CBepxXnpoBoHNKOBBII oqHoGoTOHHBIH AeTekTop (SSPD —
Superconducting Single-Photon Detector) 6amxnero UK
auama3oHa Ha ocHoBe NDN HanocTpyKTYp.

Muxaua Tapxosn

Yueono Hayunwiit Paduogusuueckuii Ilenmp

npu Mockoeckom Ileoazozuueckom Ynueepcumeme.

Conep:xkanue
+ MoruBanus.

+ YabrparoHkue mieHkn NDN — ocHOBa cBepXnmpoBoASIIIHX HAHOCTPYKTYP.
TexHogorn4eckue acneKkThbl N3rorojaenusa SSPD.

+ [IpuHIUN gelicTBUS CBEPXNPOBOAHUKOBOro 0AH0GOTOHHOTO AeTekTopa (SSPD)

+ Xapakrepuctuku SSPD (kBaHTOBast 3¢ (peKTHBHOCTH, CKOPOCTh TEMHOBOI'0 CYETA,
CIEeKTPaJbHAasl YYBCTBHTEIbHOCTbD).

+ [lpakTnueckoe npusoxenuss SSPD.

+ JaKJII0UYCHHUE.



CpaBHeHHE ONITHYECKUX OJHO(POTOHHBIX
NEeTEKTOPOB

SEMICONDUCTING APDs

SUPERCONDUCTING SPDs

Detectors Si InGaAs SSPD (NbN) TES (W)
Temperature (K) 300 200 2 0.1
Wavelength (1im) 0.25-1.1 1.1-1.8 0.4-5.6 0.1-5

Time resolution (ps) 50 ~300 20 3x10°
Quantum efficiency 25%(@0.7um 14%@]1.54pum | 20%@1.55pm | >80%@1.5pum
Apertures (jum) 200 30-80 SM fiber SM fiber
Dark count rates (cps) <10* >3x10" <104 <0.001
Data rate <10 MHz <15MHz >2 GHz 20 kHz
Dynamic range(# h ) 1-3000 NA >10" 50
Electrical quenching Yes (0.3 ns) Yes (0.3 ns) No No
Photon number resolution Limited No No Yes
Ruggedness Very high High High Low
Availability Yes Limited Limited Very limited




Crpykrypa miaeHok NbN

NbN on 3C SlC buffer Iayer on Sl substrate (HREM)
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y NbN is monocrystalline
a, (3C-S1C) =4. 36A

a, (NbN) =4.39A

® Thickness is 3.5—-4.1 nm

i } Not really flat surface
% f%mé’"

The NbN on Si is
Noi0 polycrystalline.

J.-R. Gao, G. Gol'tsman, B.\oronov, et al “Can NbN films on 3C-SiC/Si change the IF badwidth of hot
electron bolometer mixers?” presented at the 17th International Symposium on Space Terahertz Technology,
10-12 May 2006, Paris



Tononozus ywuna u uyecmeumenvrozo nemenma SSPD.

Geometry sensitive element of SSPD:

—rnnannnnnnnnnnnnnann
115 *Area 10x10 xm? (optimisation for SM fiber)
*Width strip is 120 nm.
*Gap is 80 nm.
E“ *Filling factor is 0.6
i

Fabrication:

1) DC reactive magnetron sputtering of 4-
nm-thick NbN film.

2) Patterning of meander-shaped
structure by direct e-beam lithography.

3) Formation of Au contacts with optical
lithography.

Korneev A. et al, Appl. Phys. Lett. 84 (2004) 5338



MexaHu3m demekmupoeaHusi 0OUHOYHbIX hOMOHOE
ceepxripoeodHUKOB0U Yy3KOU MoJsI0OCKOU.

Local heating,

T>Tc i
/

-

IB
Bias current

IB < IC < .E

G. Gol'tsman et al, Applied Physics Letters 79 (2001): 705-707
A. Semenov et al, Physica C, 352 (2001) pp. 349-356




Cxema aHepreTn4yeckou periakcauum.
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G. Gol'tsman et al, Applied Physics Letters 79 (2001): 705-70

A. Semenov et al, Physica C, 352 (2001) pp. 349-356



Choice of standard parameters, test and characterisation
vehicles among partners

Experimental setup for quantum efficiency and dark counts
rate measurement
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BouabT-amMnepHasi xapakrepuctuka SSPD u npyuHIunua bHasi
CXeMa KOHTPOJISA U CYUTHIBAHUS.
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KBaHTOBast 3 pEKTUBHOCTE.

N N - Quantity of pulses from SSPD.
QE = ot where det
N - Quantity of photons.
poteris photons Experimental data for QE (open
symbols) and the dark count rate

Experimental quantum efficiency and dark )
counts rate vs. normalized bias current at 2 K. (closed symbols) vs. the bias current

measured for 1.55-pm photons and
different temperatures.
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Demonstration of SSPD with performance exceeding state-of-the-art (efficiency

>20% at 1300 nm and dark count rate <0.1 s-1)

At present: single SSPDs exhibit QE up to 32%
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For best SSPDs the reduction of temperature does not lead to a
significant improvement of QE. Maximum QE is limited by the

optical coupling.
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O6nactun npumeHeHna SSPD

v

BOJTOKOHHO-OMTMYECKUE NUHUKN OarnHen cBa3n 6e3 NpoMeXXyTo4HOro
yCUNEHNS

KBaHTOBasd kpuntorpadus

nccrnenoBaHne oaHOMOTOHHbIX MCTOYHUKOB KOPPENALNOHHBIMM
MeTogamu

HepaspyLlatoLlasa gMarHocTnka nHTerpanbHbIX MUKPOCXeM METOLO0M
PICA

onTu4yeckasa pednekToMmeTpus ¢ BpemMeHHbIM paspelueHnem (OTDR)
donyopecueHTHasa cnekTpockonus ¢ BpeMmeHHon koppenaunen (TCFS)

CBA3b C KOCMUYECKNMIW arinapartamMn Ha oonbLUnX PaCCTOAHUAX



IIpumenenune SSPD ais oraaakm Si
HHTErpajbHbIX MUKPOCXEM

« Normally operating nMOS transistor emits near IR photons
(0.9-1.4um) when current passes through the channel

« Time-correlated photon emission detection measures
transistor switching time

Vdd (1) vdd vdd Vdd Vdd (1)
0 Vdd J —L Vdd 0
vdd (1) (in)ﬂ %but) {imﬂ %mut) (i")AE %(om) E Vss (0)
\? q/;h
V/ss (O) high output switching low output \/ss (O)

Kash, J. A. and J. C.-H. Tsang (1999). Noninvasive optical method for measuring internal switching and
other dynamic parameters of CMOS circuits. USA, International Business Machines Corporation. US Patent

# 5,940,545



Perucrpanus u3jay4deHust
NMOS u pMQOS Tpan3ucToposB

0.13-um linewidth, 1.3-V bias CMOS circuit running at 100 MHz
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Zhang et al., El. Lett, 39, 1086 (2003)



Cxema Tecrepa MUKpOCXeM

TRPE: Time-Resolved Photon Emission

—— - To timing
dn ¢ Radiation electronics
positioner i
— NbN SSPD S
Timing Y Fiber 300K
electronics :Comp@
I_‘S'[art ‘\
Stop el Amplifier
1 1 Filter
Trigger ——
I — Bias T
Tester = 25K
Voltage-limited
Test pattern Cioshd-gybleeryostal current source

Commercially available TRPE system has been developed by
NPTest, Inc. San Jose, CA, in cooperation with UR and MSPU.



Kommepuecknii Tecrep mukpocxem OptiCA®
Ha ocHOBe SSPD
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For more information:
http://www.nptest.com/products/probe/idsOptica.htm




IIpumenenue SSPD B kBaHTOBOII Kpunrorpadgum

FPublic channel

Bob
(Receiver)

Alice
(Sender)

[from Simon Benjamin, Science 290, 2273 (2000)]

Unconditionally secret, qguantum key distribution is possible in actual
physical environments due to Heisenberg Indeterminacy Principle:

It is impossible to measure the state of a quantum bit without altering it.

Alice (Sender) - single-photon source.
Bob (Receiver) - single-photon detector.



[TpumMeHeHne SSPD. BONTOKOHHO-ONTUYECKNE JFIMHUN
AanHen cBA3U 6e3 NPOMeXyToO4YHOro ycusrieHus

TpaaAnunNOHHasA JINHUA BOJIOKOHHO-ONTU4YE€CKON CBA3U:

il <lmlill <

-

transmitter Optical amplifier Optical amplifier receiver

NHUA cBA3K ¢ SSPD He coaepXUT ONTUYECKUX YCUNTUTENEN:

transmitter receiver

B pamkax SINPHONIA Pirelli Labs npoaeMoHcTpupyeT ncnonb3oBaHue
SSPD B nuHuu cBA3u Pum - Nomesusn



