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We designed a low-filling-factor and polarization-sensitive superconducting nanowire single photon detector
(SNSPD), which can achieve a high absorption efficiency and counting rate simultaneously. Numerical simula-
tions show that high absorption efficiency can be achieved by low-filling-factor SNSPDs with a silicon slot and
silver reflector. The absorptance of the NbN nanowire for a transverse magnetic (TM) wave at the wavelength of
1550 nm can be 84.4% when the filling factor is only 16.5%, and the corresponding polarization extinction ratio
(PER) is 562.9; the absorptance of the NbN nanowire for a transverse electric (TE) wave can be 67.0% when the
filling factor is only 11.7%, and the PER is 7.4. © 2019 Chinese Laser Press

https://doi.org/10.1364/PRJ.7.000847

1. INTRODUCTION

Superconducting nanowire single photon detectors (SNSPDs)
have various promising applications, including quantum optics
experiments [1,2], quantum key distribution [3], satellite com-
munication [4], single photon quantum imaging [5], and life
sciences [6], due to their excellent performances such as high
system detection efficiency (SDE) [7], high counting rate [8],
broad spectral range (from visible to infrared wavelengths) [9],
ultralow dark counting rate (DCR) [10], and low timing jitter
[11]. Among these features, SDE is primarily important for the
performance of SNSPDs. It is well known that the absorption
efficiency is a vital point to achieve a high SDE and is related to
the material of the superconducting nanowires and the struc-
ture of the SNSPDs [2]. To improve the absorption efficiency,
many methods have been proposed such as SNSPDs integrated
with an optical cavity [12], SNSPDs integrated with plasmonic
structures [13], SNSPDs integrated with an optical nano-an-
tenna [14], and the use of amorphous WSi as the supercon-
ducting material [7,15]. Using these methods, the incoming
photons are strongly confined in the optical cavity, the electric
field near the nanowires is enhanced, and the reflection and
transmission of SNSPDs are decreased. Hence, high absorption
efficiency can be achieved. However, all these devices suffer
from an inevitable trade-off between the aim to maximize their
absorption efficiency and the aim to maximize their counting
rate, another important parameter that determines the detec-
tion speed of the SNSPD, because all these devices have a dense

meander nanowire in a large active area to absorb incident pho-
tons efficiently to improve the absorption efficiency and, hence,
the practical detection efficiency. The counting rate is limited
by the recovery time of the bias current, which is determined by
the kinetic inductance of the nanowire [16,17], and the kinetic
inductance is proportional to the length of the nanowire.
Generally, the dense meander nanowire has a higher absorption
efficiency than the sparse meander nanowire in the same active
area; however, the counting rate is lower because of the larger
kinetic inductance due to the longer nanowire. So, the perfor-
mance of the conventional low-filling-factor SNSPDs needs to
be enhanced. Here, the filling factor is defined as the nanowire
width divided by the pitch of the nanowire.

Another system parameter of SNSPDs, the polarization sen-
sitivity, has attracted the attention of many researchers in recent
years, because understanding and utilizing polarization that is a
primarily important property of light could greatly expand and
enrich optical applications [18]. It is well-known that there is a
strong dependence between the absorption efficiency and the
polarization states of the incident light for SNSPDs, due to the
dense periodic meander structures of the superconducting
nanowires [19]. So, it is an advantage to fabricate detectors that
are highly sensitive to the polarization of light. However, most
previous research focused on designing polarization-insensitive
SNSPDs [20,21]. With the development of SNSPDs and the
increase of applications, it is important to consider whether
these system parameters such as absorption efficiency, counting
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rate, and polarization sensitivity can be achieved simultaneously
when the performances of the devices are evaluated.

In this paper, we propose a method to solve the trade-off
between absorption efficiency and counting rate by using the
structure with silicon (Si) slots and a silver (Ag) reflector.
Moreover, due to the meandered nanowire geometry structure,
the SNSPD is also highly polarization sensitive. Numerical sim-
ulation results show that the absorption efficiency has a sharp
increase and then a sharp decrease when the filling factor is in a
special value range. Due to the sharp increase of the absorption
efficiency, we design a low-filling-factor SNSPD that can
achieve a high optical absorption efficiency, an increased count-
ing rate, and high polarization sensitivity regardless of whether
the incident photons are transverse magnetic (TM) polarized or
transverse electric (TE) polarized.

2. OPTICAL ABSORPTION EFFICIENCY

The superconducting nanowire of a conventional SNSPD is
normally fabricated in a meander pattern, which can be
approximated as a periodic structure. The optical absorption
efficiency (denoted by A) of the superconducting nanowire
can be expressed as [22]

A �
R w∕2
−w∕2

R
t
0 w Im�ε�jE j2dxdyR p∕2

−p∕2

�
ε0
μ0

�
1∕2jE0j2dx

, (1)

where w and t are the width and thickness of the nanowire,
respectively; p is the lateral pitch of the unit cell; E0 is the elec-
tric field of the incident light; E is the electric field within the
nanowire; ε is the dielectric constant of the nanowire; and ε0
and μ0 denote the permittivity and permeability of the back-
ground material, respectively. From Eq. (1), it is obvious that
the electric field intensity inside the nanowire determines the
absorption efficiency of the SNSPD. In order to investigate the
relation between the absorption efficiency and other structure
parameters, a commercially available numerical simulation
software, i.e., FDTD Solutions (by Lumerical Inc.) is used.
Figure 1 shows the simulated structure consisting of a Ag
reflector, Si and hydrogen silsesquioxane (HSQ) slot, NbN

nanowire, sapphire substrate, and anti-reflection coating (ARC)
from top to the bottom (the illumination side). The thicknesses
of the NbN nanowire, Ag, Si, sapphire, and ARC layers are 4,
130, 200, 200, and 277 nm, respectively. In the simulation,
complex refractive indices nAg � 0.322� i10.99 [23], nSi �
3.628 [23], nNbN � 4.905� i4.293 [23], nHSQ � 1.4 [12],
and nSapphire � 1.74 [12] were used. The region surrounded
by the dashed line indicates the unit cell for the numerical sim-
ulation. The pitch of the unit cell, the length of the cavity, and
the width of the nanowire are denoted by P, L, andW , respec-
tively. The wavelength of incident light is 1550 nm. The TM
wave was assumed to be polarized perpendicularly to the nano-
wire, and the TE wave was assumed to be polarized parallel to
the nanowire, as shown in Fig. 1. HSQ was chosen as the ARC
due to its low index of refraction at 1550 nm, and 277 nm of
HSQ was required for the λ∕4 ARC [12]. Periodic boundary
conditions were used in the simulation, and edge effects of the
meander nanowire were neglected.

This structure is similar to the structure of the SNSPDs add-
ing a metal optical antenna [14]; however, because of the use of
Si dielectric, which is a high refractive index material to com-
pensate the dielectric mismatch between the NbN nanowire
and the slot material [24], the performance of the SNSPDs
is different. To demonstrate the superior performance of low-
filling-factor SNSPDs, they are compared with conventional
SNSPDs with a Ag optical antenna in the following discussion.
The only difference is the slot material, while the other parts
remain the same. First, we investigated the distribution of the
electric field in the structure for the two different materials and
two orthogonal polarization states.

Figure 2 shows the electric field intensity for the Ag-HSQ-
Ag slot and Si-HSQ-Si slot when the incident light is TM
polarized. The electric field intensity in the Si slot is higher than
that in the Ag slot, especially, in the region where the NbN
nanowires are placed. The same result for the TE waves can be
obtained from Fig. 3. A high electric field intensity in the nano-
wire corresponds to a high absorption efficiency of the SNSPD.
It is worth noting that the optimum pitches of the unit cell are
different for TM and TE incident waves when the absorption
efficiencies achieve the maximum, which can be illustrated by

Fig. 1. Schematic of the stack structure of the SNSPD with a Si slot
and Ag reflector. The region surrounded by the dashed line indicates
the unit cell for the numerical simulation. The pitch of the unit cell,
the length of the cavity, and the width of the nanowire are denoted by
P, L, and W, respectively. The direction of the incident light is shown
by the black arrow, and the polarization directions of TM and TE
waves are marked.

Fig. 2. Distributions of the electric field intensity in the Si-HSQ-Si
slot (picture above) and that in the Ag-HSQ-Ag slot (picture below).
The incident light is TM polarized, the pitch is 486 nm, and the width
of the nanowire is 80 nm.
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Fig. 4. Then, we consider the relation between the optical
absorption efficiency and the pitch. The structure parameters
in Fig. 1 were chosen, and the nanowire width was fixed to
80 nm when the value of the pitch was constantly increased
in the simulation. Figure 4 shows the calculated absorption
efficiency dependence of the pitch for different slot materials,
Si and Ag. Two representative polarization states (TM polarized
and TE polarized) of the incident light were selected for com-
parison. In principle, the absorption efficiency of the nanowire
in the Ag slot is decreasing slowly with the increase of pitch for
both TM and TE waves. The absorption efficiency is very low
for TE waves due to the polarization sensitivity of the SNSPD
[19]. For the Ag slot, the absorption efficiency will decrease
with the filling factor increasing. When the pitch exceeds
380 nm, the absorption efficiency is lower than 60%. This
is why the performance of the conventional low-filling-factor
SNSPDs is poor. However, the absorption efficiency for the
Si slot has a sharp decrease, compared with the Ag slot, with
the filling factor reducing, has a sharp increase after the value is
close to 0, and then is up to the maximum value when the pitch
is in a special value range. According to our simulation, the

absorption efficiency of the NbN nanowire in the Si slot for
TM waves is 84.4% when the pitch was 486 nm (16.5% filling
factor); the absorption efficiency of the NbN nanowire in the Si
slot for TE waves is 67.0% when the pitch was 682 nm (11.7%
filling factor). When the pitch of the unit cell changed, the
distribution of the electric field would be changed because Si,
a high-index dielectric, was applied as the slot material. It has a
strong transmission of light at the wavelength of 1550 nm com-
pared to Ag. When the value of the pitch reaches a special
range, the absorption efficiency has a sharp increase due to
the electric field intensity in the region of the nanowire being
greatly enhanced. It is different from the non-resonant collec-
tion effect when Ag was used as the slot material [14]. So, the
absorption efficiency has a sharp increase for both TM and TE
waves when the pitch is changed. This special situation can be
used to design a low-filling-factor SNSPD with high absorption
efficiency.

In order to achieve the optimal absorption efficiency, the
resonant optical cavity effect needs to be considered. Because
the pitch to achieve high absorption efficiency in TM mode
and TE mode has already been calculated, the pitch was fixed
to 486 nm for TM-polarized incident light and 682 nm for
TE-polarized incident light, and the width of the nanowire
is fixed to 80 nm. Figure 5 shows the calculated optical absorp-
tion efficiency dependence on the cavity length, which is
defined as the vertical distance between the NbN nanowire
interface and the Ag reflector. When Ag was chosen as the slot
material, each Ag-HSQ-Ag slot and the Ag reflector form a cav-
ity, eliminating optical transmission and reducing reflection,
and thus the incident photons are strongly absorbed by the
NbN nanowire. The absorption efficiency oscillates with the
cavity length, demonstrating the cavity effect, for the TMwaves
[14]. The absorption efficiency maintains a very low level for
the TE waves, with the cavity length changed, because of the
polarization sensitivity issue. Similarly, when Si was chosen as
the slot material, each Si-HSQ-Si slot and the Ag reflector also
form a cavity. Due to the Si material, which compensates the
dielectric mismatch between the NbN nanowire and the cavity
and has a strong optical transmission of light at the wavelength

Fig. 3. Distributions of the electric field intensity in the Si-HSQ-Si
slot (picture above) and that in the Ag-HSQ-Ag slot (picture below).
The incident light is TE polarized, the pitch is 682 nm, and the width
of the nanowire is 80 nm.
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Fig. 4. Simulated pitch dependence of the optical absorptance in
the nanowire. The dashed blue, solid blue, dashed red, and solid
red lines represent the Ag-HSQ-Ag slot with TM incident waves,
Ag-HSQ-Ag slot with TE incident waves, Si-HSQ-Si slot with TM
incident waves, and Si-HSQ-Si slot with TE incident waves.
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Fig. 5. Simulated cavity length dependence of the optical absorp-
tance in the nanowire. The dashed blue, solid blue, dashed red,
and solid red lines represent the Ag-HSQ-Ag slot with TM incident
waves, Ag-HSQ-Ag slot with TE incident waves, Si-HSQ-Si slot with
TM incident waves, and Si-HSQ-Si slot with TE incident waves.
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of 1550 nm, the electric field in the Si slot is enhanced and is
even higher than that in the Ag slot. The absorption efficiency
is maximum as the cavity length is about 200 nm for both TM
and TE waves. With the optimum cavity length, the maximum
absorption efficiency of the nanowire in the Si slot is higher
than that in the Ag slot for both TM and TE waves. It is
obvious from the amplitudes of change that the absorption
efficiency for TE-polarized photons is more sensitive than that
for TM-polarized photons as the cavity length changed.

To investigate the correlation between the pitch and cavity
length when Si was used as the slot material, Fig. 6 shows
the calculated optical absorption efficiency dependence on
the pitch when the cavity lengths are different. For TM waves,
the optimum pitch is slightly reduced, and the maximum ab-
sorption efficiency is slightly decreased when the cavity length
is increased. For TE waves, the optimum pitch is greatly
reduced, and the maximum absorption efficiency is slightly in-
creased when the cavity length is increased. It shows that the
change of cavity length can affect the optimum pitch for both
TM and TE waves, and nanowire is more sensitive to parallel-
polarized photons than perpendicular-polarized photons [22].
Considering the errors in realistic fabrication, we also investi-
gated the absorption efficiency dependence on the width of the
nanowire. Figure 7 shows that when the width deviates from
80 nm, the absorption efficiency changes slowly for TM waves,
but decreases sharply for TE waves. So our design is less
sensitive to fabrication tolerance in terms of nanowire width
when the incident light is TM polarized than when it is TE
polarized. It is the same conclusion for the fabrication toleran-
ces in terms of pitch and cavity length shown in Figs. 4 and 5.

By optimizing the pitch, cavity length, and nanowire width, a
low-filling-factor SNSPD with a high absorption efficiency can
be obtained, and the simulation can also provide some guidance
for realistic fabrication. Next, its performance of the counting
rate and the polarization sensitivity will be considered.

3. COUNTING RATE AND POLARIZATION
SENSITIVITY

Kinetic inductance determines the counting rate of the
SNSPDs [17]. The kinetic inductance of the nanowire can
be expressed as

Lk � μ0λ
2l∕S, (2)

where μ0 is the vacuum permeability, λ is the penetration
depth, l is the nanowire length, and S is the cross-section area
of the nanowire. The reset time τ, which is defined as the time
needed for device efficiency, after a detection event recovers up
to 90% of the device efficiency if there was no detection. From
Lk, we can obtain τ, which is also defined as the time needed for
the current to recover from 0 to I 90% by

τ � Lk
R

ln

�
1

��
1 −

I 90%
I b

��
, (3)

where Ib is the bias current, I 90% is the current when the device
efficiency is 90% of the device efficiency at I b, and R � 50 Ω.
In the following analysis, we assumed that I b � 0.95I c , where
I c is the critical current of the superconducting nanowire, and
I 90% � 0.9I c [14]. After our simulation, Fig. 4 shows that the
absorption efficiency of the 16.5%-filling-factor SNSPD is as
high as that of the conventional 33.6%-filling-factor SNSPD
with the Ag slot for TM incident light. It is assumed that
two kinds of devices have active areas of the same size and
NbN nanowires of the same width. After being calculated,
the length of the 16.5%-filling-factor nanowire is about
50.3% of the length of the 33.6%-filling-factor nanowire, with
the same result for Lk. So, it can be roughly estimated that the
reset time of the 16.5%-filling-factor SNSPD is 50.3% of
that of the conventional 33.6%-filling-factor SNSPD. This
is just an approximate calculation, and there are many other
factors to consider in practice. For the TE incident light,
the 11.7%-filling-factor SNSPD has about 67% absorption ef-
ficiency, which is much higher than that of the conventional

Fig. 7. Simulated nanowire width dependence of the optical absorp-
tance in the nanowire. The cavity length is fixed to 200 nm. For TM
waves, the pitch is 486 nm. For TE waves, the pitch is 682 nm.

Fig. 6. Simulated pitch dependence of the optical absorptance in
the nanowire when the cavity lengths are different, and the nanowire
width is fixed to 80 nm. (a) The incident light is TM polarized.
(b) The incident light is TE polarized.
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SNSPD regardless of any filling factor. It indicates that our
proposed SNSPD can achieve the improved counting rate
and have a better performance in the high-speed detection
situations.

When the Si material was chosen to compensate the dielec-
tric mismatch between the nanowire and the cavity, the polari-
zation sensitivity of the SNSPD is greatly reduced [21]. In
order to recover the high polarization sensitivity of the
SNSPD, we utilized the meandered nanowire geometry struc-
ture. Due to the Si-HSQ-Si slot structure, the polarization sen-
sitivity of the SNSPD is greatly improved. Figure 8 shows the
simulated polarization related to the absorption efficiency and
the corresponding polarization extinction ratio (PER) for the
SNSPD. The angle is defined as the angle between the polari-
zation direction and the direction perpendicular to the nano-
wire. Figure 8(a) shows that the PER is about 562.9, and the
corresponding maximal absorption efficiency is 84.4% when
the pitch is 486 nm. Here, the PER is defined as the absorption
efficiency ratio of the TM to TE wave. It is also obtained
that the PER is about 7.4, and the corresponding maximal
absorption efficiency is 67.0% when the pitch is 682 nm from
Fig. 8(b). The difference is the PER, which is defined as the
absorption efficiency ratio of the TE to TM wave here. The
shape of curves is like a peanut, further demonstrating the high
polarization sensitivity of the SNSPD. In order to further
investigate the relationship between the PER and structural
parameters, especially considering the realistic fabrication er-
rors, the PER related to the pitch when the nanowire widths
are different was discussed. Figure 9(a) shows that the optimum
pitch is reduced slowly, but the maximum of the PER is in-
creased sharply when the nanowire width is reduced for TM
waves. As shown in Fig. 9(b), for TE waves, the optimum pitch
is reduced sharply, and the maximum of the PER is increased
slowly and is more sensitive to the changes of pitch. It is worth
noting that when the PER is maximum, the absorption effi-
ciency is not the optimum, because the PER is a ratio.
When the nanowire width is reduced, the PER can achieve
a higher value, but the absorption efficiency is reduced at
the same time. So, it has a trade-off between the absorption
efficiency and the PER in our design, but the PER is already
very large when the absorption efficiency is the optimum.

4. CONCLUSIONS

In conclusion, we have proposed a low-filling-factor SNSPD,
which can achieve a high absorption efficiency, high counting
rate, and high polarization sensitivity simultaneously. By
numerical simulation and analysis, we found that a high ab-
sorption efficiency can be achieved even for the low-filling-
factor SNSPD for both TM and TE waves by utilizing the
Si-HSQ-Si slot and Ag reflector and setting the pitch of the
unit cell in a special value range. Due to the meandered nano-
wire geometry structure, the SNSPD also has a high sensitivity
to the polarization of the incident light. For TM waves, the
SNSPD with a 16.5% filling factor shows a high absorption
efficiency of 84.4% and PER of 562.9. For TE waves, the
SNSPD with a 11.7% filling factor shows a high absorption
efficiency of 67.0% and PER of 7.4. The value of the PER
can be larger, as long as the absorption efficiency is sacrificed.
The absorption efficiency and polarization sensitivity have
strong dependence on the pitch of the unit cell. The low-
filling-factor SNSPDs also have a high counting rate and
a better performance in the high-speed detection situation.
Our design in this paper provides a strategy to achieve high
absorption efficiency, high counting rate, and high polarization
sensitivity SNSPDs, which can be applied in a wide range
of fields.

Funding. National Natural Science Foundation of
China (NSFC) (61571060); Ministry of Science and
Technology of the People’s Republic of China (MOST)
(2016YFA0301300).

Fig. 8. Simulated polarization dependence of the absorption effi-
ciency in the polar coordinate system. The angle is defined as the angle
between the polarization direction and the direction perpendicular to
the nanowire. The cavity length is 200 nm, and the nanowire width is
80 nm. (a) The pitch is 682 nm. (b) The pitch is 486 nm.

Fig. 9. Simulated PER dependence on the pitch when the nanowire
widths are different, and the cavity length is fixed to 200 nm.
(a) The incident light is TM polarized. (b) The incident light is
TE polarized.

Research Article Vol. 7, No. 8 / August 2019 / Photonics Research 851



REFERENCES
1. A. Lenhard, J. Brito, S. Kucera, M. Bock, J. Eschner, and C. Becher,

“Single telecom photon heralding by wavelength multiplexing in an
optical fiber,” Appl. Phys. B 122, 20 (2016).

2. C. M. Natarajan, M. G. Tanner, and R. H. Hadfield, “Super-
conducting nanowire single-photon detectors: physics and applica-
tions,” Supercond. Sci. Technol. 25, 063001 (2012).

3. M. Sasaki, M. Fujiwara, H. Ishizuka, W. Klaus, K. Wakui, M. Takeoka,
S. Miki, T. Yamashita, Z. Wang, A. Tanaka, K. Yoshino, Y. Nambu, S.
Takahashi, A. Tajima, A. Tomita, T. Domeki, T. Hasegawa, Y. Sakai,
H. Kobayashi, T. Asai, K. Shimizu, T. Tokura, T. Tsurumaru, M.
Matsui, T. Honjo, K. Tamaki, H. Takesue, Y. Tokura, J. F. Dynes,
A. R. Dixon, A. W. Sharpe, Z. L. Yuan, A. J. Shields, S. Uchikoga,
M. Legré, S. Robyr, P. Trinkler, L. Monat, J.-B. Page, G. Ribordy,
A. Poppe, A. Allacher, O. Maurhart, T. Länger, M. Peev, and A.
Zeilinger, “Field test of quantum key distribution in the Tokyo QKD
Network,” Opt. Express 19, 10387–10409 (2011).

4. M. Grein, E. Dauler, A. Kerman, M. Willis, B. Romkey, B. Robinson,
D. Murphy, and D. Boroson, “A superconducting photon-counting
receiver for optical communication from the Moon,” SPIE
Newsroom, 9 July 2015.

5. Q.-Y. Zhao, D. Zhu, N. Calandri, A. E. Dane, A. N. McCaughan, F.
Bellei, H.-Z. Wang, D. F. Santavicca, and K. K. Berggren, “Single-
photon imager based on a superconducting nanowire delay line,”
Nat. Photonics 11, 247–251 (2017).

6. N. R. Gemmell, A. McCarthy, B. Liu, M. G. Tanner, S. D. Dorenbos, V.
Zwiller, M. S. Patterson, G. S. Buller, B. C. Wilson, and R. H. Hadfield,
“Singlet oxygen luminescence detection with a fiber-coupled super-
conducting nanowire single-photon detector,” Opt. Express 21,
5005–5013 (2013).

7. F. Marsili, V. B. Verma, J. A. Stern, S. Harrington, A. E. Lita, T. Gerrits,
I. Vayshenker, B. Baek, M. D. Shaw, R. P. Mirin, and S. W. Nam,
“Detecting single infrared photons with 93% system efficiency,”
Nat. Photonics 7, 210–214 (2013).

8. B. S. Robinson, A. J. Kerman, E. A. Dauler, R. J. Barron, D. O. Caplan,
M. L. Stevens, J. J. Carney, S. A. Hamilton, J. K. Yang, and K. K.
Berggren, “781-Mbit/s photon-counting optical communications using
a superconducting nanowire detector,” Opt. Lett. 31, 444–446 (2006).

9. F. Marsili, F. Najafi, E. Dauler, F. Bellei, X. Hu, M. Csete, R. J. Molnar,
and K. K. Berggren, “Single-photon detectors based on ultranarrow
superconducting nanowires,” Nano Lett. 11, 2048–2053 (2011).

10. T. Yamashita, S. Miki, K. Makise, W. Qiu, H. Terai, M. Fujiwara, M.
Sasaki, and Z. Wang, “Origin of intrinsic dark count in superconduct-
ing nanowire single-photon detectors,” Appl. Phys. Lett. 99, 161105
(2011).

11. J. Zhang, W. Slysz, A. Verevkin, O. Okunev, G. Chulkova, A. Korneev,
A. Lipatov, G. N. Gol’tsman, and R. Sobolewski, “Response time

characterization of NbN superconducting single-photon detectors,”
IEEE Trans. Appl. Supercond. 13, 180–183 (2003).

12. K. M. Rosfjord, J. K. W. Yang, E. A. Dauler, A. J. Kerman, V. Anant, B.
Voronov, G. N. Gol’tsman, and K. K. Berggren, “Nanowire single-
photon detector with an integrated optical cavity and anti-reflection
coating,” Opt. Express 14, 527–534 (2006).

13. R. W. Heeres, S. N. Dorenbos, B. Koene, G. S. Solomon, L. P.
Kouwenhoven, and V. Zwiller, “On-chip single plasmon detection,”
Nano Lett. 10, 661–664 (2010).

14. X. Hu, E. A. Dauler, R. J. Molnar, and K. K. Berggren,
“Superconducting nanowire single-photon detectors integrated with
optical nano-antennae,” Opt. Express 19, 17–31 (2011).

15. V. B. Verma, B. Korzh, F. Bussières, R. D. Horansky, A. E. Lita,
F. Marsili, M. D. Shaw, H. Zbinden, R. P. Mirin, and S. W. Nam,
“High-efficiency WSi superconducting nanowire single-photon
detectors operating at 2.5 K,” Appl. Phys. Lett. 105, 122601
(2014).

16. A. Engel, J. Lonsky, X. Zhang, and A. Schilling, “Detection mechanism
of superconducting nanowire single-photon detectors,” Supercond.
Sci. Technol. 28, 114003 (2015).

17. A. J. Kerman, E. A. Dauler, W. E. Keicher, J. K. W. Yang, K. K.
Berggren, G. Gol’tsman, and B. Voronov, “Kinetic-inductance-limited
reset time of superconducting nanowire photon counters,” Appl. Phys.
Lett. 88, 111116 (2006).

18. T. Treibitz and Y. Y. Schechner, “Active polarization descattering,”
IEEE Trans. Pattern Anal. Mach. Intell. 31, 385–399 (2009).

19. Q. Guo, H. Li, L. X. You, W. J. Zhang, L. Zhang, Z. Wang, X. M. Xie,
and M. Qi, “Single photon detector with high polarization sensitivity,”
Sci. Rep. 5, 9616 (2015).

20. S. N. Dorenbos, E. M. Reiger, N. Akopian, U. Perinetti, V. Zwiller, T.
Zijlstra, and T. M. Klapwijk, “Superconducting single photon detectors
with minimized polarization dependence,” Appl. Phys. Lett. 93,
161102 (2008).

21. F. Zheng, R. Xu, G. Zhu, B. Jin, L. Kang, W. Xu, J. Chen, and P. Wu,
“Design of a polarization-insensitive superconducting nanowire single
photon detector with high detection efficiency,” Sci. Rep. 6, 22710
(2016).

22. V. Anant, A. J. Kerman, E. A. Dauler, J. K. W. Yang, K. M. Rosfjord,
and K. K. Berggren, “Optical properties of superconducting nanowire
single-photon detectors,” Opt. Express 16, 10750–10761 (2008).

23. T. Yamashita, S. Miki, H. Terai, and Z. Wang, “Low-filling-factor
superconducting single photon detector with high system detection
efficiency,” Opt. Express 21, 27177–27184 (2013).

24. R. Xu, F. Zheng, D. Qin, X. Yan, G. Zhu, L. Kang, L. Zhang, X. Jia, X.
Tu, B. Jin, W. Xu, J. Chen, and P. Wu, “Demonstration of polarization-
insensitive superconducting nanowire single-photon detector with
Si compensation layer,” J. Lightwave Technol. 35, 4707–4713
(2017).

852 Vol. 7, No. 8 / August 2019 / Photonics Research Research Article

https://doi.org/10.1007/s00340-015-6284-9
https://doi.org/10.1088/0953-2048/25/6/063001
https://doi.org/10.1364/OE.19.010387
https://doi.org/10.1038/nphoton.2017.35
https://doi.org/10.1364/OE.21.005005
https://doi.org/10.1364/OE.21.005005
https://doi.org/10.1038/nphoton.2013.13
https://doi.org/10.1364/OL.31.000444
https://doi.org/10.1021/nl2005143
https://doi.org/10.1063/1.3652908
https://doi.org/10.1063/1.3652908
https://doi.org/10.1109/TASC.2003.813675
https://doi.org/10.1364/OPEX.14.000527
https://doi.org/10.1021/nl903761t
https://doi.org/10.1364/OE.19.000017
https://doi.org/10.1063/1.4896045
https://doi.org/10.1063/1.4896045
https://doi.org/10.1088/0953-2048/28/11/114003
https://doi.org/10.1088/0953-2048/28/11/114003
https://doi.org/10.1063/1.2183810
https://doi.org/10.1063/1.2183810
https://doi.org/10.1109/TPAMI.2008.85
https://doi.org/10.1038/srep09616
https://doi.org/10.1063/1.3003579
https://doi.org/10.1063/1.3003579
https://doi.org/10.1038/srep22710
https://doi.org/10.1038/srep22710
https://doi.org/10.1364/OE.16.010750
https://doi.org/10.1364/OE.21.027177
https://doi.org/10.1109/JLT.2017.2752807
https://doi.org/10.1109/JLT.2017.2752807

	XML ID funding

