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Fig. 1. Schematic of a single-pixel KID layout: (a) The lumped-element LC resonator consists of a tantalum interdigitated capacit-

or and an aluminum inductor; (b) the inductor also functions as the absorber, designed to operate at 15 THz; (c) measured trans-

mission coefficient of the filter stack and simulated average dual-polarization absorption efficiency of the inductor-absorber.
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Fig. 2. System-corrected microwave transmission Sy; as a function of blackbody temperature at a fixed bath temperature of 100 mK:
(a) Magnitude |Sy|. The inset shows a resonance circle (blue solid line) at Tj;, = 5 K and noise stream points both on- (magenta
dots) and off- (green dots) resonance. The tangential direction is referred to as the phase/frequency direction. The normal direction
is referred to as the amplitude/dissipation direction. (b) Resonance circles (solid lines) obtained by frequency sweeps and the quasi-
particle trajectory (filled circles) in the complex plane. The dashed arrow indicates increasing frequency. In the last circle, we show

the translation of the response into an amplitude, A, and a phase, 6.
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Fig. 3. Optical characterization of the KID at a bath temperature of 100 mK: (a) Fractional frequency shift and (b) dissipation as a
function of radiation power ( Prq ). The solid blue curves are fits to Eq. (9), with the vertical dashed lines indicating the fitted
parameter Pp . The insets show the same data on a linear scale, alongside fits assuming constant responsivity (solid pink) for com-
parison. (c) On-resonance (solid) and off-resonance (dotted) fractional frequency noise and (d) dissipation noise under various optic-
al loads. (e) Fractional frequency NEP and (f) dissipation NEP, referenced to absorbed power (P,), as a function of modulation
frequency for different absorbed powers. (g), (h) The corresponding NEPs at a fixed modulation frequency of 300 Hz as a function
of P, compared with the photon-noise limit (solid blue curve).

(a) -4 1Hz (b) -~@-1Hz

_ -@- 10 Hz -@-10 Hz

g ~%- 100 Hz 8 % 100 Hz

TN 10-16 | —— Photon noise s 101 — Photon noise

2 T

E P ..__0_0’.’00_.0.Q_ . ’“ %

~ Y 9 >

2 -9 Q' z .

2 'y 3 **¥% 0
¢ 0 ed® | &l . *

57 g} -

£ —de—de-K gy h—h * .

A 10-ThEk—— Sk L % A 10-17F

= . T

= Z, * Fe—de— K-k k-

4 FERHISER 1, 10 1100 Hz Ak, SR RAYHEET (a) SR (b) FEREAT L Y6 NEP
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Abstract

For future millimeter/submillimeter and terahertz astronomy, kilo-pixel imaging arrays of ultra-sensitive,
background-limited detectors are essential. Given their intrinsic frequency-domain multiplexing and
straightforward fabrication, superconducting kinetic inductance detectors (KIDs) are a leading candidate for
this purpose. Aluminum, which has a long quasiparticle lifetime, is a crucial material for implementing the
sensitive element of a KID. A key figure of merit that quantifies detector sensitivity is the noise equivalent
power (NEP). This study compares two characterization methods—small-signal analysis and a frequency-shift
response model—for the optical responsivity and NEP of an aluminum-based terahertz KID coupled to a
cryogenic blackbody. The KID is a lumped-element, high-@) microwave resonator consisting of a tantalum
interdigitated capacitor in parallel with an aluminum inductor, with the latter acting as the 15 THz absorber.
The small-signal analysis method, which uses phase and amplitude as observables, requires high precision in
blackbody temperature control and involves long measurement times. In contrast, the frequency shift response
model method, which uses frequency and dissipation as observables, imposes less stringent requirements on
thermometer resolution and enables faster measurements. Moreover, it fits the fractional frequency shift
response more accurately than linear models. Consequently, it represents an efficient and rapid approach to
characterizing the optical responsivity and NEP of KIDs. With this method, a minimum optical frequency NEP
of 7.5x10"® W/+/Hz and a dissipation NEP of 7.1x10"® W/+/Hz are achieved for the terahertz KID at 300 Hz,
referenced to absorbed power. Furthermore, the frequency NEP significantly exceeds the dissipation NEP at 1,
10, and 100 Hz, which is attributable to two-level system noise. Our work provides valuable technical guidance
for the rapid NEP characterization of high-sensitivity terahertz KIDs in low-temperature measurement
applications.

Keywords: noise equivalent power, optical responsivity, characterization methods, kinetic inductance

detectors
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