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The superconducting properties of Pb and NbJSn films irradiated by a pulsed laser are studied. A GaAs 
laser with pulse intensities up to 50 Wand pulse durations between 0.1 and 10 iJ.sec was used. The 
dependence of the signal due to the appearance of resistance on the sample temperature and on the 
intensity and duration of the laser pulse is studied. A spatially nonuniform distribution of the excitations is 
observed. The phenomenon resembles the formation of Keldysh exciton drops in semiconductors. 

PACS numbers: 73.60.K, 74.20.G, 79.20.D 

INTRODUCTION 

To resolve the question as to the possibility of high
temperature superconductivity under nonequilibrium 
conditions, it is important to investigate the properties 
of nonequilibrium superconductors. The present paper 
reports on a study of the properties of superconducting 
films of Pb and Nb:$n that were irradiated with a 
laser. As a result of the investigations, it was estab
lished for the first time that a spatially nonuniform 
distribution of excitations is formed in the superconduc
tor under the action of the laser radiation. The phe
nomenon is similar to the formation of a spatially non
uniform distribution of excitons in semiconductors 
(Keldysh drops). 

EXPERIMENT 

1. The investigated layers were obtained by evapora
tion in vacuum on polished ruby substrates, which 
guaranteed their high homogeneity. The measurements 
were carried out on ten Pb films and four Nb3 8n films. 
Their parameters are given in the table. Most of the 
measurements were made on films of Pb of thickness 
1000A and films of Nb3 8n of thickness 2000A. 

As a source we used a GaAs semiconductor laser with 
a radiated pulse power of up to 50 W, wavelength 0.S5 /l, 
and pulse durations fromO.1 to 10 /lsec. The voltage 
pulses to the laser were obtained from a G5 -15 generator 
by means of a current amplifier. The radiation was in
cident on the sample through aquartz -rod lightguide, 
giving a uniformly radiated spot of diameter 4 mm. The 
radiation that emerged from the other side of the laser, 
was incident on aGe-Au photoresistor, which served 
am receiver for investigation of the magnitude and shape 
of the laser pulses. The sample was fastened to a copper 
block by means of an indium gasket. An Allen-Bradley 
thermometer was located inside the block. The thermo
meter reSistance was measured by means of an F-30 
digital voltmeter. The entire system, including the 
sample, lightguide, laser and photoresistor, was placed 
inside a helium cryostat. The resistance of the sample 
was measured by the four-contact method. A subcritical 
constant current (from 3 to 10 rnA for Pb, and from 
O.S to 3 mA for Nb 3 8n) was passed through the sample. 
The values of the critical currents for the films studied 
are given in the Table. 

The voltage that is developed between the potential 
contacts of the sample during the laser pulse, was ap
plied to the input of a two-channel 87 -S oscilloscope. 
The Signal from the photoresistor was applied to the 
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other input. The oscilloscope had an output to a PDS-021 
x-y recorder, which made it possible to record both the 
shape of the signal from the sample and also the form 
of the laser pulse. We studied the dependence of the 
magnitude and shape of the resulting voltage pulses (U) 
on the temperature T, the radiated power W, and the 
laser pulse duration T. The measurements were carried 
out repeatedly on all 14 prepared samples. 

2. We first consider the results for the Pb samples. 
At a sufficiently high power of the laser radiation, a 
signal was generated at temperatures which were con
siderably below critical. Figure 1 (curve 1) shows that 
such a Signal appears even at T = 5.2°K and amounts to 
about 30% of the value UN of the Signal corresponding 
to the complete transition of the sample to the normal 
state. With increasing temperature, the magnitude of 
the signal increases, however, only at T = 6.90K did it 
reach the full value of UN. The temperature at which 
this value is reached depends on the radiated power and 
the sample thickness. 

The power dependence of the signal (Fig. 2) has a 
threshold character. The threshold power decreases 
with increasing temperature and increases with in
creaSing thickness. For Pb films with thickness of 
1000 A at 5.75°K, the threshold power amounted to 
17 W. Under our experimental conditions, this corre
sponded to an absorbed power denSity of 30 wi cm2 • At 
low radiated powers, a signal developed on the sample 
only in the immediate neighborhood of T c. 

Testardi[~l also studied the effect of laser radiation 
on the superconductivity of Pb films. However, the 
laser power used in his experiments was only 5 W (the 
absorbed power density amounted to 17 wi cm2 ); there
fore, in films of thickness 1000 A, only the result of 
heating was observed. And only for films of thickness 

Parameters of samples studied 

Parameters Pb NbJSn 

Film thickness, A 1000-2000 2000 
Width,mm 1-\.:; 1-1.5 
Distance between potential 3~~3.·, 3-3.5 

contacts, mm 

Te. OK 7.2 17-18 
.6.Tc, OK 0.01-0.03 1-2* 
Ie. A <at T = 4.2°K) 0.1 0.4-1.0 

'For the Nb3 Sn sample with transition width of 2°K, a 
small "tail" was observed in the dependence of the resistance 
Ron T, amounting to 10% of the basic transition and termin
ating at T '" lOOK. 
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275 A. did he record nonthermal disruption of the super
conductivity. 

The picture described above was observed by us as 
the duration of the laser pulses was varied in the range 
0.1-10 IJ.sec. The magnitude of the signal, which was 
less than UN, increased somewhat with increasing 
laser-pulse length. 

3. The general picture observed in study of the 
properties of Nb 3 Sn films irradiated by a laser resem
bles the picture for Pb. However, there were certain 
differences in the shape of the pulses, the magnitude of 
the Signal, and its dependence on the power and tem
perature (Figs. 3 and 4). These differences are con
nected baSically with the shape of the temperature de
pendence of the resistance near T c, and with the mag
nitude of the threshold power. Films of Nba Sn had a 
Significantly larger temperature width of the supercon
ducting transition and a higher value of the threshold 
power 0 For a film of thickness 2000 A. the threshold 
power at T = 4 02°K amounted to 30 W (the absorbed 
power denSity was 53 W/cm2). At the powers that we 
used, these differences did not allow us to obtain the 
full value of the Signal for NbaSn and led to a smoother 
drop of the signal at T ~ T c. To obtain the full values 
of the signal in our samples of Nb 3 Sn, it was necessary 
to use a laser power ;:, 60 W. 

4. We now consider the amount of heating D. Th of 
the superconducting film by the laser radiation pulse. 
For Pb, it was measured experimentally by two 
methods: 1) at T ~ Tc, the change in the resistance of 
the film was measured under the action of a laser pulse 
of definite PQwer and duration. The amount of heating of 
the sample was then measured from the temperature 

U/Up 
I.Or----.------7I,M"----, 

J>.--o--

~~---5~--~~-~8 

FIG. I 

if/liN 
0.6r---,-----,--:=;;;;4 

0.~f---+___71--+--__j 

0.21---+.I---f-----j 

17 19 
W, watts 

FIG. 2 

FIG. I. Temperature dependence of the magnitude of the signal for 
Pb: I-without screen, W = 20 W, 2-with screen, W = 50 W; T = 10 J.lsec. 

FIG. 2. Dependence of the magnitude of the signal on the power at 
constant temperature in the case of Pb: T = 10 J.lsec, T = 5.75°K. 
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FIG. 3. Temperature dependence of the magnitude of the signal for 
Nb3Sn: T = 5 J.lsec, W=40 W. 

FIG. 4. Dependence of the magnitude of the signal on the power at 
constant temperature in the case of Nb 3Sn: T = 5 fJsec, T = 4.2°K. 
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dependence of the resistance. For films of thickness 
1000 A. at a laser power of 20 Wand pulse duration of 
10 IJ.sec, the amount of heating was 0.3-0.6°K; 2) the 
upper limit of the heating could also be estimated from 
the temperature dependence of the magnitude of the 
Signal at T < Tc. Inasmuch as the signal was still in
complete at T < 6.90K for Pb, the heating at this tem
perature amounted to 0.3-0.4°K. This is in good agree
ment with the value obtained by direct measurement at 
T> Tc. 

For Nba Sn, the absence of a Significant temperature 
variation at a temperature slightly in excess of Tc 
precludes determination of the heating by method (1). 
Using the temperature dependence of the resistance for 
NbaSn films, the second method gave the result that the 
upper limit of the heating amounted to 1.2°K. 

Both for Pb and for NbaSn, the signal was observed 
at temperatures T much lower than Tc - D. Th. This 
indicates that the observed effect is not determined by 
heating of the sample, 

DISCUSSION 

The disruption of superconductivity by laser radia
tion can be regarded as a consequence of the appearance 
of excitations with a concentration exceeding some 
critical value.[2,a] The excitations that first appear have 
a large energy and lose it rapidly, taking levels near the 
boundary of the gap. The relaxation time TEO of the non
equilibrium excitations depends strongly on the differ
ence EO - D., increaSing as it decreases (here EO is the 
energy of excitation, D. the energy gap). The values of 
T EO can be estimated from tunnel experiments by means 
of the Eliashberg equationY] In our experiments, an 
important role is played by the long-lived excitations 
with TEO c2: T. The number of states for such excitations 
is equal to (1-3)x 1019 cm-3 Y] The number of quanta 
absorbed by the sample during the pulse amounts to 
5 x lOll - 5 X 10 13 • Taking into account the volume of 
the sample, we get 1018 - 1020 quanta/cm3 • The number 
of excitations created by the laser increases due to 
secondary generation. According to the data of Parker 
and Williams,E 6] the multiplication factor is equal to 
~ 102. It is thus seen that during the pulse, not only 
long-lived but also short-lived states will be filled. 
Decay of the latter leads to the heating. 

An important experimental fact is the presence of 
the incomplete Signal at temperatures below Tc. The 
results obtained for Pb are especially interesting in 
this connection. The Pb samples had a sharp transition 
to the superconducting state, of width O.Ol°K. In this 
case, the appearance and peaking of the signal on 
laser irradiation should take place in a temperature 
range equal to the transition width. In the experiment, 
however, this interval exceeded 2°K. Similarly, in films 
of NbaSn, the width of the transition is Significantly 
less than the temperature difference between the begin
ning of the appearance of the Signal and its peaking. 
Thus, at sufficiently low temperatures the total number 
of excitations is insufficient for transition of the sample 
to the normal state in the case of uniform excitation 
distribution. In this case, the sample should remain in 
the superconducting state and the signal ought to vanish. 
An incomplete signal is observed experimentally. The 
indicated result compels us to assume an nonuniform 
distribution of the excitations throughout the sample. 

This nonuniformity is not connected with the inhomo-
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geneity of the laser radiation. A special experiment was 
performed. A mask was placed over the sample, cover
ing half of its length. In this case, the non irradiated 
part should short-circuit the sample. However, the 
picture was not changed qualitatively (Fig. 1, curve 2); 
at T < Tc , U,,; O. It then follows that excitations are 
propagated over a length ~ 1 mm. Nor is the observed 
effect connected with the magnetic field H or with the 
measurement current I, since H"" 0.5-1 Oe «Hc, 
1« Ic . 

The results for NbsSn are similar to the results for 
Pb. Some difference is connected with the greater value 
of Tc and the smaller value of the gap ~ for Nb 3 Sn in 
comparison with Pb (Tc ;0 17°K for Nb3 Sn and 7.2°K 
for Pb; ~ ;0 1.0 MeV for Nb 3 Sn and 1.4 MeV for Pb). 
These circumstances increase the number of thermal 
excitations in Nb3 Sn, and this masks the effect. For 
observation of the effect in Nb 3 Sn with the same sharp
ness as in Pb, it is necessary to increase the power of 
the laser radiation. 

It follows from our experiments that the excitations 
are concentrated around certain centers under laser 
irradiation[7]. The regions where the concentration be
comes critical are regions of the normal state. On an 
increase in the total number of excitations, the dimen
sions of the regions of the normal state increase, and 
a Signal appears when these regions cover the entire 
width of the sample. The phenomenon resembles the 
formation of exciton Keldysh drops in semiconduc
tors.[S] We can say nothing at this point about the shape 
of the regions of the normal state. They can, for exam
ple, have the shape of circles, strips or some other 
shape. 

Assuming that the recombination time of the excita
tions in the super conducting state is much greater than 
the relaxation time in the normal state, the formation of 
regions of the normal state under constant pumping of 
excitations can turn out to be energetically favorable. 
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The theoretical consideration of this question is an in
dependent problem. 

The spatially inhomogeneous distribution of the exci
tations was observed by us for superconductors in the 
nonequilibrium state. However, cases are possible in 
which a similar inhomogeneous state will also exist for 
an equilibrium superconductor. The inhomogeneous 
distribution of the excitations should in this case lead 
to an increase in the ratio kT c / ~. The large value of 
this ratio for superconductors with A15 lattices may be 
explained in this way. 

In conclusion, we express our thanks to V. L. Ginz
burg, L. V. Keldysh and D. A. Kirzhnits for a discussion 
of the results of the present study. 
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