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Fig. 1. Potential of a current-biased Josephson junction.
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Fig. 2. Preparation process of a Josephson junction.
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Fig. 3. Josephson junction sample.
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Fig. 4. Measured I-V characteristic curve of the fabricated

Josephson junction.
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Fig. 5. Time sequence diagram for the junction jump cur-

rent measurements.
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Fig. 6. Josephson junction jump currents and their statisti-
cal distributions.

MW G . Rk, ] DAF - 0 445 g 1 AL ol
WMNIZRKTF 4.8 x 1077 A.

3.3 HABRREVESHNEEH

T, AR R DU A5 F A0 B A8 H A T O A R
PR, SEHERSE ) Im A L AEE S O XS geil
5 1Y 25 Bk A2 H 3t ) O AT A0H — AR AR B A5 31K 7
HH Y IR AR B R A ST T A . I AR B IR Y
Giit oA A (5) 2, ML R A B RRE In AR
i LS CHITUEME, 15BN A 7 s i) 56 5%
W HELE . TERLE SR E T, B R A 1) 2
BOZE NI =5.56 x 1077 A, C =23.3 fF. fT&k
AR B GE T T AR LAY X 2 Ha B B AR AN
R, DR AE SR LA v B B IRCAY HE 5 R I o
R =598 Q.

0.08
0.07 -« SEISfH
0.05
0.04 |
0.03 |
0.02 |
0.01}

0 \ \ . \
2.5 3.0 3.5 4.0 4.5 5.0 5.5

WS/ (10-7 A)

P(I)

7 BEEAHEA I — AL A B (AL
) St (RURER)

Fig. 7. Statistical distributions of the junction jump cu-
rrents: theoretical simulations (red soild line), and measure-
ment data (dot line).
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5.56 23.3 0.06% 9.75% 3.52%
5.57 23.3 0.27% 9.75% 3.52%
5.55 23.3 0.15% 9.75% 3.52%
5.56 23.4 0.17% 9.74% 3.53%
5.56 23.2 0.31% 9.76% 3.52%
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Abstract

Superconducting Josephson junctions are the key devices for superconducting quantum computation and
microwave single photon detection. It is important to fabricate the Josephson junctions with designable
parameters. Different from the typical methods to calibrate the parameters of the Josephson junctions,, e.g., by
using the microwave drivings and measuring the ratio of hysteresis current to critical one, in this paper we
achieve the calibrations with the low frequency current biases. First, we measure the I-V characteristic curves of
the fabricated Al/AlO,/Al junctions. Second, we measure the statistical distributions of the jump currents of
the Josephson junction samples driven by the low frequency (@71.3 Hz) biased currents at an extremely low
temperature of 50 mK. These two sets of experimental data are utilized to estimate the typical parameters of
the Josephson junction, i.e., junction capacitance, critical current, and the damping coefficient, which are
difficult to be directly measured in the usual experiments. The critical current and capacitance of the Josephson
junction are estimated by fitting the statistical distribution of the measured jump currents with the relevant
theoretical model of the "particle" escape from the potential driven by the thermal excitations and quantum
tunnelings. With the calibrated critical current of the junction, the relation between I/I. and dy/dr, T = wt
(with we being the plasmon frequency) is obtained from the measured I-V curve. Using the standard resistively
capacitance shunted junction model to fit such a relation, the damping coefficient of the junction can be
estimated. With the estimated critical current, capacitance, and damping coefficient, the resistance R, of the
junction at the working temperature is calibrated consequently. It is shown that our estimated results are in
good agreement with that predicted by the famous Ambgaokar-Baratoff formula. Physically, the method
demonstrated here possesses two advantages. First, it is relatively insensitive to the noise during the
measurement of the junction's -V characteristic curve, compared with the usual method to calibrate damping
coefficient by measuring the ratio of hysteresis current to critical current. Second, only the low frequency
driving is required to measure the jump current of the junction for estimating the damping coefficient. The
microwave driving is not necessary. Hopefully, the present work is useful for the on-demand designs of the

Josephson junctions for various applications.

Keywords: Josephson junction, resistively capacitance shunted junction model, jump current, parameter

estimation
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