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RSV Il 2% T — e TR AR A R (WS 5B 64 AR TCHHIRAL M S PR B TR
M 2% (SNSPD)FEF o #244R H 2-SNAP BRI 570 5 4 T (B 1R 2RI 7 G A AR 45 5 (W B 51 4244, X
) FE TR ¢ v 2 T T S, 64 AMEITEROL T 1 2 AL B AT 5 I [R5 SR, IR i
U BELHTC U P50 465 460 A1 A PRI 580 5 S IR 4 2 ] (A5 5 AR iR 1 » 9 v 1k A5 5 R i s 2 A e
tb. 78 225K TAEIREET, #AF5EMT 64 BIch 25 o HE LRI, ST T I RIA5 0 Bt 8] S
W5y 3. AHAE TR RIS 47.2 ps, ~FIYEF IR 558 25.6 ps, HLGFHRIIES [R1RL
162.5ps, A RIF G TCm S35 531 o it — 084 i B H 2 A R L0 RS & 5 87 1.55—
3.75 um BBGHAT T EOG TRIMERERAE . SIREW], SHAE 1.55-2.25 pm P BCSEIL A A &
TR, A{E 3.00. 3.50 M1 3.75 um BB NN E TR AIEE] 74%. 36%F1 21%, il T
WSix i 5 9K 2 S A ZEAM SO0 TR T AT P S5, FIR A58 T 3.75 pm BN
480 °Ciyifit H AR G F RS SR 250, FRINWKE T Hbw JUTHC R e 4@ 56 0 AR AL .
FAERE, % 64 FITT LA SNSPD R 41 e B 7% 43 H R 0 A bk ZLAM S TR B 7 5
NN R IR RN LA R i R AL AN AR 55 B R S A TR R AR T

R
B FAKLR BT RIS, LA FESHRIE . Ok TR
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HE S YK 2 B TR 2% (Superconducting Nanowire Single-Photon Detector, SNSPD)E it
ERIIECR . RIS THEOR L R [a1R 30 DL R B8 v o BL3E Bl SE00 kg, CORCh H BT RE A oG

BER R TR AR 2 — 08, 4328 THARRAOPERER I, SNSPD O V2 R H T8 T .

b

TR RTOGIEE DL AR R S SR T B A RHA R AN SR & L2 AN
K&, SNSPD CLaHliEId 98%IH RGHFM B KT 3 ps KN [ HF5) LUK E R RAE 14
THEU G THEOK P00, R I AR B B P DR B e R 2L A B, R ILHATE
55 0GR AT i 1 R A 5

B SNSPD M B AN A 2L AR Bedhi e, e L0 AR O IR IR 32 2okl %2
ey, Hig b (Mid-wave Infrared, MWIR)J BLE & % 55 3-5 pum yu M2, A8 =E 514
THRBNERITAR BN H AR PR, 7ERSOWM . FRBEHEI . A=0060 73-4r LA K 21 AP AR 554
I BAT B R ANE IS, R R AE R SCER ISR, i ZL A0 B TR BOR B 12 2 SR T+
596 H AR IR R BUE, 9 R AMT B RSOG89 S48 S IR SR R @42 . H
BT, R £0 AR 3 AR R 4 7K (Mercury Cadmium Telluride, HgCdTe) FBH$24 2% i i (Blocked
Impurity Band, BIB)#MIARIO], RUEIXSPM AR RED TAET 4-10 K HIX, (HILME S KPR
s M DL R B IR R K, 5] I AR Wi SRS R AR AN A 45 ) J, SR T HAE R 550
PRSI ] . AHEEZ T, SNSPD EARME A L iy tHEiud A LR IS 3 D I 1) 23 9% 7055000
e, TE IR AL AN RO PRI ST g B J R 12380,

SR, SEIL SNSPD A T Z1 AMBE B A e R 6T AR AT T i 1 22 Bk i BB SR 1)
L BRASGT R REE S FEAC, 6T RIS P A B IEOR XIR TRV, S K2 R A
HRL BEL 2 A O % BRI, AT B ) 251 00 P9 1 R IO, Dy 17 S sl e M BB ) PP B £ AP B0 TR
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W, PG AR BRI i TS R ERO) Tk, JE A WSix MPRHE B A I
RIS RERR S D05 AOTERE RS S0 UL R R K s £ A6 T SERE 018, B s 45k SNSPD
M ERE AR, DEFRET, SRR SR 5 e BH 2 WS IS ) 45 O S 40K 48

AL BENSAE I LA BESE LI R IR DI VERE . [RIINF CAE 7.4-29 um T8 3 By Fl A SE AR AN A

HRET R, NGRS T IR R AL T BB RE A2, R, 48 SNSPD

F 4N S T B Bk R, AR SR I R 5 TR 2 um B 1) SNSPD & S PRI A i I 90%%;

FEN T, S5 A SEI CAET 2.3 um AT 3.5 um 5 B sAg 25 06 B 14 (Light Detection

and Ranging, LIiDAR) &4, Xt —004F | SNSPD 7E IR 4040 £ 3 it 5 = 4E4E 00 b (1

JHIE 71428,

HAT, H4rsh SNSPD BT £ 2L rp TG T s Z 1, HE LA 2 KM s )
X HFAR A T BT AR SE R TR R ARG T BB TR, KA SNSPD [4:71 R gl id 2 1%
TG VR [RIER I SE OG- A 1 23 1R A7 5 I [AME Bl 5%, A& SEILh e 2040 5Ot 1 AR i 3 B AR Al
TR, BEFRN TR TATAE . A S DR BT 25 g i 13 Hh 55 22 Fhs 51 e g (26-281, s
T EECA BT 2 G U SNSPD REFY, SR, H R S8 RS R 51 3 2 T AR
TR EFT 2L B, TR LL ARSI SNSPD [k eI+ AR — 7T, B RESIH
BN, 152 H I TE HOR R G N, AR G e 7 20K 2 2 5 e IR T 2 2 AT R 4 74
T B, R RIS T H R LA MBS R R A S5 K 5 i AR R EOR, DAY
JERFBE e LA BT AR R GEH R 5 oK

BT FRY R, AT IR T — R T WSik SR 64 570 414 SNSPD BE
FIEAT o A4 R e FF AR 25 40 5 8 S A IR £ I 2 Jm A 25 & I B I 48, SEl 7 2
BICHIG T A AL B g i S5 T . S R LD AR BRI R oK, A SO SRR S Bt
TOBAR Fan R It LA BHATL VL EBEAT 104k, JF5e il 1 ae b8 5 SLie Ptk RERAE . e, SEIIIIE
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T 64 1575 SNSPD FEZIFE iR ZLANBBLIK BOE THRINAE T, JFSEBL T A AR Sl R, Nk
LI ZLSh SNSPD BEFI G I K S B2k 1B AR s 56

SRt Sl

N TSI 2T AN B v R BRI 5 I 3 R AR, A SO A% T A 64
1R IGHE S AR B THR M 23 (SNSPD)FE A . 1R 43 S AREE I LT, A PRI 20 5 HEIR 45
BEAT DI REMERE,  SCILERII I R 5 B AR S P Re ML A . 1] L()4 Hh T 64 AR TTREZI 2311
BARGE MR BB ZFESH 8x8 AR B n A B,  HANRIER T A 2R 9 400 nmx2 pm,
FHABPRI 5875 2 [8] F) hoCa [A) B9 20 wm, - ERTRC R B B4R 5 R TRTARZ 24 160 umx160 pm. H1 T
PRI TT A ORI /N TR TRl EE, B2 I 78 R RLAIG . BRI 78 D] 1 2 PRI 211
XF NSOG8 o5 %, (ELRESS AT OGN AH B8 70 1) (42 8] [|] B, AT B A AR Te IV E HR 3
S E, AHARERIN 50 2 (Al I 5 B IR S, AN R T A e Sk B A AN [ R s
(AR , DT AT 1) FH 4 v 8 38102k B[] 222 S 0L B 't RS o7 2 PR o

B 1) Jy BRI B T S F EE S M SR RO R = B, Feh RN R B e K 2-SNAP
ZERBY, E AR BE A 100 nm. KN 2 um (1 SRR IR A, 9K 2R IR]iE S 200 nm.
&5 59K 2k SNSPD AHEL , 2-SNAP 45 K4 B A7 58 i (1B AL AR B e 0 M BE K iR 4 S 5 IR
MNTTTHE B R GE ik A5 1 LU B, Dy SN 248 0 ) 25 (R B G i, A AT PRI B 76 2 (]R3 4R
LRIEAT B, JEIR 2R TR FE R TH A 400 nm, K FEON 150 um, WFEAEZ) 47.3 ps HIAE IR A]4E
iR o JE I WU BRI s A v i L e () BRI [R) 22, W] AR BROG AERES TR IR A B 7R
i ), BT PRIN B e ) BE R AT A7 B G AL PR B4 21) 435 ) B R R0 PR IR S48 76 2 TR 1) R 10 4
e N B 2 HERE ), (HEBUR AR 78 A 1 B S PR R 2 B TR AR o SR IX — 1, e 4k

A B RO B O 2 R RGBS RE 5 A, R BE R A NSO RO R B A AR

5/6



99 WMHAIT, ANIMEPRFFAG G IR 25 B R 25 R 1 RO B A) g S e D IR [RIEE, B2 i BB A RO R

100 o

101
102 Kl 1 (a) 64 &ycH) SNSPD 44 HL 1 2 e (SEM) IR o R 256 B ALt EAT AR s (b) R ERIOR )

103 SEM EBHMBANMEERE) SEM EUE: (c)ANF B FE QKL U RFEFE HUAA R B B0 05 H A5 s (d) as Pyt
104 HRESHFDEARIBCRT HEA R

105  Fig. 1. (a) Scanning electron microscopy (SEM) image of the 64-pixel SNSPD array. The detector position is marked
106  in red. (b) Magnified SEM image of the array and SEM image of a single pixel. (c) Simulated characteristic

107  impedance and phase velocity as functions of the nanowire width. (d) Simulated absorptance of the device optical

108 stack.
109
110 1(C) %A 1 AN A B8 B G K 0 L (R ARFAE R LA AH e B 45 R . 100 nm BE4RoK 28 32 %2
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131

FITF TR0, FCARIEFHHTLI N 4.3KkQ; 1M 400 nm %8 HEIR 28 (R AEFHHTL N 1.75kQPS), /T
PIFAFAE R SHPUR RS, HEERR SEEBORIE 5 5, WM R ARG AR ik, &
SCKH 2-SNAP FHE S5 # BRAR IR B e i S R0 BH T, FF45 Ay 2k (Microstrip,  MS) 25 #4354 T
A BTt AR 100 nm KL [IEE Y 200 nm.y SiOx A1) 2524 295 nm B, 4 EL&5 R4
()i, 7E10GHz AW, BAMRING—IEIR 4 ST i i Fe9K 1°-0.015dB, £ HiZ%
LRSI T R IBHITILAC . tehh, 70 3SR IE RENE A R PRI T 2 18] 1 L 2 8 SR 27 5
Yoo FRHUBEES Y fed it 1R AT 75 R

R LN T 2AE S B A R _ BV IRUE FEZ008 7 nm (AR &R WSk BB,
B LA Ak, EHER T RALURL 5 nm JE Si fREE . W1 WSix R T LR (Ro) N 217
Q, ISR Tc 2179 45K ffFEITER M 100KV T RBOE RGN L, PAIREA SR
it (hydrogen silsesquioxane, HSQ) i H 1SR A ZIRAE T ih Al 5e s BT . 256575 FE N 13K
RGIECREE, RIS S IER L X R 0.2 nA BRI IE Y, TBHBTIC RS2 4 2 nA
L IR R EAT RO o D TRE S AN [RIBROG FE IR DI S R I HF R 22, FEAEIR 4 5T AR 2 I A
1t 1 E S 451 (overlapping structure) . L5625 SR BH , 245 AN 2 0 Z8 A 0B A AR 14 = A B
., BEG, RN BT ZIM (Reactive lon Etching, RIE)T. %, £ CFa’<%% I LL 50 W 45
NERZIh 71 s, SLHLESIFEIE ) WS RIS . o, I 7 AR Ik T 200
) & e R S5 A T SIO2 A PR Au <R E, SRR R &, HE R IR 1(d)

Fime Hodr, St 512 nm B = E AL (SION T 150 nm 14 (AU ST BRI R, 11 B4

SRR, AZEEHIAE 3.0 pm PEBHIRICRIEEIE B 71%. 1245 RN OGS HERAE 4 1 WSix B

[ 5 B A SR, FER T RE S bR 64 BOTEESI NI TTIAlfE . 9K L frf 4544 AT FRIAGE

1 DA SR AN fE 9 55 A - S B B A1 FF) B A ' WA B 00R sl g A R TIAICR
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132 anfFET B HERERAE

133
134 & 2 SNSPD [N 2 RIMIEANERE . (a) a1 799 i 1Al H B (D) I 18] 22 (1) — 4 73415 (¢) Ja B BOR 1A (d) A — 1k

135 GBI 4 K ()T 64 MEER G TG U (F) )6 1 Bk I ) G v o3 A, I T) 1 3 1) 2 U 4 95
136  162.5ps.

137  Fig. 2. Basic spatiotemporal detection performance of the SNSPD. (a) Output pulse waveforms from the two ends of
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138
139
140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

the device; (b) One-dimensional distribution of the time difference; (c) Magnified view of the time-difference
distribution; (d) Two-dimensional map of the normalized photon counts; (€) Photon count statistics of all 64 pixels;
(f) Statistical distribution of the photon arrival time, with a full width at half maximum (FWHM) timing jitter of

162.5 ps.
AT 2 R REDATE 2.25 K ARIRIA S Nt AT fE %, il €& SNSPD BT H
WUsw) N 3.96 pA. S256 A K F K AP 470t 8% (Calmar Laser FPL-02CFR){E A 6R, HTA/ER

KO 1550 nm, EEHEy 20 MHz. iz KAV AOBIE A TP BEI s (8] 2%, DIERAE 64 1%

TR B I [T P 2 o i ) 3} 50 DA R e T 5 GE 3R 20 A I 2 G G A4S e A B AT BE ) o i 13 B

(I, FEZ 7 B A A E /0t SEIR 2R 454 e A5 S AR FR I (B 22 e, 5 AMDEIK T HR K R

SNSPD R JH 5.5 ffi B FLIALAKAN,  F4 H — 3% 1 o't 5800 S A o B Bk v o RO T
AR AE AR T 72— XA AR B (0 LK o, IR oK R il PSR SO R4 . B 2(a) 47
tH T P S B DK R R R T IR AR TSR AR (CITLRL) 5 % S BOEAE X B
H 3 P A ik B A 1 P S 508 IR ELAR G, PRI EL BA I 1] 22 (ta-to) ol T 2 i 245 T
OEDA= RN

ASCHG LI [ (dead time) e SO KR TR ha N 221 2 ik b e EL 52 D 22 VEEAEL L/e BT X LI
o 1] ) % o 2% A ) S B _E56F 7T 0K 2 FRL I P SR A (A ) 3 e o AR AR 2298 28 30 1/(37), Al
AT BN BT EER L4908 6.9 MHz . S8 A R e SR 7 9 a1 53 P4 Hh i Bk o £ 158
I Tl ey ATty o 3T K AE A R 2R s o AR FE AR, Ol 7RO B T 3R

5 1)

M6 ¥ A B I 8] w3 7m A -

t t1+t2—L/17p

, . )

o, L7y SNSPD SEIRZ MK, v, NIEIR L H ¥ AHI# 2 (phase velocity). 38 7] i 05 P4
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169

170

171

172

173

174

175

176

i Ak v B I 18], A BES B 1 (K BIERS %1, i Re 08 5E 7 AR BRI & P R o &
TSI B RS 225 73 A
2(b)~ (c)ralea i R FI RI 22 1 — 4B 7 ACE T B, A 2= g i e e ON

=ty
At =
2

©)

HE R B 64 M 47 B s, P35 08 4 58 (FWHM) N 25.6 ps, AHSRIEZ [A] 1)
PSRRI O 47.2 ps. BT AHAR R ST Z [ A SEIR 26K 0 150 um,  PRIUE AT+ 5545 25 S 18
IEIRZE P AR RN 3.27 pm/ps(ZNH G 1.09%), X 45 R 5 HIR BT EM
IR I B O B AR B, T E AR RIS RN A, A 2(d) . 4RI
W R PAE S BR 1 MERER (B 2d) T CRE) S, BEASREZ 25 10 3 I H Ll F i [ 45
Sk

N T BV S R GoT I AIE, XA BT — AT BUEREAT 1 Seit e d AR

B 2(e)Frn. TUAE B, Goit 45 ] 23 s Ai L ME p=0.778 bt 6=0.047, KM aefF HAT
R I TT— SOt An i N S o A 2(F) B o6 1R T 1R ik A R 8] to (19 GE 23 A H
TRALAS RIS 8] 73 HEPERE . 6T BUIIAI 8] e, I GETH 0 Al R 08 4 T8 58 SONEFI TRlE g,

M E45 58 162.5 ps.

FHFETHRRI

TE 58 A LA 23 0 R RE RS, HE— 203 Forh 40 40 B AR I M B EAT T 3R AL,
FEMARAF K T 196 T 1150 (Photon Count Rate, PCR)HIZk. Nit, #&# T —EHH=H
TGRSR 2L R S8, AW 3(a) s . JGIER A Thorlabs 2 &) 248 7 B4 & AL Ak fit
FEYR(SLS203L), H T AR i s ml ik 1500 K, A3 fiAa e 1 B eh 2 ) S 0 S o o e i, 78
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177

178

179

180

181

182

183

184

185

186

187

188

189

5 0.5-9 pm WG ZOGURAE IR T B e, ATAR S S 7 SR A R AR [ eh o K
MBI, SEIAN RO T R PRt

S5 F AP ) v R SR 5 B 1 SR P A AT (CaF2) bt Ferb, Jeil R B 50 mm )
BB AE R B HLETR AT AERE 100 mm KBS SEHDC R B B . 9 1 ARIE 6B ) I 5
BB MIRNX IR, EREBB N % T XYZ %G, @I & et
HORS BT HIA IG5 TR ARSI ZnSe % 11, JLAE 1550 nm—14 pm 3 15 Bl Py (47
PIBIL ALY T0%. R 3 A S 51 RS SRS, 7E 40 K I 4 K R BR iR by
w423 7 0D3.0(—30 dB) Al OD1.0(—10 dB)f) i1 25 5 E R

AR S0 R P e RARAR S OCYR, T 25 S A [F] o R (1 S ' AT e . TR,

Fp K N IRAFIK) PCR M 7 ™ A% of I N JRE S P i 5 i R A 0 D i 7, 1 = P AL R €6 5l 5

PER i . EE 2 RE I i £ SNSPD LA 8 9E 16 1 i o v B, HLAE BITR A 8O A 1A R

7 5 PN A B T R AR AT BN, DRI AR S DL 38 18 ' (94 R o A ot I 45 AR (4

K,

)
5
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190
191
192
193
194
195
196

197

198

199

200

201

202

203

Bl 3 (a) i 204 B B TR R S (0)1.55 pm(4£L),1.75 pm(15),2.0 pm(£%) A 2.25 pm (F) LA oF Sk
AN SR ML ()3 pm(#5),3.5 pm(B) A 3.75 um(4L) ARG 71 E R h 2k .

Fig. 3. (a) Free-space mid-wave infrared (MWIR) measurement system; (b) Saturated photon count rate (PCR) curves
and background count rate curves at wavelengths of 1.55 um (red), 1.75 pm (blue), 2.0 um (green), and 2.25 um
(orange); (c) Unsaturated photon count rate curves at wavelengths of 3.0 um (blue), 3.5 um (orange), and 3.75 um

(red).
T S 1H40% (Background Count Rate, BCR)MMIETE A GIRS&AF FidkiT. PR imE BR
RGO SR, WK 3R, K KERITEEL)y 2.63 keps, Hb/ES A
PCR AL SR 0 ER 10 R f B R Sk ook, DLERAS S B SERDE 711 3% . PCR
ML AR AR A [FERI R 23 5 B ety i g i %, o0 I 43 7009 1550 nmy 1750 nm,
2.0 pm. 2.25um. 3.0 um. 3.5 um 1 3.75 um, A7 9E¥N 500 nm. N T E BRI RIS T AR
PR R0%, R Fano BV ML FR0M A RS0 FITBR S 5t oH B0 J5 (115258 PCR i 2R 4741

A, S AR
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206

207

208

209

210

211

212

213

214

215

A Ieo — Iy
CR=% 4
zerfc( Al ) “)

HCREBMNe it EeR, AERMESIFIRKITIECR, IooRon PCR I H w3 B (i
B, Tprt i B R, IE A Alg o 1 Fano k% 5K PCR -2k 924, @il PCR
LR, T DLERAGAN [RIR A T g A3 21 AT ERIIDIR 25 Foxsh 82 A P 1 R

1 BRI 5 R IRAG A F S T PCR 2R IR LS, Jf it — D i S i 1

REE, XF PCR £k CLik BN A1 & XI5, ] #2900 & 75 B 0 AN T AR A e A VR

TEAERETRCE: X T AR EIEANE) PCR M4k, IR A AR [RIAR R 0 v i L FEL VA X IG2E AT

i, IS AT ECR, Jf i D IRAG A S  N AR RCR

11550 nm-3.75 pm -3 K X M Fano P sl A S 4L

Table 1. Fano fluctuation fitting parameters for wavelengths from 1550 nm to 3.75 um

A fum A Jkeps Ico WA Al JuA
1.55 22.66 3.48 0.13
1.75 13.76 3.50 0.14
2.0 12.81 3.52 0.13
2.25 13.75 3.54 0.15
3.0 21.59 3.83 0.31
3.5 104.68 4.09 0.39
3.75 115.75 4.13 0.42

3(b)#& 1550 nm. 1750 nm. 2.0 um #1225 um IHECRINE, A4 R LW, 7 1550
nm. 1750 nm. 2.0 pm A1 2.25 pm PEL, AN AR T RCREIA R Z) 99%, XN HIH & S5
TR 1. ZERRM, FAE 1.55-2.25 pm B OB BIEARNPRES, B B0m 1 Bos T4
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217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

R
()5t 7 3.0 umy 3.5 um A1 3.75 pm PN PCR 12k, SR A E 7zt r &
R, BEETRIE A 7] i LA X IRAE AR, 284 P & AR IR T A, 7E 3.0 um 3.5 pum F

3.75 um B MG BN 7T4%. 36%F1 21%. X NILESHOLEE 1. o, 3.0 um 40/ PCR

A ORI R AR, T 3.5 um F13.75 um 4bf) PCR il 4k £ S50 v 35 f B HL UL Y5 1]

N R BB EAE S . Bk, 5 1.55-2.25 um JEANE], 3.5 um A1 3.75 um &b E i A

NG B S50 B B, 1 2 R AE AT B4 B 98 UE Y Fano 57 x v i B HA Il X itk

AR SRS . WG RET, #F 95% B {F X [8] F X} Fano #M i {) NS HGHTI S, JFHE

T & ZH B AT X (80 v e B LI DX AT AN, APPSR A0, & 7 b 4 SR A AN o

3.5 um A1 3.75 um Ab$LE 15 B AHFAE VR Tco 20 BN 4.09 pA 1 4.13 pA, BT 2 F sl JF o6

HEV 3.96 pA. A, 3.5 um I 3.75 um 4675 211K 36%F11 21% N # & TR &AL T Fano #5754

S B RN AR, A SR 6 BRI A5 F AL A Y R

IR LR T P LA T RE R AR, AEEASE A S 9K A R s
b, SPEOCT SR RSTECN, ITRRAR 1 Al 5k S SR AR R o BRILZ Ak, WSix
i B S AR 2 A (i T RERR . T3 TR AL R L1755 B 55 ) [R) R 2 R T i
T RIRNIVERE . Forhr, JERRGTR LR th Jo 3 20 5 (0 1 28 T e 5] D 5 2 OR HL s R v Y
oA, TS A PR LD AN B B (A i [ g

ity LR, A EAE 1.55-2.25 pum JBCSEIL TN A B R T RCR N, IFAE 3.75
um BBGRTE TR Fano BEEUAMEMG Y 21% N E T RCE, RIAFTHI&EET WSix HER
SNSPD .4 ] i s ZLAME Bk e IR B0 T IRINBE T o %45 RN R BT e T R 6 1y o
BLLAN RS T R SE R AR I T A SR

S ARSI % 1 G 55 R LD AN (1 D2 Ml A5 A, (B H R R A R 2R SR 2K
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239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

RPATERME . HEEFERET, FRLINEBENIDE TR iibs € U 8 —EXEE,
I RIRIA BT T SR B X2 B LA Bt B ReR e S 4L, (8RR AIETh R SR A EA
LA RO X Ta) e DA SE I b FE VL AR € « PRI, ASSCIE T N 1 R R AL &4
WAL THRINGE ST, B 45 & SEhr R S e T M sh e T I& scls, Bt D IibasF e
L AR 5 IR B BN R K SR PR RE

B BT BB I B

N T B RAE ST AR IR AL AN BRI SEBR R RE T, SR 3.75 pm KR AR EAT T
FAGPERENIR o AR T BN LL AP BAR AN RGNS HAREAT IR, $esh LA T 76 st
YR, TR BRI H AR B S $R S A AL 75 8, SEEU B ARl 22 A AL . AR
AR S R 00, v T AN R P K A 38 2 1] SRR AL A r A ARG O i A B e 4
Ao WRABLE RO B, RSN T 3.75 um TR, SRR B 4108 500 °C. 5256
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Abstract

Superconducting nanowire single-photon detectors (SNSPDs) have emerged as a leading technology
for single-photon detection owing to their high sensitivity, low dark-count rate, and excellent temporal
resolution. Extending SNSPDs from single-pixel devices to scalable detector arrays is essential for
spatially resolved single-photon detection and imaging applications. However, the development of
large-scale mid-wave infrared (MWIR) SNSPD arrays remains challenging because of the reduced
photon energy at longer wavelengths, the limited intrinsic detection efficiency of superconducting

nanowires, and the increasing complexity of cryogenic multi-channel readout. In this work, we design

and fabricate a 64-pixel MWIR SNSPD array based on an amorphous tungsten silicide (WSix)

superconducting thin film. The array adopts a compact architecture that integrates two-wire

superconducting nanowire avalanche photodetector (2-SNAP) units with superconducting delay-line-

based spatiotemporal encoding, enabling the spatial localization and temporal identification of photon

detection events with only two high-speed readout channels. The detector and delay-line structures are

separately optimized, while a microstrip-based impedance-matching structure is introduced to improve

microwave signal transmission and suppress signal reflection between the detector units and delay

lines. The characteristic impedance and propagation characteristics of nanowires with different widths

are considered to ensure reliable temporal encoding and signal readout.

At an operating temperature of 2.25 K, the fabricated array is experimentally characterized using
pulsed optical excitation, and distinct temporal peaks corresponding to the 64 pixels are obtained. The
average temporal separation between adjacent pixels is 47.2 ps, and the average full width at half
maximum (FWHM) of the temporal peaks is 25.6 ps, demonstrating clear pixel-to-pixel temporal
discrimination. The measured single-photon timing jitter is 162.5 ps, while the reconstructed photon-
count distribution shows good pixel-to-pixel response uniformity. These results verify the feasibility
of the proposed delay-line-based spatiotemporal encoding scheme for multi-pixel photon-event
localization with a substantially reduced number of readout channels.

A free-space MWIR optical measurement system is further established to characterize the photon-

response characteristics of the WSix SNSPD array over the wavelength range of 1.55-3.75 um. The

internal quantum efficiency (IQE) reaches saturation over 1.55-2.25 um and is estimated to be 74%,
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36%, and 21% at wavelengths of 3.00, 3.50, and 3.75 um, respectively. The wavelength-dependent

response indicates that WSix superconducting nanowires retain appreciable single-photon response

well into the MWIR spectral range. In addition, the results demonstrate that the combination of

superconducting nanowires with optimized optical and microwave structures provides a practical

approach for extending SNSPD operation toward longer infrared wavelengths.

To further demonstrate the capability of the detector for weak thermal-radiation sensing, passive
single-photon thermal imaging is performed at a wavelength of 3.75 pm using a 480 °C soldering iron
as the thermal radiation source. The thermal radiation emitted by the target is collected and spatially

scanned in free space, and the corresponding photon-count-rate distribution is recorded to reconstruct

the target image. The resulting photon-count image resolves the geometric features of the target,

demonstrating the feasibility of passive MWIR thermal imaging based on single-photon detection.

Overall, this work demonstrates a 64-pixel WSix SNSPD array that integrates multi-pixel

spatiotemporal photon-event encoding, MWIR single-photon detection, and passive thermal imaging

within a compact two-channel readout architecture. The combination of delay-line-based spatial

encoding and long-wavelength single-photon sensitivity provides a promising device architecture for

reducing the cryogenic readout complexity of scalable MWIR SNSPD arrays, and establishes a

foundation for applications in single-photon imaging, weak thermal-radiation detection, and high-

sensitivity infrared sensing.

Keywords

Superconducting nanowire single-photon detectors (SNSPDs)/ mid-infrared/ detector arrays/ single-

photon imaging
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