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Abstract：We present a novel method for multiplexed on-chip integrated sensor-array, which are 
based on ultracompact one-dimensional photonic-crystal nanobeam cavities with ultrahigh-Q and 
very large-free-spectral-range (LFSR, ~200nm). The high refractive-index sensitivities of 
166.4nm/RIU can be achieved. 
OCIS codes: (130.3120) Integrated optics devices; (160.5298) Photonic crystals; (130.6010) Sensors; (080.1238) Array 
waveguide devices. 

Over the past decades, there is a growing interest in designing sensor arrays for realizing ultracompact lab-on-a-chip 
applications. A variety of sensor arrays have been proposed and demonstrated, such as ring resonators sensor array 
[1], optical nanofiber sensor array [2,3] and photonic crystal (PC) integrated sensor array[4-6]. Among of these 
devices, the primary advantages of the mentioned PC integrated sensor array (PC-ISA) are that they have ultrahigh-
Q and high sensitivities. However, so far most of PC-ISAs displayed are based on two-dimensional (2D) PC platforms, 
which are not suitable for high density integration because of their large footprints. Recently, due to ultra-high-Q and 
ultra-small mode volume, one-dimensional (1D) PC nanobeam cavities have attracted significant interests in on-chip 
integrated applications, e.g. high-sensitivity optical sensing [7-10]. Compared with the traditional 2D PC cavities, 1D 
PC nanobeam cavities have an ultracompact footprint, are easy to manufacture, as well as they have an inherent 
advantage of to be coupled to wire waveguides, which make them become ideal platforms for lab-on-a-chip 
applications.  

However, longer 1D PC nanobeam cavities have several resonances in the transmission spectra and the free-
spectral-range (FSR) of the nanobeam cavities, defined as the distance between any two resonant wavelengths [11], 
is too small, which makes them difficult to multiplex. Thus, in this paper, we demonstrate a high-Q 1D PC nanobeam 
cavity which has a very large FSR to overcome the limitations mentioned above. In particular, it is worth mentioning 
that, in this work, we firstly propose a 5-parallel-channel multiplexed 1D PC nanobeam cavity sensor array (1DPC-
NCSA) based on a novel method by controlling/enlarging the cavity FSR. In addition, the footprint of the proposed 
5-parallel-channel multiplexed 1DPC-NCSA is only 7μm×40μm, which is decreased by three orders of magnitude 
compared to the sensor arrays based on 2D PC platforms [3-5].  

In this work, the schematic of the proposed 1D PC nanobeam cavity (1DPC-NC) with LFSR is shown in Fig. 
1(a). As seen, the cavity consists of a single row of PC air holes embedded in silicon nanobeam waveguide. The width 
is 500nm and thickness is 220nm (nsi=3.46), respectively. The structure is symmetric with its center (orange dashed 
line). On each side, the displayed 1DPC-NC consists of two sections: (i) Mirror section and (ii) Tapered section.  

 
Fig.1 (a) Schematic of the designed 1DPC-NC and (b) major energy distribution profile (|Ey|2) of the specific targeted resonant mode (~1367nm) 
for sensing purpose of 1DPC-NC. (c) FSR and Q-factor as the function of the cavity length (Lc) for Nm=4 and Nt=3. 

To save simulation time, the number of the air-hole gratings (Nm) in the mirror section is Nm=4, and all the air-
hole gratings radii (r) and the periodicity (a) are same as r=85nm and a=350nm, respectively. The number of the air-
hole gratings (Nt) in tapered section is Nt=3, and the air-hole gratings radii are 65, 80, 95nm, respectively, the center-
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to-center spacing are 270, 290, 310nm, respectively. The cavity length (Lc) represents the distance between the two 
adjacent air holes in the cavity center. With 3D FDTD method, figure.1(c) shows the cavity FSR and Q-factor changed 
as the function of the Lc increased. As seen, with Lc increased, the cavity FSR is increased. When Lc=500nm, the 
cavity FSR=197nm can be achieved. Moreover, the high Q-factor of 4150 can be achieved when Lc=375nm. And by 
increasing the number of the air-hole gratings (Nt) in the tapered section, the optimized Q-factor >105 can be achieved, 
which agrees well with Ref. [12]. Figure. 1(b) shows the major energy distribution profile (|Ey|2) of the specific 
targeted resonant mode (~1367nm) of 1DPC-NC. As shown, the energy is strongly localized within the center of the 
1DPC-NC, which can effectively enhance the light-matter interactions. Thus, the proposed 1DPC-NC with LSPR is 
a promising platform for integrated sensor array design and multiplexed sensing application. 

Herein, based on the proposed 1DPC-NC with LFSR mentioned above, it is easy to multiplex ultracompact and 
high-sensitivity multiple resonance 1DPC-NCs for parallel integrated sensor array design on a monolithic substrate. 
Here, a 5-parallel-channel multiplexed 1DPC-NCSA is presented, as shown in Fig. 2 (a). All channels are connected 
in parallel by using a 1×5 taper-type equal power splitter and a 5×1 S-type power combiner in the input/output port, 
respectively. Fig. 2(b) shows the resonance peak independently shifts when one sensor (e.g. the third sensing channel, 
S3) is under the changes in refractive index (RI) and other sensors are not. Fig. 2(c) shows the zoom-in image of Fig. 
2(b). Fig. 2(d) shows the composed transmission spectra when all sensing channels are interrogated simultaneously 
with the changes of RI. Fig. 2(e) shows the resonant wavelength shifts of each sensor as a function of RI. The RI 
sensitivities as high as 166.4nm/RIU, 152.7nm/RIU, 138.5nm/RIU, 128.1nm/RIU and 117.5nm/RIU are obtained. 

 
Fig.2 (a) Schematic of the proposed 5-parallel-channel multiplexed 1DPC-NCSA. (b) Composed transmission spectra observed when five sensing 
channels are set in parallel and sensor (S3) is subjected to change of RI and the others are not. (c) Zoom-in image of Fig. 2(b). (d) All channels are 
interrogated simultaneously with the changes of RI. (e) Resonant wavelength shifts of each sensor as a function of RI changes. 

In summary, it is important to point out that the proposed method of building integrated 1DPC-NCSA is 
straightforward and very simple. Thus, we believe that the results presented here may widen the highly-parallel 
performance and multiplexing capability of on-chip integrated sensors array based on 1DPC-NCs. Here, this work 
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