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Abstract—This paper describes a dual Josephson impedance
bridge capable of comparing any two impedances, that is, with
any amplitude ratio and relative phase, over a wide range of
frequency. A new, more compact, design has been achieved by
mounting the two Josephson Arbitrary Waveform Synthesizers
(dual JAWS) side-by-side in a single cryoprobe. We measured
the crosstalk between the two JAWS sources and show that, by
interchanging the impedances within the bridge, the effect of the
crosstalk between JAWS sources can be reduced to a negligible
level.

Index Terms—Impedance comparison, AC Josephson voltage
standard, Josephson Arbitrary Waveform Synthesizer, AC coaxial
bridge.

I. INTRODUCTION

The comparison of impedance standards using transformer-
based bridges is widely used in national metrology institutes
(NMIs) and allows the calibration of impedances with the
highest accuracy in the audio frequency range [1], [2]. The
major drawback of such bridges is that impedances can be
compared only at a set of specific predefined magnitude ratios
(typically 1:1 or 1:10) and relative phases (typically 0° or
+90°).

This limitation has been overcome by replacing the trans-
former with two ac Josephson voltage standards (also known
as dual Josephson Arbitrary Waveform Synthesizers or dual
JAWS sources), which generate accurate and stable voltages
with a completely programmable magnitude ratio and relative
phase. The first realization of an impedance bridge based on
two JAWS circuits demonstrated the capability to compare any
two kinds of impedances over the whole audio frequency range
(31, [4].

Since the first realization of this Dual Josephson Impedance
Bridge (DJIB) in 2016 [3], the system has been further
optimized: the electronics [5] have been modified to make
the system more compact [6] and the JAWS design has been
improved to fit both sources in the same cryoprobe, which is
cooled in a single helium Dewar. The preliminary description
of this new dual source and the characterization of the new
DJIB are presented in this summary.

II. DUAL JAWS SETUP

Fig. 1 represents schematically the wiring of the two JAWS
sources located side-by-side in the cryoprobe. For clarity, the
microwave circuitry is omitted. Each JAWS is composed of
four arrays of 12 810 Josephson junctions (JJs) with critical
currents of 10 mA. The JJs in each JAWS are driven by a single
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Fig. 1. Schematic representation of the low-frequency wiring of the two
JAWS sources inside the cryoprobe. The grounding scheme of the circuit can
be changed by connecting the grounding plugs shown near the V_ outputs
on the right side of the figure.

pulse generator channel; a four-way split is accomplished on-
chip using two layers of Wilkinson dividers [6].

For each JAWS, the inner conductor of each of two coaxial
cables brings the audio-frequency quantum-accurate Josephson
voltage (V and V_) from the chip to the top of the cryoprobe.
The outer conductors of these coaxial cables are isolated from
the cryoprobe and connected together near the chip. Each
JAWS also has a pair of twisted wires connected in parallel
with the coaxial cables for system testing (colored wires in
Fig. 1). Four supplementary twisted-pair wires are connected
from DB-25 connectors at the top of the cryoprobe to the four
JJ arrays of each JAWS to provide the compensation current
needed to generate voltages > 200 mV.

When the dual JAWS sources are implemented in the DJIB,
the V_ outputs of the two JAWS circuits are connected
together and shorted to ground using the grounding plugs
shawn in Fig. 1. The V, outputs supply the quantum-accurate
voltages Viop and Vit to the bridge.

III. CROSSTALK

As described above, the two JAWS sources are located side
by side. Although this configuration allows a more compact
design, the question of crosstalk between the two JAWS
circuits must be investigated in detail.

A. Effect of crosstalk on the DJIB

Fig. 2 shows schematically the effect of JAWS crosstalk
on the DJIB. Once the bridge is balanced, i.e., no current is
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Fig. 2. Schematic representation of the cross-talk in the DJIB.

flowing through the detector D, the impedance ratio Zyot/Ztop
is determined by the voltage ratio Vioi/Viep. The crosstalk
will induce a deviation in V},¢ from the JAWS signal V5 by a
quantity AV, = ky_,oV; where ky_,5 is the crosstalk coeffi-
cient. Similarly, Vio, will differ from V; by AVi = ko1 Va.

We first consider the case of symmetric crosstalk ky_,0 =
ka—1 = k, where k is complex and |k| << 1. The balance
equation is then given by:

Vbot 1+ k%
_ = —p
Viop 1+ kr

where r = V5/V] is the ratio of quantum-accurate reference
voltages. Eq. 1 clearly shows that the crosstalk has a negligible
effect when comparing impedances of the same kind (R to R
or C to C) in a 1:1 ratio (i.e.: r ~ 1). However, when the
ratio differs from 1, the effect of the crosstalk must be taken
into account.

It has been shown [3] that one of the unique and important
properties of the DJIB is the ability to repeat the balance of
the bridge with the two impedance standards inverted, even
with r # 1. The inverted balance of the bridge leads to the
following equation:

Zbot
Ztop

~ —r(l n k(% - 7’)), 1)

Ztop _
Zbot

1+kt
r ~
1+ k7

2)

where 7 is the new generated voltage ratio V5 / V1. Combining
Eq. 1 and Eq. 2, the impedance ratio is finally given by

Ztop \/7‘ ( 1

~ = (1R 1), 3
Zhot T + (r2 ) )
assuming that 7 ~ 1/r. Eq. 3 clearly shows the advantage

of performing both the direct and reverse measurements: the
impact of the crosstalk is reduced to second order.

B. Measurement of the crosstalk coefficients

To determine the crosstalk coefficient k, the voltage AV,
was measured at frequencies between 1 kHz to 50 kHz, with
the amplitude of V5 set to zero and the rms amplitude of V; set
to 1 V. The amplitude |AV5| increases linearly with frequency
and reaches an rms amplitude between 1.4 pV and 130 pV
at 50 kHz, depending on the DJIB grounding scheme. The

smallest crosstalk coefficient of 1.4 'V was obtained when
both JAWS sources were completely floating, i.e., when the
two short-circuit plugs of Fig. 1 were not connected together.

The origin of the crosstalk appears to be the capacitive
current that flows from one JAWS source to the other, either
between on-chip elements or between various twisted-pair
wires connecting the JAWS chip to the top of the cryoprobe.
This capacitive current, jwCV7, needs to return to ground
through the impedance of the link between JAWS-2 and
JAWS-1, z = R + jwLs. It produces a voltage drop AV, =
jwCViz. The impedance z includes the on-chip impedance
of the JJ arrays and superconducting wiring plus the series
impedance of the coaxial cables. Because the same capacitance
C and impedance z are involved in the reverse coupling,
the hypothesis of a symmetric crosstalk coefficient is fully
justified. We used a four-wire measurement to determine the
total output impedance, Rs; = 2.5 2 and Ly = 2.6 pH, which
implies that a coupling capacitance between the JAWS sources
of C' = 160 pF would be required to explain the maximum
measured crosstalk of AV, = 130 pV at 50 kHz.

This explanation for the crosstalk is further supported by
the fact that the phase of the measured voltage AV5 is shifted
by roughly 90° relative to the phase of V;. Moreover, when
the two JAWS circuits are completely floating, the capacitive
current vanishes because there is no path back to the source.

IV. CONCLUSION

Mounting the two JAWS sources side-by-side in a single
cryoprobe results in a simple, compact, dual Josephson source.
However, this configuration requires careful measurement of
crosstalk and accounting for the effect of the crosstalk on the
calculated voltage ratio, especially when the ratio differs from
1. By combining both direct and reverse measurements, the
effect of the crosstalk on the calculated voltage ratio is reduced
to second order and does not significantly contribute to the
ratio, even though the coupling between the two JAWS circuits
is as large as 160 pF. The next step for the DJIB is to detremine
a full uncertainty budget and directly compare it to a high-
accuracy transformer-based bridge.
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