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Abstract : 
We have studied the dose and temperature dependence of the resistivity 

in thin coevaporated films (500-600 A) of Pbpj C-eQ ? and ?bg ? G e 0 J 

implanted at 6K with up to 2x10 Ge/cnr of 90 and 140 keV. The composition 
and uniformity of the films were controlled via in situ Rutherford backseat-
tering (RBS) measurements, as functions of the implanted dose and the 
annealing temperature. The following results were obtained : a) a sharp T c 

very close to the T of pure Pb was measured for the Pb_ - Ge- - film and 
no change in T was observed as a function of dose; b) for the Pb Ge 

c 0.3 0.7 
film the T decreased from about 6.8K before implantation to about 3.5 K 
after implantation of 2x10 ions/cm ; c) the RBS spectra revealed that the 
alloy homogeneity was larger after implantation at 6K than before implanta
tion and that precipitation of Pb occured during annealing. 
+ Visitor from Instituto de Fisica, IJFRGS, Porto Alegre, Brazil under the 

CNRS-CNPq exchange program. 
++ Visitor from uhiversidad de La Plata under a fellowship of Consejo Nacional 

de Investigaciones Cientificas y Tecnicas de la Republica Argentina. 
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1. Introduction 

In a recent experiment DuKhovskoi et al. ' observed enhanced super

conductivity in tribolayers formed on germanium by friction between germa

nium and lead at a temperature of 4.2 K. The resistance of the tribolayer 

on the Ge surface was measured in the course of heating and cooling the 

sample in the range 4.2-22 K, and a maximum value of the superconducting 

transition temperature T •> 19K was obtained. This value greatly exceeds 

the T c of bulk Pb (Tc » 7.2 K) and of Pb films sputtered on germanium". 

The superconductivity in such a system could presumably be due to 

the 'lexciton mechanism" at the metal-semiconductor interface, originally 

proposed by Ginzburg' and put on a theoretical footing by Allender, Bray 

and Eardeen •*. The investigation of superconductivity in non-uniform media 

consisting of interspersed metallic and semi-conductor networks is very 

attractive from this point of view because it predicts, for such systems, 

the possibility of superconducting pairing with high critical T values. 

Geballe and Chu have speculated that the excitonic superconductivity mecha

nism might account for the possible existence of a superconducting state at 

150 K in CuCl under high pressure. 

It has been shown that low temperature ion implantation is an 

important technique in the modification of the microscopic structure, 

disorder and homogeneity of thin film alloys under well-controlled conditions. 

Examples are the studies of the completely unmlscible metal-semiconductor 

alloys of AlSi x and AlGe x ' '. Coevaporation produces a granular structure; 

this in itself has been shown to enhance T c relative to pure Al '. Implan

tation of Al or Si CGe) into such films first reduces the average grain size 

(low implanted dose), then probably produces a randomized alloy (high dose) 

for which the T c enhancement is particularly '.arge (up to 8.35 K) ' . 
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In view of these results, similar low temperature ion implantation 
studies were undertaken in Pb-Ge thin films, and are reported in the 
present contribution. This investigation is of additional interest since 
usually no significant increase of T is expected (by alloying or amorphi-
zing) in alloys of strong-coupling superconductors (for Fb, X * 1.7), as 
opposed to weak-coupling superconductors (e.g. for Al X « 0.4), for which 
considerable increases of the transition tenperature have been observed. 

In the present experiment, it was of particular importance to determine 
the composition and thickness of the films, in view of the high sputtering 
rates involved. This was done via in situ Rutherford backscattering (RES) 
experiments, which also allowed us to follow the film structure evolution 
during implantation and annealing. 

2, Description of the experiment 

For the present investigation we used two films with different but 
well-controlled initial compositions. Thin films of Pb Q - Ge» , and Pb- , Geu_ 

2 ° 
(8.5 x 4 mm and a thicknes of 500 A ) , were prepared by coevaporation 

of high-purity elements on crystalline quartz substrates in an ultra-high 
vacuum system at room temperature. Before implantation the resistivity ratios 
p{300 K)/p(8K) were respectively 3.1 and 2.25 for Pb 0 7 Ge 0 3 and Pb 0 3

 G en.7" 

The ion implantations were carried out with the Orsay ion-implanter ', 

to which a liquid helium cryostat is adapted. The system allows, i) low 
temperature implantation; ii) dose measurement; iii) resistivity measure
ments and iv) Rutherford backscattering experiments in situ . Both films 
were implanted with Ge ions; the energies were 90 and 140 keV in order to 
obtain a rather uniform implanted ion distribution. Typical ion beam 
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currents were < 0.5 uA, resulting in an estimated target temperature lower 
than 6K, Since the sputtering coefficients of Ge and especially of Pb are 

15 2 large for Ge bombardment, a maximum dose of 2.10 Ge/cm was implanted in 
both films. 

The thickness and the composition of the films were controlled during 
the ion implantation by in situ RBS measurements (at low temperature) 
using the alpha-particle beam (380 keV) produced by the ion-implanter 
itself, RBS measurements have been also made, after implantation, in the 
2 MeV Van de Graaff of the Groupe de Physique de Solides, ENS - Paris 7. 

The r ;:.istivities of the films were measured via the standard four-
point probe technique. In fig. 1, we show the change of resistivity as a 
function of Ge fluence for both films. The T were measured after the im
plantation of Ge, at various doses, and are also presented in fig. 1. The 
resistivities at 8K , which were 14.6 and 200 uSBccm for Pb 0 y Ge 0 3 and 
Pbg 3 G°0 7 respectively before implantation, increase by a factor of the 

~ 15 2 
order of 3 after implantation of 2.10 Ge/cm . 

The RBS spectra taken before, during and after Implantation 
(see fig. 2 ) clearly show the changes in film thickness due to sput
tering, and the effect of Ge implantation on the homogeneity of the samples. 

15 2 The final composition of the alloys after implantation of 2.10 Ge/cm 
were Pb„ -, Ge. ,. and Pb. - 7 Ge. _,, with a measured average sputtering 
coefficient of ̂ G e +pi, = 12. The homogeneity of the films is discussed in 
more detail in the next section. 

The resistivity of the implanted films was also measured during 
isochronal annealing from 4.2 up to 280 K. The results are displayed in 
fig.? showing large increases for both films. Subsequent cooling to 250 K 



(Pb 0 7 Ge 0 3 ) and 200 K (Pbp j Ce. ? ) shows, in this range of T, a linear 

resistivity temperature-dependence in both films, but this quantity is small 

and positive in the former film and large and negative in the latter. 

A clear annealing peak is observed in Pb Q 3 Ge» . at « 235 K. 

After implantation and RT annealing, the films have also been examined 

in an optical metallographic microscope. 

3. Discussion of the results. 

The main result of the present investigation is that no T enhancement 

is observed in our Pb-Ge films whether j;f (•".»• implantation in a highly 

disorded (possibly amorphous) state due to implantations, or in the granular 

structure due to post-implantation annealing, 

P b0.7 ^0.3 f l l m 

For Pb 0 7 Ge 0 3 the transition was sharp and the T c value before 

implantation was 7.10 K, very close to the transition temperature of pure 

Pb. rractically no change was observed after implantation (see fig. 1). 

After post-implantation annealing to R.T., an additional dose of 3.10 Ge/cm 

was implanted at R.T. and a subsequent measurement of T again gave the 

same value. 

The resistivity measurements definitively show that the film 

experienced structural changes due to the ion implantation as well as during 

the isochronal annealing up to 280 K, without any effect on the supercon

ducting transition temperature. The initial resistivities at RT and at SK 

(above the T ) were respectively 46 and 14,6 un.cm (for pure Pb they are 

20 and 9 pQ.cm). After implantation of 2.10 Ge/cm at low temperature the 

resistivity in;reased to 44 ua.cm indicating considerable disorder and 
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intermixing of Pb and Ge in the film. During the subsequent annealing, the 

resistivity initially increases linearly with a TCR of 2.5 10 K (the 

TCR for pure Pb is 4.10 K~ ). After 200 K a steep increase is observed : 

the resistivity reaches 117 iin.au at 280 K, where a granular structure 

probably forms. Such values of the resistivity are expected if we assume ' ' 

tunnelling between small conducting Pb particles separated by Ge 

semiconducting barriers. This is in contrast to the situation prevailing 

before implantation. As shown by the low resistitity value, there must 

be a continuous metallic Pb path throughout the film in that case. The 

subsequent cooling of the film from 280 to 250 K shows a reversible resis

tivity temperature-dependence characteristic of a stable system with a 

smaller TCR value of 5 10" 4 K~1. 

Additional experimental evidence supporting the idea that at RT 

(after the low temperature implantation) the film has a granular structure 

is provided by the RBS study; the spectra taken at low temperature after 

the implantation clearly show an homogeneous Pb+Ge mixture. After annealing, 

the RBS spectrum at R.T. shows that the alloy underwent a structural 

transformation. Besides a small shift in the leading edge of the Pb 

peak, there is a considerable increase in the apparent thickness as 

measured by the width of the peaks. Both of these 

effects can be understood assuming the presence of islands of Ge at the 

surface. Examination of the films in a metallographic microscope confirmed 

the presence of small precipitates. 

The resistance of the film was again monitored after implantation 

of Ge at R.T., following the isochronal annealing study. After implantation of 
Î5 2 3.10 Ge/cm the resistivity decreased from 117 to = 50 y il.cm, a value 

only 10 % higher than after the implantation of 2.10 Go/cm at low 
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temperature. This result indicates that at R.T. «mediately after implan

tation, the system may be in a state similar to the one produced by low 

temperature implantation. 

%.3 te0.7 f i l m 

Before implantation, the Pb„ 3 Ge 0 7 film showed a T = 6,8 K (width 

AT = 0.1 K) which decreased to 3.5 K after implantation of 2.10 Ge/cmZ. 

The transition was then very broad. The resistivity of this film 

also increased with the Ge fluence from 200 to 410 uG.cm.Isochronal annealing 

shows a steep increase of resistivity with a slope change at 235 K. Cooling 

the film from 280 to 200 K leads to a large negative TCR of - 1.6 10"3K"1. 

Rutherford backscattering measurements and metallographic microscope obser

vations again provide evidence for a precipitation process. The RBS spectra 

taken before implantation and after annealing (fig. 2 ) show that the width 

of the Ge peak is larger than that of Pb, providing clear evidence of 

precipitation, presumably, with the formation of elemental islands. 

Conversely, the spectrum taken, after implantation is characteristic of a 

uniform mixture of Pb and Ge. 

4. Conclusions 

Our measurements of superconductivity in two implanted Pb-Ge films 

of different compositions do not show any T enhancement after implantation-

induced disordering and/or subsequent annealing. We did not obtain the high 

T c reported in ref. 1 for tribolayers formed on Ge by friction between Ge 

and Fb. On the contrary for one of the films (Pb-, , Ge„ ,) we observed a 

decrease of T from 6.8 to 3.5 K upon Ge implantation. 
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It is interesting to remark that for the film of Php 7 Ge« 3, the 
physical structure of the alloy, in different phases of the experiment did 
not affect the superconducting transition temperature, uich was identical : 
1. For the RT coevaporated film before implantation; 
2. During and after low temperature implantation when considerable inter

mixing and randomization of the film was achieved; 
3. After annealing the implanted film to RT, when a granular structure is 

probably formed; 
4. After additional Ge implantation at RT; 
5. After a long-terra (2 months) RT annealing when the RT resistivity of the 

film increased to = 1000 u^.cm (probably due to a continuous process of 
precipitation at RT) and the ratio p(300 K)/p(8K) decreased to 1.5. 

During all these transformations, the low temperature resistivity 
(T>T ) of the film changed from 14.6 to about 600 un.cm after the long term 
annealing, without any effect on the T . 

The T » 3.5 K, measured for Pb» _ Ge- - film after implantation is 
of the same order of magnitude as that obtained in quench-condensed and 
irradiated Ge-noble metals alloys. This might indicate that the implantation 
of Ge at low temperature produces a Pb-stabilized metallic germanium 
amorphous phase, as was assumed in the case of Ge-Cu, where a T - 3.5 K 
was also measured '. 

Our results showing T to be close to that of pure Pb Cor smaller) are 
in agreement with what is expected for strong-coupling superconductors, 
in which alloying and/or amorphization do not enhance the transition 
temperature. 
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FIGURE CAPTIONS 

Fig. 1 Resistivity and T Q vs implanted dose for Pb 0 7 Ge 0 3 and 

Fig. 2 In situ RES spectra for Pbg 3 Ge 0 -. Before implantation the 
width of the Ge p»ak is larger than that of Pb, an evidence of 
a precipitation process. Immediatel/ after implantation the 
spectrum is characteristic of an uniform Pb + Ge mixture. 

RBS spectrum for Pb„ , Ge. ? measured with E =1.8 MeV, after 
R.T. aiJiealing the implanted sample. The Ge peak is larger, 
confirming again (see fig. 2) a precipitation process. 

Fig.3 Resistivity measured during isochronal annealing of the samples 
after low temperature implantation. 
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