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Fig. 1. The development of hot spot model: (a) The experiment of superconducting lead film which is sensitive to laser®. The curve

above is the laser pulse and the curve below is the resistance curve of the superconducting lead film. The resistance of the lead film

increases suddenly when laser irradiates on it; (b) temperature distribution of hot spots with different sizes in superconducting mi-

crobridge fabricated of tin film®); (c) energy balance of the superconducting niobium nitride film absorbing photons!*l.
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WX HL U (depairing current, I,) % B, GRS
ARIEAFRE, 51 & RN . Semenov MEE FIIE
B, T P SOK R 2 45 R S nT DB R £ 4h
FASGTF RSN . Semenov i HERL T 194 AR
PRAEL CHIR N B
o0 _ 1 <ac a2c>

G0 (G e )t W
Hrp O(r, t) 2S5 18) r FOEFIE] ¢ 5 pREL, r J2 WERL
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TEMEROK A S LA BT R IBLR S, 2001 4F,

Gol'tsman %5 P 7E 5256 1 75 W] £ 200 nm 58 .

1.2 um KRR L, dogt 2t B2 —1
SNSPD. ##fF TAETEM AR X, 7 0.8 pm i Beis
2T 20% 1y EFRCE, Kl 2 /& Gol'tsman B #4 H
HEEA FH T A R AN R 2 e 1o 7 S BT

. (a) (b)
27
(c) (d)

Bl 2 Gol'tsman % I F* 2001 4F 15 ¥ il # tH SNSPD, ¥ #4
RN I AE i R FOLF R R, (a)—(d) 43 513K R 6 F
AGF RETIB I AR R Ak

Fig. 2. Gol'tsman et all?. fabricated SNSPD for the first
time in 2001, and applied the hot spot model to explain its
photon response. (a)—(d) denote photon incidence, hot spot
formation, hot spot growth and thoroughly shut down of
the nanowire, respectively.
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Fig. 3. The development of the vortex-based model: (a), (b)
The supercurrent distribution around the vortex®, (a) cur-
rent diverting around the region with depressed supercon-
ductivity on the scale of the vortex-core area, (b) closely
spaced vortex pair oriented properly in near-critical applied
current; (c), (d) sketch of a segment of the strip in the pres-
ence of a bias current!””, (c) a single vortex causes a hot
crossing, (d) A single photon creates a hotspot and induces
a subsequent hot vortex crossing. Both processes result in
detectable voltage in SNSPD; (e) Top: thermally excited
vortex crossing and subsequent formation of a normal-state
hot belt across the strip width resulting in a dark count.
Bottom: an incident photon creates a hot spot across the
superconducting strip, followed by the thermally induced

vortex crossing!*0l.

2012 4, Bulaevskii 25 10 ¥£ 2 A (1) T AE FL A
b, 24 SNSPD i ik Bl i 1w i AR A
FERIIN A, SNSPD [0 1 2 i f & LI T 1430
Fa Sy MIE R B GLEM. 8 3GHE T SNSPD 1
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PR FAF ) 3 AT e R 1) HA e 9 s
ASF, LTI R % 2 B PER, DTTFEAN K
LIV DI — A HBEAAHY, SRV EEOE T
THEL 2) R T ASTIIEBL T, SRR 1 B4
TATHE NG AL — M 2R R R ik e 99 K 4k R
A IEH AS56AE, IR 3) — PMREE AL
HF ABIGTAOREL, SR RFF LA, BT 9
K TR, S 5| & BN R JiE KL — 1]
TR, 0 R A B B S PR AR
1 3(e) 7. Bulaevskii AR, 3 L THKL AV 1H
RGN T IR S, R B S S BURE S
R I, Ee A R, Wi gy, v]
PIRAF IR TE S e s 35 2, S IS 1 BRI e
BRI,

{2 HER R AFAE— A . 1979 4, Lik-
harevi 7RIS FUERH, M85 H20 0B /N T 4.41¢
BF, IR BEAS T B SR T 40 K £k 5 B A 24 /N A
SCHG FHAIRE MR EE B G T B . 4 Marsili 55 17 i
FH NN i 25 1 98 B 30 nm /) SNSPD, 7
5 um P BRI T 2% MR, B TR 2021
AEHRIE, FT 30 nm MoSi 40 KL B ) SNSPD,
TE 1—5 wm BB TSR FROR, 78 5 um
W B R N B FRCR T 9T%). 1A, HRTE A
SCHRAR B BEE 0K L R T/, SNSPD #3154
ROAFFEAR AL, PRI S& TR A R332
P BT I 5E 3.

2.3 AEERZEITIE

2013 4F, Renema 55 8 i F — i nY & -0
#%)2EMT (quantum detector tomography, QDT) )
STITEE, FHE T SNSPD #H S ARAY | 3 ik s AR Y
FIK P U BT ARL A = RS A X Rh ik 3 EARCR
[ R BRI OR,, e 1%, DFFE R
L MASHEFRER EZ MR, XFOLTRE
- B L (energy-current) K ¢ R IR 5T
PRIMALEE A — > st k. XA 7%, Renema
3] TSR IH—eh 2, nEl 4(a) B,

PRSI | BRSBTS P B AR —
RERUAAAEAILE A7 X 51, 1 H AR [R] A H A 2
T, i HL DG RE R RO OC R X
. R RO B A R — A R, H
ERFASHEFRER AT I RS IE L, BRITA 3 A

RIRMBEAFTTZEN) L, 5 BRI RS GGG
F, LA (7) Ak 0

2 /2 2

E=w?/C*)(1-1L/I)". (7)

(a) 100
® 1@1500 A A
* 201500 nm Sagett

& -1k 4 3@1500 nm s*&,
> v 4@1500 nm
E 1@ )00 nm A ‘é ¥
) 2@1300 nm wt
& 1072F . 3@1300 nm s

1@1000
é * 201000 am .‘f‘: & =

10-3F 4 3@1000 nm F
g L ] A
ks £ .
e —4 -
g 10 2
L] 'Y v
10-° .
L] 1 1 1 1 1
12 14 16 18 20 22 24

Renormalized bias current (I,+2.9 (mA-.eV~1)-E)

(b)
24 4 1500 nm
\ ©® 1300 nm
\ @ 1000 nm
< S —— Diffusion hotspot model
= 20+~ - - - Normal-core hotspot model
< ---- Fluctuation model
-
g 16 L —2.9 pA/eV
g
=
o
12}
S 12}
m
8 -

0 0.5 1.0 15 20 25 3.0 35 4.0
Excitation energy/eV

—~
O
~

= Data at 600 nm

Best fit: a = 1.00+0.06
—— Fit to a =0.75
Fit to a = 0.50

0.71

0.5

Bias current ratio I,/I.

Photon energy/eV

K4 AFEBEEZERE  (a) NG )ZHrE S 2 e
SNSPD i i I3 — i 2k, A [F 455403 1A 5 16 1 %o
SRS AR AN [7] B9 AR 181, (b) A s B2 | 7 HiCHA s A
Bk 7% bp AR B X S I AU AR 45 2R R R R A
T ELA 5 0 B 40 S50 148 () AS [ A8 TR0 6T S 36 B3 40 ) 411
Bk, GER R DY IR BB R oA T AR Y 2 5 )

Fig. 4. Discussions on various theories: (a) The universial
detection curve of SNSPD utilizing the detector tomo-
graphy, different symbols representing corresponding
photon number and wavelength!*¥; (b) the fit of experi-
mental data of the diffusion hotspot model, the normal-core
hotspot model and the fluctuation model. It turns out that
the diffusion hotspot model fits best to the datal™; (c) dif-
ferent models fitting to the experimental data and the diffu-
sion hot spot model turns out to be the most probable

oneb,
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PR E AR (diffusion-hotspot model) [F]A
BT HERL T IO Ok i T M PR IR RS RY
YERT, TA R B RN R B B BCRE B8 A G,
i IR B R R R T 2400 1, 5 B B4k

Z 150,
I
E = E, (1 - Ib) . (8

PSP RO SRS T REE LT REE
FEAIK, SNSPD IR S A — A HUR B, B
BRRB—EREE, IRINBORRENE, (HRXTE
SEIS IR WELR. N T REX RS, Gurevich
S PUFRH T ik 75 P B AR DAL AY (fluctuation-assis-
ted detection models). JK% B BB BY N R O+ 1Y
YEFHRREAL TR, A5 51 HRIR ik
WIS THE- S i BEXTREONS , B BT e 28 8, AT
KA MR

A= (A - OZ\/E) (Io — Bly), 9)

Hrf, AR o RS IA SEL I, 1 3 2 LA
TIPS XA KR LUE L BRI L 45
HAMER, W ES L ERR P, B
TE 0.5 F1 1 Z[a], X8 ER /NI E P SRR A
P SRR 2 [R] B25] 5] 4(b) JBR T X =R
TN S B0 K A P4 1481, 2% R B /R 7 A A
HA A SR

it QDT 320 o5t 8 S 4K 4R 19 D7 fi 1t - D
BHW R, HEMEST SNSPD 1Y 70 i ALEE,
WZLKAFE] T BT IGEER. XHF NbN B4
Renema %5 B9 3T 220 nm %Ay SNSPD, £ 0.75—
8.26 eV M T REE I B B T Lt e R I SL 50 25
WM Wang 45 02 FEF 30—140 nm FE [ SNSPD,
£ 0.73—2.43 eV T Re i Bol g 31| T4t 52
B ah . XFP P I 1) SC I 25 A AE T AS A AR
# 1) SNSPD 1. % T MoSi #4F, 7E 0.61—1.65 eV
T RER B, J6T A - L G R AP AR
PERY B3 %F T WS a5 G0 S 52 2%, R
HHS BRDE TR A O, M5 TReE
Jok, RATEBMIBOLFREm L 0.8 eV B, S+
e E A RN R, 26T hE=E-
i B HL I R DG R AR AR LM B IILE SR, SNSPD
(IR RHERE LTRSS, B AL FRERE AR S
X BE - 5 R A G R 7 AR BE R, T 5 e R

~—

I SNSPD H5MHL ] Y BRAR . 1k L5256 25 3R I,
25 ERL T B BB RE HE T 1 38 SN'SPD

P EAE SNSPD A6 MLl 403 v 3 SR 2L
YEHI. 2014 4F, Renema F IR A#RIT T SNSPD ()
4 Fh F i m AL IR A Y (normal-core

spot model) ., 1§ iE i #% 155 #! (vortex nucleation
model) Fli5 JiE 28 B AY (vortex crossing model).
fRE, P 1= L+vE AR AR X
TIEFZFGIERL o = 0.5; X TP B iR,
a = 1; X TRiER A, IE O AR 2%, (HO2rT DLk
AR, X FIRE R, o = 0.5, X TIRTELF
B o = 0.75. XL THLE, Kl a =1
AL G EER, LR B SRR S0 i
B B B o A BB &) 4(c) JRR T X 4 P AL 1Y
WA LR, Renema A2, SNSPD HHRIMISCRZ IR
RESZ R A A, AN 2 PR A el SR HL A, T2 A
5L OC IR HERE T, TR 1S WA E R 52
M EFERM A4, 2015 4F, Vodolazov 55 9 fifi FH A
INEEAHWIFE T SNSPD fG R IIALEE, 2862455
LW, XK A 450 nm BEF, S ELRL (hot
belt model) NEEMERIE T IHECR B REA KIS ;
WAREAFRE YRGS NI, 78 450—1200 nm B
WMEEENRDEFIHECR N IS, P A
SRRSO ET I, TEREA YKL 5030 F N
SIS KA T A Al T e A A
(vortex hot spot model) A] LA 55 45 9 G2 17 i
B, BRI AR5 A S X P 7 A T IR e 1
K IR . XL B SR — 2R 5L T i
TE SNSPD St o 2 o i s 2.

3 WMEMAEHLE SNSPD F FH
7 AL 4]
3.1 BEEMEBBEN
SRR I, HSIRAE NG FRE T, LR, B
PET AT | A7 AE— 2 HOT A B, SR
SR R, FLP A B HT R, AR
TEFREE. WAL, 1E S Sk 1 L BELR S (R-T)
[0, S i o R I 2 AT — o O 5 A 5
B, ML+ mK 3L K A5, BRS F— B 2
SRR R SRR 25 P S8 AR A 1Y
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AR B H T, WA 25 5, 3O A8 S BE A A
— P HRIR AR TR SR N Bk
Hesh, RIAENL I FS (phase slip), T80 1B SFEZ X
Sl Jre B, oI S A AR AR A N A
R SR LS — 2 ik, R H AU, 41
715 F AT L IR 1] R I 8-S A AS ] 38 4 1 22 W AH -+
P, TR0 T U B 5 Ak R R R R R R
P TR BOE PR RR R FEHL, (™A TR
FIEELRE. DA N2 = 43 AR M B SR A
Fk S e,

1967 4, LittlelS) ZEAFFY 4R B r L I s ik
(IR, B U ARG I RS Little DA 1A
SRR S IR EAZ R TS, SR 3 L8
PSR IRIERE N R, GRS R X i 2= 90
AR A HLBH. XA HEOR (AR FS (thermally
activated phase slips, TAPS) 7] DL & 4= FAL il i
FEAH 0 K MUFREE, T4 Little BT 2.

Z e — 2k 5K ) Ginzburg-Landau 5 &
R H HfE:

F) = [ (@l @F + bl @' + |76 (@) )¢z,
(10)
Hor P R%k w(o) RBRIF SRR, BT

(a) Real

axis

FZafs el g, AT HSRENE 528
HL AU AE. Tl A R AR A L e AR Ay fi
], $8 A HRE DT R/ ME, BT DS B IH—{b i 37
¥ (z) = A(x)exp (ip (), (11)
Hor ) A(x) = RAE, o(z) A0, X Lei/MEr A
M e 1T SRR A T REMAAEIE . LR
R, —4EB RN GL )P S &, fFEIRE WRE T
) b, ZARG SBR[ S A0 . TR
it AR R BE IE L, PR AR S R T AR 2=
BAEZS B EREUE, SBUF S BRGS0 9
KREETT I Y — 22 () rh S8R HeAR S A, anl&l 5(a)
Fios. WA o hm, P Sk kA — BN SE, 5t
X R ARD: A 21 B HUE.
TIPS Ess [ 2IEER 50, itk GL
F FHRE B A I ) fe M. AR B e Te
SEBEAFMER/N GL HHAET BRI BLS:: 16
ST B2 (R E Tk vk ol & 722 i
TREZERRENA , BT 2 e AR AR SR X ] L A AR &
AT 2n R, GL A M RETEFH AR Y e/ ME I
KA TERAS, FEXAS R, @8 AR A T AT
DU EL L.

/ 0
i axis

G
£

% [ihermal X exp(—AF/kgT)
o I
2 | AFY
S |1/
[} — -
9
h‘ 7
Tyuantum < exp(—AF/Eqy,) Y
0 27 4n
Phase

5 PRI

F(@p0f/1)",

F(@)  AFy—AF/2,

Free energy

F(¥,_2q/1)

k—2n/L k k42n/L

Wave vector k

(a) BAZPREL W(2) Bl 2 BY25M0. X% 2 PR REIR O : A SBHE, Wy () 62 I B IRGE—J8, Py(x) Beh

K IR0 (b) PR 2 ARG B B TAPS(E G2, At BB &) R QPS(ZL @ik 7r, [ RERE 5 35 28); (¢) A th g
F5UR kICR . SRR B 22 X BRI, AR5 T AF). A LG AE PR ER i 3h i, AR 17 18 5% 8 22 4 A8 A9 R PR AR

Fig. 5. Thermally activated phase slips: (a) The order parameter W(z) which is complex is drawn as a function of position. Two

possible confgurations are shown. Near A, ¥,(z) makes an excursion round the Argand diagram while ¥(z) does notl; (b) two

major processes of phase slip, the TAPS (blue line, the free energy changes it’s quantuam state by jumping over the energy barrier)

and the QPS (red line, the free energy changes it’s quantuam state by tunneling to another potential minimum); (c) free energy F

and wave vector k. In the absence of bias current, the energy barrier between adjacent energy minima is identical and equal to AF.

The barrier becomes asymmetric at a small current.
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HYEERAREERML, FATAT LA A B RE S
FABL RG22, BRIV I8 14 i Ui R P22 A M A g
(current-tilted washboard potential), 41/ 5(b) B
. — RN, AR RS BAT 2 ik 772 TAPS
(P v g o ) AW 1 B8 2 5 S ) o1 AR AL
HF (quantum phase slips, QPS, E L fE).
TAPS — A ATENNIE T, BRIX, QPS 7EJL-FBF
AT T, Wi N ERRE R A2 TAPS 20 H g
W&, QPS SEA ek ERE .

AR Little (315, TAPS 51& ML LIS
AN I 656

Rraps (T) = Ryexp (_AZ;;T)) ; (12)

Jorb Ry EMORBIL, TR, BT T, 6
YK 24 e BEL B2 TR FE R R A B8, AF(T) S
SEET AL, BI TAPS i B B RO RE 5 4
AF(T) 1] BAE k59

3

AF(T) = 0.83kBTC}j;‘;()g) (1 - Z) ‘)
He: R, = h/(46%) = 6.5 kQ &t FHLFH, Hop
hoE B SOR B, e EITHLAT I p W BORL AL BH R,
woNERTE, d R, S ESE AT DL F LR Ry A
B Ry = pyL/o, 0 = wd T AL, £0) R
0K WA GLAHTEE. (13)XEHT T > 07T,
AL

Little (A8 35 7] LAAR I LA T #E S 0E 47T 5630 b7
T TGN K LR R & A AT W S B AR BT R — A/
LB, XARBAK BT (). XRS5
KRITE, WARKE LR TS, B2 REFE. H
TARRLHT FE R (4 BF [ 308 5 7 B b b, AR
P —UCRE 7 1 % 7 A (A L BELAEL, A1 b S 6 o ) o 3]
PRS2 BN B[] DA Fl R SR 7 34 % 42 S B0 B[]
SRR R(T)”. RRAOLE B 24105 (atte-
mpt frequency) A 2y, ¥ S &G E AN 7, —
FAE I, B Q)= 1/7. R Arrhenius 3, #
R RINR Qpg = Quexp(-AF/ (kg T)), N4
DL I B 2 B AV RE R A A LIS SR I
BEE AT I f = 70pg = exp(-AF/(kgT)), RN
AR AT & LR 1-f BN BAIT R S
HLFE R Ry, =R.&(T)/L, Horh LZRGIRE K,
R, SRR YUK i HLBE. R LA BT Y B
[FPFRBEAE R(T) = Rinf+ Ro(1-f), Ry = 0 3R

M2 A K S HLBEL, PRI AN oK 2 i R~
147 L BEL{E P DA R — A B G A e ]~ 247 H B
B x SWEARRITE L/E(T), BV R(T) = R(T) x
L/E(T) = Rinf x L/E(T) = R&(T)/Lf x L/&(T) =
R.f = Roexp(-AF/(kgT)), B (12) =K.

3.2 LAMH Ei

LAMH 7% Little i LAt b SRS 6 b i 143
T TAPS By#2a. FEGNKRE 0 W vy, TE 2 12N
FERFLEHE IMAOKR LW AB O 22, P21 T IR& gk
R R SR, Langer il Ambegaokar fii%, 24
AIMIE H X AR A7 2 ) 338 in s 28 AAR 8 v RS 5 [ /e 1Y
AR 22 98070 35 B AH [F] i ORI, SRR 2R AS.
AT AT L BEFRARRN, 7T LA ST 4R ZE
Ui R ZEAV SARG IS HR T 2Z A5G R 1),
R 15 3 AR OGN 2R R FR G R
2e 0 (A
7AV = (at(p)
Wy A FHREZ B4 Ea A F, TAPS fEl)
SRR, EMIEE Tew (- £).
Langer 5 Ambegaokar 715 T #EF HL K R T /Y
H HREF 220 B
am = oe(r)g-g).  (5)
Horr: o kLB, &(T) &AHH T,
&(T) = 0.85(1& T /(Te — T))%°, UL T HI-FH H
e, & /& BOSHIEH 0 KT KE; gn—g =
ATN(0)kE (T, — T)* R IEH & 58 280 H e %
2z, Hoh N(0) 29k RSB, AR RET
R L B B/ IMAERBE S g, B — M AH T BE X
N AR R BELS RE.
MG SN H B, AR FL IR AE AR Ze b i 8,
AE [ R ) AR M B BB AR AR PR NTRR, B
it U B AR A5 Ll 38 R AL Y T Bl B 2R B e R B
WE 5(c) i, kR k& A 421/ L B 1
20

=2nxI. (14)

o dF (7,/}k) 21 - h
ALy = T 26[, (16)

Hor, AR RSN R A 21 (95880, DL
APEARYRE L, dLRARRIIE I S S5 1Y
fefE. 454 (14) X, AF, = IVAt = T x h/(2¢) x
Ap = Ih/(2€), Ap = 2r WP SRR 35 (1 4 21

198501-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 19 (2021) 198501

EN
AARL M5 R A B BRI A A5 T A B i
HEMARAR T AR, —Re I > I, —
2 (E ] DG T AE AL 3 B M 38 T 0 7 R B,
HLAT R Aik:

onlL AFo—AFl/Q
ro==-= e 1
T eXp( kBT ’ ( 7)
- onL AFO+AF1/2
FJr = ——Xp ( T ’ (18)
QO'TLL . AFl AFO
I'=1_-1I} = h _=70
=T o <2kBT) exP( kBT>’
(19)

Ho, o RAUKLHEE, L2KRERKE, n 21ES
HL B8, I o Ln AR IR 1 2 A 9K 4L
A% 2 B TR 1/ R O R A R R
(14) 2 1 LR S5 AR AL 22 18] Y 29 22K AR G 2 AT
I, BEGORE R L LR R AE , TENREL M g
AN P I 2% B

AV = Qg sinh (ig}) exp <— 2:;9) . (20)
K Q2 27 S i AR AN RLARZS ] B LIS i) 241
# (attempt frequency), RIEEFP & 4= TAPS B9IK
#. 7F Langerf) L& B8 2 = oLn/7. FE/NHLR
IR T, sinheRELAT DAEAT /N A48, AT A5 2
T, LI N —4E#8 Sk TAPS HBHAY R AR

Rraps = ATV = QquBLTexp (—?f;j) , (21)
Hrp, R & FHIH. 1970 4, McCumber 1 Hal-
perinl0% HEAS B M UERM AYRTE R F Q NoR

L [AR
Q_f(T)TGL kT’ (22)

Hrr, &) #3R 7F S B ASGE R, L/E(T)
YR EA E AT AR BT RGBT =
nh /[8ks(T~T)], Bl GL W], 7ER—AF RGH,
JP S B AERHEY BN ] 7o, MR 8T R,
M Q5 AR KR IE H . (AFy/ (kg T))V/2 J2 % U5 94
KR R o7 B 1 S ik V5 B E, AU R 1.
(21) =00 (22) A RP P AR A7 B8 LAMH g,
LAMH #RFETE X B 5 Little BRI — 3, {UAH2
—LEZB T LAMH BT GL 52, B
EHT T, BHEARIX.

3.3 E=EFHEIE®

MZ BRSO TE, MR & AR, FEE—
EAEY SR IN S U iR AR e U R A e 7 2 e a
TR — AR, XS LY R Ry 2
AR AT R pR T 0 BOGT ) F ) Bl S U5 R
B, A ENMWERTAA BT SRR, X
BR S pPR AN IS (QPS), VX 5l T2 8y
BN . QPS AJLIAE 0 K FA&RLE, DET
SERFEI L.

1988 4, GiordanolS! 7 SZ 56 vh & #1L, TAPS
IS A RE MR A K L ARG (T < 0.5T,) THY
HLBEL £, il E R S o TR W R o i T
FHIOLEFS, H-HAH TDGL(time-dependent Ginz-
burg-Landau) Big 45 H T AT A, Gior-
dano #8 LAMH #EEIfR i ky T B F R B b/ 701,
3T HEA R RS,

Golubev 1 Zaikin 75 J5 &) TAE 45 T 8
S TR A SOUE A A 02— 64 Al fiTIA R Giordano 1581
KH T TDGL 7%, i TDGL J5 3%t QPS %
BT AAAE B E, RN . TDGL Be U AE TR
FEin T, WA, T QPS FAF AT LUK AR TR IR AR T
T. B)IRE T ; TDGL &A% 18 QPS .0 INHERL T
FE AR M REBALN ; TDGL A 2 DL IE B i ik QPS
& R R oS )& N N N 7 B € v T
Golubev F Zaikin $2H T QPS AU AY , 245
U R R VAGE A RN I P NEOE =53/ €Y AN L Xi RN
H, FEFATHRM YRR E R, OO
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(a) WREASAL; (b) RARRLAEAL. 72 7 = O 0, JF S BYIRMEAE A 0, HAAL KR 2n MBI

Fig. 6. Temporal-spacial evolution of the phase slip: (a) Amplitute evolution; (b) phase evolution. The absolute value of the order

parameter is suppressed to zero allowing the phase to flip by 2x at 7 = 0.
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(a) MBS R A AL YR AFAE — K20 300 wV il A I, X 7R 3 CQPS LA 17, (b) Az 58 Hh 7

Fig. 7. The CQPS and PSC: (a) No current is measured below the critical voltage V, = 300 pV, and this behaviour is suggestive of
the presence of coherent quantum phase slip®; (b) PSC in the I-V curve of the SNSPD. The resistance corresponding to the dot-

ted line is integral multiple of quantum resistance Rq[“”.
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Fig. 9. Early experiments on phase slip: (a) R-T measurement of the tin whisker, and the dotted line is the result of TAPS

fittingl"™); (b) current-voltage characteristics at fixed temperature. Solid line, V = sinh/21}; closed circles, data points™; (¢) Giord-

anol®l observed the R-T curve of In nanowire diviated from the TAPS theory for the first time and named this phenomenon

quantum phase slip.
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Fig. 10. Current experiments on phase slip: (a) The phase slip rate increases with the increase of length of the nanowire. Black line:

current source mode, grey line, voltage source model®); (b) the standard deviation of the I, of the Al nanowire is distributed into

three distinct temperature zones, corresponding to QPS, single TAPS and multi-TAPS, respectively™; (c) the R-T curves of the Nb

nanowire are splitted into different resistance with the change of the current and magnetic field, which may be caused by the phase

slip centers emerging in some area of the nanowirel®?.
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Fig. 11. Energy level quantification in the YBCO nanowire,
and the phase-slip based photon detection mechanism of
SNSPD is proposed®4.
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H, RS HEOE St HLEE, RIBRTH SNSPD
W R AS RS DY T RIOR A R AL AL I
SNSPD /L #yH F ik o, Jesg 7 SNSPD Ry
SERONA. TR EAE S SRS BRI RS T
B, W SRR TR T R SRS | R A
MR RSN G AR A A, X S ] DU I Y
Begn RO . BRTA Z RIS
TR I T+ B30 DR U, 4 T JE 2B PR e - S R T
Xof BT 2 (RIS . PR R 7 8 B A 1A
PR, ST L — Dy T B T2
= SNSPD fyME PR BE, ) —Jr T, T BRI

TR A 1 Z AL Z Ak, G HROE B HLERAF 5T
WA B IR B A IR F A A LEE A P .

Ho= B IR E T T B SNSPD 6T #E
MLER IS F 2514, RIMRRINTETC KK SNSPD 7
Wi W HLER . T30 % WSi 40K £k SNSPD Hy#iF 5% %
B 8890 CRp B CE AT DL T AE T8k 0.7 T, IR
I HERMSCRAEAR AN XA 2422, X2 H AT HA
R T FE LA . BE Ak, T WSi 2k i
Bh, AR T, AU 8%, Eiohizer sk
AR RE IG5 AT IR BCRR ) TE 8 L RS X, 3xX
Ja BRI FEA R A1 BHEY SNSPD B, #RR
IATELE SNSPD St i B8 b (103 FH 4 145 55—
D5, TR BEE BE /N T 4.4€ BUGK R TOR iE
R, B34S 4R 55 1Y SNSPD, oK 3k A 1] fig & Ji
H—Fh I IREES 519 SNSPD Y6 T HE.

TR H f# A1 JE 3 SNSPD St 1 i 7 i 72 2
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WERHL 5 A M AR AL R A K, —
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Table 1.  The summary of the hot spot model, vortex-based model and phase-slip-based model.
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Abstract

Superconducting nanowire single photon detector (SNSPD) plays a significant role in plenty of fields such
as quantum information, deep space laser communication and lidar, while the mechanism of the photon
response process still lacks a recognized theory. It is prerequisite and essential for fabricating high-performance
SNSPD to understand in depth and clarify the photon response mechanism of the SNSPD. As mature theories
on the SNSPD response progress, hot-spot model and vortex-based model both have their disadvantages: in the
former there exists the cut-off wavelength and in the later there is the size effect, so they both need further
improving. The Cut-off wavelength means that the detection efficiency of the SNSPD drops to zero with the
increase of light wavelength, which is indicated by the hot-spot model but not yet observed in experiment. The
size effect implies that the vortex does not exist in the weak link with the width less than 4.41£, where £ is the
GL coherence length. Phase slip is responsible for the intrinsic dissipation of superconductors, which promises to
expound the SNSPD photon response progress and to establish a complete theory. This paper reviews and
discusses the fundamental conception, the development history and the research progress of the hot-spot
models, i.e. the vortex-based model and the superconductor phase slips, providing a reference for studying the

SNSPD photon response mechanism.

Keywords: superconducting single photon detector, hot-sopt model, vortex-based model, phase slip
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