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below the lithium fluoride cutoff at 11.7 eV.
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J. J. Hauser
Bell Telephone Laboratories, Murray Hill, New Jersey

(Received 1 August 1966)

Edelstein and Toxen recently reported elec-
tron-tunneling measurements of the energy gap
of lanthanum with the result that 260/kT~ =1.65.
On the other hand, using similar measurements,
we have found a value of 3.2 for 2b, 0/kTc, which

is in much closer agreement with the BCS the-
oretical value of 3.52. It is possible that the

difference between these experimental results
is due to a large extent to the method of prep-
aration of the lanthanum films.

The tunnel diodes were prepared by evapo-
rating a 0.25-mm-wide strip of aluminum ap-
proximately 1000 A thick onto a sapphier sub-
strate, oxidizing it, and depositing a cross strip
0.25 mm wide of lanthanum by getter evapora-
tion. The getter-evaporation technique was
very similar to the getter-sputtering technique
previously described. ' This technique consists
in evaporating the lanthanum with a mask over
the substrate inside a small liquid-nitrogen-
cooled can, so as to getter the interstitial gas-
es such as oxygen and nitrogen. Subsequent-

ly, the mask is removed and the film is depos-
ited in a much purer atmosphere than that of
the bell jar (in the 10 '-mm range). As lan-
thanum is very easily contaminated, the best
results were obtained by keeping the substrate
table at 77'K and keeping the junction under
liquid nitrogen until measured. Since the tung-
iten filament from which the lanthanum was
evaporated was at 2000'C and approximately
3 cm from the table, the substrate temperature
was undoubtedly much above 77'K.

As can be seen from Table I, this technique
yields films which when thick enough (=10000
0

A) have an appreciably better resistance ratio
than those reported previously. ' The higher
resistance ratio of the films evaporated at high-
er temperatures is most probably due to grain
growth. A further difference between the films
described by Edelstein and Toxen' and those
described in Table I is the higher transition
temperature of the latter. This higher transi-
tion temperature (as high as 6.7 K) seems to

Table I. Physical properties of lanthanum films.

Sample
C

( K.) p (room temperature)/p ('7 K)
Thickness

(A)

Temperature of
substrate table'

(K)

La-1
La-3
La-5
La-6
La-8
Al-Al&03-La No. 2

Al-A1, O, -La No. 3
Al-A1~03-La No. 7
Al-Al&03-La No. 9

6.65
6.2
6 ~ 35
6.74
5.24
5.00
5.15
5.26
5.85

7.2
8

14
16

3.8
6.8
8.1

4775
10 000
18 450

8000
2680
2500
2000
4000

10 500

77
300
900
700

77
77
77
77
77

921
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'EIG. 1. dV/dI vs V for an Al-A120&-La junction; dAl
= 1000 A, d La —4000 A.

be independent of the deposition temperature
(within the range investigated) but depends on

the thickness of the film and is lower the thin-
ner the film. Films thinner than 1000 A were

not superconducting above 1.2'K.
The curves of d V/dI vs V were obtained us-

ing a standard modulation technique with an ac
sensing signal of about 20 pV at a frequency
of 10000 cycles. Such a curve is shown in Fig. 1,
and the value of 26Al was obtained by summing
the voltages corresponding to the two minima
of dV/dI These tw. o minima correspond to
the conductance peaks occurring at the differ-
ence and sum of the aluminum and lanthanum

energy gaps. The shoulder at 0.95 mV in Fig. 1

is not reproducible from sample to sample and

may be due to a multiple gap effect. A summary
of the results from various tunnel junctions
is shown in Table II. When the lanthanum films
are fairly thin, the transition temperature as

measured resistively (TcR) agrees fairly well
with that measured by the vanishing of the en-
ergy gap (this temperature TcA is taken as the

one where the curve dV/dI vs V becomes a,

straight line parallel to the voltage axis). The
resistive transition temperature is always some-
what higher and becomes very much higher in
thicker lanthanum films. The ratio 2b 0/kT cA
is approximately 3.2.

The fact that the energy gap is not higher
in Al-Al, O, -La No. 9 with a resistive transi-
tion temperature of 5.85'K may be due to the
fact that tunneling measures the portion of the
film adjacent to the aluminum oxide. As men-
tioned previously, thin films have a lower tran-
sition temperature and, therefore, a lower
energy gap. Consequently, tunneling which
measures the first deposited layers of the film
yields a low gap value, while the resistive mea-
surement will of course measure the material
with the highest transition temperature. Such
an effect could be due to surface contamination
with the substrate, or a difference in grain
size or crystal structure in the first layers.
It is quite possible that such an effect could
have lead to the low energy-gap values previ-
ously reported for lanthanum. '
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Table II. Experimental results for Al-A1203-La junctions.

Sample & ~ (&=0) (mV) Mo/AT ~

Al-A120&-La No. 2
Al-A1203-La No. 3
Al-A1203-La No. 7
Al-A1203-La No. 9

5.0
4.95
4.9
4.95

5.0
5.15
5.26
5.85

1.375
1.400
1.380
1 ~ 375

3.18
3.28
3.26
3.22

922


