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[5] and 10'-10"® W/HZzY? at 100 mK [6] was estimated for
Abstract—An advantage of superconducting detectors is a SIS and NIS direct detectors, respectively. For allsehe
much lower noise in comparison to their semiconducto sensors, an electrical noise of any type hamperalitiigy of
counterparts. We have studied the magnitude and spectrurof a sensor to detect radiation. In an ideal detectortutitions
electric noise in thin superconducting NbN nanostripsarrying L . .
a subcritical current. Analysis of the experimental data sggests of the backgrour_ld radiation dom_mate over other nqlse
that the noise appears due to fluctuations in the two- SOUrces. In practice, the detector itself and a pre-&empli
dimensional vortex gas below the Kosterlitz-Thouless pise generate at least a part of the noise. A concepteohtise
transition. Implementing this approach to the noise metanism,  bolometer has been recently proposed [7] in that a tdetec
we proposed a novel detector. The novelty is the uséthe noise,  genses radiation via radiation induced changes of its own
which generally hampers the performance of conventional electrical noise. Somewhat analogous, a temperature

detectors, as the physical quantity that itself senseadiation. .
Our detector patterned from a thin NbN superconductirg film ~ dependence of the fundamental Johnson noise has been used

and integrated in a planar log-periodic antenna. The detecto [8] for thermometry.
operates at 4.2 K in the current-carrying superconductingstate. In this paper we present experimental evaluation of senoi

Optically measured noise-equivalent power amounted at 18  polometer and estimate its ultimate performance.
W / HzY2 and is likely to improve at lower temperatures.

Index Terms—Noise in superconductors, nonequilibrium
superconductivity, Superconducting  terahertz  and
submillimeter wave detectors. The detector is a 80 nm wide meander line made from a 5

nm thin superconducting NbN film (as shown in Fig. 1). It
operates deep in the superconducting state and carries a
. INTRODUCTION supercurrent slightly less than the critical currentdi&on
HERE have been several superconductor detectoouples with the detector via an immersion lens anduaspl
technologies for THz-frequency range successivelpg-periodic antenna, which jointly define the useful sgc
developed during the last decade. Transition edgenge from 1 to 5 THz. The current RF noise was recaatled
microbolometers [1] working at millikelvin temperaturesa frequency of 3 GHz in a hundred megahertz band. The
provide a lowest noise equivalent power (NEP) of'®10 noise equivalent power was evaluated for the signal produced
W/HZz"? along with the 100-millisecond time constant. Hotby alternating thermal loads (300 & 77 K) at the detector
electron detectors [2], although less sensitive, aréhrfagter input. At an ambient temperature of 4.2 K measured noise-
since their response is controlled by electron-phonaquivalent power amounted atl0™® W/HzY? while a time-
interaction. The strength of this interaction andgonstant of approximately 250 ps was anticipated.
consequently, the response time, can be varied [3] \°
controllable disorder. Superconducting kinetic inductanc
detectors [4] are supposed to achieve background limited N
if they would operate at a very low temperature witlow |
noise SQUID pre-amplifier. Superconductor-Insulator
Superconductor (SIS) and Normal (metal)-Insulator
Superconductor (NIS) direct detectors have been al
proposed. A noise equivalent power of'A0W/HZ'? at 4 K
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Fig. 1. Microphotograph of the NbN meantiee incorporated into the planar
log-periodic antenna.
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Fig. 3. Schematics of the current-induced unbigdiha vortex-antivortex pair.
Unbinding force peaks when the pair is orientednadrto the current.

unbinding and depends on the fractional bias culfénand

Fig. 2. RF noise (squares) and the signal (trs)ghs function of the bias material parameters as
current. Both measured at 4 K.
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The sensitivity of the detector is limited by stads! NOCCXP( k TJOC Ji s B zAhl(TCj
variations of the noise power. Assuming that the time N
variations of the spectral power density are totallit has been shown in [7] that, due to an exponential
uncorrelated, the dispersion of the noise power camedf temperature dependence of the recombination time, NEP of
with the radiometric equation 8B, = P(B to) > whereP, is the detector using this noise mechanism should scale as
the mean valuet, is the integration time and the T exp{@/ksT). Estimates for our NbN detector show that NEP
bandwidth. The noise equivalent power for the detector éan reach 1€ WMHZz"? at 0.3 K. Preliminary data on the
then NEP = &P,/(dP./JdW) where W denotes the radiationtemperature dependence of the noise support the expectations.
power at the detector input. Fig 2 shows the signal due to
alternating hot/cold load and the mean RF noise power as

function of the bias current. Both the signal and tbisen IV. CONCLUSION
demonstrate similar variation resulting in a practcall |n comparison to relatively slow low temperature detest
frequency independent noise equivalent power. an obvious benefit of our detector approach is thatlthe

noise is not present in the high-frequency readout. Asmoth
practical advantage of the use of the current noiskaisit
lII. NOISEAPPEARANCES MECHANISMS dramatically increases with the bias current making it
Noise of a superconducting current-biased meander appepossible to substitute a complicated SQUID readout wih le
as a sequence of random voltage pulses. When measured séthsitive and cheaper microwave amplifiers.
a broad-band microwave amplifiers in series with adbaass
filter, it causes additional microwave power. If meadusih REFERENCES
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