|I. INTRODUCTION

OVEL technologies based on single photons operating
Nas carriers of quantum information surpass traditional
classical approaches in the efbciency of information processing
and offer the ultimate security for communications. Advanced
quantum optics technologies, such as quantum communication,
cryptography, quantum imaging, optical quantum computing,
nanobiophotonics, and quantum metrology require ultrafast
processing of individual and entangled photons.

The most advanced optical quantum information strategies
are based on processing of maximally entangled photon multi-
plets. The ability to perform fast and efpcient photon-number
rate down to fault-tolerant levels. Up until now, several signip-
cant improvements of the protocol were proposed, leading to a
decreasing overhead cost on computation [4].

Non-classical features of measured biological luminescence
signals highlight the limitations of classical molecular biology.
This emerging Peld would require non-gated ultrafast counters
with PNR as an available mode of operation.

Ultrafast PNR detectors could also result in revolutionary ad-
vances in the area of photonic technology related to analog-to-
digital converters. These converters will provide an essential
link between the analog optical sensor systems and the digital
electronic signal processing systems. T

II. PNRS

UPERCONDUCTINGDETECTORS

he main operating parameters of modern superconducting
single photon detectors capable of working in PNR mode are
shown in Table I. Our comparison is done for 1.br photons,

which is the most popular wavelength for applications dealing
with single-mode optical Pber.
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Fig. 2. PNR mode in the meander-type device is possible due to geometrical
separation effect. Schematically, the total resistance of the normal areas is pro-
portional to their total length, which, in turn, is proportional to the number of
photons absorbed in the nanowire, in a sifpetl representation shown in this
bgure. For example, a) one photon absorbed; b) 5 photons absorbed.

the superconducting state is restored within a nanosecond time
frame. Picosecond timing resolution and gigahertz counting

Fig. 1. SEM image of meander-type NbN counter. rates have already been already demonstrated with NbN
detectors.
The tungsten-based transition-edge sensor (TES) has already [1l. PNR MoDE IN NbN MEANDER

demonstrated a capability to operate in PNR mode [5]. HOW- rg shown in Table I, ultrafast counting speed, very low jitter,

ever, superconductir)g TES exhibits a countir!g rate WhiCh IE?W dark counts, and very good NEP are already achieved in
four orders of magnitude slower compared with that in NbIY, \econducting detectors based on NbN nanowires, but PNR
nanowire-based devices. The irelent counting speed of TES e has notyet been demonstrated, in contrary to TES and STJ
ISa result of slqw electr_on relaxation at uI_tra_—onv temperatl?re(‘fi;etectors [5]. In the suggested approach below, the realization of
which are required for single-photon sensitivity in these devicgsyr mode is expected due to the independent detection of elec-
The superconducting tunne Junctlc_)ns (STJs) have the S‘fj‘m‘):‘rnagnetic guanta by different parts of the superconducting
drawbacks, such as ultra-low operating temperature and Vﬂ%ander(Fig. 2). The standard area nanowire me-
slow counting rate. For these reasons, both of the above devige§e | jevice can be coupled easily with a standard single-mode
are not very prospective for future high-speed quantum infqtpe, ot 9 micron core diameter [12]. In such a situation, we
mation technologles._Nevertheless, TES a_nd ST Sensors r]L‘?a\’r‘?expect the incident photons to be absorbed in different parts
attracted much attention from the quantum information COMMys yhe meander during ultrafast (sub-picosecond to picosecond
nity solely due to their ability to work in PNR _mode. Already’range) weak pulse laser excitation, then with very high proba-
this feature has made them extremely attractive for charactgfiy, the total resistance of the device would be simply propor-
zatlon_of I'ght statistics. " i tional to number of photons absorbed. However, the realization
Besides single photon sensitivity, the mentioned above PNRPNR mode in devices with sequentially connected nanowires

detectors require a sensitive readout capable of distinguisthum require spe€ic high-impedance readout. Below we study
between multiple photon detections. The SQUID readout COliis and other related issues in more details.

pled with low-impedance TES naturally help to achieve PNR
mode in this devices, but creates additional technicdtdodilf
ties and further reduces counting speed. Also, such detectors
operate at ultra-low temperatures and require He-3 refrigeratordVe have simulated the dynamics of switching in NbN de-
or adiabatic demagnetization systems, which are not only vagegctors using a circuit simulation package PSPICE. The equiva-
expensive, but have to be periodically recharged. lent circuit used is shown in Fig. 3. The device is biased with
NbN counters composed of sequentially connected nanowiee®C voltage source; switches are used to represent the fast
have already demonstrated their unique ability for fast and efwitching between the resistive and the superconducting state
fective single-quanta detection f$10]. Nanopattering is the [13]. The parameters and are the source voltage and the
key technology in preparing spé&ci structures, which allow us inputimpedance of the ampir, respectively. The bias tee con-
both to obtain single-photon detection in a nanoscale volumaists of an inductor , resistor , and capacitor through
and to effectively couple the nanostructure to bier. In this which the signal propagates to an artwli. The actual device
nanodevice (Fig. 1), a single photon is absorbed in a narrésvsimulated as a set of switches and a kinetic inductance
(about 100 nm width) ultrathin (several nm thickness) NbN si-he resistance of the device in the resistive state isKinetic
perconducting dc-biased stripe. Local heating of quasiparticliesluctance is an inherent limitation in superconducting elec-
results in the resistive state formation, afrally, the resis- tronics and has been analysed rigorously for NbN meander-type
tivity change is measured by an external readout [10]. The faktvices to determine their ultimate counting speed limitations
rise time of the photoinduced resistivity is determined by tH&4], [15]. In general, the total inductance of a micro-strip con-
disorder-enhanced quasiparticle multiplication [11]. Finallgists of the magnetic (geometrical) inductance and the kinetic

IV. CIRCUIT MODELING



