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Superconducting dual-resolution single-photon detectors with
parallel nanowires

Wu Ye' Tao Xu'? Hu Changyu'”?
(1. School of Electronic and Information Engineering, Nanjing University of Information Science and Technology .,
Nanjing 210044, China; 2. Jiangsu Integrated Circuit Reliability Technology and Testing System Engineering
Research Center, Wuxi University, Wuxi 214105, China)

Abstract: This paper proposes a superconducting parallel-nanowire dual-resolution single-photon detector capable of
simultaneously achieving photon-number resolution and spatial-position resolution under a single-output readout
scheme. The detector consists of N superconducting nanowire units connected in parallel. Each unit incorporates a
uniquely valued marking resistor in parallel to form an asymmetric resistor network, along with a series resistor of
identical value. The entire array is biased by a common current source and read out through a single output channel.
Taking a four-pixel structure as an example, with gradient-distributed shunt resistors (100, 200, 400, and 800 Q) and
a 50 Q series resistor, LTspice simulations demonstrate that the superposition of response pulse amplitudes enables
simultaneous discrimination of both photon number and spatial location, allowing up to 4-photon events and 15 distinct
spatial response patterns to be identified. Further analysis indicates that the proposed structure effectively suppresses
current shunting and latching effects commonly found in conventional parallel-nanowire detectors, thereby enhancing
operational stability, albeit at the cost of reduced output signal amplitude and signal-to-noise ratio. This study provides
a novel and feasible technical pathway for developing dual-resolution PNDs, offering a new perspective for future large-
scale, high-count-rate, and low-SWaP-C multifunctional PNDs with full-information acquisition capabilities, thereby
broadening potential applications in quantum imaging., lidar, and quantum communication.

Keywords: superconducting parallel nanowire single-photon detector; photon-number resolution; spatial-position
resolution; LTspice simulation

0 3 parallel nanowire single-photon detector, PND) {E &y —
HEL A2 0] 5 H B S 0 R 4 B T BRI 8% (superconducting
BT I 4 K 2k F 4R DU 2% (superconducting  nanowire single-photon detector, SNSPD)!™!, B 2008 4E

il

Y B 7 :2025-07-13
* FE4 T H VLIRS e A SRR RN (A SRR O BFST T 30 H (22KJB140015, 23KJB510035) , J6 45 T A1 37 1k %8 4 “ K1 =2 56” B4 363t
Rl GERATF52) T H (K20221043, K20221049) B i W& 5 06 T BOR 208 0 5 8 9050 % (g 5t 28 i R K 24) I H (NJ20230006) BF Bl

o A7 o



W49 B w F o

T K

e

1 Divochiy % 1 Y8 3 DA o P HL 7 3 gk o B g3 1 5
ST HRE DM Z ) T, il 2 AR
KL HTTIF IR A DL TR A IR Lo, (% #oT
B IR A AR BB IT IR 3 2 R G0 o U O Bk
P B FL A 14 8 A ok DX A3 A O T BT 0 e A v e A
PR OB IR RN A AR AF 40 B
=R SRS AREN: 15

Rt B RS 2540 B4k PND i PERERR 224271, 2019 48
Moshkova % il 4 (19 4 1500 PND 23 T 86 % ) R 445
DR K2 2 ns FECHT ], BT PND 76 5 2803 58 0 o
MRS SR o AR GEX FR T B 25 M 7E w5 HHECR T & Z B
T A 51 R I R e A7 AE 4 (Latching) KU BR
il T HHE N . S a5 H 8, 2021 4R Perrenoud
AU HIAT ARG AN K 2R LA L L PND FE B
BT ECE T 200 MHz, [8] B R 35 77 20 89 & S8 48 00 2L
., 2024 4F Stasi 7 iE— L BFH 28 1§90 PND, 52 8
88 Y0 HLG TR .75 X6 UL FRUR M 6226 =0 FRHUR A5
A PND 7206 T #04r B, R0OR 53 808 U5 38 2 B
[7: S

SR, A8 PND 1RG40 B -5 v sl 00 Jy T BRAS 1
BRI FLAE 4 2101 — AR A 1 Bk B s 24 R o s IR - B
AIFBRBRITAE L BT PR, S BOR G RE 4R UG T 4K
FUAR B T 58 42 J0 1 X430 o7 7 A9 R . 3 — &35 g R
JEERIZYT PND fE18 2 16 F5 B AR g i (.
WMAEBOLE KRG D B RS T 2RI &5 DB 5 1) T L T8
RSB ELIE I SR RS R A R R %
1 H I 4 R S AT 1) 43 R AH 9 BOR S A 2 B
AR T FEs W E B 98 K 8 45 #4 (superconducting series
nanowire single-photon detector, SND) 344k T i8R F0
Wi S

BEXT K — PR, A< SCHR T — ol R T L B AR A 1
L T RGN K L X3 B O T IR . BT E AR R A2 5E
PND S AR R S8 2 A4 B 3 T BCR S5 IR SWaP-C 1
IR 1 U G T 2 1 R 9 o AR T RO
PR35 L1 3T T TR TS R A B H R P SR I R AR
S ZR RN A 1 28 BT B P R A 9 K 2 BT A
A [6] BELOE ¥ 1 B BHL B S [) 2 )57 B 1 B 78 7E i 1o PR
T I 7 A R AL A 17 E Dk e T R BB L O 43 T
Jok b BT [ B AT O RN s AL A R, 4
JESR T, 38 A U0 Ak I 16 e B (% BEL(E LU 1], AT 3 1 5 AN [) 5
(] 245 % L0 15 45 00 DX A3 B2 5 [RD B 1 A D156 Hi BHL 45+  3ck 22
fift T AZ G PND i HL 3 43 T RN AR T BRI , 42 T
T R E M B Al S AT S A Y R e IR (B S AE R Y
T, AN KRR BEGE J1 0 PND $2 45 T —Fh g 5
HATAT W EOR B S AR TT R KA & i8R B 4
5 EREURE 1) IR SWaP-C ZJ1fE PND &4 7 —Fi i 2
BT TR TR HOLE I R T E A

o 48

=

JiE e
1 BSFHERMKLEN S PR FRNEGE LR

S 20 K 2 Y T AR D B A K R T AR T Il B R R
f14 i BT I AR T2 e BHL A0 B S 2, AR R 2D TR
2R R T A Ay WL BEL A8 2285 490 oK 2 1) HL AL 1 U 1) G AL 5 T
By 8 o A 3 AR R RS Y AT R AT
M| RO I 2% BALTE )™ AR 1Y FL RS A B Hh S . A2 SR i
I I 20 A R O % DN 45 T ok Ao o 7 R e e L
SCEL T o3 R OO T HOR BE 3 {HLIG ik 3 4 R R BT A £
BiFR.

H T SO TR A )AL E AR B R AP A AR SR
THEAL G0 PND 450 5L fifi b BT 1 S 54> 94 K 245 0 O ik
— > A R BELAEL B A 10 R L S T A — A A X R i R
BEL IO 45 . B45 0 i RO i PR 3AE 0 O 380 A G i A R 1A ] Y
i 1 K 0R AR 5 5 24800 WA I I 25 1R Os R AR S & L % A
AR TR] A — b i 1 ok e 408 o — 8 37 W) %7 D't 50 4% ) 7
oA

UNIEL 1T BT 7R Ay S I IR 4 K L3 B BT T R 5
5 R RV AE A0 B R R g T N A S A K 2 B T O IR
G A BT — AR E 5 A B R S AR AR L B R
J P 3 IR — A A [ BELAEL A FLBEL R s # A, G v i A 45 44 )
T KL AT AR RO — A IF A2 (9 L B R, R K B 2
HUE Lo N A FFBRHRL BN AFRIC N Ry ~ Reve FTA HI0
] — i L B B O P U 15 I 22 o ) — WL B i A
T Voo TEREHP IFHEA B Ry AR AL T — 5
MRS FL AL T B MRS L] T FI B M R . H
B A R AR T R 5t S B A R L TE 2 8 PND 4544
L — A AT Y % R 230 O H I i ) e B 2 A T 5 R
P UL R R [ I R X P A A T LA
VL B S EURAHFEE TR LS. SIA Ry 5 X —IER
%ﬁ&ﬁﬁ?ﬁllﬁ%ﬁ,%ﬁ%rﬁﬂ,}\E/i%‘?ﬁiﬁtf'ﬁ%?fﬁi Ry 3 . 1

N
L A
Ry R ‘
S - =1
V“
= (Il & : |
m
R, ‘ Ry Ry, Rpovt Rpx
Ex
gk

=Rg :/eg : Rs
N

F1 S IF BN K 2 B3 0 B TR DN b 235 40 AR S5 280 H B
Fig. 1

=

Structure and equivalent circuit diagram of superconducting

dual-resolution single-photon detectors with parallel nanowires
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