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ABSTRACT

It has been recentely shown that in Nb/Pb junctions having the tunnel barriers grown
by r.f. plasma oxidation, large bias voltages induce. at room temperature permanent but
reversible changes of the I~V characteristics and: in particular changes of the Rnn values.
In this paper similar variations of thermally oxidated. junctions are reported, and a
more simple behaviour has been found.. Différent I1-v characteristics, corresponding to
different values of Rnn, have been drown at 77 K on both r.f. and thermal junctions. The
voltage dependences of both the conductance and its logarithmic derivative has been studi-

ed. A preliminary évaluatlon of the induced variations of the tunnel barrier parameters

is also performed.

* Partially supported by GNSM-C.N.R./CISM=MPT




1. - INTRODUCTION

For the purpose of using superconducting tunnel junctions as proportional detectors
for low enerdy ionizing - particles (SLEND experiment -at L.N.F.-I.N.F.N., Italy), the ab-
sence of spurious leakage currents may pe a-decisive point. In spite of the_short quasi-
particle recombination time in Nb and Pb, we are studying Nb/Pb tunnel junctions because
of their very good mechanical properties and good thermal -cycling stability. WUnfortunate-
1y, the structure of the tunnel‘barrier made-up by Nb oxides, is quite complicated and

. Y A1,2) - .
dependent on the particular -fabrication process( 77, It leads ‘to a not simple analysis

of the I-V characteristic -of these Junctions, in which different current contributions
have been distinguished: tunnel through: the trapezoidal ‘tunnel- barrier, tunnel in channels
connecting both electrodes, resonant tunnel generated by the localized states, etc...(3)m
In the past we analyzed the I-V characteristic of Jjunctions having a tunnel barrier
fabricated by r.f. plasma oxitdation and‘w{bh~reSisténces high “enough to -be biased at
voltages higher than the ‘barrier height. in these junctions, at room temperature, in-
stabilities of the tunnel barrier induced by ‘the applied voltages have been fouﬁd(4)
These instabilities generate permanent but reversible ¢hanges of the 1-V characteristics
and in particular. of the value of the resistance measured at few millivolts -in the normal

5 . . (6
state (Rnn)( ). Niobium diodes showed this kind of instabilities since 1970 )

. In such
diodes the oxide thickness was thic¢k enough to suggest the exelusion on a conduction
pased on the tunnel effect. Otherwise in our junctions, Ffor values of Rnn in a ligquid
helium bath greather than .20 Kohm, the typical tunnel structure, generated by the super-
conducting density of states, appear.

In this paper both junctions with r.f. and thermal oxidation have been analyzed. In
sect. 2 the previousiy reported ‘instabilities on r.f. junctions. are summarized and in-
stabilities observed in thermal IJunctions are reported. In sect. 3 we show the different
1-V characteristics of the junctions at 77 K corresponding to different values of Rnn
generated at room temperature. Moreover a preliminary analysis of the corresponding tun-

nel barrier is performed.

2. — VOLTAGE INDUCED INSTABILITIES

Nb/Pb junctions have been analyzed between room and liquid nitrogen temperatures. The

I-V characteristics have been carried out in the usual four contacts configuration by
. . . . 7

using a very high impedance low-noise True Instrumentation Amplifier( ) and an HP 7090A

measurement plotter -system linked to a personal computer. The experimental set=-up is



shown in the inset of Fig. 1 where the Nb voltage electrode is connected to the positive

HimA)
--———-rr 1 Y T
A s e B
. o L
AW Nb
S $ =
= >l X
s > [
(’«é Pb HPT090A 3 | _
-
- 2 -

-1000  -800 -600 -400 -200 | |-
| N L

0 T
-4-1 200 400 600 800 V(mV)

i

neneTiTe
N
]
-]

FIG. 1 - I-V characteristics at room temperature for: 1) a
thermal junction (solid line); 2) a r.f. junction (dotted line).

input of the amplifier. By biasing the junction with a current generator voltage drifts
appear; the drift speed is an increasing function of both. the temperature and the bias
voltage value. The drifts cannot be ascribed to self~-heating effects but are related
to permanent changes of the barrier structurée. The time necessary for these barrier va-
riations-is comparable with the measurement scanning. time so that the apparent I-V charac-
teristics. are function of the seanning time. Drifts to-higher absplute voltages correspond
to increase of the tunnel probability. In order ot understand the effects of high polari-
zation voltages on-the junctions only -the positive. or the negative part of the I-V. charac-
teristics have been analyzed with increasing -values of the maximum current. The scanning
time was. of the order of 10 msec and the values of Rnn. were measured just before and

after the I-V recording.

a) r.f. Plasma Oxidized Junctions

Tunnel junctions with the tunnel barrier obtained by plasma oxidation show at room

temperature a rather complex behaviour: both for positive and negative voltages two op-



posite effects exist, which respectively lead to an increasing and a decreasing of the
tunnel probability. For positive voltages lower or larger than a threshold (typically
equal to 450 mv), drifts toward respectively larger or lower values of voltages are do-
minant. In this way, scanning the I-V characteristic, hysteresis appear which are respec-
tively clockwise and counterclockwise covered. The threshold value is not constant but
it appears to depend ori Rnn, soO it decreases if Rnn decreases. For low applied veltages
the Rnn increases are gradual and controllable, while for large voltagées the Rnn decreas-
ing are quite sharp. For negative voltages, scanning the I-V characteristic with a maxi-
mum applied voltage lower than 350 mv, a counterclockwise hysteresis appears, and a smooth
Rnn decreasing takes .place. If ~the 350 mV threshold is exceeded, a clockwise hysteresis
can be observed, -and rough variations of Rnn are measured. Following the described pro-
cedures the Rnn values can be indefinitely . increased or decreased, so that wariations
up to a factor 250 have been obtained in some samples. At the liquid nitrogen temperature
the drift speed ts much slower; in any case the presence of two opposite effects leads
to voltage oscillations, which are present for rather large voltages (V > 650 mV, V < -850

mv).

b) Thermal Oxidation

Thermally -oxidated junctions appear more stable than the r.f. ones, and a simpler
behaviour can be observed. In this paper we describe junctions oxidated at about 200 C
for some hours, which have at 300 K values of specific Rnn of about 5 ohm«cmz. At room
temperature the asymmetry of the I=V characteristics between positive and negative vol-
tages is weaker ‘than the corresponding asymmetry present in r.f. junctions as shown in
Fig. 1.

As shown in Figs. 2a, 2b, independently of the voltage values, for positive and nega-
tive voltages, respectively clockwise  and cdounterclockwise hysteresis -are observed. If
a constant sweeping time is wused, the increasing of the drift speed- with the absolute
voltage value leads to an increasing of the width of the hysteresis cycle and to apparent
negative dynamical resistances. In an anéloqous way ‘of r.f. junctions, a clockwise and
a counterc¢lockwise hysterésgis correspond to respectively permanent increasing and decrea -
sing values of Rnn; but for these junctions with positive voltages up to 1.3V, the maxi-
mum increasing of Rnn has been of a factor of about 1.5, and the subsequent maximum de-
creasing has been lower than 2. All the measured variations appear smooth and a satura-
tion effect exists: if a maximum voltage 1s applied to the junctions, the values of Rnn
have a maximum variatien, and only the application of larger voltages can change Rnn

further on.
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FIG. 2 - Hysteretic effects at room temperature in a thermal
junction for: a) positive voltages; b) negative voltages.

3. - ANALYSIS OF THE I-V CHARACTERISTICS AT 77 K

As well known, informations about the heights of the tunnel barriers can be directly
obtained by -the values of- voltages- at -which- maxima of the logarithmic derivative
D =4d In (I/V) / dV of the conductance appear. In our junctions this analysis can- be
performed at room temperature only for voltages low enough to avoid hysteresis: for higher
voltages the drifts gilve rise to apparent spurious'maxima. For this reasen the following
iterative procedure has beei used:

1) measuremént of Rnn at 300 K;
2) cooldown. at 77 K and recording of both Rnn (77K) and the full I-V characteristic:
3) heating of the junction ‘at room temperature and check of Rnn;
4) variation of the tunnel barrier by the application of large voltages.
Unfortunately, restrictions gilven both by the measurement apparatus and by noise made

the experimental data incomplete for a full understanding of the variations of the tunnel

barrier.

a) r.f. Junctions

In the Fig. 3 the log I versus V plot of the same junction both at room-and 77 K tem-
perature are reported. -In a qualitative agreement with previously reported data, for
our high resistance junctions the ratio between the high and low temperature resistance

is very large.
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FIG. 3 - Log 1 versus V characteristics
at 300 K and 77 K of a r.f. junction
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As shown 1in Fig. 3, we remark that, for the same absolute voltage value, at room tem-
perature ‘the current 1in the positive portion of the characteristic 1s lower than the
corresponding value 'in the negative portion; on the contrary, the asymmetric behaviour
1$ inverted at 77 K. In Fig. 4 the log I:versus V characteristics of the same Jjunction,

corregponding to two different values of Rnn, are reported.

111

FIG. 4 - 1-V characteristics . of the ,
same r.f. junction (138H48) 1
corresponding to two different values

of Rnn, respectively equal to {a) 350
ohm and (b) 4 Kohm.

100 N\ @ P
1 E e E
(pA) r ~(b) ?
10 _

‘

AT

| NS LSS N S

0ttt d
-200 -100 0 100 200 V(mV)

The analysis of the derivative D for both data of Figs. 3 and 4 does not show clear
maxima in the analysed voltage range. In Fig. 5 for the same junctions but corresponding
to a different value of Rnn, the. plot of Log I/V versus voltage is reported, where clear
maxima of D appear for V.= 75 mV and V = =125 mv.

By changing the I-V characteristic with the described procedure, variations of the
maxima-have been measured. In Tab. I the voltage values of the maxima and the correspond-

ing values of Rnn are summarised.
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FIG. 5 - Log I/V versus V of a r.f. juniction (sample 138H4S) with Ran(300K) = 3200 ofim.

TABLE I - Main fedtures of the analysis r.f.

junctions

dimensions Rnn{77K) Ran{300K) +V(max) -Vimax)

sample

(jams) tohm) (ohm) (mv-) (mv?)
138H4M 150.%:150. .. 625.:0° K 4,2 K 350 400
138H4M: 150 x 150 322.0 k 708 900
1:38H4S 40 x 40 17.7 K 3.2 R 75. 125
138H4L % 750 97,0 250 <300

750

28.1 K

b} Thermal Oxidation

In Fig.

6

in the semilogar

ithmic scale the I~V

for both room and 77 K temperature corresponding to

characteristics of the same junction

different values of Rnn are reported.

In these measurements the Nb voltage electrode Has - been ¢onnected to the negative input

of

the amplifier. ‘

The- accuracy of . our measurements apparatus-does not allow of accurate current measure—

ments. on- the same full scale set=up for more than 2 - 3 decades, so that, in order to

V{v).
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FIG. 6 - Room temperature and 77 K characteristics of the
same thermal junction (sample 196E4M) corresponding to
different values of Rnn:: a) Rnan(300K)=17.9 Kohm; b)
Rnn(300K)=23.0 Kohm; ¢) Ran(300K)=38.5 Kohm.

record a complete I-V ‘characteristic, the set-up must be changed two or three times

> 8

giving rise to measurement errors which . are evident in the connection paints between

the covered ranges. Moreover, for the lower portion of the I-V characteristics of our
very high resistance Jjunctions, the presence of both noise and digital errors does not
allow of the analysis of D for voltages lower than about 100-200 mv. Out of this range,
D appears positive and a decreasing function oef the voltage, so that, if D is equal

to zero for V = 0, a maximum must exist in the noh analysed voltage range. In Tab. II

the values of Rnn and the actual information of the maxima are summarised.

TABLE II - Main features of the thermal Jjunction 196E4M

sample dimensions Rnn(77K) Rnn(300K) +V{(max) =V(max)

(pm) {ohm) {ohm) (mV) (mv)

215 M 38.5'K 220 150

196E4M 150 x 150 600 M 17.9 X <220 <150
> 600 M 23.0 K <200 <200

In conclusion, the experimental data .clearly show that ‘permanent variations of the

tunnel barrier exist ‘in connection with both the hysteresis of the I<V characteristics



and the Rnn variations. These barrier variations have been measured in Nb/Pb junctions
with tunnel barriers grown both with thermal oxidation- and with r.f. plasma oxidation
of the Nb base layer. In general thermal junctions show a simpler behaviour and appear
more stable, so that in this case not very large variations' of Ran can be induced. The
incompleteness of the performed measurements does not allow up to now & good tnderstand-

ing of which tunnel mechanism is changed by the applied voltages.
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