


INTRODUCTION

The performances of the superconducting weak links are defined by
their current-phase relation in many aspects. In general the Cooper pair cur-
rent through the weak link I can be written in the form:

Ip =" I, sinme, i)

m=1
where ¢ — is the phase difference of the order parameter across the Josephson
junction. In case the high quality Josephson junction parts with m > 1 are
ignored and the current-phase relation is sinusoidal:

In(g) = Iosing, 2
where [o— is the critical current of the weak link. The equation [2] is included
in the basic equation of the RSJ-model (1,2) for the current flowing through
the weak link:

h
I=1Ip(ep) + %% R di + —C—+ I, {3]
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where Rp— is the normal resistance of the junction; = its capacitance; h—
Planck’s constant, e— the charge of the electron; /-— is the fluctuation current
produced by Rr. '

The nonsinusoidal current-phase relation may lead to the violation of
the RSJ-model and complication of the weak link behavior. It may cause
a dramatical degradation of the performances based on the Josephson effect
devices. In case of SQUIDs it may be the reason of the SQUID intrinsic
noise increasing (3). That is why it is desirable to investigate this relation to
optimize the technological process of the Josephson devices manufacturing.

METHOD OF THE MEASUREMENTS

There are various methods to investigate /(). At present the Joseph-
son devices are used at the temperature of 100 K and more, and it is important
to choose the method for cvery case. The Vincent-Deaver approach for indirect
measurements proposed in (4) is suitable over the wide temperature range and
can be used for the conventional and high — Te superconductor weak link esti-
mations (5,6). This method consists in measuring a small signal impedance of
the weak links incorporated in the rf SQUIDs operating in the strongly non-
hysteretic mode. A model of the weak link embedded in a superconducting
ring coupled to the tank circuit LyCr, is shown in Fig.l (7). As usunal we
neglect the Josephson junction capacitance. Phasc dependent inductor £{@)
of the weak link is connected with the pair current Ip flowing through it

£(p) = % (L’;’g—)) 4]

Thus, we are able to calculate the current phase relation /p(¢) to 1n-
vestigate the influence of L) on the tank curcuit.

The calculations are carried out as follows (7). Lz is measured before
hand. If L is known, values Rt and Cr may be defined from the measurements
of the tank resonance frequency wo and quality factor Q. Mutual inductance
M between Ly and the SQUID loop inductance L is determined by measuring
of the variation period of the tank voltage Vi when Ly is supplied with de cur-
rent Ipe. Then effective inductance Lppp and resistance Rpgp are calculated
al different values of externally applied flux ®pe using (5] and {6] to measure

quality factor @ and resonance frequency w:
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Figure 1. Diagram of weak link in superconducting ring coupled.
to tank eureuit.
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Figure 2. Schematic diagram of experimental setup.
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Substituting all the above values in equations [7] and [8] one can obtain

L{Ppc) and R{$pe):

(R.F_,‘FF‘ - RT}?L? + wz[NIQ + (Ll—;i—‘F — LT)L]?'
~w¥(Lppp — LT)[M? + (Lepr — Lr)L] — (Rgrpr — Rr )L’

L= [7]
_ (R[.;}:'p — RT)ZL?' + w2M42 + (LEFF — LT)L]2 [8]
(Repp — Rr)M? '
The transfer to argument v can be obtained by means of numerical
integration with relation [9]:

R

Cne -1
L
dpo) = = N ¢
w(Ppe) Of [l+£(‘1’uc)1 d® 9]

Then the current phase relation is calculated with equation [4].
SYSTEM DESIGN

In this paper a system for these mcasurements is described. Since
these investigations have required many measurements, we decided to make
them automatic. The functional diagram of the computer-controlled system
is given in Fig.2. The system includes a voltage controlled de current supply,
a voltage tuned rf oscillator, a phase shifter, a wideband rf amplifier with the
first cooled stage operating at 4—300 K, a phase-sensitive detector, a low-pass
filter, two digital-analog 12 hit converlers (DAC) and an analog-digital 12 bit
converter (ADC).

The amplifier (Fig.3) utilizes a cooled GaAs transistor V1 as the input
device in a cascode configuration. The first and second stages of the cascode
are constructed with different sources to select the best transistor regimes.
The load of the second stage is the cascode in analogy with (8). The cas-
code amplifier is followed by two stages of emitter followers to provide the 50§)
impedance drive for the output amplifiers. Two silicon bipolar 500 amplifiers
are used for the output stages (INA-02184, Avantek). Two types of GaAs tran-
sistors were tested as the cooled amplifier - AP354G-2 (NPO "Saturn”, Kiev,
Ukraine) and ATF-10136. The white noise level was less than 0.6 nV/Hz'?
and 0.5 nV/Hz"/? at 4.2 K, accordingly. The frequency response is flat in the
range hetween 10 and 80 M Hz.



Figure 3. Curcuit diagram of the rf amplifier. V1— see the text;
V2 + V4~ KP307; V5,V6— KT3120; A1, A2— INA-02184.
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Figure 4. Amplitude-to-frequency curves of the tank curcuit at
various ®pe.
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Figure 5. Current-phase relation of BiPhSrCaCul) weak hink.



A vector voltmeter was utilized as phase-sensitive detectors to measure
the magnitude and phase shift angle of the tank voltage relative to input drive
signal, The other parts of the system are typical.

SYSTEM OPERATION

The system operates as follows. The first digital-to-analog converter
DACH controlled by a computer sets up the control voltage for the dc cur-
rent supply corresponding the certain de current Ipe (Fig.1). The current
Ine determines the external flux $pe inside the loop of the SQUID. Then
with DAC2 the frequency of the rf-oscillator is changed and the amplitude-to-
frequency curve of the tank cireuit L+Cr coupled to the SQUID is investigated.
The phase shifter compensates the phase shift in the input curcuit and ampli-
fier. The low pass filter follows the detector. The data sampled with the ADC
arc stored in the PC for further processing, These measurements are repeated
for different external magnetic field @0, The time constant of the low-pass
filter is rather big (5 — 10 5) and to decrease the time of measurements we have
used the method described in (8). The system is able to measure the phase-
dependent quasiparticle current (@) = ({)V, where Gle) = [/ R(p)— is a
phase-dependent conductance, V' is a voltage across the junction. But usually
we have investigated the high—1¢: junctions in liquid nitrogen and due to the
great noise, there was a considerable error of the measurements, and that is
why they have not been carried up.

Fig.4 illustrates the measurement results of the amplitude-to-frequency
curves. We have measured a BiPbhSrCaCnuO weak link embedded in a balk
SQUNY (108). The results of the calculations is shown in Fig 5, The current-
phase relation of this Josephson junction is nearly sinusoidal.
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