciable half-widths of the difference spectra.

Figure 5 shows the In-
dependence of the gap for three
superconducting samples of
YBa

2
Cu

3
0

?
_

(
y studied by us. This

Figure indicates also the 2Д
values for five samples of
various compositions

 4e)
 and the

2ACT
c
) dependence based on the

BCS theory. It is seen that the
data give a good fit to the
theory and the results of former
infrared reflection studies.

The temperature dependence
of the gap is different for
superconductors with strong and
weak coupling. The gap decreases
according to the law A(T)=

$20°

100

Fig. 5. The dependence of the
energy gap parameter 2A on the
critical temperature; open
circles are from

 4e>

~
z
 T7T~ near the critical

temperature. In the BCS theory the value of a is universal and equal
to 3.06 and, in the case of strong coupling, this coefficient is
different for various superconductors and dependent on the critical
temperature and the crystalline lattice vibrational frequency
characteristic of the given compound. In "' the temperature
dependence of the energy gap was studied for a superconductor witr
«5=0. The results of measurements are given in Figure 6. The solid
line indicates the temperature dependence of the given gap in the c?
of the BCS theory. The temperature dependence ACT) of TBaCuO-ceramics
was defined earlier by the current-voltage characteristics studied

 eo)

and the infrared reflection
 e n

. These experiments showed a fairly
good agreement betwen the ACT) behavior and the BCS theory. A paper
should be noted *

a)
 where hBa

a
Cu

3
0

7
_

|
j superconductors were studied.

The authors present the power dependence of ACT) distinct from the BCS

9
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Fig. 6. Temperature
dependence of the
gap energy for

by different

theory. Besides, the authors pointed out that
the experinental results were rather approxi-
mate that was related with the difficult
location of the maximum in the reflection
coefficient ratio of the superconducting and
normal states. Experimental difficulties in
defining the low-frequency edges of the
difference spectra near T

o
 do not permit us

to make an anambiguous conclusions. Newer-
theless, Figure 6 shows that the energy gap
width minimized with- the temperature rise.

Striking in the HTSC studies is the fact
that some works do not provide data on the
temperature dependence of the energy gap; and
a number of works point out that the energy
gap has an extreme value just below T

e
. These

data make the existence of the gap
questionable. Therefore, further studies of
the temperature behavior of the gap are
methods, and especially, on HTSC singlerequired

crystals.
It was shown

 e 3 )
 that in perovskite laminated structures which

are HTSC the Coulomb electron repulsion is suppressed on adjacent
layers. This leads to the electron pairing in different conduction
planes rather than in a single one. As a result, the superconducting
gap becomes strongly anisotropic and T

c
 appears to be essentially

higher by a factor of expCp*/X
e
)»l as compared with a standard

superconductor. Here у!* is the Coulomb pseudopotential, \ the
electron-phonon coupling constant. Hence, in view of the above, of
interest are the results of HTSC single crystal studies

 3
*-««>

93)
.

All these papers have much in common in that below T
c
 electron

scattering undergoes redistribution due to the formation of the gap. A
sharp decrease of the background intensity is observed in the low
frequency spectra, with the broad asymmetrical maximum appearing near
300-600 cm"'. Redistribution of the electronic continuum is strongly
dependent on the light polarization that confirms the considerable gap
anisotropy. Thus, the 35 '/. energy difference was observed in the low
temperature characteristics

 3
*

>40)
. In "' the authors succeeded in

10



determining the energy gap for four various experimental geometries.
The 2A values are obtained from C3.O+2)k_T to C5.5±1.6) k

n
T .

ОС ВС

In the present paper only some applications of Raman scattering
to HTSC are demonstrated. Studies performed and being performed at
present should contribute considerably to the understanding of physics
of these new materials.

3. LUMINESCENCE
In our experiments we used a wide number of superconducting

ceramic samples of Yl:2:3 which differ in a preparation regime, oxygen
deficiency, including YBa

e
Cu

3
0

e в
 in the nonsuperconducting

tetra-phase. Comparative optical and resistance measurements were
carried out using Yl:2:3 samples. Besides, combined optical,
resistance and magnetic measurements were performed on
La

e
_

x
Ba

j(
Cu0

4
_

(
j ceramic samples. The samples used were cylindrical

pellets of some millimeters in thickness and 10-20 mm in diameter.
They were attached to a cooled copper pin С with a variable
temperature) in a vacuum chamber of an optical cryostat. The operating
vacuum of 10"

7
 mm Hg was achieved using cryogenic pumps. The

luminescence spectra were excited by the low energy electron
bombardment with К З keV and the beam current density j=10i20 /iA/cra"
Measurements were performed in the spectral region from 250 to 700 nra
C5il.8 eV). The temperature dependence of the emission intensity JCT)
at a fixed wavelength, the emission spectrum at a fixed temperature
JCX) and resistance characteristics RCT) were recorded continuously.
Magnetic measurements based on a SQUID magnitometer and the Faraday
method were published elsewhere

 18)
.

Figure 7 shows the most typical cathodoluminescence spectra of
YBa

e
Cu

3
0

7
_

<
j and La

ex
Ba

jt
Cu0

4
_

(
j at temperatures above and below the

critical one which was determined by the resistance transition. Solid
curves indicate the charge-sensitive spectrum components that display
anomalies at the SN-transition. Among them one can see i) a narrow
discrete band consisting of two lines at 3.36 eV Ca-line) and 3.31 tV
(/3-line); ii) a broadband continuum with the maximum near 2.7*2.8 eV
which is , generally speaking, nonelementary. As was mentioned above,
these charge-sensitive components manifest themselves on metals only.
They were the most intensive for aluminum. For HTSC spectra component
intensities and their relations depend on sample manufacturing and
densities, the surface state and a variety of some other factors. The

11



a-line intensity сап be enhanced
through a long-duration irradiation
of a HTSC by electrons that seems
to be due to oxygen accumulation on
the surface from the bulk. For a
number of netals and HTSC the
a-line was stimulated by the
formation of rough surface. The
line and continuum maximum had

different stabilities against
radiation; the line was more stable
for the electron bombardment. The
above factors indicate a complex
character of the adsorption
equilibrium on the surface and its
dominant role in the surface state
spectrum formation. Dielectrics
have no such emission components.
At the same time, some lines
(dashed lines ir Figure 7) present
in the spectrum are displayed for
dielectric surfaces as well. They
are related with the emission from

neutral adsorbed nitrogen : N
a
C

a
D)

=> NC
4
S) (the 522 nm line) and

J
It

IN
T

E
N

S
I

1
|

IN
T

E
N

S
I

Ц

V

A
//л

3

ft20K

/iSK

1

г

2.5 E(el

V

\
1

Ь

500 X(nm)

N
2
CB'n

g
) (a part of the

330 T

зоо т
Fig. 7. Characteristic spectra
of the electron-photon emission
of YBa

a
Cu

3
0

7
_

<
5 Ca) and

La BaCuO , Cb) at
different temperatures,

series near 330 nmJ.They are not
sensitive to the SN-transition. Figure 7 shows also the V-band in the
310 nm region C3.9 eV). We failed to detect its sensitivity to the
SN-transition, but our interest is connected with the fact that the
band correlates with the presence of defects in HTSC samples. In some
Yl:2:3 films this band intensity was strongly dependent on the
radiation dose, and its rise correlated with the intrinsic oxygen
disappearance. The defect nature of the V-band was indicated in '

o)
 as

well.
As it is seen in Figure 7, at temperatures above T

c
 the a-line

disappears. Since it is located on the broadband emission background
the net temperature dependence 2CT) at 3.36 eV is SCT)=CCT)+oCT) where

12



CCT) and aCT) are the dependences for the continuum and a-] ine,
respectively. To separate aCT), CCT) was usually measured near the
line and the net SCT). Figure 8
presents SCT) and CCT) for S

g

CYBa
a
Cu

3
0

7
_

<
y). The aCT) dependence

was obtained by subtraction of
these two records. Here presented
is the resistive characteristics of
the sample having T

c
 = 85 K. SCT)

is seen to display a sharp
peculiarity at T

o
. The a-line

intensity appearing at T
c
 rises

rapidly and reaches 90 a of its
maximum value within 7-8 K. In the
samples with an appreciable oxygen
inhomogeneity the temperature
dependence aCT) can have some
peculiarities at T

o <
 Moreover, the

SO 60 70 80 90 fOO 110 T(K)

Fig. 8. Temperature behavior
of the intensities of the net
emission SCT) at hu>=3.36 eV.
of the continuum CCT) and
of the a-line
CY1:2:3).

aCT) for S

Moreover, the absolute intensity of
the a-line is also significant. The
high intensity makes it possible to
observe the more fine effects in
the a-line behavior. To illustrate
this, Figure 9 gives aCT) for S

a

and S
t
. As distinct from Figure 8, the aCT) curves for S

s
 in Figure 9

correspond to an increase of pumping power by about a factor of 2 and
the a-line intensity by a factor of four. It was possible to detect
one more jump of the a-line at 96 K, the jump width being 2-3 K. For
S three characteristic regions can be noted of the sharp a-line
increase even upon small excitation powers. A jump-like appearance of
the a-line is at Tj=98 К when the SN-transition is detected by
resistance. As the temperature drops up to 80 К the intensity is
nearly the same, and below there are two more regions at Т^авО К and

T i n
2 6 0 К where the aCT) rise occurs faster. These two temperatures

can be distinguished as the ranges of a high increase of the daCTVcfT
derivative. It should be noted that in the first paper concerned with
the HTSC luminescence

 4)
 the aCT) evolution at 10-60 К was similar to

that for S in Figure 9; however, because of the low intensity the

13
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\ct(T)
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T
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a

n

6

n

line could not be traced at
T>60 К and near the
SN-transition. If one
assumes that the crintensity
is proportional t"> the
volume of SC-phases in the
near surface layer, the
jumps should reflect volume
ratios of different SC-
phases in various
temperature ranges. The
a-line sensitivity to the
multiphase, as well as to an
extremely small SC-phase
volume which does not effect
RCT), was confirmed by
comparison between optical
and magnetic measurements on
La Ba CuO

 л

 18)
.

г -x x 4-0

For experiments two
La-Ba-Cu samples were
selected having quite different resistive characteristics. According
to resistive measurements, the S

e
 ceramic transition to the

superconducting state was in the range of 30-40 K, and RCT) for S was
the same as that of semiconductors. Figure 10, a gives the aCT)
curves for these samples. Three peculiar temperature points T , T and
Т

з
 can be seen. Between them the aCT) intensity rises linearly in T.

The a-line appearance is observed at Т
(
=57 К. And at T

a
=36 К and Т

з
=12

К a jump in the daCT)/dT derivative occurs. T
s
 coincides with the

resistive transition, but peculiar points T
t
 and T

3
 should be verified

by magnetic measurements. The magnetic moment N was measured on the S
sample Csee Figure 10, b). At T=T

t
=57 К the diamagnetic response

appears. The SC- phase responsible for the signal at T
t
 has a

negligible volume (magnetic moment is about 1 % of ideal magnetism),
does not provide transport superconductivity and seems to be a trace
of another phase (e.g. LaixBaxCu03_£ with higher Tc= 50^.70 К

 в 4 )
) .

Measurements performed in high magnetic fields, above critical ones,
showed that T

3
 is responsible for antiferromagnetic ordering. Thus,

14

30 АО SO 60 70 80 90 100 T(K)

Fig. 9. Temperature behavior of 2CT)

and aCT) for S
2
 CY1:2:3) under the

high excitation powers (a);

temperature behavior of aCT) for

S CY1:2:3) Cb).



H=t0,50e

the above experiments directly
demonstrate high sensitivity
of the a-line to phase tran-
sitions and to the presence of
an extremely small SC-phase
volume.

While studying the
temperature a-line behavior
with various T scanning
directions, we detected
hysteresis of the emission
intensity '". In some Y1:E:3
samples the a-line sensitivity
to the SH-transition was more
critical upon heating rather
than upon cooling. Figure 11
shows hysteresis for two
above mentioned samples, S

(

and S
2
. The multiphase S

j

sample was used for a detailed
study of the appearance of
the hysteresis loop
depending on the temperature
T

t
 at which cooling stops

(Fig. 12, a). It should be
noted that the critical

that the critical decrease of the a(T) intensity occurs within 2-3 К
at the highest T passing over critical points of low temperature
phases at T26O, 85 K. To account for the results, the model of kinetic

Fig. 10. Temperature behavior of
aCT) for S

e
 and S

7
 CLa-Ba-Cu) (a).

In the insert the resistive
characteristic for S

e
 is shown.

Magnetic characteristics of the
S

7
 sample: о -
Cb)

blocking of metastable states
ee)

was used. Hysteresis observed
evidences that SN-transitions are somewhat similar to the first-order
phase transitions.

Now let us dwell upon spectral anomalies ir. the SN-transiticp.
manifesting themselves in the other charge-sensitive spectrum
component, namely in the continuum band. Of most interest is the
anomaly in the form of the continuum burst, noted first in

 e)
. Our

further studies confirmed bursts of cathodoluminescence and made it
possible to carry out a series of measurements in order to trace the
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Fig. 11. The appearance of hyste-
resis of the emission intensity
of the crline for S

%
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Fig. 12. Bursts in the continuum
emission at the resistive transi-
tion of YBa

e
Cu

3
0

7
_

)
y. The dashed

line indicates the resistive cha-
racteristics RCT). The bottom
scale is the indications of a
thermal detector in volts.

Ca) and S
a
 CY1:2:3) Cb). Arrows

indicate the temperature scanning direction. T
t
 is the temperature at

which cooling stopped.

evolution of these bursts. The temperature dependence of the
continuum intensity near the 2.8 eV maximum is given in Figure 12. The
resistive characteristic of the YBa

a
Cu

a
O

7
_

(
j sample where optical

measurements were performed is also presented. Records 1 and 2 are
obtained after the sample was placed from air into the cryostat vacuum
chamber and differ in the sample heating rate in the vicinity of the
SN-transitior. (5 K/min and 1.5 K/min, respectively). Irrespective of
the heating rate, the emission burst occurs directly at the SN-
transition. The burst contour is symmetrical. The burst position
independent of the heating rate and the contour symmetry are important
distinguishing features of the phenomenon observed from the classical
thermally stimulated luminescence of charge traps. The long-duration
electronic 100 J/cm

8
 irradiation resulted in the disappearance of

bursts, the intensity changed monotonely in the entire temperature

16



range (record 3). Then the sample was exposed to air within twenty-
four hours and the Measurements were repeated. Records 4 and 5 were
made during this new cycle of measurements, all the other conditions
being the same. Intense bursts are recorded again with maxima directly
at the SN-transition. Subsequent electron irradiation resulted in the
disappearance of bursts (record 6). Of importance is the fact that
each burst of emission was accompanied with a short deterioration of
vacuum in the chamber where the sample was placed, that evidences
about the strong gas desorption during the SN-transition.
Experimentally, it is shown that centers adsorbed on the sample
surface play a decisive role in the formation of bursts.

Furthermore, the entire emission profile was traced in the
vicinity of the SH-transition. The results are summarized in Figure 13
for Yl:2:3 with T

o
=85 K. As it is seen in the Figure, the spectrum

consists of three Gaussian
components C

%
, C

a
 and Cy Their

intensity ratios can be somewhat
changed for different samples, but
contour positions remain
persistent. The entire spectrum
burst is the most clear in the
difference spectrum AJ*I(X, T ) -
IQ, Г ) where T'<T

e
. The emission

burst is seen mainly in the C
a

contour band. An enormous
intensity rise of the free atomic
oxygen line OC'D^) • (X

3
P

o
) also

takes place at 630 nm (1.96 eV),
as well as that of the atomic
oxygen line ОС'Si * ОС'D ) at 557
nm C2.12 eV).

The bursts observed, as well
as renormalization of the entire
emission spectrum at the
SN-transition evidence that the
SC-phase formation occurs on the
background of strong enharmonic
effects. Noteworthy are the data

300 100 500 600 X(nm)

Fig. 13. The Yl:2:3 emission
spectrum behavior at T=130 К
>T

c
, T=25 К < Т

с
 and at the SN-

transition T=85+2 К = T Ca);
AJ the difference emission
spectrum: AJ=JC\,T

c
)-JC\,T)

where T=25 К (b).
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on Raman scattering
 ee)

, the y-resonance
 e7)

 and thermal
 ee)

experiments that indicate the crystal structure instability in the
vicinity of the SC-phase transition.

Thus, electron-photon measurements demonstrate that there are
certain components of the surface emission, highly sensitive to the
SC-phases.Charge-sensitive emission centers of the adsorption nature
have this effect in the SC-phase. Superconductivity diagnostics using
the emission spectra is a new method which requires not only
verification, but also the more profound insight into both the
emission center structure and the mechanisms of the superconductivity
effect on spectral anomalies. All these questions remain disputable
в», 70)
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