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Indjum~-Barrier-Indium Tunneling Junctions

M.D. Jack and G. I. Rochlin

Department of Physics, University of California
and

Inorganic Materials Research Division,
Lawrence Berkeley Laboratory
Berkeley, California 94720

We have successfully-produced high quality In - Insulator -~ In tunnel
junctions with resistances at 4OK varying over 12 orders of magnitude -~ from
«01 ohms. to .01 gigaohms.

Junction preparation involved the following new technique., An indium film
was deposited onto a glass substrate held at liquid nitrogen temperature in

-6

a vacuum of 10'5— 10 ~ torr. After deposition the chamber was valved off and

the sample gradually allowed to warm overnight to room temperature., The film
was then placed in a reaction chamber consisting of a copper tube with two
high voltage copper electrodes at one end and a roughing line and gas

bleeding line at the other. The position of the sample relative to the

_electrodes was the critical factor in varying the resistance of these

junctions. High impedance junctions faced toward the electrodes while low
impedance junctions faced away. The vapor from a high molecular weight
fluorocarbon liquid was continuously pumped through the chamber while a D.C.
plasma discharge was maintained at pressures ranging from 300-~750 microns
for periods of 5 sec to a few minutes. Five cross strips of indium were then

deposited at room temperature.
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Junctions of the following three types were produced: 1.) intermediate
junctions in the range 1-1000 ohms which exhibited pronounced structure in
their . dV2/ d12 characteristic reflecting the In phonon spectrum; 2.) low
impedance junctions in.the range .0l - 1 ohms which exhibited Josephson
Jjunction characteristics; 3.) high and ultra high'junctions in the range
10,000 ohms - 10,000 megohms.

Intermediate Resistance Junctions

‘In addition to reproducing the general features of the phonon structure
observed for aluminum-aluminum-oxide-~indium junctions by various au'chors,l.3
we have resolved additional fine structure throughout the region of indium
acoustic phonon energies, |
In Figure 1. we compare our raw second derivative»data for an In-I-In
juhction at .9°K with the data taken by J.M. Rowell and R.C. Dynes2 for an
Al-I-In junction taken at .SOK. The main differences are fairly evident: a
peak instead of a plateau at 7 mev ( as measured from the energy gap 2‘Nf1‘05 mev);
complex structuré in the range 8~11 mev with a sharp dip at 9 mev } broad
humps beyond the longitudinal phonon peak at 14 mev, Iﬁ addition we observed
a small peék at 1.6 mev not shown on figure 1.
Most of these additional features can be related to structure in
the phonon density of states. Recent neutron data by Smith and Reichardt4
was interpreted using a Born von-Karman model to obtain thewphénoh Spectrum
for-~In. Their data indicates a saddle point at approximately 7 mev and a-loé¢al
maximum at 9 mev, corresponding to the peak at 7mev and the dip at 9 mev. in Fig. 1.
The broad spectrum beyond the longitudinal peak is most likely attributable
to sums and harmonics of the transverse and longitudinal peaks reflecting the
%6 '

phonon density of states at these higher energies. The low energy peak at

1.6 mev does not reflect any appreciable structure in the constructed BvK spectrum,

=
.
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These same intermediate junctions also clearly exhibit inelustic -
tunnelingvprocesses via excitation of vibrational modes of molecules in
the barfier’(Fig. 2) Peaks in the dIz/dV2 vs V characteristic indicate
the onset of new tunneling processes at V' = ZA° + W‘ whére w.. is
the énergyAqf a vibrational or rotational mode of a barrier molecule. Peaks
at 35 aﬁd‘64 mev wére fécently observed by I.K. Yhnson7'wﬁ0‘attributed them
to phonons in In0 which he indicated was the major component of the barrier
for his In-I-In junctiohs. While we do not deny the possibiiity of séme In0
in our barrier;’our evidence indicatesvthat the major constituent of our
barrier is compounds of In with CnFm type structures. Hence we’attribute

the peak at 62 mev not to In0O but to In-C stretching modes which lie in the

 range . 58-71 mev for different molecular weight compounds. 8 -We also note

9

that InF has a shhrp mode at 66 mev. In addition,peaks corresponding to

strong vibrational modes of C-F bonds are observed at 54 mev, 79 mev and

113 mev%o

Low Impedancé Junctions
Junctions were also made which exhibited a Josephson current which
could be nulled with avfield of about 5 gauss. In zero field the maximum

Josephson current for the best of these junctions was 87% of the theoretical

result for the ideal superconduétor Js° = TL-A—-o However, the theory
N - Rww
of McCumber when used to calculate Js including strong coupling effects

gives Js/ o as ,788 for Pb and .911 for Sn. Since the expected deviation
J

of the tunn@ling density of states from the BCS theory is 5% for Pb, 1% for
12

In and 5% for Sn, the value/JS/Jéos .87 for In looks quite reasonable,
Pisk-steps characteristic of self resonant junction modes were observed

for many low impedance junctions, Using the theoretical expression for the

step Bpacingw v[[\ﬂ. vn = ‘\‘:-Legl,"ﬁ (»mm é is the barrier
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dielectric constant, L= width of junctioh, t = barrier thickness,/a =
penetration depth of In taken as 640 A° and d= 2;‘+ t), we have obtained

a value of tAE = 2.4 A° for these low impedance junctions.
High Impedance Junctions

At the other'extreme, wezhave made junctions whose resistance at O voits
and 4°K was at least 10lo ohms., A typical trace of the I-V characteristics of
one of these Jjunctions is shown in Fig. 3. Gap structure could not be resolved
in this case possible because of leakage currents or noise. Note that in the

3

region of the energy gap the total normal current is only 10-1 A. Junctions of
a megohm or so did show gap structure with about 50% excess tunneling current
and suprisingly showed some phonon structure at higher biases. Capécitance _
measurements were made and the capacitance of these junctions varied as the
junction area., For a typical area of 3.3x 10-4 cm2 we méasured 100pf. This
amounts to approximately o3 microfarads/cm? Interestingly enough the
combination of high impedance and reascnable capacitance necessitated the I-V
characteristic measurehent at very slow sweep rates, since the junctions had an :
intrinsic RC relaxation time of about 1 sec. Using the expression C = A€/t
we obtained values of tﬁﬁ. = 30 AO which is reassuringly larger than the

value for the low impedance junctions. If we assume a typical bulk dielectric

constant for an organic polymer like polyethylene or polytetrafluoroethylene,= 2
0

we obtain the values t= 5A" for the low impedance junctions and t = 60 AO( wa o

for the high impedance junctions. Attempts to fit these values in the W.K.B. !

approximation for the tunneling resistance using the expression jR A ’

resulted in a barrier height of approximatély .25 ev. Thi$ is probably too low
We note that unlike most high resistance junctions formed from oxides

( and usually four orders of magnitude lower resistance) these junctions are

very insensitive to transients and rather callous treatment
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Conclusion

We have succeeded in producing tunneling Junctions using a material,In,
which is a "bad actor" as far as forming oxide barrier juncfions?'7 We have
observed much of the typical good tunneling junction characteriétics and in the
process obtained gdditional informafion concerning the In phonon density of
states, and the effect of strong coupling on the magnitude 6f the Josephson
current. In addition we have prdduced anomalously‘high resistance junctions
which are physically very interesting and may very well havé thin film circuitry
aprlications. Studies are now under way applying our barrier production technique
to the formation of junctions composéd of other materials which - cannot readily

be utilized using conventional techni{ues.
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FIGURE CAPTIONS

Fig. 1. a) Second derivative trgce taken from the McMillan, Rogell,
: and Dynes tabulation’ for an Al-I-In junction at .3 K.

b) Second derivatgve trace made by the authors for an In-I-In
Junction at 9K

Fig. 2. Second derivgtive trace for the same junction as in Fig. 1
Taken at 4.2" K using two modulation amplitudes.

Fig. e I~V characteristic of a very high impedance junction taken
at 402°K.
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