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Ta this paper the principles of operation of losephson junctions and 
Squids are resumed. An ion implantation technique for the adjustment of the critical 
current is presented. 

High quality superconducting thin films were obtained by electron gun 
evaporation of niobium on heated substrates. Polycrystalline Nb. Sn vas aade by annea-
ling (1000 K, 10 Torr) a multilayer structure of successively evaporated niobium 
and thin films. 

Selected ions (helium, neon, argon) were implanted at doses ranging 
from SO to 10 cm . After implantation the critical temperature, the critical 
current and the normal resistivity were measured on special photnetched geometries. 
The variations of these electrical properties depend on the nuclear energy loss. 
The critical temperature of Nb, Sn is decreased by ion implantation and can be 
increased again by a new annealing. 

The parameters of the ion implantation were defined in order to obtain 
a critical temperature slightly higher than the operating temperature. The geometries 
of the microbridges and the implanted areaswhere then chosen to obtain appropriate 
critical» currents (i 10 pA) at the operating temperature. The obtained aicrobridges 
were used as junction elements in superconducting quantum interference devices (SQUID) 



INTRODUCTION 

Ion implantation is a possible method'for modifying physical charac
teristics of superconducting a»tals and alloys . 

We describe in this paper the realization of thin fila Nb and Nb]Sn 
Josephson junctions using ion implantation as an adjustment technique. 

Josephson junctions* obtained by a weak coupling between two super
conductors, nay be realized in several ways : 

- with bulk superconductors : point contacts 
- using thin fila technology : tunnel jonction, proximity effect junctions, 

aicrobtidges. 
In the case of microbridges (Fig. I), the required dimensions to 

obtain Josephson coupling are very saall (less than I pa). For this reason, 
microbridges are preferably etched with reproductible dimensions of 
5 |jm x 5 urn ; the superconductivity is then locally weakened either by local 

(2) annealing using current pulses or diminution of the dimensions by ano-
(3) dization for example w or using ion implantation. 

The field of applications of devices based on Josephson effect is 

very large : microwave detection, voltage standard, ultra fast logic, magne* 
tometry. It is thus important to be able to produce larga quantities of 
Josephson junctions in a reproducible way. For this reason, thin film photo-
etched devices are of great interest. 

The principal parameters that must be adjusted in the fabrication 
process arc : 
- Operating temperature and critical current. It is necessary to decrease 

the superconducting transition (critical temperature) of the microbridge 
to a value slightly above the operating temperature in order to obtain a 
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reasonably saall critical current (10 UA to 100 UÀ). Generally, the liquid 
helium boiling temperature (4.2 K) is chosen as the operating temperature. 
It is an important constraint, since tha variation of the microbridge 
critical current as a function of the temperature is very large in this 
temperature range (Fig. 6). In addition, small variations of tha dimensions 
can cause large variation of the critical currant. 

In some applications, the microbridges are used at higher operating tempe
ratures (8-I8*K) maintened by tha so-called cryogenerators. In this case, 
the operating temperature can be adjustad and the variation of tha critical 
temperature due to the adjustment procedure, for a given microbridge, is 
lass critical. 

- Normal state resistance. Tha normal state resistance of the microbridge is 
measured slightly above tha superconducting transition. A good micro-
bridge (which produces a low noise/ has a high normal state resistance 
(£ 10 »). 

These resistance values can ba obtained by decreasing the physical dimen
sions. The choice of the adjustment method is also an important parameter. 

The different steps of fabrication of a microbridge ara thus : 

. deposition of a gocd quality superconducting thin film (highest possible 
critical temperature). 

. Photoetching of a microbridge structure in this film. 

. Weakening of the microbridge superconductivity, i.e. dec-ease of the 
critical temperature to a value slightly above the operating temperature. 
The critical current is simultaneously decreased to a correct value ar 
the operating temperature. 

Tha last step can ba done using ion implantation. This method, which 
induces defects in the cristalline structura, weakens the superconductivity 
especially in tha case of strongly coupled superconductors. 

Tha niobium (Tc * 9.2. K) and tha compound NbjSn (T max • 18.5*K, 
Al5 structure) fall in this category. 

Tha ion implantation used as an adjustment technology has the fol-
lowing advantages : 

- an easier fabrication process of tha siicrobridges faciliting a collective 
treatment ' 
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- a precise control of the microbridge characteristics (normal state resis
tance and critical current) 

- a process independent of the theraal conductivity of the substrate. 

EXPERIMENTAL CONDITIONS 

High quality superconducting niobium thin filas were obtained using 
an electron gun evaporation on a heated substrate (400*C) in high vacuus 
(10"* Torr). After niobiua evaporation, the substrate was cooled down and a 
gold fila was deposited on the niobiua fila in the seat vacuua enclosure. 

The purpose of this gold layer was to sake electrode contacts and to 
protect a part of the niobiua against the ion implantation (Fig. 1). 

We obtained 1200 A niobiua filas with a high critical temperature 
(9.2*K) and a good resistivity ratio : 

P10K 

Three sample shapes were then phctoetched on the substrate using 
standard techniques : 
- On plane substrates : (S1O2 or Al20j) 

1. A resistive shape in order to measure the critical temperature (Tc) 
and the resistivity ratio. 

2. Microbridges with different geometries (Fig. 1) (t and L) 
- On cylinders (S1O2) 

3. Microbridges in series with a superconducting inductance (Fig. 2). 
(U) These special devices (called SQUIDS x ') quantize the magnetic flux 

(the flux quantum is 0 - 2,07 I0" 1 S Wb) in the superconducting induc
tance. They are able to measure magnetic fields with a sensibility 
which reaches I0"1* T. Hz" 1/ 2 

Three ions were implanted : Ne , \r , He , ae a single energy or at 
two energies to obtain more uniform damage from the top to the bottom of 
the films. The doses indicated in the figures are the sums of the implanted 
doses. The vacuum'during the implantation was under 10"' Torr and the ion 
current was limited in order to limit the irradiance to the value of 
10* W.m-2. 
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RESULTS AND DISCUSSIONS 

Hiobiuai 

Before and after implantation of neon, the critical temperature, the 
room renperature resistivity (p.^-) and the resistivity just befor* the 
superconducting transition (P ) Q K) of niobium thin filas were aeasurtd. These 
values versus ion doses are given in Figures 2 and 3. 

A very high dose of neon, 2 to 3 I0 1 7 cmT a, was necessary to decrease 
the initial critical température of niobium to a temperature near the liquid 
helium temperature (4.2K). The resistance was multiplied by a factor of 6. 

Figure 4 shows the variation.of the critical temperature as a func
tion of the average density of energy loss by nuclear collisions (P) of Be, 
He and Ar. This energy less is defined »* : 

P .^ffi 0 1 «here e - thickness of the film 
In. • energy loss by nuclear 

collisions 
D. • dose number i 

He feel that the decrease induced by implantation of inert gases is 
only due to defects created by nuclear collisions and is independent of the 
nature of the implanted ions. 

The ion implantation parameters and the nature of the implanted ions 
have no influence on the relation between critical temperature and resisti
vity ratio according to the law found by De Sorbo (Fig. 5) : 

T c - 9.46 - 2.48 °"* ( £ o r T > 6 K ) 

P300K " PIOK C 

He can notice, in Fig. 6, the steep slope of the curve I_(T) for low 
values of the critical current. This implies that adjustment of a micro-
bridge by ion implantation on niobium for 4.2K operation is particularly 
critical. A critical current of 40 yA for i 5 pi wide microbridge requires 
an adjustment of T to 5% above the operating temperature. 

In Table I, the critical current for variable width and fixed criti
cal temperature (5.2K) microbridges are listed. The operating temperature 
was 4.2K. As one could think the critical current is a function of the 
width (i) of the microbridges. Nevertheless the rcproductibility of the 
results is not very good. Remark that we obtain Josephson coupled micro-
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bridges having a length (L) as great as 11 y». 
The normal resistance of the fabricated microbridges was between 

0,85 a and 9,5 fl depending of the geometry of the aicrobridges. 

1 IAIL un IcnA Bn fi 
1 M 11 0,02 y 
2 6,5 11 0,8 9,5 
3 6,5 11 2 9.5 
4 15 3 4 2 
5 15 1 3 8 1,4 

6 23 ! 3 7 1,2 
7 21,5 1 3 8 0,85 

HbiSn 

We present in Figure 5 the correlation between the critical tempera
ture and the resistance ratio of NbaSn films before and after ion implanta
tion. It is well known that the resistance ratio is strongly affected by 
defects, so from the results of Figure 5 we may conclude that defects 
induced oy ion inplantation are of utmost importance in controlling the T 
in NbjSn. 

Fig. 7 shows the measured AT m* a function of the total number of 
implanted ions per unit area. The effects of damage on T of NbaSn wei« 
found to be stronger than those observed in Nb. For example, one degree 
decrease of T needs a 10* higher dose of neon in Nb than in NbjSn. 

The ion implanted microbridges behaved like the ones realized 
using pulse adjustment technique (I(V) curve, microwave characteristics). 

Critical current vs temperature for two microbridges implanted with 
the same dose are plotted in Fig. 8. One can remark that the slope near the 
transition temperature is less steeper for the smaller microbridges. This 
confirms the interest of the small microbridges (less than 5 vm). 

We annealed adjusted microbridges (T less than 4.2K) in the condi
tions of NbjSn fabrication (30 minutes, lOOO'C, I0~7 Torr). The critical 
temperature of the microbridge increased to a value of 12K after a first 
annealing and to 14K after a second one. All these microbridges showed a 
Josephson characteristic. ' 
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This adjustment aethod for the c r i t i c a l current and the operating 
temperature was applied in the fabrication of SQUIDS. Ue were able to obtain 
several SQUIDS working at different temperatures between 8K and I3.5K. The 
s t a b i l i t y was excel lent and tested over a year. 

CONCLUSION 

Further characterization studies are in process i n order to evaluate 
the main parameters concerning the devices s e n s i t i v i t y . These parameters 
w i l l be used to define a reproducible method of mass production. 

This study shoved the great interest of the ion implantation used as 
•n adjustment technique for Nb and NbjSo thin film devices. The method was 
found to be very promising and versat i le espec ia l ly in the case of Nb]Sn. 
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