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ABSTRACT

High resistance normal Nb/Pb tunnel junctions have been studied. Both
at 300 K and at 77 K an hysteresis in the I-V characteristic has been measu
red: the presence of negative or positive bias voltages changes the tunnel-
ing probability. At every fixed bias current value, a voltage drift with ti
me appears. The drift velocity increases as the voltage or the temperature
" increases. Moreover at 77 K anomalous lTow frequency oscillations arise 1in
the junct{on when some positive or negative threshold voltages are exce-

eded.

(*) Work partially supported by GNSM-CNR/CISM-MPI.



Superconducting Nb/Pb tunnel junctions have been widely studied for
analogical and digital app]ications(]). Moreover, in the last few years so
me interest has arisen on possible applications in the field of ionizing

particle detection 3!

. For this purpose we have analized Nb/Pb tunnel
junctions, which have different area and different oxide thickness. In the
Titerature detailed studies of superconducting properties have been report
ed; on the contrary, only lately the normal tunneling I-V characteristic
of Nb/Pb have been analized in detaiTs(4—7)u In these junctions the tunnel
barrier is often obtained by oxidation of the first Nb electrode. The Nb
films do not show a very dense surface structure and a large number of Nb

(4,7)

oxides exist so that a rather complex barrier structure arises and

different contributions to the tunnel current have been 1dent1fied(4’7).

Moreover, the details of the tunnel barrier and weights of the different

current contributions strictly depend on the particular oxidation process
and on the thickness of the oxide.

In this paper the I-V characteristics of high resistance juncfions
are reported.

On a corning glass (7059) substrate, the first 4000-6000 A Nb film
has been obtained by r.f. sputtering in a diffusion oil vacuum system with
an ultimate pressure of about 2 x 10°° Torr. The second 6000 A Pb film has
been thermally evaporated in a different vacuum éystem« The geometry of
the two films has been defined by usual photolithographic techniqués. Great
er details on the fabrication process can be found e1sewhere(8).

To minimize edges effects large area junctions have been studied.
Cross junctions of three different areas (respectively 50 x 50, 150 x 150,
750 x 750;Lm2) have been fabricated on the same substrate. In particular,
after a 1000 A back sputtering of the Nb film the r.f. plasma oxidation
process has been used. An Argon-Oxygen (respectively 95.3% and 4.7%) mix-
ture at a pressure of 4.5 x 10-3 Torr with bias voltage Vb = 20 V has
been employed for 30 minutes.

D.C. current-voltage characteristics have been measured by the usual

four-contacts configuration. At low temperature the junctions show very Tar



3
-3 -
.

ge resistance values (tipically R>500 Kohm at T = 77 K for voltage values
V<5 mV). Voltage measurements have been performed by a low noise True In
strumentation Amplifier with an input impedance greater than 10]3 ohm//1pF
and an input biés current lower than 1 pA(g).

In Fig. 1 the I-V characteristics of the junction 138H4M at two dif
ferent temperatures (300 K and 77 K) are shown. The voltage is the diffe-
rence between the Nb and Pb film voltages. The usual asymmetric behavior
can be observed, but unusual hysteretic Toops appear: each I-V curve meas
ured for increasing values of the current (I?) is different from the curve
obtained for decreasing current values (I§). Moreover at 77 K for voltage
values greater than some positive or negative thresholds (V>+ 0.65 Volts

and V<~ 0.83 Volts), very strange oscillations arises.
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FIG. 1 - DC, I-V characteristic of the junction 138H4M. A = 150x150;»m2;

RNN(77°K) = 650 K&; R, (300°K) = 4.2 KQ.

Experimental set-up.
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At 77 K for any positive voltage, we have: 1™t » I*}; on the contra
ry the inverse relation 1§ > I"t holds. At 300 K a similar behavior is ob
served, but if some positive voltage V* = V(I*) is exceeded, the relation
I+T < I+L is found.

As shown in Fig. 1, for voltages greater than + 500 mV, the resistan
ce of the sample 138H4M is an increasing function of the temperature. For
V>V* the resistance along I+l is Tower than the corresponding value along
I*}, so that the Toop above V(I*) cannot be generated by a self heating
effect. The general behavior of the hysteresis loop is very similar in any
measured junction; on the contrary the temperature dependence of the I-V
characteristic doesn't follow a general rule. For instance, in Fig. 2 the
I-V characteristics of the sample 137E7M are shown respectively at 300 K,
and at 77 K. In this junction for any measured positive voltage one gets:
R(77 K)> R(300 K). In this case it is reasonable to think that also the
hysteresis loop below I*, V* cannot be generated by self-heating.

The presence of the hysteresis is strictly correlated to the appear
ing of temporal voltage drifts for any fixed bias current. For low volt-
ages (V<300 mV) the values of |dV/dt] seem to be increasing functions
of both the temperature and the voltage. In any case for any positive or
negative bias current the drift leads the voltage value along the It curQe
toward the corresponding voltage along the I} curve and viceversa. In this
way at 300 K along the 1™t curve we have: for low current values dV/dt»> 0,
and for high currents dV/dt<0.

Due to the presence of the voltage drifts, at 77 K, the amplitude
of the hysteretic loop is an increasing function of the maximum measured
voltage in the I-V characteristic. At 300 K the presence of two opposite
drifts generates a more complicated behavior. Moreover the presence of the
drift makes any measured I-V characteristic strongly dependent on the time
necessary for measurements. In Fig. 1 and Fig. 3 (dashed line) about 20 se
conds have been necessary .to draw I-V characteristic. Inbthe dashed-dot
line of Fig. 3 the I-V characteristic of the same junction measured by a

single triangular current pulse in a total time of 20 msec is shown. In



FIG. 2 - D.C. I-V characteristic
of the junction 137E7M.

: | A = 150x150 wm?;

P |_-08 RNN(77°K) = 25 kQ ;

- RNN(3OO°K) = 1.4 kQ .
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FIG. 3 - I-V characteristic of B
021

the junction 138H4S.

A = 50x50 pwmé;

Ryn(300°K) = 40 k& .

_-0.2
a) D.C.; -
b) Pulsed, trapezoidal, —-04
Tp = Tp = 100 ms; | o6
T, = 1.2 s B
c) Pulsed, triangular, _-08

TR = TF = 10 ms. [
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the full line of Fig. 3 a trapezoidal current pulse (total time 1.02 sec,
rise time 10 msec, fall time 10 msec) has been used, and a very large hy-
steresis appears.

Voltage induced variations of tunneling barrier have been reported

(10)

in the literature some years ago for A1/A1 junctions , and recently for
Pb/Bi/In—oxide—Pb/Bi(]]) tunnel junctions. These effects have been ascrib
ed to ion migrations in the metal-oxide interfaces.

In our junctions at 300 K at least two effects appear along the I
curve for positive voltages: the first one is dominant for Tow voltages
values (V<V*), and produces a positive voltage drift; the second one is
dominant for higher voltages and produce negative voltage drift.

At 77 K for V>0.65 Volt anomalous oscillations arise : they seem
to be generated by some superposition of the two drift effects which do
not leave the junction in a stable state. In Fig. 4 the oscillating volt-
age for a fixed current value is shown. The details of the oscillations
(frequency, amplitude, shape, etc.) are a function of the particular bias

conditions (current value, true impedence of the current generator, etc.).

FIG. 4 - Voltage oscillations for high voltage-current value in the I-V
characteristic (y = 2 mV/div.; x = 20 ms/div.).
Junction T38H4M: T = 77°K; I = + 12.32 mA; V = + 676 mV,

Rg = 11002 , R, = 10Q .
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In any case, even for low voltage values the observed behavior of the
Nb/Pb junctions is quite different from the A1/A1 junctions: for these lat
ter the hysteresis can be found only above some threshold voltage and the
change of the I-V characteristic is permanent, so that a thermal cycle is
necessary to reset the junctions to initial conditions. In our Nb/Pb junc
tions both the hysteresis and the voltage drift exist for every voltage
value. Moreover at 77 K the change of the characteristic is only partial-
1y permanent, and the junction resetting can be obtained by biasing the
junction with an opposite voltage. At 300 K no real "memory" effect can
be observed in the reported voltage range.

We believe that the understanding of the observed effects requires
a better comprehension of the details of the tunnel barrier, of the par-
ticular structure of Nb oxides, and of the main contributions to the tun-
neling current. To perform this analysis a more detailed study of the I-V
characteristic and of its temperature dependence is necessary. In particu
lar the instability effects which appear in the tunnel barrier at higher

voltage values need deeper investigation as to their origin and causes.
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