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Fig. 1. Simulation results of curves of the absorption
rate of NbN nanowires and NbN films under various
conditions in the structure of DBR devices. The thick-
ness of NbN nanowire is 6 nm, periodicity is 200 nm,
the width are 50, 75, 100, and 150 nm, respectively.
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Fig. 2. Device structures: (a) Backside optical de-
vices with SiO2 as the antireflection layer; (b) back-
side optical devices with SiN as the antireflection layer;
(c) front-facing optical devices with Au+SiN as a mir-
ror; (d) front-facing optical devices with distributed

Bragg reflector (DBR) as a mirror.
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Fig. 5. Curves of the reflectivity of Au+SiN reflector
and the transmittance and reflectivity of DBR with

change of wavelength.
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Fig. 6. Curves of the absorption rate of NbN in the
device structure of Au+SiN and DBR when the thick-
ness of NbN is 4 nm.
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Fig. 7. Curves of the absorption rate of NbN films with
different thickness in the structure of backside optical

devices with SiO2 as the antireflection layer.
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Fig. 8. Curves of the absorption rate of NbN films with
different thickness in the structure of backside optical

devices with SiN as the antireflection layer.
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Fig. 10. Curves of the absorption rate of NbN films
with different thickness in the structure of front-facing

optical devices with DBR as a mirror.

3.6 DBR{FENE

ZxG DA R i, DN T AR S SR S5
% HEIA 95% B EARIA [ SNSPD, %4 DBR
ERA R, MR 4 )8 &k 4 B, DBR G
WFE LT AZE, KILH DBRALE &8 Au, AgH]
TE SNSPD ¥ il ila #. Aszi6ff 7 Lumeri-
cal FDTD soultions #F %} DBR 28 F3E1T T 1 &.
Kl 11 frn A2 DBR AR I A RS S0l 45 R, =
B > 99% MU K JE A& 1400—1700 nm (KA
B 49300 nm). 7 FL TR JE S 2O I B
RS G, 0 SE PR A — R PR, i
RS NI A B 1R 503 DA KBRS, BTt 2 A f
SR M BRAR, JE HAHAR T b S A7 — BRI
WP HORR G 4K, 3800 MM R 3T 5 26 2
PNME T AR AR B 12 26 AR K AN [H] JEL B NDN 1)
DBR #Z$F7 BEE R, 2 NDN B N4 nm B, 3%
AR W ek B e v, 7T ik 99.99%, I HBE# NbN
JELBE 3N, WSO 2 T B, X S S B i 4
SEARA, BT L2 EMARaR 2 & A i1,
WG AH [R] 2% A T B0 AR WA 38 22 EL 07 B 45 SR S Ik —

248501-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 248501

R, TP FL A ) 22 S B AN R] DL, JE AN R
E PRI AL SNSPD il 4%

100 F— - : : - —
80 | -
—— R of DBR
60 | in FDTD _
é - R of DBR
~ in fact L
40 +
20 | -
0 1 1 1 1
1200 1400 1600 1800 2000
Wavelength /nm

K11 DBR St 3 BB A e B IR 132
Fig. 11. Curves of the measured and simulated reflec-

tivity of DBR mirror with the change of wavelength.
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Optical properties of niobium nitride nanowires®

Wu Yang Chen Qi Xu Rui-Ying Ge Rui Zhang Biao Tao Xu Tu Xue-Cou
Jia Xiao-Qing Zhang La-Bao' Kang Lin ~ Wu Pei-Heng

(School of Electronic Science and Engineering, Nanjing University, Nanjing 210093, China)

( Received 3 September 2018; revised manuscript received 12 October 2018 )

Abstract

Niobium nitride (NbN) nanowires are commonly used as photosensitive materials for superconducting nanowire
single-photon detectors (SNSPDs). Their optical properties are the key factors influencing the performance of SNSPD.
According to the experimental data and simulation results, in this paper we systematically study the optical properties
of various niobium nitride nanowire detector device structures, and characterize the reflection spectra and transmission
spectra of the following four device structures: 1) Backside optical devices with SiO2 as the antireflection layer, 2) backside
optical devices with SiN as the antireflection layer, 3) front-facing optical devices with Au+SiN as a mirror, and 4) front-
facing optical devices with distributed Bragg reflector (DBR) as a mirror. The NbN films with different thickness are
grown on the basis of the four device structures, and the absorption efficiencies of the NbN films with different thickness
are observed. The relationships between the optimal NbN thickness and the optical absorption rate for different device
structures are found as follows: The maximum absorption rate of NbN on the SiO2 antireflection layer is 91.7% at
1606 nm, while the absorption rates of the remaining structures at the optimal thickness of NbN can reach 99% or more.
The absorption rate of the SiN device, the Au+SiN device and the DBR device are 99.3%, 99.8% and 99.9%, respectively.
The measured results and simulation structure of DBR device are analyzed. These results are of significance for guiding
the design and development of high efficiency SNSPD.

Keywords: superconducting, absorption rate, silicon nitride, Bragg reflector
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