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Enhancing Signal Purity in Josephson Structure
Measurements
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Abstract: Superconducting Josephson structures play a significant role in
quantum-state engineering. Achieving high-fidelity quantum state
measurements in superconducting Josephson structures requires ultra-low
noise environments and robust signal purification techniques. Here, the
advanced low-noise signal measurement system designed for dilution
refrigerators is presented, integrating multi-stage cryogenic filtering and
electromagnetic shielding strategies to suppress noise sources across a broad
frequency spectrum. The effectiveness of low-pass RC filters is demonstrated,
silver-epoxy microwave absorbers, and optimized ground isolation to achieve
an unprecedented noise reduction, enabling sub-nanoampere switching
current distribution measurements superior to commerical systems at mK
temperatures. The system is optimized for precision studies of
superconductor-insulator-superconductor,
superconductor-ferromagnet-superconductor, and superconductor-normal
metal-superconductor Josephson junctions with low critical currents. This
approach establishes a reliable framework for next-generation quantum
electronic experiments, ensuring that observed switching phenomena are
governed by intrinsic device physics rather than environmental perturbations.
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1. Introduction

Quantum-state engineering–active con-
trol over the coherent dynamics of
quantum systems–has emerged as a
cornerstone of modern physics.[1] Su-
perconducting Josephson structures
play a central role in this field, en-
abling precise manipulation of quantum
states. However, achieving high-fidelity
measurements necessitates an ultra-
low-noise environment at millikelvin
temperatures with minimal thermal
fluctuations, electromagnetic interfer-
ence (EMI), and residual radio-frequency
(RF) signals. Such noise sources result
in an increase in the effective electron
temperature. This work explores filtering
strategies designed to suppress noise
and preserve signal integrity.
Signal purity in Josephson junction

measurements requires aggressive
filtering across various frequencies.
Several filtering techniques have been
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implemented since the 1980s. Traditional RC filters imple-
mented on-chip[2–4] and in coaxial cables[5–7] are useful for at-
tenuation of frequencies up to 10 MHz, beyond which 𝜋 filters
are needed.[8] Microwave frequencies greater than 100 MHz are
best absorbed by transmission line filters[9–11] andmetal powders
whose large surface areas cause skin effect damping to strongly
attenuate external fields.[12–18] Printed circuit board (PCB) based
filters with metal powder enclosures,[8] distributed damping fil-
ters as thin films in a flip-chip[19] and carbon nanotube-based
filters[20] have also been demonstrated. A very cost-effective fil-
ter design is the twisted pair filter enclosed by copper tape.[21,22]

This “copper tapeworm” contains lesser quantity of metal to be
cooled than metal powder filters. All filters heat up due to dis-
sipation and inductive heating. Therefore, many of them use
thermal epoxies and are thermally anchored to various stages of
cryostats. Likewise, other components such as wires and sample
holders are also thermally anchored to cryostat stages[23] because
at ultra-low temperatures, the electron-phonon coupling drasti-
cally decreases and electron cooling happens largely via electrical
contacts.[24] Modern filter implementations require cascades of
low-pass filters at different temperature stages to eliminate ex-
ternal RF noise and ensure the device is at thermal equilibrium
with the cryostat.[25–29] For example, a typical wiring chain may
include a 𝜋-type feed through filter at room temperature (cut-
off in the MHz range), followed by cryogenic low-pass filters at
intermediate stages (e.g., an RC filter in the temperature range
of 1–4K), and high-attenuation filters at the mixing chamber (10
mK stage) such as copper-powder or silver-epoxy filters.[26,30] At
room temperature, pi filters (often realized as feed through ca-
pacitors) suppress radio-frequency interference above ∼10 MHz,
while the cryogenic powder and epoxy filters provide>50–100 dB
attenuation at GHz frequencies.[30] Notably, silver-epoxy-made
microwave filters can achieve over 100 dB attenuation for f > 150
MHz (and even above 30 MHz when as built-in capacitors).[16]

Such filters absorb high-frequency noise and protect the signal
lines, preventing room-temperature black-body radiation from
reaching the sample. Moreover, to ensure that the sample’s “elec-
tronic temperature” remains equal to the refrigerator’s base tem-
perature, rigorous filtering of RF radiation is crucial.[25] Experi-
ments have shown that with proper filtering (cutoffs of order kHz
at cryogenic stages), the Josephson device avoids excess noise-
induced switching and remains in equilibriumwith the refrigera-
tor. In practice, each filter stage is chosen to target a specific band
of unwanted noise range: RC filters for low-frequency interfer-
ence (e.g., 1/f ormains pickup), while broadband lossy-line filters
(Thermocoax[5,31–33] or resistive twisted pairs embedded in metal
powder) for high-frequency microwave spikes. These multi-stage
filtering networks preserve signal integrity and yield ultra-sharp
switching characteristics by attenuating noise fromdirect current
(DC) up to the GHz range. Indeed, without such measures, envi-
ronmental RF noise from radio stations, mobile phones, and am-
bient black-body radiation can propagate through the measure-
ment cables and alter the results by spuriously broadening the ob-
served switching current distribution.[26] However, with all three
filter stages connected to the system, attenuation of 90 dB above
∼40 MHz (and ≳ 110 dB beyond a few GHz) can be achieved,[26]

effectively pushing residual noise to negligible levels and ensur-
ing that the measured critical-switching events reflect the intrin-
sic junction properties rather than external perturbations.

In addition to dedicated filters, careful experimental de-
sign minimizes EMI and thermal noise in Josephson device
measurements.[34,35] A common practice is to enclose the sam-
ple and sensitive wiring in a RF tight environment. For example,
the sample chip is oftenmounted in a closed copper Faraday cage
or an RF-tight copper can at the cryostat base temperature.[36–38]

This shield blocks external electromagnetic radiation and pre-
vents stray fields from coupling with the device.[39,40] All sig-
nal lines entering the enclosure are filtered and made of coax-
ial or twisted-pair wiring to reject inductive pickup.[41,42] Us-
ing twisted pair or superconducting coax leads (enclosed in a
braided shield) significantly reduces the cross section and thus
coupling of ambient alternating current (AC) fields. Additionally,
sensor wires (for thermometers, heaters, etc.) are routed sepa-
rately from high-frequency signal lines to avoid cross-talk.[43–46]

To eliminate ground loops and external EMI, the entire measure-
ment electronics are often placed in a single grounding scheme
(e.g., a shielded room or enclosure) with the cryostat. Instru-
mentation may be battery-powered or use isolation transform-
ers to decouple from noisy mains ground.[47] Crucially, the ana-
log bias circuitry can be electrically isolated from any digital
control circuitry by using optical fiber links or opto-couplers in-
side or outside the cryostat, as demonstrated in high-precision
switching experiments.[12,48] By converting trigger signals to op-
tical pulses and back, one prevents digital switching noise from
propagating into the analog measurement loop. Thermal noise
is mitigated by proper thermal anchoring and attenuation of the
leads.[49] Each measurement line is anchored at multiple tem-
perature stages using braid thermal ties or embedding the line
in high-heat-capacity copper stages, so that by the time it reaches
the mixing chamber the electrons in the lead are cooled to base
temperature.[50,51] In practice, 20dB cryogenic attenuators (50Ω
terminators) are often installed at the 4K and base stages; these
not only attenuate incoming noise but also re-emit thermal noise
only from the stage at which they are mounted (ensuring the
noise spectral density corresponds to a few Kelvin rather than
300K). In combination with lossy filters (e.g., a resistive coax
line acting as a distributed RC network), this prevents higher-
temperature Johnson noise from reaching the sample. The re-
sult is that the dominant noise near the device is set by the cold-
est temperature stage, dramatically reducing thermally induced
fluctuations. Experiments typically verify that with all EMI pre-
cautions, the observed switching rates or device electron tem-
perature match the fridge temperature, indicating negligible ex-
cess heating.[52] Furthermore, laboratories often implement ad-
ditional EMI countermeasures such as μ-metal shields for DC
magnetic fields, spectrum analysis of environmental RF to elim-
inate specific offenders, and even RF absorbers on wiring to
damp microwave resonances. By combining meticulous shield-
ing, isolation and thermalization, electromagnetic disturbances
and thermal noise can be suppressed to a “background” level, en-
suring that stochastic switching in Josephson structures is driven
by inherent quantum/thermal processes rather than external
interference.
In this work, we present a fully integrated noise-reduction ar-

chitecture built around a Bluefors LD-250 cryogen-free dilution
refrigerator, designed to allow precision studies of Josephson
junctions and related quantum electronic systems. This system
has already been tested in our previous articles.[53–60]
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The measurement system incorporates a multi-tier noise
suppression framework, combining carefully shielded elec-
tronic instrumentation, low-temperature cryogenic RC filtering,
and silver-epoxy-based microwave absorbers to mitigate high-
frequency noise. A dedicated signal conditioning chain, incorpo-
rating room-temperature amplification and impedance-matched
transmission lines, is employed to minimize external perturba-
tions. Special attention is given to screening strategies for the
sample holder, ensuring that spurious electromagnetic radiation
and thermal leakage are effectively suppressed.
This paper is organized as follows: First, we provide a de-

tailed description of the electronic measurement setup, includ-
ing the configuration of amplifiers, switching matrices, and bias-
ing circuits designed to suppress noise originating from room-
temperature electronics. Next, we examine the low-temperature
filtering mechanisms in detail, emphasizing their role in reduc-
ing spurious high-frequency components that could otherwise
disturb delicate superconducting states. Finally, we demonstrate
the effectiveness of this approach through a detailed charac-
terization of switching current distributions in superconductor-
insulator-superconductor (SIS) Josephson junctions, confirming
that our system achieves signal purity at a level consistent with
theoretical expectations for coherent quantum transport.

2. Electronic Setup

To ensure precise signal acquisition and noise suppression, we
performed DC measurements using a Bluefors LD-250 dilution
refrigerator, with an electromagnetically shielded copper sample
holder. A four-point (Kelvin) contact method is implemented, uti-
lizing separate twisted pairs (TPs) for current and voltage leads
to minimize noise and exempt leads resistance during measure-
ment.
The room-temperature equipment (amplifiers and their auxil-

iary circuits) is mounted in an electromagnetically shielded and
grounded box directly connected to the cryostat via a standard,
widely used 25-pin Fischer connector. This allows us tominimize
the path of the low voltage non-amplified signal. The measured
structure (voltage and current leads) is selected with low-noise
commutation matrices (type 321, Ghielmetti). The swept excita-
tion current source and voltage amplifier mounted in the box
are connected to twisted pairs through matrices. So, it is possi-
ble to connect any of 24 lines in the cryostat to the measurement
system. This allows to characterize up to 6 structures for each
sample holder per one load. The amplified signals are sent to
an analog-to-digital converter (ADC) using shielded cables. The
bipolar power supply of the amplifier box (± 12 V) is filtered with
100 nF capacitors. Moreover, the swept signal input and ampli-
fied outputs are passed over Tusonix 4202-004LF pi-filters with
insertion loss of 50 dB at 100 MHz and 70 dB at 1 GHz and
even higher.
The schematic of an amplifier box is shown in Figure 2. The

current bias to the sample is given by the external low-noise pro-
grammable voltage source over precision resistors. Different re-
sistors can be alternatively connected to the circuit with the ro-
tary switch in order to select the swept current range while hold-
ing the source range constant. Prior to resistors, the voltage sig-
nal V0 is made symmetric (+V0/2 and -V0/2) to improve the re-
sistivity to electromagnetic noise in twisted pairs. This is made

with the symmetrization circuit based on two operational ampli-
fiers (OP177 and LT1167). One of them is connected as a simple
inverter without amplification, producing the negative part of a
signal, and the other one is connected to the signal input and re-
ceives the inverted signal as a reference, making the positive part
of a signal strictly negative to the positive part. Finally, this signal
is sent to the cryostat via a twisted pair and passes to the sample
through 4 K stage filters and a silver epoxy filter (Figure 1a). The
voltage signal from the structure exits the cryostat via a twisted
pair after being filtered at mK and 4 K stages. First, it is ampli-
fied with the first cascade instrumentation amplifier (AD8421)
which has a very high input impedance of 30 GΩ, approaching
the ideal voltmeter. Afterwards, it is amplified at the second cas-
cade with operational amplifier working at closed loop feedback
mode (LTC2057). The first cascade amplifier can provide a gain
from 10 to 5000 (can be adjusted). The second cascade provides
a gain from 1 to 10000 (also adjustable). The ground-connected
gain-setting resistor of LTC2057 is selected as low as possible (100
Ω) to avoid the clock feed-through in the operational amplifier.
Before the second cascade, the tunable active inverting band pass
filter is installed (Figure 2d). The filter is based on the OP177 op-
erational amplifier. Its cut-off frequency fc =

1
2𝜋RC

withR= 10 KΩ
can be varied from 15 Hz to 5.3 KHz by virtue of the variable ca-
pacitor. Every amplifier has the high input impedance and low
output impedance, so there is a well impedance match and no
signal drop between cascades.
The first cascade amplifier has the bandwidth in range from 2

to 10 MHz, depending on the selected gain. The second cascade
amplifier has the bandwidth range from 150 Hz to 1.5 MHz. The
low-pass RC filters installed in the cryostat (see later) can have the
cut-off frequency of 1.592 KHz or 106 Hz, so one can select the
amplification in order to perform I–V measurements at highest
speed for any installed RC-filter.
The current bias signal is also amplified and passed to ADC

in order to synchronously log an I–V curve. The symmetric bias
signal is taken before the precision resistors, amplified with the
AD8220 instrumentation amplifier and passed to an ADC. The
active band-pass filter based on OP177 operational amplifier is
also installed. To account for the voltage drop across the sample
and correct the current signal accordingly, the voltage signal is
measured using a second AD8421 amplifier connected in oppo-
site polarity. This signal is then amplified by an INA132 instru-
mentation amplifier and provided as a reference to the AD8220
amplifier for the current signal. (Figure 2b).
One of the common problems of amplifier system is the float-

ing zero (reference) that often drifts during the measurement
procedure. The zero level of current and voltage output signals
is controlled using the zero correction system. The precision ref-
erence voltage source (REF200) prepares the constant voltage
which is adjusted with precision variable resistors (potentiome-
ters), amplified with OP177 operational amplifiers and given to
voltage (AD8421) and current (AD8220) amplifiers as a reference
(Figure 2c).
All gains, including the first and second stages of voltage gain

as well as the current gain, can be adjusted using variable resis-
tors in the instrumentation amplifier control outputs and oper-
ational amplifier feedback circuits. This allows for the measure-
ment of a wide range of samples with varying resistances and
critical currents while maximizing voltage resolution and utiliz-
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Figure 1. Room temperature measurement equipment. a) Simplified block diagram of a measurement system. All connections from the amplifier box
are shown. b) Amplifier box overview. The switching matrices (at the bottom part of the box) and knobs for amplification and offset adjustment (on the
left and right walls) are visible. c) Amplifier box with opened lid, a printed circuit board with amplification circuits is visible. The Fischer 25-pin male
connector is located on the box’s left wall. It is connected directly to the female connector on the top of the dilution refrigerator. A partition with pi-filters
for input and output signals is located near the right wall.

ing the full range of the ADC input. Adjustable knobs are shown
in Figure 2 as red rectangles with labels.
A 24-bit ADC system synchronously digitizes voltage, current,

and magnetic field signals at a sampling rate of 102.4 kHz, en-
suring high-resolution data acquisition. Over an extended mea-
surement period, stable and reproducible behavior in Josephson
structures is observed, confirming the reliability of the system.
Noise tests on an Al/AlOx/Al Josephson junction (normal resis-
tance is 5 kΩ with a theoretical critical current 50 nA) results a
measured switching current of 30 nA, verifying that current noise
amplitude remains below 10 nA,well within the requirements for
sub-μA critical current measurements.

3. RC Filters

To achieve optimal noise suppression, our setup employs a series
of cryogenic low-pass RC filters positioned at different tempera-
ture stages of the dilution refrigerator. These filters are crucial
in mitigating Johnson–Nyquist noise, reducing unwanted ther-
mal excitations, and filtering out electromagnetic interference
across a broad frequency range. Low temperatures TC of a mea-
sured sample require higher attenuations of unwanted frequen-
cies from higher temperatures T:[61]

A(f ) = e
hf
kT − 1

e
hf
kTC − 1

, (1)

so in order to protect the millikelvin-temperatured sample from
high-frequency noise from high temperatures, the filtersmust be

installed at different stages of a cryostat. The first stage is typically
4 K.[61]

An RC Low-Pass Filter allows low-frequency signals to pass
while attenuating higher frequencies. It consists of a series re-
sistor (R) and a shunt capacitor (C) from the output to ground.
A constant DC input to the resistor results in a constant DC volt-
age across the capacitor. A change in the DC input voltage will
result in the capacitor gradually charging/discharging to match
the input voltage after a time delay. However, a high-frequency
fluctuation in the input will not give the capacitor enough time to
react - it will undergo a smaller change in voltage, thereby main-
taining an output signal with damped fluctuation. To block the
whole spectrum of unwanted frequencies, the R-C circuit is re-
peated (Figure 3c). The filter cutoff frequency can be expressed
as:

fc =
1

2𝜋RC
(2)

The transfer function of the RC filter is given by:

H(f ) = 1
1 + j2𝜋fRC

(3)

where j is the imaginary unit. The magnitude of the gain is:

|H(f )| = 1√
1 + (2𝜋fRC)2

(4)
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Figure 2. Room-temperature amplifier box schematic. Some logical parts are shown by dashed rectangles of different color: swept current preparation,
making an amplified output signal for sample current and voltage for ADC board, and zero (offset) adjustment. Connections from voltage source and
ADC board are marked with magenta rectangles. Connections to a sample in a cryostat are marked with blue rectangles. User-adjustable knobs (gain
selection, offset tuning) are marked with red rectangles.

The gain in decibels (dB) is given by:

G(f ) = 20 log10 |H(f )| (5)

For samples of different resistance and critical current, differ-
ent values of filter resistance are used, allowing to avoid too large
voltages on measurement leads. Moreover, the resulting cutoff
frequency limits the speed of the I-V curve measurement and
must be chosen according to the sweep speed. For samples with
low critical current (for example, sub-micron SIS junctions) the
filters with R = 15kΩ and C = 100nF are used, thus the cutoff
frequency here is fc = 106 Hz. For samples with high critical cur-
rents, where some milliamperes must be passed over the mea-
surement system, the optimal values areR= 1kΩ andC= 100nF,
which yields the cutoff frequency fc = 1.592 KHz.
The simulation result for an RC-filter with R = 1kΩ and C =

100nF is shown in Figure 3d.
Each RC filter assembly consists of high-precision surface-

mounted resistors and capacitors chosen for cryogenic perfor-
mance. The resistors are made of thin-film metal-oxide mate-
rial which minimizes resistance drift at low temperatures, while
the capacitors utilize multilayer ceramic dielectric materials de-
signed for stable capacitance at 4 K temperature stage (NP0
ceramics). All components were carefully tested in the whole
range of cryogenic temperatures, and the absence of strong re-

sistance/capacitance drift was confirmed. These filters are care-
fully thermally anchored at each temperature stage to ensure ef-
fective cooling and prevent any parasitic heating from interfer-
ing with the superconducting junctions. Resistors and capaci-
tors are located on a PCB which contains top and internal copper
layers to improve the cooling of the PCB. The PCB is mounted
in the copper housing and thermally anchored to it (Figure 3b).
The housing is closed to protect the filter circuit from non-
equilibrium photons from the 4 K cryostat stage. The filter as-
sembly is equipped with standard Micro-D-Sub connectors com-
patible with standard Bluefors DC lines (Figure 3a).
Experimental tests confirm that these filters reduce high-

frequency signal noise by more than 90 dB, enabling precise
current–voltage measurements without external contamination.

4. Sample Holder and Silver-Epoxy Filters

The sample holder is designed to provide optimal electromag-
netic shielding and thermalization. On the outside of the holder,
it is possible to install two concentric shields 50 and 60 mm in
diameter made of mu-metal (Figure 4a red and blue parts). In-
stead of mu-metal shields, it is also possible to install a brass
shield with a solenoid on the surface for measuring samples with
a magnetic field. The Cu-made holder body consists of two parts
connected by 4 bolts through supports. This design makes it pos-
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Figure 3. Low-temperature RC filters for 4 K cryostat plate. a) Photo of
4 K flange of Bluefors LD series dilution refrigerator with installed RC fil-
ters (false-colored with violet).) Filter assembly without a lid. A PCB with
installed resistors and connection wires to Micro D-Sub connectors are
visible. c) Simulation of RC filter transition at different frequencies; the
blue dashed rectangle shows the filter itself. d) simulation results. A gain
decrement after the cutoff frequency is visible.

sible to install caps for each of the shields. The caps have holes
for the output cables.
A carrier with sample is located in the area near the bottom of

the shields (Figure 4a orange part). It has 24 DC contacts and 6
RF lines, which are located in the intermediate layer of the pcb
for wire bonding. The sample carrier has 24 additional DC con-
nectors on both sides to ground the sample during wire bonding
and installation in the cryostat (Figure 4b black connector). To
shield the sample from IR radiation, the sample carrier is closed
from above with a copper lid.
A specially designed Ag-epoxy cryogenic powder filter is placed

in the holder case (Figure 4a yellow part). It provides thermaliza-
tion of DC lines and high-frequency attenuation. The filter con-
sists of 12 twisted pairs of 0.1 mm diameter and 1.5 m long Cu-
wire covered in polyurethane lacquer and wound bifilarly on a
copper coil (Figure 5a). During the winding process, each twisted
pair is coated with a layer of conductive silver-epoxy compos-
ite(Figure 5b). In our case we use RS PRO Silver Conductive Lac-

quer that dries up quickly. We also use 25-pin J30J Cinch to con-
nect the sample holder to the DC lines of the cryostat (Figure 4c).
The copper wire and the conductive silver composite are a

distributed RC filter with high resistance and capacitance and
low inductance. Due to the skin effect, a high-frequency para-
sitic signal propagates near the surface of the wire through a
cross-section with an area of 𝜋𝛿D2, where 𝛿 = 1∕

√
𝜎cu𝜇cu𝜋f is

skin depth. The effective resistance of the transmission line in-
creases with increasing frequency and the filter attenuates the
parasitic signal. The attenuation also increases proportionally
with the length of the wires. A rough estimate of the filter char-
acteristics gives R = 3.2 Ohm, C = 0.98 nF, L = 76 nH. In
Figure 5c, the measurements of the transmission S-parameter
of the filter are presented. Measurements were performed with
the Rohde&Schwarz ZNB vector network analyzer at the in-
put signal power of –20 dBm with the sensing bandwidth of
100 Hz. The frequency sweep was of 100001 points from 9
KHz to 10 GHz. The attenuation at high frequencies is up to
–100 dB ensuring that no external RF interference affects the
measurements.

5. Verification Part

We characterize our system by measuring the switching current
distribution of 200x200 nm2 SIS Josephson junctions (Figure 6a)
made by the Al-AlOx-Al shadow evaporation technology.[62–64]

First, a 100 nm thick Al layer was deposited onto the high-
resistive Si substrate using Plassys MEB550s e-beam evapora-
tion system. Next, the lines and bonding pads were created us-
ing the direct-laser lithography system (μMLA, Heidelberg In-
struments) and etched with dry etching technique (1000 Volts,
50 mA, for 10 min, using KDC-40 ion gun KauffmanSource,
and argon). For shadow evaporation, two layers of electron resist:
methyl methacrylate (500 nm) and polymethyl methacrylate (100
nm) were applied. Then, a Josephson junction geometry was de-
fined with e-beam lithography (JEOL 7001f). First electrode was
evaporated using the e-beam system at angle 𝛼1 = −20deg, then it
was oxidized at 20 mBar during 10 min, and, finally, the second
electrode was evaporated at angle 𝛼2 = +20deg. Finally, the resist
was removed with the lift-off process emmerced in acetone for
3 h, rinse using siringe and finaly remove resist residues in an
ultrasonic bath for 1 min.
Figure 6a shows a scanning electron microscope (SEM) im-

age of our Josephson junction and its schematic 3D represen-
tation. The insulating layer is highlighted in red. Figure 6b il-
lustrates the I–V characteristics measured by both the analog
and digital (commercially available) systems. The Digital system
was based on Keithley 6220 current source and Keithley 2182a
nanovoltmeter. The current source range was selected as a mini-
mal range to cover required swept currents. The signal from the
current source was supplied via the triaxial cable (output high
via the central conductor and output low via the inner shield).
The nanovoltmeter was set up to Autorange, with the measure-
ment time of 5 power-line AC voltage cycles. The voltade signal
was fed to the nanovoltmeter using the shielded twisted pair.
The critical currents differ by nearly a factor of two. The gray
dotted line represents the critical current calculated using the
Ambegaokar–Baratoff formula.[65] The observed switching cur-
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Figure 4. Sample holder. a) Schematic representation of the cross-section of the sample holder. b) Sample carrier part. A white rectangle schematically
indicates a chip with a sample. c) Full setup.

Figure 5. Low-temperature distributed powder RC-filter for high frequencies: fabrication and testing. a) Preparing of twisted pairs from varnished 0.1
mmwires. b) Winding of twisted pairs onto the copper base and fixing them with epoxy containing silver powder. c) Test of filter using the vector network
analyzer. Top: measuring of cable transmission S-parameter for reference. Bottom: measuring the transmission S-parameter of a filter.

Adv. Physics Res. 2025, e2500032 e2500032 (7 of 10) © 2025 The Author(s). Advanced Physics Research published by Wiley-VCH GmbH
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Figure 6. Test of measurement system. a) Test structure for testing: Alu-
minium SIS junctions with aluminum oxide barrier. Top: junction 3D
model, bottom: SEM image of a junction. b) Example of I–V curves mea-
sured with our proposed measurement system (blue curve) and Digital
system “precision current source + nanovoltmeter” pair. The switching
current for our system is 400 nA, which is almost twice more than the
switching current for the Digital system (220 nA). The theoretically pre-
dicted critical current is 0.66 μA. c) Distribution of switching currents mea-
sured by two measurement systems and their Gaussian fits.

rent aligns closely with the critical current expected using the
Ambegaokar–Baratoff theory:

IC = 𝜋Δ
2RN

(6)

where Δ is the superconducting gap and RN is the normal-state
resistance of the junction. The superconducting gap Δ can be

Table 1. Comparison of the analog and digital measurement systems.

Parameter Analog System Digital System

Ic (μ) 0.4 μA 0.23 μA

Spread (𝜎) 0.014 μA (3.5) 0.046 μA (20)

Signal-to-Noise Ratio High Low

estimated from the superconducting transition temperature TC
using the Bardeen-Cooper-Schrieffer[66] theory:

Δ = 1.76kBTC (7)

where kB is the Boltzmann constant. We can compare the experi-
mentally measured critical currents with theoretical expectations
and confirm that the noise level in the measurement system is
low enough.
To measure the switching current distribution, the method of

double threshold was used. The current was swept upwards from
zero and the voltage was tracked continuously. When the voltage
overcomes the first threshold ϵ1 = 4 μV, the threshold changes to
ϵ2 = 7 μV.When the voltage overcomes ϵ2, the corresponding cur-
rent value is treated as the observed critical current. This method
allows to obtain the critical current distribution quickly, without
measuring the whole I–V curve, and avoid wrong measurement
of a critical current due to near-zero voltage noise. The thresh-
old values can be adjusted depending on the noise level and the
resistance of the measured sample.
The incorporation of multi-stage filtering significantly im-

proves signal fidelity. By comparing measurements with and
without additional cryogenic attenuation, we observe a 60 times
reduction in signal broadening, highlighting the effectiveness of
our approach. Furthermore, the optimized shielding and ground
isolation prevent thermal and electromagnetic noise from cor-
rupting experimental data, establishing our system as a highly
reliable platform for quantum-coherent transport studies.
We experimentally measured the distribution of critical cur-

rents in two different systems: the Analog System (presented
in this manuscript) and the Digital System widely used to mea-
sure I–V curves of Josephson structures. We conductedmeasure-
ments 100 times for each system. The resulting distributions are
shown in Figures 6 and 7.
After obtaining the experimental data, we applied a Gaussian

fit to analyze the statistical properties and determine the spread
in each case. The Gaussian function used for fitting is given by:

P(I) = 1

𝜎
√
2𝜋

exp
(
−
(I − 𝜇)2

2𝜎2

)
, (8)

where:

• P(I) is the probability density function of the critical current I,
• μ is the mean critical current,
• 𝜎 is the standard deviation, representing the spread of the dis-
tribution.

TheTable 1 below summarizes the key differences between the
analog and digital measurement systems:

Adv. Physics Res. 2025, e2500032 e2500032 (8 of 10) © 2025 The Author(s). Advanced Physics Research published by Wiley-VCH GmbH
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Figure 7. Probability density of the critical current distribution changewith
temperature The switching current change P(I−<I>) is analyzed over the
temperature range of T = 25mK to T = 300mK. The current distribution is
plotted both for the analog (blue) and the commercially available digital
(red) measurement systems. At higher temperatures the distribution of
both systems overlap, while upon cooling, differences gradually emerge,
leading to a complete separation at 25mK.

The results indicate that the Analog System provides a signifi-
cantly narrower and well-defined peak in the critical current dis-
tribution, indicatingminimal fluctuations and a higher degree of
measurement precision. Conversely, the digital system exhibits a
broader distribution, indicating a higher noise level and variabil-
ity in the critical current measurements.
The critical current distributions for both systems were mea-

sured at different temperatures, see Figure 7. At the base temper-
ature of the dilution refrigerator, there is a vast difference in dis-
tributions, as shown before. The increase in temperature makes
the distributions wider, and at a temperature of ∼ 300 mK, distri-
butions become almost equal, and the advantage of ourmeasure-
ment system disappears. This allows us to conclude that while
using our system, the low noise level yields a decrease in the
electron temperature of a sample. The electron temperature is
higher in commercially available measurement systems due to a
higher noise level. When a cryostat is heated to ∼ 200 mK, the
difference disappears because the electron temperature in both
systems rises to an equal level.

6. Conclusion

Our findings demonstrate that Josephson switching currentmea-
surements can be conducted with high precision by integrat-
ing advanced filtering, shielding, and signal conditioning tech-
niques. The combination of low-noise amplifiers, multi-stage
cryogenic filtering, and optimized electromagnetic shielding en-
sures that noise sources are effectively suppressed, allowing the
intrinsic properties of superconducting structures to be probed
with greater accuracy than commercial systems. This method-
ology provides a foundation for quantum superconducting elec-
tronics and topological superconductivity experiments.
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