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Fig. 1. (a) Schematic diagram of the measurement circuit; (b) schematics of the resonance circle in complex plane and noise. Zc is

the center of the resonance circle and Z; is the resonance point. The red points represent the resonance frequency shift with time

(8Z(t) ), which can be projected into frequency and amplitude components, with directions tangent and normal to the resonance

circle respectively.
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Table 1.  Noise spectrum analysis parameters.
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Fig. 2. Schematic diagram of data processing. The data is grouped into L segments, each segment contains M data points and D

overlapped points with adjacent segments.

038501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 3 (2024) 038501
— B (0.1 Ha—5 ki) (b) — AP 0.1 Hz
— 'Ea% (0.1 Hz—5 kHz) A
— Bi# (2 kHz—1.25 MHz) A ”
— gl (2 kHz—1.25 MHz) SHFE 10 H
1017
(;3: 1018 F (:“;?
10719 L ) ) ) ) 10—19 + ) ) ) ) ) ) ) ) ) )
10-1 100 10 10?2 10® 10* 105 106 10 20 30 40 50 60 70 80 90 100

f/Hz

f/Hz

B 3 (a) — AN Sy KID WS T Sk Hop 20 UM 35 A0 R 2 100 s (9 B R AR S AR IS 1 s 138 SR80 1T S AR B0

2 kHz Ak BT IE  (b) A58 53 S 58 X0 W 7 8% 114 52 i)

Fig. 3. (a) A typical noise spectrum for a KID. The red dot and blue dot represent the calculated frequency noise at 2 kHz from the

decimated 100 s data and the last 1 s continuous data, respectively. (b) Effects of frequency resolution on noise spectrum.
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Fig. 4. (a) Schematics of two different fabrication structures for resonators; (b) geometrical design of the lumped-element resonator;

(c) the measured frequency noise spectrum of two resonators with different fabrication structures at various microwave powers (the

internal power of resonator); (d) the frequency noise at 50-150 Hz with resonator internal power, showing the resonator with double

SiN; layers has a lower noise level at the same internal resonator power.
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Table 2.  Measured parameters of resonators with two fabrication structures.
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1 0.8851 17.9 17.1 120.9 41
2 0.8617 18.9 25.2 72.2 48
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Fig. 5. (a) Frequency noise of resonators with different inductor widths; (b) frequency noise of resonators with different inductor

lengths; (¢) frequency noise of resonators with different IDC finger and gap widths; (d) resonance frequency shift and frequency

noise versus bath temperature.
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Abstract

As a newly developed pair-breaking superconducting detector, microwave kinetic inductance detectors are
simple to integrate in the frequency domain and have already been used in astronomical detection and array
imaging at the (sub)millimeter and optical wavelengths. For these applications, the dark noise level of kinetic
inductance detector is one of the key performance indicators. Herein a noise power spectrum analysis method is
introduced in detail, which can accurately and effectively analyze the noise spectrum of kinetic inductance
detector in a wide frequency range. This method can well balance the noise spectrum resolution and variance
performance, by taking the noise data at the resonance frequency with two sampling rates and setting the
appropriate frequency resolutions for different frequency bands. This method is used to characterize and
compare the noise of aluminum (Al) kinetic inductance detectors made from two different micromachining
processes. We deposite a 25-nm-thick aluminum film on high-resistivity silicon substrate for one device, while
place one silicon nitride (SiN,) film on the top and one on the bottom of the aluminum film for another device.
It is found that the frequency noise of the device with two silicon nitride films is about 25% to 50% of the bare
aluminum device. Using this double silicon nitride film fabrication technique, we further fabricate a few groups
of lumped-element aluminum kinetic inductance detectors with various inductor and interdigitated capacitor
designs. We investigate the noise properties of these devices at different microwave driven power and bath
temperatures, and the experimental results show typical two-level system noise behaviors. Our work provides a
standard method to characterize the noise power spectrum of kinetic inductor detector, and also paves the way
to developing low-noise aluminum kinetic inductance detectors for terahertz imaging, photon-counting and
energy-resolving applications.
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