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MICROWAVE-INDUCED SUPERCONDUCTIVITY IN ALUMINIUM STRIPS ABOVE THE CRITICAL TEMPERATURE 

J.A Pals and J. Dobben 

Phizips Research Laboratories, Eindhoven, The iVetherZands 

R6sumd.- On a mesurd la supraconductivitd induite par une irradiation hyperfrdquence dans les lames 
minces d'aluminium jusqu'l une tempdrature rdduite T/Tc = 1,07. Cette valeur est beaucoup plus Qle- 
vde que celles publides jusqu'8 present. Les expdriences sont possibles grlce P une mgthode qui per- 
met de varier la temperature de l'dchantillon en 10-'s. 

Abstract.- Measurements are reported of microwave-induced superconductivity in aluminium film up to 
a reduced temperature T/Tc = 1.07, a value much higher than previously reported. These measurements 
were made possible by using a heat pulse technique which permits to vary the temperature of the film 
within 1 0-'S. 

In recent years a number of experiments has 

been reported on the microwave enhancement of the 

critical current in superconducting strips of alu- 

minium/l/ and tin/2/. The critical current is com- 

monly determined from a display of the I-V charac- 

teristic of the strip on an oscilloscope. Due to 

the dissipation in the normal state of the strip 

these I-V curves show hysteresis. Application of 

microwaves increases the resistive dissipation, cau- 

sing a more pronounced hysteresis. It has previously 

been shown/3/ that above a certain power level mi- 

crowave heating in the resistive state even prevents 

the strip from switching back to its superconducting 

state if the current through the strip is returned 

to zero after surpassing the critical value. In or- 

der to be able to measure the complete microwave- 

poxrer dependence of the enhancement effect it is the- 

refore essential to switch off the microwaves tempo- 

rarily after each cycle of the I-V curve in order 

to allow the strip to become superconducting again. 

Klapwijk et a1 ./l / observed that microwave ra- 
diation may induce superconductivity above T up to 

TIT = 1.016, at which temperature the effect disap- 

peared discontinuously. In this paper we present 

experimental evidence that this disappearance is an 

artefact of the measurement method and that micro- 

wave-induced superconductivity extends to higher va- 

lues of TITc. 

Above Tc it is not only necessary to switch 

off the microwaves but also to cool the sample tem- 

porarily below T in order to restore the supercon- 

ducting state. We therefore made a set-up with which 

it is possible to change the temperature of our 

samples very rapidly by using a heat-pulse technique. 
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Fig. 1 : Schematic drawing of the measuring device. 
a) top view b) cross-section AA'. 

The device is illustrated in figure 1. In a silicon 
++ 

slice a heavily doped n layer is diffused, on top 

of which a 1000 thick oxide is thermally grown. 

Upon this oxide an aluminium layer is evaporated 

and the geometry of the strip is determined by stan- 

dard photo-etching techniques. If this device is put 

in a helium bath the temperature of the strip can be 

brought to a stationary value T above the bath tem- 
m 

perature Tbath by heat dissipation of power P in the 
++ 
n resistive layer. The time constant of this hea- 

ting turns out to be smaller than l~-' S. The depen- 

dence of T on P for Tm<Tc is determined by measu- m 
ring the critical current of the superconducting 

strip without applied microwave power firstly as a 

function of Tbath with P = 0 and secondly with a 

fixed value of T as a function of P. The follo- 
bath 

wing relationship was found to hold : 

T: - T : ~ ~ ~  = aP - bp2 (1) 

with a and b constant. The termtP2 is small compared 

with aP ; it is at most 0.2 aP in our experiments. 

This determination of T is only possible for T <T m m c 
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but we extrapolate equation (1) to values T >T . In m c 
order to measure the microwave-induced superconduc- 

tivity above T the following measuring cycle is 

followed. We start with microwave power, heater po- 

wer and current through the strip equal to zero 

at Tbath<Tc. The strip is therefore superconducting. 

The aicrowave power is then switched on, the strip 

enters its stimulated superconducting state, about 

0.5 ms. later the heater power P is switched on and 

within 10-"S. temperature T determined by (1) is m 
reached . Subsequently a current ramp is supplied 
to the strip and the corresponding I-V curve is 

displayed on the oscilloscope. After completing 

the I-V curve the strip is allowed to return to the 

superconducting state by switching off the microwa- 

ve power and the heater power during I ms. and the 

whole cycle is repeated again. The repetition rate 

in our experiments was 200 Hz. In this way we were 

able to measure radiation-stimulated superconducti- 

vity above Tc. 

A result of the measured critical currents of 

the strip with the frequency of the microwave irra- 

diation as a parameter is given in figure 2. 
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Fig. 2 : Critical currents Ico and Icm as function 
of T at various frequencies. 

The critical current at microwave power zero Ico and 

the maximum attainable critical current Icm, as il- 

lustrated in the inset, are both given as a func- 

tion of T. Below T = 1.26 K the temperature was sim- 

ply determined by Tbath. Above T = 1.26 K the heat- 

pulse method was used with Tbath = 1.10 K gave the 

same results proving that the chosen value of T bath 
does not influence the curves of figure 2. 

These measurements clearly show the existence 

of a microwave-induced superconducting state above 

Tc. The effect extends to TITc = 1.07 for the fre- 

quency of 7 GHz. The uncertainty in this value of 

TIT due to the extrapolation is estimated to be 

about 1 %. The fact that this state has not previous- 

ly been observed up to these high temperatures is 

due to its metastable character. It can only be rea- 

ched by heating from below T with applied microwa- 

ve radiation. Irradiation with microwaves at T>T 

leaves the strip in its normal state. 

A remarkable observation from these measure- 

ments is that the maximum critical current I de- cm 
creases continuously to zero with increasing T. This 

is in contradiction with the microscopic theory of 

Eliasberg/4/, which predicts a discontinuous disap- 

pearance at some temperature T>T . 
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