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TABLE I
SUMMARY OF THERMAL, MECHANICAL, AND MICROWAVE PROPERTIES OF SUPERCONDUCTING COAXIAL RIBBON CABLE, LAMINATED MICROSTRIP CABLE, AND
BEST COMMERCIALLY AVAILABLE SUPERCONDUCTING COAXIAL CABLES

Thermal Load® Mechanical Microwave
Cable per trace [nW] All Dimensions [mm] Values at 8GHz
100mK to Trace OD Min. Inside Conductor Dielectric Cross Talk Attenuation®
1K 4 K Pitch (D) Bend Radius Material Material [dB] [dB]
FLAX 16 800 3.556 0.376 2 Nb47Ti PFA —60 1
CryoCoax 26 1400 >13 0.900 3.2 NbTi PTFE N/A < 0.5
KEYCOM 34 1800 >13 0.860 8 NbTi PTFE N/A < 0.5
Nikaflex 16 460 3.556 0.1981° 6.4 Nb47Ti Nikaflex!! —25 1
8 Computed using dimensions available from [15], [20], [21] and assuming a cable length of 30 cm.
9 Estimated with ripple peak.
10 For the microstrip geometry this is the total cable thickness.
! Kapton polyimide film manufactured by Dupont, see [15] for details.
what we previously achieved using flexible laminated NbTi-on-
. . . , - . . ——KEYCOM
Kapton microstrip cables [15]. Since the cable’s installation in CryoCoax
the MKID Exoplanet Camera (MEC) at Subaru Observatory, X Nikaflex -1
this enhanced isolation has increased our pixel yield ~20% 107 F |—FLax ]

[17]. We suspect this large improvement is because the exposed
microstrip geometry allows trace-to-trace coupling, whereas the
coaxial nature of the FLAX shields the center conductors thereby
preventing signal corruption. In early iterations of the cable, we
found infrequent or failed microspot welds in the ground shield
lead to much higher levels of cross talk. This leads us to conclude
incorporating microspot welds less than A /16 apart between the
traces reduces electromagnetic coupling.

C. Thermal Conductivity

Following previous convention, a cable thermal conductiv-
ity, G(T'), was computed by summing literature values of
constituent materials weighted by their cross-sections (see
Fig. 6) [15], [23]. We compare our superconducting coaxial
ribbon cable to two commercially available superconducting
coaxial cables as well as our lab’s previously developed lam-
inated NbTi-on-Kapton microstrip cables [15]. We estimate the
thermal conductivity of the PFA dielectric present in the flexible
coaxial ribbon cables using PTFE; the same dielectric used in
the two commercial solutions [22]. The smallest commercially
available superconducting coaxial cables from KEYCOM'? and
CryoCoax'? were chosen for comparison. The electrical and
thermal properties of the cables are summarized in Table I.

The heat load from one temperature stage to another can be
computed by integrating values in Fig. 6 from 73 to T (17 < T%)
and dividing by the cable length. The ten-trace FLAX cables
are currently installed in the MEC experiment where they span
33 cm from the 3.4 K stage to the 90 mK cold ADR stage with
a thermal sink at 800 mK about halfway down the length of the
cable [18]. We estimate they generate a thermal load of ~200
nW on the 90 mK cold ADR stage. This is about equivalent to the
thermal load created by the Nikaflex cables and approximately
half the computed heat load of either commercial option.

I2KEYCOM Corp. 3-40-2 Minamiotsuka, Toshima-ku Tokyo.
P/N: NbTiNbTi034

13CryoCoalx - Intelliconnect, 448 Old Lantana Road, Crossville, TN.
P/N: 5139-PINN-611-100P
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Fig. 6. We computed a cable thermal conductivity G(7") in units of
pWemK ™! by summing the thermal conductivity of each constituent material
weighted by the cross-section [15], [23]. The cable previously developed by our
lab (Nikaflex, gold) is compared with the subject of this article (FLAX, salmon),
and two commercial options by KEYCOM (P/N: NbTiNbTi034, burgundy) and
Cryocoax (P/N 5139-PINN-611-100P, pink). Solid lines are computed using
literature values for Nb47Ti [24], [25], PTFE [23], Nikaflex (Kapton polyimid
film) [15], [26], and Pyralux [24]. PTFE values were used to estimate the PFA
dielectric in the FLAX cable [22]. Dashed lines indicate extrapolation.

IV. CONCLUSION

We have manufactured a superconducting flexible coaxial
cable capable of delivering microwave signals between temper-
ature stages with minimal loss, cross talk, and heat conduction.
Strong signal isolation is especially important for our application
of moving 4-8 GHz servicing 10 000+ multiplexed sensors
across temperature stages. The FLAX cable represents a 30 dB
improvement in cross talk as compared to our group’s previously
developed NbTi-on-Kapton microstrip cables. This enhanced
isolation facilitated a ~20% increase in MKID pixel yield in the
MEC experiment [17]. We expect these results will be especially
useful for high-density microwave superconducting detector
arrays requiring strong signal isolation.

The cable technology presented in this article also has very
low thermal conductivity. For a given thermal budget, the FLAX
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cables allow for twice as many detectors as the leading commer-
cial option. The reduced heat load combined with the push-on,
small form factor connectors and reduced trace pitch allow for
increased detector density in a cryogenic system.

We found an attenuation of 1 dB at § GHz with ~3 dB ripples
which is at worst 2x more loss than commercial options. This
magnitude of ripples and loss do not impact our array on the input
side as we can drive microwave resonators (MKIDs) located
at transmission dips with higher power than their frequency
neighbors. However, these features degrade the overall signal
to noise ratio on the output. Ripples and loss may become
prohibitive for systems operating at frequencies over 8 GHz
or systems constrained by amplifier dynamic range. Insertion
loss and ripples can be reduced by improving manufacturing
precision in the forming of the NbTi foil crimps and location
of microspot welds. Alternative methods to join the push on
connectors and traces, e.g., brush plating the NbTi center con-
ductor with an easily solderable material such as nickel may also
improve the impedance match.

Finally, we note these cables are relatively easy to fabricate.
Many components, most notably the fine, NbTi center conduc-
tor wire, are commercially available. All cable iterations were
manufactured in-house at the University of California, Santa
Barbara. Ten trace FLAX can be assembled in two days. Overall,
we find this cable technology to be superior to commercial op-
tions for our applications building high-density superconducting
detector arrays.
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