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Abstract: Superconducting nanowires are widely used in quantum computing, superconducting
electronics, and low-temperature physics due to their high sensitivity, compact footprint, and low noise.
Here, we present a gate-tunable superconducting nanowire thermometer that enables high-precision
temperature measurements in the liquid-helium regime by applying a gate voltage. Experimental results
demonstrate stable operation in the 2.5-6.2 K range, with a maximum sensitivity of 4.51x10° cps/K,

indicating the potential for sub-millikelvin resolution. The device further exhibits a minimum noise-
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equivalent temperature difference (NETD) of 5.5 mK, corresponding to millikelvin-level measurement

accuracy. Its on-chip integrability, fast response, and tunable performance make it a promising solution

for low-temperature sensing and on-chip thermal monitoring in quantum chips. This work provides an

experimental platform and theoretical basis for electric-field-controlled superconducting electronics and

highlights the potential of gate-controlled nanowires for integrated cryogenic sensing technologies.
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Fig. 1 Device structure: (a) Three-dimensional schematic of the
device, consisting of a gate electrode, a superconducting
nanowire, and a series inductor. (b) False-color scanning
electron microscope (SEM) image of the gate-controlled region.
The superconducting nanowire (blue) and gate electrode (red)
are highlighted. The scale bar in the lower right corner represents
200 nm.
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Fig. 2 Gate-controlled superconducting nanowire thermometer measurement system based on a closed-cycle GM cryocooler (base

temperature 2.5 K), integrating both DC and RF readout

22 BEARREIEBHIE

S 56 I ]2 ARG 4 o A R R AR T AR
T B s R, AN B SR S oK LA F
4 R — P R R S R RO L 4 3 R A
PEHEAT T RGNS 08 .

T e, AR e 4 v Bl B 2 AT T
I, SR TR &L 2 v e 7 oL, X 41 e i 4 )
i B FL O e LR B R NT-6215 SR A 14 i
R, Il i R A R AR Sl . el 3(a) PR,

A AE P iy B A0 0 R R A, 43 i) R B
R LR 1 5 I 7 R R K R R A AR . T AR
), BRYORLNE S BIRE T, ~8.1K, IEFES
L B ~24 kQo WU 7 R FHMEIE 3t TV 4948, B 2%
% TH = I O B B GOR R kAR S — 1 S A
A%, LA AR 1, B8 S oy R BRAR 1 IR OR AR Ak
X R A . Fh A 3(b) AT L, B O R 3G A,
AR R AR, RIS A R
T . B 3(c) S A I A A O B e 1) A2

XXXXXX-4



fIRPC S, 25 JE T SAOKRL A R b AU iR T

Hh £k, IR X 7 55 2.5~7.5 K, £k 500 mK, 45 5% i
7, e R LA 1, W TR R T v BT [, A B
BRSS9 K Ll s 1T h . (EHA T EAE, 18

7.5 K R AP ORRE nA Grd il 5 Ha i, b Je 2k
O % BRI JBE X ) ) T R AR AR A 1 T AT A 45
(RN

(a) (b) 30 (©) 55 F
R I °\°
10° | 20} | == ol \o\
10+ _ AN
2 L L
g T ERS N
§ = ~ 10 \°
10" -10} 74 N
! sl \o
20} ~— N
10°E ~o
1 1 1 1 _30 1 1 1 1 1 1 1 O' 1 1 1 1 1
5 6 7 8 9 10 11 12 ST SO PSSO o 3 4 5 6 71 8
T/K o0 N Y V/V'» » S -

K3 RN (a) 5 K & 12 K i BH-IRE LR (b) 2.5 K FAYEF-mERE; ) 2.5 K& 7.5 K LN BESIER

HLE (1) B EE S AL

Fig. 3 Electrical transport characteristics of the device: (a) Resistance-temperature curves from 5 K to 12 K; (b) Current-voltage

characteristics at 2.5 K; (c) Temperature dependence of the superconducting critical current (Z,) from 2.5 K to 7.5 K
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Fig. 4 Gated electrical transport characteristics of the device at different temperatures. (a) Critical current as a function of gate voltage;

(b) Gate leakage current as a function of gate voltage.

XXXXXX-5



DIRERTBLS A2 4

AW A RA T 25 b nl I, M e s
i BB, Y v 3 B T I B L i ) A
], A0 A R 5 A AR A 3 AR G, (R
Xof e P SRR, (E 5 LB T 35 A O, X R i
DA 2 R, 37 500 07 A B RO A B, S 45 ARG o
T FRL AL B0 B fRL i AR B0 SR S A T R
FrEERLH] . AN, AR PR AR 0 S 4 AR
£ T L I LA ) R A2 ik ) DRI AT R, O LS
TR BRI SR At 1 R4r i 4 B

2.4 HHEITERBE RS

RIRGE T AR L AEMR FB 3 T TR
TELRE A, AR E S o H Bk BT S5 iR
JEZ BRI C R

56, 7E T=2.5 K T X g5t 6 pA i) f &
IS 4 V A s, 15 30 T g B ) i
AGIEAIHECR L, THECR B 5L R cps(counts
per second) . W& 5(a) U7, MR 94 K 26 7 [
i BRI AR DUAS % ik e R TR, R IR

(a)

0.5+F

V/arb. units

—40 -20 0 20 40
t/ns

—APREE ETBE S 22 K R L R K ek, HAR S 1
FHBEY . %k b5 SNSPD 5% FVE A B & 1
I AL, 7T RE I R T L7 A TR A BCEORL TS A
10 Rik— L BRI EARFEME TR 25,
ARBEFAE T=2.5 K T T ZHMET IHECREE
i & LR A2 Ak . AnIEL S(b) iR, FE V, =1V, 2V,
~1 V Iy, i85 ¥, = 0( B SNSPD i I 11 %510)
B —2, 7E~0.91, B W5 BT 1 Hh BT B4R B0E K,
1 B AR T 5 R S 8 2 B 1, 7 A A (L 4(a) )
TE V=3V, V, =2V I}, g BORTE 18 8O K A
e X ], BLJS 5 BB AR — 5, RS
GRLR P IF IR AEAE T AR, A AR BEAS JE LA
AR I 7E V, =4 V., -3 V., -4 Vi, 280K
TEAR A TP U B0 R S 3 R, O Ol e P
B, 5 L Z MRS . e L, TR
R A 1 0 i PRE b T, B 2 Y (AR
it 22 e, R BIAAR A o RE L T HERLT
SERE TR, R JR) e A 2 ke ST S A R O 114
.

(b) 10°
10° b
107
100

210}

< 10t}

10° ¥
10% ¥
10" F
10°

I/uA

K5 25 K FaFmiHE i EeRe k. () e E R 6 nAL IR HLE 4 V 2508 T RTHHEUK ML (b) ARIBIR HLUE T 45

R it i 5 FEL U P A A T 2

Fig. 5 Gated count rate characteristics of the device at 2.5 K. (a) Count pulse waveform under a bias current of 6 LA and gate voltage

of 4 V; (b) Count rate as a function of bias current under different gate voltages.
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