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Abstract—We proposed a novel design of refractive index 
(RI) sensor array based on high sensitivity 1D photonic crystal 
(PC) nanofiber cavity, which can support 7-channel sensing 
multiplexing at the same time. In order for all sensors to be 
interrogated simultaneously with a single input/output port, all 
channels are connected to a 1D-PC filter and then connected in 
parallel by using a 1×7 power splitter and a 7×1 power 
combiner in the input port and output port, respectively. The 
entire sensor array structure is designed on a single mode fiber 
(SMF) of only 10-μm-diameter. Using 3D-FDTD simulation 
method, the photonic crystal nanofiber sensor (PCNFS) shows 
a Q-value of ~105, and the average RI sensitivity as high as 
663.8 nm/RIU can be obtained. We believe that this kind of 
highly integrated, high-sensitivity, nanofiber-based sensor 
array has promising applications in gas sensing and other 
occasions which require high sensitivity.   

Keywords—nanofiber, sensor, filter, photonic crystal, 
multiplexing 

I. INTRODUCTION 

In the past decade, high integration and high flexibility 
one-dimensional photonic crystal (1D-PC) cavities [1] have 
been demonstrated as a promising candidate for different 
applications, e.g., optical filters [2], nanobeam lasers [3], 
wavelength demultiplexer [4], electro-optical modulators [5]. 
In particular, due to the ultrahigh Q-factor-to-mode-volume 
ratio (Q/V) optical resonator enabling the enhancement of 
light-matter interactions, 1D-PC cavities have recently 
attracted considerable interest for optical sensing [6] with 
high figures of merit (FOM) [7].  

Researchers have designed many optical sensors based 
on 1D-PC due to its ultracompact size, small footprints, and 
high integrability [8]. Furthermore, in order to achieve higher 
integration and sensing efficiency, 1D-PC array can be used 
to realize sensing multiplexing. This kind of design shows 
good optical properties and high sensitivity [9,10]. 

However, lab-on-chip platform sensors have the 
problems in coupling. Although the coupling between a PC 
nanocavity and waveguides can be well designed, the 
coupling efficiency between an optical fiber and a silicon PC 
cavity/waveguide is usually not high due to the mode 
mismatch between the waveguide and the optical fiber. In 

order to precisely control the gap size, a xyz translation stage 
and an objective lens imaging system are necessary. In 
addition, a complicated calibration system is also required to 
achieve an efficient coupling, resulting in the devices 
packing and alignment fragile and cost-expensive [11]. 
According to these problems, researchers began to turn their 
glare to the on-fiber platform due to their advantageous 
properties of strong light confinement, ultrahigh transmission, 
enhanced evanescent fields without the need of complicated 
coupling systems. Although some nanofiber-based sensors 
have recently been proposed [12], the design of sensing 
multiplexing [13] and sensing array using nanofiber is rare.  

In this work, we proposed a novel design of RI sensor 
array based on high sensitivity PCNFS. To filter out 
unnecessary resonance, bandgap filter with a bandgap of 
~100nm is connected to every single channel. At the same 
time, by adding suitable optical power splitter and combiner, 
it can support 7-channel working simultaneously with single 
input and output. The entire sensor array is in a single-mode-
fiber of ~5μm radius. Using 3D-FDTD simulation method, 
the PCNFS shows a Q-value of ~105, and the average RI 
sensitivity (S) as high as  663.8 nm/RIU of 7-channels can be 
achieved. This kind of highly integrated, high-sensitivity, 
nanofiber-based sensor array have promising applications in 
sensing occasions which require high sensitivity. 

II. DESIGN OF DEVICE 

A. Design of Photonic Cystal Nanofiber Sensor 
Fig.1(a) shows the schematic of the PCNFS. It is made 

by drilling holes with a period of a (different a for different 
channels) on the optical fiber with a radius of 520 nm. The 
RI of the optical fiber is nfiber=1.45. The entire PCNFS is 
symmetrical about the black line. The PCNF cavity consists 
of a mirror section and a tapered section. The radius of 
tapered section holes are quadratically tapered from 
rcenter=260 nm in the center to rend=150 nm on both side, i.e., 
r(yi) = r(ymin)+ (r(ymax) - r(ymin)) × (i-1)2 / (imax-1)2 (i increases 
from 1 to imax, imax=Nt). And the mirror section has Nm holes 
with a radius of rend. Fig.3(a) shows the 3D-FDTD 
Transmission spectra of the PCNFS when Nm=10, Nt=20. It 
can be seen that there are other resonance besides the target

2018 Asia Communications and Photonics Conference (ACP) 

978-1-5386-6158-1/18/$31.00 ©2018 IEEE



resonance, which causes crosstalk when performing sensing 
multiplexing. 

In order to solve this problem, a filter is connected to the 
sensor. Fig.1(a) shows the schematic of the filter section 
which has Nf=40 air holes. The filter section has a period of 
af=(a+32) nm (The lattice constant of the filter is related to 
the lattice constant of the corresponding PCNFS) and the air 
hole has a radius of r=180 nm. Fig.3(b) shows the 3D-FDTD 
Transmission spectra of the filter section and Fig.3(c) shows 
the final transmission of PCNFS. As can be seen from the 
Fig.3(c), These parameters allow the filter section to filter 
out the wavelength of ~100 nm above the resonant peak 
while maintaining a high transmittance ~80% of the target  
resonance. Fig.1(b) shows the 3D-FDTD simulation of the 
major field distribution profile (Ey) at resonance wavelength. 
As seen, optical energy is well localized in PCNFS. In this 
way, 7-channel parallel sensor array can be realized. 

B. Design of Sensor Array 
Fig.2(a) shows the schematic of the PCNFS-Array with 7 

channels. There are 7 tapered nanofiber parallel to each other. 
The tapered nanofiber was tapered by a 3.3-μm fiber, the 
radius at the PCNFS section was 520 nm. The optical signal 
is input from a single-mode-fiber with a radius of ~5 μm, and 
is transmitted through the power splitter into 7 channels 
(S1~S7) at the section shown in Fig.2(b). The cross-section 
circles of the 7 channels are tangent to each other and also 
tangent to the cross-section circle of the single-mode fiber. 
Then, it is combined into a signal through a combiner of the 
similar structure as splitter. The entire sensor array structure 
has a radius of 5um, which greatly improves the integration 
of the multiplex structure. It is worth noting that the splitter 
has a relatively high insertion loss, but it also supports 7-
channel sensing multiplexing. In other words, the loss 
performance is sacrificed in exchange for multiplexing 
efficiency and integration. Fig.4(a) shows the 3D-FDTD 
transmission of the PCNFS-Array. 

Fig.4(b) shows the 3D-FDTD Transmission spectra of 
the PCNFS-Array when the RI changes from RI=1.00 to 

RI=1.015. When RI gradually increases from 1 to 1.015, the 
peak red shifts of the 7 channels(S1~S7) are 9.98nm, 9.99nm, 
10.00nm, 10.01nm, 9.99nm, 10.00nm and 10.00nm, 
respectively.  

It is worth mentioning that RI difference of different 
gases is very small, and the variation of RI when the 
concentration of the same gas changed is also small [13]. For 
example, the RI of air is 1.000292, the RI of nitrogen is 
1.001481, and the RI of oxygen is 1.000773. This means that 
the sensor sensitivity requirements are decisive for the gas 
sensing environment.  

As seen from Fig.4(c), the sensitivity linearity is 
excellent, and the average sensitivity of PCNFS-Array is 
663.8 nm/RIU. It is extremely high and well suited for 
occasion requiring high S such as gas sensing. 

III. CONCLUSION 

In this paper, we proposed a novel design of RI sensor 
array based on high sensitivity 1D photonic crystal nanofiber 
cavity, which can support 7-channel sensing multiplexing at 
the same time. The entire sensor array structure includes a 
pair of splitter and combiner, and 7 parallel sensors 
connected with filters. Using 3D-FDTD simulation method, 
the average RI sensitivity of 7-channels can achieve 663.8 
nm/RIU. We believe that this kind of highly integrated, high-
sensitivity, nanofiber-based sensor array have promising 
applications in gas sensing which requires high sensitivity. 
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Fig.1 (a) Schematic of the PCNFS with Filter. (b) 3D-FDTD simulation of the major field distribution profile (Ey) in this structure. (Nm=10, Nt=20,Nf=40) 

 

 
Fig.2 (a) Schematic of the PCNFS-Array with 7 channels. (b) Sectional view of connection between single-mode optical fiber and tapered nanofiber. 
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Fig.4 (a) 3D-FDTD Transmission spectra of the PCNFS-Array. (b) 3D-
FDTD Transmission spectra of the PCNFS-Array when the RI changes 

from RI=1.00 to RI=1.015. (c) Resonant wavelength shift of the 7 
channels as a function of increasing RI. Marked points indicate the 

wavelength of the resonant peak, and the dotted line is the linear fit of 
the corresponding channel redshift 

 
Fig.3 (a) 3D-FDTD Transmission spectra of the PCNFS without Filter 
section. (b) 3D-FDTD Transmission spectra of the Filter section. (c) 

3D-FDTD Transmission spectra of the PCNFS with Filter section. 
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