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Fig. 1. Schematic diagram of a dual-port coupled optical
resonator system. Arrows indicate incoming and outgoing
waves. 1/7c represents port dissipation, while 1/7 de-
notes intrinsic dissipation. The dashed line indicates the
path where amplitude is directly coupled through the port
(without passing through the resonator).
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Fig. 2. (a) T (dB) changes with the direct path transmittance i (d; =da, fo = 5 GHz, Q¢ = 5000, Q; = 5000); (b) T (dB)
changes with the coupling coefficient d ( fo = 5 GHz, Q. = 5000, Q; = 5000, £ = 0.9); (c) T (dB) changes with Q; (d1 =da2,
Qc =5000, fo = 5GHz, § =0.1); (d) T (dB) changes with Q. (d1 = da, Q; = 5000, fo = 5GHz, i = 0.1).
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Fig. 3. (a) Af (MHz) changes with @Q; and Q. (Af denotes the frequency difference between Fano peak and valley in the trans-
mission spectrum T’ (dB), £ = 0.1, Q; and Q. range from 1000 to 10000, and the sign of d; = £d2 does not affect the results);
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Fig. 4. (a) Superconducting coplanar waveguide resonator layout design; (b) the schematic diagram of the device scattering path;

(¢) Fano resonance switch model. By altering the temperature, the shift of the Fano curve is controlled. The peak of the blue Fano

curve represents the conduction state for the fc signal, while the trough of the red Fano curve indicates the transmission cutoff

state for that signal.
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Fig. 5. Schematic diagram of the preparation and testing principle of the device: (a) The micro-processing flow chart of the device;

(b) on-chip superconducting coplanar waveguide resonator device photo; (¢) physical photos of the device to be tested encapsulated

in the sample box; (d) schematic diagram of the microwave transmission parameter measurement system of the device. It consists of

a vector network analyzer working at room temperature and a cryogenic circuit provided by a dilution refrigerator. Att. is a mi-

crowave attenuator and HEMT is a cryogenic amplifier.
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Fig. 6. (a) Experimental data versus theoretical fitting. The black line represents the device transmission spectrum at 50 mK, while

the red line indicates the fitted curve; (b) transmission power spectra at different temperatures and calibration for ON and OFF

states.
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Table 1. Comparison of the characteristics of typical ultra-low-temperature microwave switches in recent years with the
device in this work (unpublished data are indicated by “—7).
ik L) TARHI#R /GHz TAERX FREI Rz /dB
AICTAE A/ 218 R 5.87598 500-1150 mK —
[51] A PRI R 2—8 HRARIR T A 5% > 10
[52] P4 g 11 b ARG 4.8—17.3 AR TR 5 PR 45 > 20
8000 2000
(a) (b)
6000 - 1500 |
. "“’“‘““m.....‘..““ S 1000
4000
500
2000
. . . 0 . . .
600 800 1000 1200 600 800 1000 1200
T/mK T/mK

7 (a) RIS Fano £ 1F Qc BEIELE 19 1L; (b) IR B Fano #F Q; B E 142 {k

Fig. 7. (a) Temperature dependence of Q¢ in a low-temperature superconducting Fano device; (b) temperature dependence of @Q;

in a low-temperature superconducting Fano device.
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Fig. 8. (a) Scatter plot of the resonance frequency fo of the low-temperature superconducting Fano device and its fitted curve;

(b) temperature sensitivity ( St(T") = |dfo/dT|) as a function of temperature. The red line is obtained by differentiating the blue

fitted curve in Fig. 8(a) and then taking the absolute value, thus yielding the sensitivity variation at different temperatures.
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Fig. 9. (a) The NETD of the low-temperature superconducting Fano device varies with temperature; (b) the change of v and @

with temperature.
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Low temperature RF switch and highly sensitive temperature
sensing at ultra low temperatures based on
superconducting Fano device®
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Abstract

Low-temperature RF switches are key components in superconducting microwave circuits, quantum
measurements, and cryogenic electronics systems. This is because the traditional semiconductor RF switches
usually fail at low temperatures, due to the carrier freeze-out effect, making them difficult to be directly applied
in superconducting microwave environments. In this work, we propose and experimentally demonstrate a low-
temperature RF switch, based on a distributed half-wavelength superconducting coplanar waveguide resonator
for generating a superconducting Fano device. By taking advantage of the temperature sensitivity of the
resonant frequency of the Fano device, we implement the temperature-controlled resonant tuning, based on the
temperature-sensitive superconducting aluminum film's dynamic inductance regulation, thereby converting the
sensitive thermal-induced frequency shift of the asymmetric Fano line shape into the significant microwave
transmission characteristics changes. Through the time-domain coupled mode theory, we systematically analyze
the working mechanism and tunability of the RF switch and discuss the influence of the resonator’s intrinsic
quality factor, coupling quality factor, and through-path scattering parameters on the peak-to-valley separation
and contrast of the Fano scattering spectrum. We measured the microwave transmission characteristics of the
aluminum-film distributed superconducting resonator in a dilution refrigerator and characterized its
temperature-sensitive Fano effect from 500 to 1150 mK. The experimental results show that the resonant
frequency redshifts significantly with increasing temperature, confirming that the superconducting dynamic
inductance can be used to achieve temperature-controlled tuning of the Fano scattering. By numerically fitting
the temperature-dependent resonant frequency changes, the dynamic inductance ratio was measured as
approximately 1.94%, and the superconducting transition temperature is about 1403.53 mK. By testing the
transmission characteristics of the device for a 5.87598 GHz RF signal, we demonstrated its temperature-
controlled on/off state switching function, achieving the maximum extinction ratio of 33.6 dB. Near the
superconducting transition temperature region, we demonstrated a noise equivalent temperature difference of
1.22 mK at 1150 mK, achieving a temperature sensitivity of 0.2887 MHz/mK. This distributed superconducting
resonator temperature-sensitive sensing with millikelvin-level temperature resolution does not require any
additional active biasing or nonlinear component, thus can provide a feasible solution for high-precision

temperature sensing measurements in the cryogenic region.

Keywords: superconducting coplanar waveguide resonator, Fano resonance, RF signal switch
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