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B pa6oTe onucaHbl akTyasibHble MOAENN
[eTeKTUPOBAHUS U TeKyLee COCTosSHUe
pa3BUTUSA TEXHUKU OJHOPOTOHHbIX AETEKTOPOB.
MpoBeaeH aHaNM3 MaTepUaNoB U3FrOTOB/IEHUSA
Y/IbTPATOHKMUX NJIEHOK AJ1S1 f,eTeKTOPOoB,
CTPYKTYypa KOTOPbIX CO3aHA HA OCHOBE
NosIoCOK MUKPOMETPOBOM WnpUHbI (SMSPD),

M COCTaB/IeHbl peKOMeHAaunn aasa yaydlueHuns
nx paboumx xapakTepucTuk. ns cCHUXeHus
CKopocTu TeMHoBoro cyeTta (DCR), Bo3pactaHus
3¢ PeKTUBHOCTU AeTeKTUPOBAHUS CUCTEMDbI
(SDE), 6bicTpogericTtBusa (CR) M yBenmyeHus
aKTUBHOW MJiowaam Heo6xoAMMO UCMOJIb30BaTh
SMSPD u3 peHTreHoaMop@HbIX MaTepuanos
TMna a-Mn ¢ HU3KMM Ko3pPULUEHTOM
Anodoy3mu, obnaparowmx Tonoaornemn,
CO3[,aHHOM Ha OCHOBE 6p3rroBCKUX
oTpaxamwwwmx cTpykTyp (DBR), C BbICOKMM

K03 PULMEHTOM 3aN0JIHEHUS U YILUPEHNEM
nosioCbl 31eMeHTOB Ha MOBOpOTeE.
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BBEAEHUE

CBepXIIPOBOJHHUKOBBE OZHOPOTOHHBIE [1eTeKTOPBL
(Superconducting Nanowire Single Photon Detector -
SNSPD), 61aromapsi CBOMM BBICOKUM XapaKTePHUCTH-
KaM, SIBISIOTCS MPeNIOYTHUTEeNbHBIMH [1] mas mpu-
MEeHEHHUS B Pa3IMYHBIX 00aCTSX HAYKHU U TeXHHUKH,
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This paper reviews the state-of-the-art of
superconducting microstrip single-photon
detectors and provides their comparison

with the nanostrip detectors. The article
describes the actual detection models required
for understanding the SMSPD operating
principles. We have analyzed the manufacturing
materials of ultrathin films designed for SMSPD
demonstrating the prospects for the use of
X-ray amorphous materials with a-Mn structure.
As a result of methods study to improve the
detector specifications, we have provided

the following recommendations: to reduce

DCR and increase SDE, CR and active area, it

is necessary to use the SMSPDs based on the
X-ray amorphous materials with a low diffusion
coefficient, a topology with a high filling factor
and the strip spreading at the turn based on

a DBR structure.
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INTRODUCTION

Due to their high-performance capabilities, the super-
conducting nanowire single-photon detectors (SNSPDs)
are beneficial [1] for applications in various fields of
science and technology, such as space communica-
tions, LIDAR systems, and quantum technologies. An
obstacle to the mainstream use of SNSPDs at this stage
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TaKUX KaK KoCcMHYeckasi cBsI3b, LIDAR-cucTeMbl
M KBAaHTOBBbIE TeXHOIIOTMHU. IIpensaTcTBHeM i Mac-
COBOTO MCII0/Ib30BaHMA SNSPD Ha maHHOM 3Talle pas-
BUTHS TeXHUKH CTaJl MaJIBIM PasMep 4YyBCTBHTeEJIb-
HOT'O 3JIeMeHTa (LLII/IpI/IHa JTUHUK nopsaka 100 HM,
IUIOIIAb MeaHJpa mopsaka 10x10 MKM?%) U HU3KUHU
ypoBeHb cHUTrHasia (mopsiika 0,1 MB) [2]. DTo mpuBo-
JHUT K CJIOKHOCTSIM KaK B TeXHOJIOTMM HM3IOTOBJIEHHS,
IJI. KOTOPOK HCIIONB3YeTCsl Joporoe obopymoBaHHe
3/IeKTPOHHO-JIy4eBOH JIUTOTPpaduH, TaK U B TeXHHUKE
M3MepeHUH, IIe HeobXOOUMO IMPHMEHSTbh MOIIHbIe
YCHJINTeIN CHUTHAJIA U JTHH30BaHHOe BOJIOKHO (lensed
fiber) st poxycupoBKU H306paskeHUS B Masyio pabo-
4yIo 00/1aCTh AeTekTopa. [j1s co3gaHus SNSPD B OCHOB-
HOM ITPHMEHSIOT KPUCTA/INYecKHe MaTepraisl (NN,
NbTIiN u T1.x.) [3], 3T0 9acTo NPHUBOSUT K CHHKEHHIO
BBIXO/A FOAHBIX.

OCHOBHBIM I1apaMeTPOM JEeTeKTOpa SBJISeTCS KBaH-
ToBasg 3ddPekTrBHOCTh (QE, OTHOIIEHHEe YHC/Ia 3ape-
TUCTPUPOBAHHBIX (GOTOHOB K YMC/IY BBIIYLIIEHHBIX
$OTOHOB), KOTOpasi [eNIHTCS Ha CObCTBeHHYIO 3ddek-
TUBHOCTB IIOIJIOLeHHUS IUIeHKU IDE U 3dPeKTUBHOCTD
IeTeKTHUpoBaHUs cucTeMbl SDE. HeMaloBasKHBIMU
ImapaMeTpaMu SBJISIOTCSI CKOPOCTh TEMHOBOIO CUeTa
(4MCTI0 TTOSKHBIX CpabaThIBaHUM HeTeKTOpa B CEKyHIY,
DCR), bpicTpogmericTBre (cKopocTh c4eTa, CR) m mio-
IaZb JeTeKTUPOBAHHUS. YCTPOMCTBA PaboTaloT mpu
HH3KHX TeMIlepatypax MeHee 10K, Tak Kak TaKHe TeM-
IepaTypsl HeOOXOOUMBI ISl IIepPeXofid UyBCTBUTENb-
HOTrO 3/eMeHTa (yJIbTPAaTOHKOM IUIEHKH) B CBepXIIpPo-
BOZsIllee COCTOsIHME. MHQPACTPYKTYpor mis paboTel
YCTPOICTB SIB/ISIIOTCS KPHOCTAaThl, CTOMMOCTb KOTOPBIX
pacTeT Ha IOPAAKHU IIPH [1epexoe oT Temmepatyp 4,2K
K TeMmIiepatypaM oxojio 1K. OgHaKo Ipy YMeHbIIeHU U
paboueil TemmepaTypsl yBenuuunBaercs QE M ymeHB-
maetcst DCR [4]. Ilo 3T0¥ npuymrHe O60IBIIMHCTBO KOM-
MepuecKHUX [JeTeKTOPOB pPaboTaloT IIpU TeMIIepaTypax
MeHee 2,4 K [5]. [l CHU>KeHHUSI CTOMMOCTH YCTPOMCTB
B MX KOHCTPYKLHH Heo6X0JHMO IIPUMEHSTb MaTepu-
aJIbl C KPUTHYECKUMU TeMIlepaTypaMu bosee 4,2 K.

MOJE/IN AETEKTUPOBAHUSA

[sist paboTel AEeTEeKTOp OXIaKAAIOT [0 TeMIIEpaTyp
Hike 10K M IPONIYCKAIOT TOK CMeILeHHs, YTOOBI
5Heprur QpoToHa OBIIO HOCTATOYHO IS JIOKAJIBHOTO
paspyleHHs CBepXIIPOBOOAHMMOCTH. Korma Itoocka
IIepexXoJHUT B Pe3UCTHBHOE COCTOSHHE, Ha OCLIMI-
norpade HabnromaeTcss UMIIY/IbC HAIPSKEHHsSI, YTO
CBUJIETe/ILCTBYET O perucrpauuu ¢oroHa. C 2001 roga
pacIpocTpaHeHa Moje/lb ropsiuero IATHa (IIpemjio-
skeHa I'. H. TonpIiMaHoOM U Ap. [6]), cOracHO KOTOPOX
JEeTeKTOPhI C MIMPHUHON II0I0CKHU 060JIbIle HEKOTOPOTO
KpUTHYeCcKoro pamepa (mopsaka 200 HM) He CMO-

Syl 4

of technological expansion has become the small size
of the detecting element (the line width is about 100
nm, the meander area is about 10 x 10 pm?) and the
low signal level (about 0.1 mV) [2]. This leads to the
difficulties both in the manufacturing technology
that is based on the expensive electron beam lithogra-
phy equipment, and in the measurement procedures,
where it is necessary to use the powerful signal ampli-
fiers and lensed fiber for image focusing into a small
detector working area. To manufacture SNSPDs, the
crystalline materials (NbN, NDTiN, etc.) are mainly
used [3] that often leads to a decreased yield ratio.

The main detector parameter is the quantum effi-
ciency (QE, the ratio of the number of registered pho-
tons to the number of emitted photons) that is divided
by the intrinsic absorption efficiency of the IDE film
and the detection efficiency of the SDE system. The
important parameters are the dark count rate (number
of false detections per second, DCR), count rate (CR),
and detection area. The devices are operated at low
temperatures less than 10 K, since such temperatures
are required for transition of the detecting element
(ultrathin film) to the superconducting state. The
infrastructure for the device operation includes the
cryostats, the cost of which is increased by orders of
magnitude when moving from the temperatures of
4.2 K to the temperatures of about 1 K. However, the
decreased operating temperature leads to the increased
QE and reduced DCR [4]. For this reason, most com-
mercial detectors are used at the temperatures below
2.4 K [5]. To reduce the cost of devices, it is necessary
to use materials with the critical temperatures above
4.2 K in their design.

DETECTION MODELS

For operation, the detector is cooled to the tempera-
tures below 10 K and a bias current is passed to ensure
that the photon energy is sufficient for local super-
conductivity destruction. When the strip goes into
a resistive state, a potential pulse is observed on the
oscilloscope that indicates the photon registration.
Since 2001, the hot spot model has been widespread
(proposed by G.N.Goltsman et al. [6]), according to
which the detectors with a strip width greater than
a certain critical dimension (about 200 nm) are not
able to detect a photon. In 2017, D.Yu.Vodolazov pro-
posed a vortex detection model [7], according to which
the detection mechanism consists of three stages: at
first, a photon is absorbed with a hot spot generation;
then there is a penetration into the strip of a vortex-
antivortex pair - dissipative motion of magnetic vorti-
ces to the strip edge under the influence of the Lorentz
force; and finally, the strip section is heated to the
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TyT 3aperucTpupoBaTb GOTOH.
B 2017 romy [.1O.Bomona3soBeiM hv
IpefyiokeHA BHXpeBas MoJesb
OeTeKTUPOBAaHHUS [7], coryacHo
KOTOPOM MEXaHHU3M [eTeKTUPOBa-
HUS COCTOUT U3 TPex 3TAIOB: CHa-
Yajia IPOUCXOLUT IIOIJIOIIeHHe
doToHA c 06pa3oBaHKEM IOPSIero
IISITHA; Aajlee BO3HHUKAET IIPOHUK-
HOBEHHe B IIOJIOCKY IIapbl BHXPb-
AHTHUBUXPh - JUCCUIIATUBHOE
IOBU>KEHHE MATHUTHBIX BHUXPeH

Puc. 1. 3manbi demeKmupo8aHus cozAdcHo suxpesoli modenu [8]
Fig.1. Detection stages according to the vortex model [8]

K Kpalo II0JIOCKU IIOf HeHCTBHEeM

cuibl JIopeHIla; KM HaKoOHell], MIeT Pa3orpeB CeueHMs
IIOJIOCKH [0 HOPMAJIBHOTO COCTOSIHHS C BO3HHKHOBE-
HHeM MMIIy/Ibca HampsbkeHUs (puc. 1).

ITocne mpenioskeHHsS JAHHOU MOJENH JeTeKTHPO-
BaHHS CTAJI BO3MOXKEH IIepexof] K AeTeKTOpaM C XapakK-
TEePHBIM pa3MepoM IIOpsifKa 1 MKM, UTO YIIPOCTUIIO
TeXHOJIOTHIO H3TOTOBJIEHMS YCTPOMCTB. B 2018 romy
peasn30BaH IepBBIM [eTeKTOp Ha OCHOBe II0JIO-
COK MHKPOMETPOBOHM IIHMPHUHBEL (superconducting
microwire single photon detector, SMSPD) [8]. Takue
yCTPOMCTBA HMeEIOT BBICOKHMH YyPOBEeHb CHUIHala
nopsiaka 0,1 B, 4To [103BOJIsIeT M3MepSITh OTK/IUK JeTeK-
Topa 6e3 KCI10/1b30BAHMUSI MOIIHBIX YCHIUTETIeH.

AHAJIN3 MATEPUANOB AJ14 SMSPD

V3 BHUXpeBOM MOJENH [eTeKTHPOBAHHS BBITEKAIOT
TpeboBaHUS K MaTephaysam st SMSPD: HHU3KHHU
Ko3dPunmeHT nuddy3uu D<0,5 cM?/Cc 1 Masiast SHep-
retuyeckas Imenb A<l MdIB [2]. Y3 3KOHOMHUYECKUX
coobpaskeHUH CileflyeT HeoOXOAHUMOCTb BBICOKOM KPH-
TUYeCcKoH TeMmepaTypsl T, > 4,2 K 1 peHTreHOaMopd-
HOM CTPYKTYPblI, KOTOpasi HEUYBCTBHUTeNbHA K Jedek-
TaM IOMJIOKKH M obecrieunBaeT OOJIBIIMK BBIXO[
TFOAHBIX I10 CPaBHEHHUIO C JeTeKTOPaMH Ha OCHOBe
KPHUCTa//IMYeCKUX MaTepHasoB [9].

Ha cerogHAIIHUN JeHb [JISl CO3JaHHS KOMMepue-
CKUA JOCTYIHBIX SNSPD HCIIONB3YIOT KpHCTaIIHYe-
ckue matepuansl (NbN, NbTiN u ap.) [3]. B uccnenosa-
TeJIbCKUX LeHTPaxX HCIIOb3YIOT peHTTeHOaMOpHbIe
MaTepHajbl, JeTeKTOPhbl, Ha OCHOBE KOTOPBIX JEMOH-
CTPUPYIOT BBICOKYI0 3ddekTHBHOCTh (SDE 93% mnpu
ucronp3oBaHuu WSi [10]). CTpykTypa 31eMeHTap-
HOU S4YeMKH [JAHHBIX IUIEHOK MaJIo HCCIe[0BaHa,
TeM He MeHee A1 SNSPD Ha 6ase Mo,Siy, B [11]
yKa3aHo, 4YTo CcHOpPMHPOBaHHAas IJIeHKA SIBJISETCS
aMopOHOM U pasyIopsiLoueHHOH, HO 0b/1aiaeT CTPyK-
TYPOH, CXOXKeH B OJNIM>KHeM IIOpSIKe C KPHUCTa/UIHde-
CKOM pelneTKor Thma Al5 unu B-W. TakKe CTPyKTypa
Al5 xapakTepHa AJ1s KPUCTAIMYECKUX COeJUHEHHUU
A;B, mpuMeHsembIx B SNSPD peHTreHoaMOPOHBIX
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normal state with the occurrence of a potential pulse
(Fig. 1).

After proposal of this detection model, it became
possible to use the detectors with a typical size of
about 1 pm that simplified the device manufacturing
technology. In 2018, the first superconducting microw-
ire single photon detector (SMSPD) was produced [8].
Such devices have a high signal level of about 0.1
V that makes it possible to measure the detector
response without the use of powerful amplifiers.

MATERIAL ANALYSIS FOR SMSPD

The vortex detection model leads to the requirements
for the SMSPD materials: a low diffusion coefficient
D<0.5cm?/s and a small energy gap A<l meV [2]. The
economic considerations imply the need for a high
critical temperature T,>4.2 K and an X-ray amor-
phous structure that is insensitive to the substrate
defects and provides a higher yield ratio compared
to the detectors based on crystalline materials [9].

At present, the crystalline materials (NDN, NbTiN,
etc.) are used to produce the commercially available
SNSPDs [3]. The research centers apply the X-ray
amorphous materials, detectors, on the basis of
which they demonstrate high efficiency (SDE 93%
when using WSi [10]). The structure of the low-level
cells of such films has been underinvestigated, how-
ever, it is indicated in [11] for the SNSPDs based on
Mo,Si.,, that the formed film is amorphous and
disordered, but has a structure similar in the short-
range order to the crystal lattice of the Al5, or B-W
type. The Al5 structure is also typical for the A;B
crystalline compounds of X-ray amorphous materials
used in SNSPDs: Mo;Ge, Mo;Re, Nb;Si [12, 13], as well
as for tungsten and transition metal silicides and,
presumably, for W,Si [14]. However, these materials
in the amorphous state have either low T, or high
D and A (see the table) and do not meet the require-
ments set for the detector production based on the
microstrips. In 2020, the experts demonstrated the
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Martepuanos: MosGe, MosRe, Nb;Si [12, 13], a Takke
I BojabpamMa U CHJIMIKAOB II€PeXONHBIX MeTasl-
JIOB H, IIPEAIIOJIOKHTEIBHO, /s W3Si [14]. Omuaxo
JaHHBIe MaTepHasbl B aMOPOHOM COCTOIHUM MMEIOT
nmubo Hu3kyi T,, mubo BbICOKUE D 1 A (cMm. Tabnuia)
M He COOTBETCTBYIOT IIOCTaBJIeHHBIM TPeOOBAHHUSIM
IJIs peajid3allui [eTeKTOPOB Ha OCHOBE MHKPOIIO-
J0COK. B 2020 ropy CrieLHaauCThl IIPOJAEMOHCTPUPO-
BaJIk OEeTeKTHpoBaHHe SMSPD Ha OCHOBe PeHTIeHOa-
MopdHoro NbRe [15], KOTOpBIN UMeeT CTPYKTYpy THIIA
o-Mn [16] (cTrexmoMeTpuveckoe coeqUHeHUE AcB,,).
Takue MaTepuajbl Majio MCCIAeLOBaHbl U ABJISIOTCH
bosiee MepcrieKTUBHBIMU /151 IPUMeHeHUst B SMSPD,
TaK KaK IIPeBOCXOZST MaTepPHaJIbl CO CTPYKTYPOU THUIIA
B-W mo Heob6xXogHMMBIM Mapamerpam (cM. Tabm.). [is
U3roToBieHUss SMSPD mpepjiaraeTcs MCII0TIb30BaTh
paHee HeHCC/IeJOBAHHBIM MaTepHal YyBCTBUTENIb-
HOIO 3/1eMeHTa ZIsRe,,, KOTOPBIL KHMeeT BBICOKYIO
KpUTHYECKYIO TemIiepatypy 4,9 K mpu TonmrHe 8 HM,
MaJIyI0 SHepreTU4eckymo mens 0,93 M3B 1 koapduIu-
eHT nuddy3uu 0,46 cm?/c.

[ToMMMO peHTreHOaMOPOHBEIX MaTepHaIOB, MJiA
co3gaHusg SMSPD TakKe TpagUIIMOHHO HCIIONIB3YIOT
KPUCTA/UIMYeCKUH MaTepuaa NbN [9, 25]. On obna-
naeT 6oyiee BBICOKOM KPHUTHYECKOM TeMIIepaTypol
M COOTBETCTBEHHO MeHbIlIeH KHHeTH4YecKoM HHIYK-
THUBHOCTBIO, 32 CYET Yero HeTeKTOPhl MMEIOT BBICO-
KyI0 CKOpocTh cueTa CR, HO HebOIBIIYI0 BHYTPEHHIOIO
sddpexTrBHOCTE IDE. B 2021 rogy mns SMSPD mpenjio-
JKeHa TeXHOJIOTUSI M3TOTOBJIEHMS IyTeM Ob6IydeHUs
KpucTa/uimdeckoro NbN nonamu remus [25]. Takoe
pelieHye IIPUBEJIO K HECBEPXIIPOBOAALIMM BKIIIOUYe-
HHUAM B IUIEHKE, KOTOPhIe SBJISIOTCA LeHTPaMHU IIPO-
HUKHOBEHMS MarHHUTHBIX BHXDeH, pa3pylIaONIHUX
CBEPXITPOBOAKMMOCTD IIPH IToHaJaHuu poToHa. Takue
IUIeHKH HUMeIoT 6osiee HHU3KYI0 KPHUTHUECKYI0 TeMIIe-
patypy, 4yeM HeobnyueHHBbIe IIeHKH (6,4 1 7,1 K cooT-
BETCTBEHHO), YTO IIPUBOAUT K YMEHBIIEHUIO SHepre-
THYeCKOH IeNH (T.e. TOKA CMeIleHHUs, JOCTATOYHOT0
1)1 JeTeKTUPOBaHUs) U yBennueHHIo QE. IIpuBesieH-
HBIF METOJ, M3TOTOBJIeHHS, a TaKKe HCIIO0/Ib30BaHHUE
CTPYKTYPBHI [J151 OTPasKeHH I POTOHOB 3aJaHHOU AJIMHBI
BonHbl (distributed Bragg reflector, DBR) mo3Bonuiio
moBbIcUTh QE ¢ 30 0 92,2% [25].

OnHaKo JeTeKTOp, HU3TOTOBIEHHBIM I10 TaKOM Tex-
HOJIOTHH, 00JIafiaeT PsIOM HeIOCTaTKOB. B IlepByio
oyepezb 3TO MCII0Ib30BaHMe KPHUCTA/UIMYEeCKOro MaTe-
pHana, 4YTO BBI3BIBAET IIOBBIIIEHHBIE TpebOBaHMS
K IIpoLIecCy HaHeCeHHs M KOHTPO/A IUIeHKH. Takke
MHHYCOM $IBJISIeTCSI HeoOX0OUMOCTh HOHHOK 6ombap-
OUPOBKU — [OPOrOM M CJI0KHOM TeXHOJIOIHYecKOU
omepanyu. TO IPUBOAUT K MaJIOMY BBIXOAY TOJHBIX
Y BBICOKOM CTOMMOCTH YCTPOMCTBA.

Syl 4

SMSPD detection based on X-ray amorphous NbRe [15]
that had a structure of the a-Mn type [16] (stoichio-
metric compound AsB,,). Such materials have been
understudied. They are more promising for use in
SMSPD, since they are superior to the materials with
a B-W type structure in terms of the required param-
eters (see the table). For the SMSPD manufacture, it
is proposed to use the previously unexplored Zr;Re,,
detecting element material that has a high critical
temperature of 4.9 K at a thickness of 8 nm, a small
energy gap of 0.93 meV, and a diffusion coefficient of
0.46 cm?/s.

In addition to the X-ray amorphous materials,
the NDN crystalline material is also traditionally
used to produce SMSPD [9, 25]. It has a higher criti-
cal temperature and, accordingly, a lower kinetic
inductance, due to which the detectors have a high
count rate (CR), but a small intrinsic efficiency IDE.
In 2021, a manufacturing technology was proposed
for SMSPD by irradiating crystalline NbN with the
helium ions [25]. This solution led to the non-super-
conducting inclusions in the film being the cen-
ters of penetration of magnetic vortices that destroy
superconductivity due to the photon ingress. Such
films have a lower critical temperature than the non-
irradiated films (6.4 and 7.1 K, respectively) leading
to the decreased energy gap (i.e., a bias current suf-
ficient for detection) and the increased QE. The given
manufacturing method, as well as the use of a struc-
ture for reflecting photons of a given wavelength (dis-
tributed Bragg reflector, DBR), have made it possible
to increase QE from 30 to 92.2% [25].

However, a detector manufactured according to
this technology has a number of disadvantages. First
of all, this is the use of a crystalline material that
causes increased requirements for the film deposi-
tion and control process. Moreover, there is also the
need for ion bombardment that is an expensive and
comprehensive process operation. This leads to a low
yield ratio and high cost of the device.

SMSPD PERFORMANCE UPGRADE
METHODS

At present, the SNSPD detectors have the following
record-setting parameters: SDE=99.5% [27], DCR=10
Hz [4], detection area: 0.07 mm? [28], while the lat-
est SMSPD demonstrate the following: SDE=96% [29],
DCR=200 Hz [25] and detection area: 2.25x2.25
mm? [30]. Such similar specifications are explained
by the fact that the SMSPDs, although they appeared
only in 2017, have already managed to run along the
same development path as the SNSPDs since 2001 until
the present time.
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METOAbI MOBbILWLEHNA XAPAKTEPUCTUK
SMSPD

Centuac JeTekTopbl SNSPD MMeIOT cefylole peKopa-
Hble napaMmetTpsl: SDE=99,5% [27], DCR=10 I'1 [4], rio-
IIaab JeTeKTUpoBaHus 0,07 Mm? [28], Torma Kak mocies-
HUe SMSPD nmeMoHCTpupyoT SDE=96% [29], DCR=200
' [25] v rT0Imap IeTeKTHPOBAHUS 2,25x2,25 mMm? [30].
Takue CX0KHe XapaKTePUCTHUKU OOBSICHSIIOTCSI TEM, UTO
SMSPD, X0Thb M IIOSIBMJIMCH NHIIb B 2017 romy, yske
YCIIe/IH IIPOMTH TOT K€ MYTh Pa3BUTHA, UTO U SNSPD -
€ 2001 roma 1o HacTosIIee BpeMs.

HepemeHHOM 3ajadell Ha CETOAHSIIHUN [eHb
SIBJISIETCS KOMIIJIeKCHOe yBeJIW4YeHHe II1apaMeTpoB
SMSPD [5]. CoBpeMeHHBIe [eTeKTOPHl 4allle BCEro
[I0Ka3bIBAIOT PEKOPJHOEe 3HaUYeHHe JIUIIb OJHOIO I1apa-
meTpa (Hampumep, CR), Torma Kak OCTaIBHBIE XapaK-
Tepuctuku (QE, DCR) MMeIOT HU3KKe 3HAUYeHHs.

BbICOKYI0 3QPeKTHBHOCTh JEeTeKTHPOBAHMS II0KA-
3BIBAIOT [IeTeKTOPbl Ha OCHOBE ILIEHOK, HMeIOIIHX
XOPOIIYI0 OJHOPOLHOCTb. ITO OOBSICHSIETCS TeM, UTO
TaKHe IIJIEHKU CII0OCOOHBI IIPOIYCKATh TOKH CMeIeHHs],
O1m3KHe K KPUTHYECKOMY TOKY, UTO U JIESKUT B OCHOBE
IIPUHIMIIA JeTeKTHpoBaHusA SMSPD. B sToM ILUIaHe
xopouio cebsi 3apeKOMEHJOBANU IJIEHKH U3 amopd-
HBIX MaTepHasoB, TaKUX Kak MoSi u WSi: meTek-
TOpPBl Ha 6a3ze 3THX MaTepHaJIOB II0KA3BIBAIOT BBICO-
Kylo 3@dekTUBHOCT SDE=93% [10], cpaBHHTeIBHO
Hu3kuK DCR=1 kI [31], a Takke CKOpPOCTh c4eTa
CR=10 MTI1z [32].

[ToMMMO MaTepHaJioB, KOTOpbIe II03BOJISIOT IIPOILY-
CKaTh 6OJIBIIKE TOKK CMeIIeHHsI, ISl IToBbIeHus QF
KCIIOJIb3YIOT TOITOJIOTHH C BBICOKHM KO3QPHIIEHTOM
3aIl0JIHeHUs, T.e. OTHOLIeHHWeM IIMPHHBI II0JIOCKU

The current remaining challenge is a comprehen-
sive increase in the SMSPD parameters [5]. Modern
detectors most often demonstrate a record-setting
value of only one parameter (for example, CR), while
other specifications (QE, DCR) have low values.

The high detection efficiency is provided by the
film-based detectors with good uniformity. This is
explained by the fact that such films are capable
of passing bias currents close to the critical current
that lied at the bottom of the SMSPD detection prin-
ciple. In this regard, the films made of amorphous
materials such as MoSi and WSi have shown good
results: the detectors based on these materials dem-
onstrate high efficiency SDE = 93% [10], relatively low
DCR =1 kHz [31], and count rate CR = 10 MHz [32].

In addition to the materials that allow high bias
currents to be passed, the topologies with a high
filling factor, i. e. the ratio of the stripe width to the
structure period (Fig. 2a), are used to increase QE.
In [29] published in 2022, the researchers proposed
a new meander design in the form of a candelabra-
style with a filling factor of 0.91 in the active region.
This solution makes it possible to increase the prob-
ability of a photon hitting the superconducting strip
rather than the gap region. Thus, the detector effi-
ciency using the DBR structure is 96% [29].

Another way to increase the detection efficiency
is to increase the probability of a photon absorp-
tion by a meander. For this purpose, a quarter-wave
resonator (Fig. 2b) or a DBR structure (Fig. 2c) is
added to the structure when producing both types
of detectors. A quarter-wave resonator is an opti-
cal cavity made of a dielectric material (usually SiO

Major Axis

Sio

Minor Axis

Fill factor

a) High fill factor active area  <0,33 b)

b) A/ 4-pe3oHamop [33]; c) 6p3zzosckuli ompaxkamenb [25]

Puc. 2. KoHcmpyKuuu, nosbiiwarouiue 3pdekmusHocms: a) demekmop ¢ 8bICOKUM KO3GULULEHMOM 3anoaHeHus [29];

Fig. 2. Designs that increase efficiency: a) high filling factor detector [29]; b) A/ 4 resonator [33]; c) Bragg reflector [25]
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K IIepHOAY CTPYKTYPEL (pHC. 2a). B pabote [29] 2022 roma
KCCIe[0BaTeNIu IPeIJIOKUIM HOBYK KOHCTPYKIIMIO
MeaHJpa B dopMme KaHAensi6pa, obnafaromiyro Kodd-
dunrieHTOM 3amonHeHHsa 0,91 B aKTUBHOM 0671acTH.
Takoe pemreHue I103BOJISI€T IIOBBICHTH BEPOSTHOCTH
rormagaHysg GoToHA Ha CBEPXIIPOBOISAIIYIO IT0JIOCKY,
a He B obrmacTe 3a3opa. Takum obpasom, 3¢pdeKTHB-
HOCTb [IeTeKTOpa C MCII0/Ib30BaHHEeM DBR CTPYKTYpEHI
paBHa 96% [29].

Enle ofMH M3 CI10COO0B MOBBICHUTH 3PGEKTHBHOCTD
JeTeKTUPOBAHUSA ~ YBEJIUYHUTh BEPOATHOCTH IIOIJIOLIE-
HUg GOTOHA MeaHAPOM. [IJ1s 3TOTO IIPU U3TOTOBJI€HUU
000HX THIIOB AEeTEKTOPOB B KOHCTPYKIIHIO HOOABIISIOT
YeTBEepPThBONIHOBOM pe3oHatop (puc. 2b) mnm DBR-
CTPYKTYpy (pHC. 2c). YeTBepTbBOJIHOBOK Ppe30HATOP
IIpefiCTaB/IsIeT COOOM ONMTHYECKYIO MOIOCTh M3 JH3/IeK-
TpHKa (06BIYHO KCIIONB3YIOT SiO, 61aromaps ero BICO-
KOHM IIpO3pavyHOCTU [Isi MK-H3/lydeHUs]) U OTpasKalo-
Iee IOKPBITHE, KOTOPOe BBIIIOIHAIOT M3 30JI0Ta MU
THUTaHa [33]. H31y4eHHe, KOTOpoe He 6bLIO IIOIIONEHO
JeTeKTOPOM, OTpaskaeTcs OT 3epKajla U HauyuHaeT
Pe30HHPOBaTh B ONTHYECKOM II0JIOCTH, TaKUM 06pa-
30M IIOBBIIIAETCS BEPOATHOCTH ITOTJIOIIEHUS POTOHA
II0C/Ie ero IIepBOHAYATBHOIO IIOMAfaHHUS B 0671acTh
3a3opa MeaHzpa. DBR-CTpyKTypa IpencTaBiseT coboi
HECKOJIPKO CJI0eB MaTepHasioB C pasHBIMHU IIOKa3aTe-
JSIMU IIpelloM/IeHMs, Hampumep SiO, u Ta,0s;. Tom-
IIMHa BBIOMpPAeTCs B 3aBUCHMOCTH OT IJIMHBI BOJIHBI,
Ha KOTOpoH OyzeT paboTaTh AETEKTOp, a KOJIHYeCTBO
CJIO€B BJIMSIET Ha BEPOSATHOCTh OTpaskeHHsI. KOHCTpyK-
LM C TAKKMM OTpaskaTejleM TaKKe IIOBBIIIAeT BepOsT-
HOCTb IIOTJIOIIEeHMS GOTOHA MeaHIPOM, YTO IIPUBOJUT
K yBenuueHHI0 SDE [25]. MiHOrZa NpUMeHSIOTCS KOH-
CTPYKLUHH, obbemHHSIONHe 062 3TH 371eMeHTa. XOTs
TeXHOJIOTHSl UX CO3faHus 6ornee CIOKHasi, OZHAKO
B TaKOM (JIy4yae BePOSTHOCTb IIOIJIOIIEHHS (GOTOHA
61m3Kka K 100% [34].

B mensax ymenbiieHrs DCR HayYHBIMH IPYIIIIAMK
IIpeJ/IaraloTCs HOBbIe TOIIOJIOTMHU [IeTeKTOPOB, YBe-
JTMYMBAIOIIKE PaBHOMEPHOCTh IUIOTHOCTH TOKa IIPHU
pabote ycTporicTBa. ITO CBSI3aHO C TeM, YTO IIpU 60TIb-
IIMX TOKAX CMeIleHUs, HeobXOOUMBIX A PaboTel
SMSPD, Bo3pacTaeT 4HMCI0 QIyKTyalUH, CIIOCOOHBIX
Pa3pylIuTh CBEPXIIPOBOAUMOCTE B OTCYTCTBHE HOTOHA
(To ectp yBenuuuTbh DCR). Hambonbliasi IJIOTHOCTH
TOKa Hab/nrofaeTcs Ha IIOBOPOTaxX MeaHJpa M3-3a TOro,
UYTO 3JIeKTPOHAM SHepreTHYecKH BBITOJHee IMPOUTH
[IOBOPOT II0 Hauboree KOPOTKOMY IIyTH - BHYTpPeH-
HeMy pazuycy (TOK TedeT IO IIyTH HaHMeHBIIero
COIIPOTHUBIIEHUS).

MHorue Hay4Hble TPYIIIBI MCIIONL3YIOT B CBOHX
paboTax crmupanb (puc. 3a) B KadyecTBe TOIIOJOTHH
JeTeKTOpa, TaK KaK IUIABHOE IIOCTOSHHOE 3aKPy4H-

Syl 4

due to its high transparency for IR radiation) and
a reflective coating made of gold or titanium [33].
The radiation that has not been absorbed by the
detector is reflected from the mirror and begins to
resonate in the optical cavity, thus increasing the
photon absorption probability upon its entering the
meander gap region. The DBR structure consists of
several layers of materials with various refractive
indices, such as SiO, and Ta,0s. The thickness is
selected depending on the wavelength at which the
detector will be operated, and the number of lay-
ers affects the reflection probability. Moreover, the
structure with such a reflector increases the prob-
ability of photon absorption by the meander that
leads to the increased SDE [25]. Sometimes it is pos-
sible to use the structures combining both elements.
Although their manufacturing method is more
comprehensive, however, in this case, the photon
absorption probability is close to 100% [34].

In order to reduce DCR, the scientific teams pro-
pose new detector topologies that increase the cur-
rent density uniformity during the device operation
period. This is due to the fact that at high bias cur-
rents required for the SMSPD operation, the number
of fluctuations that can destroy superconductivity
in the absence of a photon (that is, increase DCR) is
increased. The highest current density is observed at
the meander turns due to the fact that it is energeti-
cally more profitable for the electrons to negotiate
the turn along the shortest path that is the inner
radius (the current is passed along the path of least
resistance).

Many scientific teams use a spiral (Fig. 3a) in
their work as a detector topology, since the smooth
constant spiral involution provides a uniform cur-
rent distribution over the strip [25, 26]. In 2021, there
was a proposal to use thickenings at the meander
turns (Fig. 3b) that reduced the current distribution
unevenness by 20% leading to the decreased DCR [33,
35]. The main disadvantage of the described technol-
ogy is the labor-intensive manufacturing process,
since thickening requires an additional lithography
process, as a result of which the strip edge is rough
and reduces QE. In 2022, a «single-layer» topology
with the turn broadening was proposed (Fig. 3c), cor-
responding to the standard SNSPD manufacturing
process [36].

Figure 4 compares the main topologies of the
SNSPD meander in terms of the uneven current
density distribution [36]. Compared to the standard
one (meander), the new geometries (spiral, meander
with the turn thickening or broadening) increase
the current uniformity at the turns from 67 to 98%,
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Ha nogopome [33]; ¢) ywupeHue Ha nosopome [36]

broadening [36]

Puc. 3. Tononozuu yyscmeumeabHo20 3nemeHma SNSPDOAS CHUMKEHUS MeMHO8bIX 0mcyemos: a) — cnupanb [25]; b) ymonuieHue

Fig. 3. Topologies of the SNSPD detecting element to reduce dark counts: a) spiral [25]; b) turn thickening [33]; c) turn

BaHHe CIHpany obecrieunBaeT pPaBHOMEPHOe pac-
IpefiefieHHe TOKa IO Iojocke [25, 26]. B 2021 rogmy
IIpeJIO’KeHO MCII0b30BaTh YTOMIIeHMS Ha [I0BOPOTaX
MeaHgpa (puc. 3b), KOTOpble CHIDKAIOT HepaBHOMEP-
HOCTb paclipefie/leHUsd ToKa Ha 20%, 4TO IIPUBOLUT
K cHuskeHHIo DCR [33, 35]. [71aBHBIF HEIOCTATOK OIIM-
CaHHOM TeXHOJIOTHHU — TPYAOeMKHH IIPOLIecC U3TrOTOB-
JIeHUS, TaK Kak YTONIIeHHe TpedyeT MOIIOIHHUTENb-
HOIO Ipolecca JUTOrpaduU, BCIeACTBHE 4Yero Kpaw
II0JIOCKH I10JIy4aeTCs LIePOXOBAThIM, YTO YMeHbIIaeT
QE. B 2022 romy mpenjiokeHa “OJHOCIOMHAs» TOIO-
JIOTHS C YIIMpeHHeM Ha IIoBopoTe (pHc. 3C), COOTBeT-
CTBYIOIIasi CTAHJAPTHOMY IIPOLIECCY HM3TOTOBJIEHHS
SNSPD [36].

Ha puc. 4 naHo cpaBHeHHe OCHOBHBIX TOIIOJIOTUH
MeaHIpoB SNSPD mo HepaBHO-

while reducing DCR and increasing the detector
efficiency.

The detector’s count rate is the number of pho-
tons per second to be recorded by the detector. This
parameter is affected by the detector’s recovery time,
that is, the time during which it changes from the
normal to the superconducting state and is ready
for the repeated photon detection. To reduce it, the
materials with a low kinetic inductance and a high
critical temperature are used, giving preference to
the crystalline films (NbN, NDbTiN) [3]. However, the
X-ray amorphous films with a low diffusion coef-
ficient (for example, MoSi at D = 0.47 cm?/s) show
good results with CR=10 MHz [32]. We assume that
the high count rate is related to a short recovery time

MepPHOCTH pacrpefie/leHHus IJI0T-
HOCTHU ToKa [36]. Ilo cpaBHEHHIO

CO CTAaHJApTHOM (MeaHp) HOBbIe 1L =

reoMeTpuu (CIHMpanb, MeaHIP - u 0.96 0,98

C YyTONIIeHUEeM HJIM YIIHpeHUeM .91 0,91 0,94 ’

Ha II0BOPOTe) YyBeJIHUYHBAIOT

PaBHOMEPHOCTb TOKa Ha II0BO- 50’8’

porax c¢ 67 mo 98%, cHukag DCR =

U T1ioBbImass 3OPEeKTHBHOCTh T 07r - ’,.«*‘

IeTeKTopa. 0,67 &8 S
CKOpOCTH cyeta IeTeK- i

TOpa - 3TO KOJIMYEeCTBO GOTOHOB . .

B CEKyHJly, KOTOpO€ MO>KeT 3dpe- 0° MeaHzp Crupanb Crimpanb MeaHap MeaHap

THCTPUPOBATh fAeTeKTop. Ha ator
IapaMeTp BJHSIeT BpeMsl BOC-
CTAaHOBJIEHUS [IeTeKTOpPa, TO eCTh
BpeMs, 33 KOTOpOe OH IepeljeT
13 HOPMAaJbHOIO B CBEPXIIPOBO-
Asilee COCTOSIHME M CHOBa Oymer

Puc. 4. CpasHeHue 0CHOBHbIX 2eomempuli MeaHdpos [36]
Fig. 4. Comparison of the main meander geometries [36]

BYX3aXOLHAasi OLHO3aXOLHAs C YTONIIEHUEM C YIIHPEHHEeM
Ha II0BOPOTe
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Tabn. MNapameTpbl peHTreHoaMOpdHbIX coeaAnHeHnn ansg SMSPD
Table. Parameters of X-ray amorphous compounds for SMSPD

TN peHTreHoaMopdHOM CTPYKTYPbI
Type of X-ray amorphous structure

B-wW a-Mn

MaTepwnan ToNWwmMHa, HM D, cm?/c MaTtepuan TonwmHa, HM

Material Thickness, nm D, cm?/s Material Thickness, nm
Mo,Si [11, 17] 5 4,9 1,14 0,47 NbsRe,, [15, 18] 8 6,0 1,08 0,56
W,Si[17, 19] 6 4,3 0,76 0,68 MogRe,, [20] 5 3,4 0,78 0,75
Mo,Ge [19, 21] 6 4,5 1,10 1,02 W-cRe,, [19] 5 4,1 1,29 0,78
Nb;Si[11] 10 2,0 0,47 0,56 MogRuU,, [20] 6 2,8 0,69 0,52
Nb;Ge [22, 23] 16 3,0 0,73 0,24 ZrsRe,, [24] 8 4,9 0,93 0,46

TFOTOB PerucTpUpoBaTh GOTOH. [ ero yMeHblle-
HHS MCIIO/IB3YIOT MaTepHasbl C Majiod KHHeTHYe-
CKOM HMHAYKTUBHOCTBIO M BBICOKOM KPHUTHYeCKOMH
TeMIIepaTypoH, OTAaBas MpeflouTeHHe KPUCTa/IIN-
yeckuM mieHkaM (NbN, NbTiN) [3]. OnHako U peHT-
reHoamMopdHble IIIEHKH, obnafammihe MajablM
ko3dpounmeHTOM nubdy3un (Hampumep MoSi npu
D=0,47 cm?/c), TOKAa3bIBAIOT XOPOIIHeE Pe3yIbTaThl
CR=10 M1 [32]. MBI mpefmosiaraemM, 4TO BBICOKAS
CKOPOCTb CYeTa CBfi3aHa C MaJIbLIM BpeMeHeM BOCCTa-
HOBJIEHMUS M3-3a C1aboro 3/1eKTPOH-3JIeKTPOHHOTO
B3aHMOJIENCTBUS B IIJIeHKe M OBICTPOrO OTBOJA
TeIla B IIOAJIOKKY. Taxske IJisi yMeHbIICHHS KHHe-
THYeCKOM HHAYKTUBHOCTH HeOOXOIMMO HCIIOTb30-
BaTh TOMOJIOTMH C MUHUMAaJIBHOM JINHON MeaHapa.
JlydmuMm pelieHueM Ajid yBenuvyeHus CR gBiseTcs
MHUKPOMOCTHK (puc. 5a) [37, 38].

['1aBHBIM [OOCTOMHCTBOM SMSPD II0 CpaBHEHHIO
¢ SNSPD gBJisieTCs BO3MOKHOCTb YBeJIMYEHHS aKTHB-
HOM IUIOIIAAH JeTeKTopa 6e3 yBelnHYeHHS ATHHBI
MeaH[pa. Bonblnas akTUBHAs IIOMAAb HeoOXoAHMMa
IUIsL TAaKUX 33Jad, KaK ITOMCK TeMHOI MaTepUH HIN
obHapy>keHHsI HEHTPOHOB M MaKpoMmoiekyn [30].
O6br9YHO IIpU K3roToBIeHHKU SNSPD 60/bIION III0-
Ay CH/IBHO BO3pacTaeT OJKMHA MeaH[pa, 4YTO BIle-
4yeT 3a Co6OM POCT KMHETHYEeCKOM HHIYKTHBHOCTH
U cHmKeHHe CR-gerexropa. IlosToMy cTaHIapTHas
mromans SNSPD cocTaBisgeT okomo 10x10 MKM?2, Mak-
CHMaJIbHAs — IOpsiAKa 265x265 MrM? (puc. 56) mpu
CR=10 MTIL [28]. IIpu CTaHAAPTHOK aKTHUBHOH ILJIO-
IIaAu JeTeKTOP HYKIAeTCs B TOUHOM COBMeIeHHHU
C OJHOMOJOBBEIM OIITOBOJIOKHOM. SMSPD, 6nar0/1apﬂ
IIMPHHE II0JIOCKU IIOPSAKa 2 MKM, MMeeT IUIOafb

due to the weak electron-electron interaction in the
film and the rapid heat removal to the substrate.
Moreover, to reduce the kinetic inductance, it is nec-
essary to use the topologies with a minimum mean-
der length. The best solution for the increased CR is
a microbridge (Fig. 5a) (37, 38].

The main advantage of SMSPD compared to SNSPD
is the possible increased of the detector’s active
area without increasing the meander length. A large
active area is required for such tasks as the search
for dark matter or the detection of neutrons and
macromolecules [30]. Usually, the large-area of the
produced SNSPD leads to the great increase in the
meander length entailing an increase in the kinetic
inductance and a decrease in the detector’s CR.
Therefore, the standard SNSPD area is about 10x10
pm?, the maximum area is about 265x265 pm? (Fig.
5b) at CR=10 MHz [28]. With a standard active area,
the detector needs precise alignment with the sin-
gle-mode optical fiber. The SMSPD, due to a stripe
width of about 2 pm, has an area of about 600 x 600
pm? (Fig. 5c¢) at CR=8 MHz [39], comparable to SNSPD.
This result eliminates the need for precision detector-
fiber alignment systems.

CONCLUSION

At present, the superconducting single-photon
detectors SNSPD are the most efficient photon
detectors. Since 2001 they have been produced
using the crystalline materials and meanders with
a strip width of about 100 nm. However, after the
discovery of the vortex detection model in 2017, it
became possible to switch to the SMSPD detec-
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Puc. 5. KoHcmpyKuuu ¢ MUHumManbHol CR u MakcumanbHoll akmugHoli naowwadbio: a) Mukpomocmuk [38]; b) SNSPD ¢ 604buiol
akmusHoU 06aacmbio [28]; ¢) SMSPD ¢ 6oabuioli akmusHol o6aacmebto [39]
Fig. 5. Designs with the minimum CR and maximum active area: a) microbridge [38]; b) SNSPD with a large active area [28];

¢) SMSPD with large active area [39]

(o)

oKomo 600x600 mrm? (puc. 5c¢) mpu CR=8 MI1 [39],
cpaBHUMOM ¢ SNSPD. D10 u36aBisieT oT HeobXomu-
MOCTH HCIIOTb30BAaHMS CHCTEM TOYHOTO COBMeIIeHHS
IeTEKTOPA C OIITOBOJIOKHOM.

3AKMHOYEHUE

CeepxmpoBofsuire ogHOQOTOHHBIE JeTeKTOpsl SNSPD
SIBJISIIOTCSL Haubosee 3bPeKTUBHBIMU AETEKTOPAMU
$OTOHOB Ha CerofHSIIHUN AeHb, a [JIsl UX HU3TOTOB-
neHus ¢ 2001 roma MCII0/Ib30Ba/IM KPUCTAUIMUYECKHE
MaTepHaJIbl U MeaH[pbl C IIMPUHOMU I10JI0OCKHU IIOPSIAKA
100 HM. OJHAKO IOC/Ie OTKPBLITHSI BUXPEeBOM MOJEeIH
JeTeKTHpoBaHUsA B 2017 roAy mosgBHIaCh BO3MOKHOCTD
repexoja K gerekropaM SMSPD u3 peHTreHoaMopd-
HBIX MaTe€pHaJIOB M C IIMPUHOM II0OJIOCKH IIOPSiAKA
1 MKM, KOTOpble 06/1afal0oT MeHBIIMMHU TpeboBaHH-
SIMH K IIPOLIeCCaM OCaKAeHU S IJIEHKHU U JTUTOrPadUH.
SIBNIASCh HOBBIM 3TaIloM pa3sBUTHUA SNSPD, oHU BenyT
K YMEHBIIeHHUI0 CTOUMOCTH YCTPOMCTBA IIPH CXOXKHUX
(SDE, DCR) u nyumux (CR, Iomanb AeTeKTHPOBa-
HUSI) XapaKTepHUCTHKaX.

[To MTOraM JIHUTEpaTypHOro 0630pa YyBCTBUTE/b-
HBII 371eMeHT SMSPD mpenjaraeTcsi U3roTaBlIHBaTh
M3 paHee He MCCIeLoBaHHOro myi1 SNSPD MaTtepuana
Zr;Re,,, MMEIOIIEro0 PeHTITeHOAMOPHYIO CTPYKTYpY
Tumna o-Mn. [nasa noBbeilieHUs QE U cHUReHUsT DCR
PeKoMeHyeTCs MCII0/Ib30BaTh TOIIOJIOTHIO C YIIH-
peHHeM Ha II0BOPOTEe, BBICOKHUM KO3QPUIIHEHTOM
3alo/IHeHMUs U CTPyKTypor DBR. s yBenndenus: CR
BO3MOKHO H3rOTaBJIKMBATh HETEKTOP B BHE MHKPO-
MOCTHMKA, YMEHBIIMB 4O MHHHMMyMa KUHETHYECKYIO
UHIYKTUBHOCTD.
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tors made of X-ray amorphous materials and with
a strip width of about 1 pm that had lower require-
ments for film deposition and lithography. Being
a new stage in the SNSPD development, they lead
to a decrease in the cost of the device with the
similar (SDE, DCR) and better (CR, detection area)
specifications.

According to the results of the literature review,
it is proposed to manufacture the detecting ele-
ment of SMSPD from Zr;Re,, material that has not
been previously studied for SNSPD, and has an
X-ray amorphous structure of the a-Mn type. To
improve QE and reduce DCR, it is recommended to
use the topology with the turn broadening, high
filling factor and DBR structure. To increase CR, it
is possible to manufacture the detector in the form
of a microbridge, reducing the kinetic inductance
to a minimum level.
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