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Abstract: A method for the dense integration of one-dimensional (1-D) photonic crystal
nanobeam cavity (PCNC) based integrated sensor array (1-D-PCNC-ISA) is proposed. The
1-D-PCNC-ISA consists of multiple parallel-connected sensing channels with airgap sepa-
rations. On each channel, only a single flexible 1-D-PCNC sensor with large free spectral
range (FSR) and high Q -factor is contained. With proper engineering of the FSR, multiple
ultracompact high-sensitivity 1-D-PCNC sensors can be integrated into microarrays without
resonance overlap, and be interrogated simultaneously between a single input/output ports.
Using 3-D finite-difference-time-domain (3-D-FDTD) method, the performance of the device
is investigated theoretically in the whole paper. With optimization design, a large FSR as
wide as 197 nm and high Q -factor ∼2 × 105 can be achieved. Moreover, the refractive
index sensitivities of a 5-channel 1-D-PCNC-ISA as high as 170.6, 152.7, 138.5, 128.1,
and 120.5 nm/RIU are obtained. Particularly, the footprint of a 5-channel 1-D-PCNC-ISA
is ∼7 μm × 65 μm (width by length), which is decreased by three orders of magnitude com-
pared to the sensor arrays based on 2-D-PC cavity platforms. To the best of our knowledge,
this is for the first time that a 1-D-PCNC based multichannel parallel-connected sensor array
has been displayed with channel spacing as small as 0.195 μm, extinction ratio > 20 dB
and Q -factor > 105, respectively, without using particular materials or complexities in fab-
rication. Both the specific result and the general idea are promising in future ultracompact
lab-on-a-chip applications and nanophotonic integrations.

Index Terms: Optical interconnects, Photonic crystals, Nanocavities, Sensors, Silicon
nanophotonics, Integrated nanophotonic systems
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1. Introduction
Multiplexed sensor arrays permit simultaneous detection of many binding interactions with spe-
cific immobilized antibodies from the same bio-sample at the same instant of time. Over the past
decades, compact, sensitive, and low-cost integrated sensor array (ISA) structures are of great
interest for lab-on-a-chip multiplexed sensing applications [1]–[5]. Integrated photonic resonators
and optical micro-cavities [6] offer a viable solution for monolithic lab-on-chip sensing due to their
compactness, scalability, and high sensitivity. So far, various different integrated photonic res-
onators and optical micro-cavities with multiple resonant modes have been developed as optical
sensor arrays. The most exploited schemes are based on the principles of whispering-gallery mode
(WGM) resonator [7], [8], Mach-Zehnder interferometer (MZI) [9], surface plasmon resonator (SPR)
[10]–[13], ring resonator (RR) [14]–[22], fiber Bragg grating (FBG) [23]–[33], photonic crystals fiber
(PCF) [34], [35], photonic crystals waveguide (PCW) [36], [37] and photonic crystals cavity (PCC)
[38]–[52]. Particularly among these, the ultra-compact size, low mode volume (Vm ), high quality
factor (Q ), high refractive index (RI) sensitivity (S), and relatively simple geometry of compact PCC,
makes them a suitable option for on-chip density-integrated sensor array devices as compared to
other alternatives. However, most of PCC-based integrated sensor arrays (PCC-ISA) mentioned
above [38]–[51] are based on two dimensional photonic crystal cavity (2D-PCC) platforms. The
footprints of these 2D-PCC based integrated sensor arrays (2D-PCC-ISAs) are usually too large,
which are not suitable for on-chip ultra-high density integration. Example of such system include that
Yan et al. who demonstrated a 2-channel 2D-PCC-ISA formed by series-connected PCW and PCC
based sensor [49]. The footprint of the full 2-channel 2D-PCC-ISA device is ∼50 μm × 2000 μm in
[49]. In addition, these 2D-PCC-ISAs mentioned above are not suitable for high-yield large-scale
manufacturing and high integrability with optical waveguides and circuits.

Compared to 2D-PCC-ISAs above, one-dimensional (1D) PC nanobeam cavity based integrated
sensor arrays (1D-PCNC-ISAs) have been developed and demonstrated as a promising platform
for nanoscale high density-integrated sensor array devices with high sensitivity and multiplexed
detection capability [52], due to their ultra-small size, ultra-low mode volume, and high integrability
with optical waveguides and photonic integrated circuits (PICs) [53], [54]. For example, Mandal
et al. demonstrated a nanoscale multi-channel opto-fluidic sensor array based on a silicon waveguide
with a side-coupled 1D-PCNC array that lies adjacent to a silicon-bus-waveguide [52]. However,
the extinction ratio of single drop of the demonstrated 1D-PCNC-ISA in [52] is lower than 10 dB.
Moreover, the presented multi-channel 1D-PCNC-ISA need multiple coupling optical fibers to detect
the output responses from all 1D-PCNC sensor units simultaneously, which cannot be interrogated
simultaneously with a single input and output, making the packaging and alignment to be fragile
and cost-expensive.

From the practical application perspective, when designing a portable on-chip nanoscale inte-
grated sensor array device, ideally one would like an architecture needs to maximize the number
of sensing units which can be interrogated simultaneously between a single input optical fiber and
a single output optical fiber, making the devices packing and alignment robust and cost-effective.
Towards this direction, in this paper, based on wavelength domain multiplexing (WDM) technique
[55] we propose a novel paradigm to multiplex multiple 1D PC nanobeam cavity sensors (1D-
PCNCSs) between a single input port and a single output port. The proposed 1D-PCNCSs based
integrated sensor array (1D-PCNC-ISA) architecture is formed by multiple parallel-connected chan-
nels of 1D-PCNCS with gap separations. On each channel, only a single flexible 1D photonic crystal
nanobeam cavity (1D-PCNC) with large free spectral range (FSR) and high Q -factor is contained.
With proper engineering of the FSR of 1D-PCNC on each channel, multiple high sensitivity 1D-
PCNC sensors can be integrated into microarrays without resonance overlap. Herein, to analyze
the performance of the proposed multi-channel 1D-PCNC-ISA, the concept model of a 5-channel
1D-PCNC-ISA is presented. All channels are connected in parallel. And the channel spacing be-
tween adjacent channels as small as 0.195 μm can be achieved. To enable all sensors on each
channel to be interrogated simultaneously with a single input and output, a 1 × 5 taper-type equal
power splitter and a 5 × 1 S-type power combiner are used in the input port and output port, respec-
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Fig. 1. (a) Schematic of the designed 1D-PCNC. The structure is symmetric with respect to its center
(red dashed line). (b) 3D-FDTD simulation of major field distribution profile (|Ey |) of a specific targeted
resonant mode (∼1367 nm) for sensing purpose. Here, in the mirror section of 1D-PCNC, the number
of the air-hole gratings N m = 4, all the air-hole gratings radii are kept same as r = 85 nm and periodicity
a = 350 nm. In the tapered section of 1D-PCNC, the number of the air-hole gratings N t = 3, the air-hole
gratings radii are linearly decreased from inside to outside as 95 nm, 80 nm, and 65 nm, respectively;
and the periodicities are linearly decreased from inside to outside as 310 nm, 290 nm, and 270 nm,
respectively. The width and thickness of the silicon nanobeam waveguide are w nb = 500 nm and h =
220 nm. nai r = 1.0 and nsi = 3.46 The unit of the x/y axis is micrometers.

tively. With three-dimensional finite-difference time-domain (3D-FDTD) method, the performance of
the presented sensor array device is investigated theoretically. With optimization design, the large
FSR 200 nm and high Q -factor ∼2 × 105 of 1D-PCNC can be achieved, respectively. The extinction
ratio of well-defined resonance peak for sensing purpose exceeds 20 dB. The calculated bulk RI
sensitivities of the presented 5-channel 1D-PCNC-ISA as high as 170.6 nm/RIU, 152.7 nm/RIU,
138.5 nm/RIU, 128.1 nm/RIU, and 120.5 nm/RIU are obtained (RIU = Refractive Index Unit). More-
over, the footprint of the proposed 5-channel 1D-PCNC-ISA is as small as ∼7 μm × 65 μ m (width
by length), which is decreased by three orders of magnitude compared to the sensor arrays based
on 2D-PC cavity platforms [41]–[50], without any lowering of RI-sensitivities and Q -factors.

2. Design Ultra-Compact 1-D PC Nanobeam Cavity (1-D-PCNC) With High
Q-factor and Large Free Spectral Range (FSR)
Fig. 1(a) shows the schematic of the proposed 1D PC nanobeam cavity (1D-PCNC) design, inspired
by [56], which consists of a single row of air-hole gratings embedded in a nanobeam waveguide
based on silicon-on-insulator (SOI) material. The RI of air-hole gratings and silicon waveguide are
nai r = 1.0 and nsi = 3.46, respectively. The width and thickness of the silicon nanobeam waveguide
are w nb = 500 nm and h = 220 nm, respectively. As seen, the proposed 1D-PCNC structure,
which is symmetric with its center (red dashed line), consists of a waveguide region of length L c

(defined as cavity length, namely the distance between the two adjacent air holes in the cavity
center) that supports propagating modes, bounded on each side by a finitely long modulated Bragg
mirror. Here, the modulated Bragg mirror on each side consists of two sections: (i) Mirror section
and (ii) Tapered section, respectively. In the Mirror section, all the air-hole gratings radii (r ) and
periodicities (a) are kept fixed. In the Tapered section, the air-hole gratings radii and periodicities
are linearly decreased from inside to outside, respectively. The design of gradually tapered hole
structure is based on mode matching [57], [58], which produces a significantly enhanced Q-factor
and optical transmission through reductions in propagation losses and scattering that occur locally
at transitions between the mirror section and tapered section of the cavity. Without loss of generality,
a TE-like cavity mode is considered. By using 3D-FDTD method [59], Fig. 1(b) shows the major
field distribution profile (|Ey |) in x-y plane of the targeted resonant mode for sensing purpose. As
seen, a significant amount of electric field is strongly localized within the cavity center, which makes
the light-matter interactions enhanced to achieve high sensitive sensing.
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Fig. 2. 3D-FDTD calculated Q -factors as a function of (a) the number of the air-hole gratings (Nm) in
the Mirror section changed from N m = 2 to N m = 22, while the number of the air-hole gratings (N t )
in the Tapered section is kept fixed as N t = 3; and (b) the number of the air-hole gratings (N t ) in the
Tapered section changed from N t = 2 to N t = 10, while the number of the air-hole gratings (N m ) in the
Mirror section is kept fixed as N m = 21.

Firstly, in order to design 1D PC nanobeam cavity (1D-PCNC) achieving high Q -factor, the number
of the air-hole gratings (N m ) in the Mirror section and the number of the air-hole gratings (N t) in the
Tapered section are investigated in detail, respectively, when the cavity length L c = 375 nm, the
air-hole gratings radii and periodicities in Mirror section are kept fixed as r = 85 nm, a = 350 nm,
respectively; the air-hole gratings radii and periodicities in Tapered section are linearly decreased
from 95 nm to 65 nm, and from 310 nm to 270 nm, respectively. The width and thickness of the
silicon nanobeam waveguide are kept fixed as w nb = 500 nm and h = 220 nm, respectively. By
using 3D-FDTD method, Fig. 2(a) shows the theoretical calculated Q -factors as a function of the
number of the air-hole gratings (N m ) in the Mirror section changed from N m = 2 to N m = 22, while
the number of the air-hole gratings (N t) in the Tapered section is kept fixed as N t = 3. As seen,
as N m increases, the Q -factor value increases. When N m increases from N m = 2 to N m = 17, the
cavity Q -factor sharply increases by two orders of magnitude, but when N m increases larger than
18 (N m≥ 18), it becomes smooth. The optimized Q -factor over 1.5 × 105 can be achieved. Fig. 2(b)
shows the theoretical calculated Q -factors as a function of the number of the air-hole gratings (N t)
in the Tapered section changed from N t = 2 to N t = 10, while the number of the air-hole gratings
(N m ) in the Mirror section is kept fixed as N m = 21. As seen, as N t increases, the Q -factor value
also increases, but the magnitude is not large. And a slight increase is observed form 1.38 × 105

to 1.71 × 105.
Next, in order to further design 1D PC nanobeam cavity (1D-PCNC) having large FSR, the cavity

FSR and resonant wavelength in terms of the cavity length (L c) are discussed in detail. Herein, in
order to save the simulation time of the transmission calculation, we used a high transmission but
low Q -factor geometry: the number of the air-hole gratings in the Mirror section (N m ) and in the
tapered section (N t) are chosen to be N m = 4 and N t = 3, respectively. With 3D-FDTD simulation,
we obtained the transmission of the 1D-PCNC, as light is launched from the input bus waveguide
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Fig. 3. (a)-(d) 3D-FDTD composed transmission spectra when the cavity length L c = 350 nm, 400 nm,
450 nm and 500 nm, respectively. (e) Cavity resonant wavelength and FSR as a function of the cavity
length (L c) changed from L c = 300 nm to L c = 500 nm, where N m = 4, N t = 3. The air-hole gratings
radii and periodicities in the Mirror section and the Tapered section are kept fixed.

(fundamental TE-like mode) and collected from the output bus waveguide. Fig. 3(a)–(d) show the
composed transmission spectra when the cavity length L c = 350 nm, 400 nm, 450 nm and 500 nm,
respectively. As seen, with proper engineering of the cavity length (L c) of 1D-PCNC, an arbitrary
wide FSR can be obtained, indicating that multiple 1D-PCNC sensors can be connected in parallel
without resonance overlap. Fig. 3(e) shows the cavity FSR and resonance wavelength as a function
of the cavity length (L c) changed from L c = 300 nm to L c = 500 nm. As expected, with the
cavity length increased, the cavity resonant wavelength moves towards longer wavelength, due to
the increase in high-dielectric material in the cavity center region [60]. As seen, the cavity FSR
increases with the increasing cavity length. When the cavity length L c = 500 nm, the cavity FSR
as large as 197 nm can be achieved, which is wide enough for multiplexed sensing applications
compared to the previous works [61]–[63]. In addition, the footprint of the proposed 1D-PCNC is
ultra-compact as small as ∼0.5 μm × 4.0 μm (width by length, with L c = 500 nm, N m = 4, and
N t = 3 shown in Fig. 1(a). Thus, the proposed ultra-compact 1D-PCNC with large FSR is potentially
a promising platform for high-density integrated sensor array design and lab-on-chip multiplexed
sensing applications.

3. Design Ultra-Compact On-Chip Multiplexed Sensor Array Based on
Dense Integration of 1-D Photonic Crystal Nanobeam Cavity
Herein, based on the proposed ultra-compact 1D PC nanobeam cavity (1D-PCNC) with high Q -
factor and large FSR mentioned above, an ultra-compact on-chip multiplexed sensor array is pro-
posed in the upper 220-nm-thick silicon layer of a silicon-on-insulator (SOI) substrate. Since the
suspended 1D PC nanobeam membrane structures are fragile and difficult to any sort of post pro-
cessing to enable multiplexed sensing experiments of individual targets, the proposed 1D-PCNC
based integrated sensor array (1D-PCNC-ISA) is design with silica substrate to enhance the device
robustness. The device consists of multiple parallel-connected channels of 1D-PCNC with gap sep-
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Fig. 4. Schematic of the proposed 5-parallel-channel 1D-PCNC-ISA with single input port and output
port. For each channel, only a single 1D-PCNC sensor is consisted. In the input port and output port, a
1 × 5 taper-type equal power splitter and a 5 × 1 S-type power combiner are used to split and combine
the waveguides, respectively. The footprint of the whole 5-parallel-channel 1D-PCNC-ISA, including the
input bus waveguide and output bus waveguide, is as small as ∼7 μm × 65 μm (width by length).The
inset below is the cross-section of electric field profile for the fundamental TE-like mode propagating
through the splitter in y-z plane (transversal surface at the red dashed line).

arations. On each channel, via flexibly and carefully designing the cavity length (L c) of 1D-PCNC,
a transmission with a controllable FSR is obtained, containing the resonances of the 1D-PCNC
for sensing purpose. With proper engineering of the FSR on each channel, multiple ultra-compact
high sensitivity 1D-PCNC sensors can be integrated into microarrays without resonance overlap.
In this work, to analyze the performance of the proposed multi-channel 1D-PCNC-ISA, the concept
model of a 5-channel 1D-PCNC-ISA is presented, as shown in Fig. 4. As seen, all channels are
connected in parallel. The adjacent channels are separated with air-gap separations, and the gap
size between the two adjacent channels are 1.08 μm, 0.195 μm, 0.195 μm, and 1.08 μm (from top
to bottom in the y-direction), respectively. To enable all 1D-PCNC sensors (1D-PCNCSs) on each
channel to be interrogated simultaneously between a single input optical fiber and a single output
optical fiber, a 1 × 5 taper-type equal power splitter and a 5 × 1 S-type power combiner, inspired
by [64]–[66], are used in the input port and output port, respectively. In the input port, the displayed
1 × 5 taper-type equal power splitter consists of a silicon bus waveguide with width w in = 7 μm, and
five taper-type branches connecting to a 5-channel 1D-PCNC-ISA. To achieve 5-way equal power
division as possible, the width of both the first branch (B 1) and the fifth branch (B 5) is tapered from
2.45 μm to 0.5 μm, the width of both the second branch (B 2) and the fourth branch (B 4) is tapered
from 0.71 μm to 0.5 μm, and the width of the third branch (B 3) is tapered from 0.68 μm to 0.5 μm.
B 1, B 2, B 3, B 4, and B 5 refer to taper-type branches 1, 2, 3, 4, and 5 respectively, being 1 the branch
on the top and 5 the branch at the bottom (in the y-direction). The length of each branch of the
splitter is same as ltaper = 10 μm. In the output port, the displayed 5 × 1 S-type power combiner
consists of five S-type silicon waveguides and a bus waveguide with width w out = 2.5 μm. Between
the power splitter and combiner, five 1D-PCNC sensor channels are connected in parallel. For all of
the five channels, the number of the air-hole gratings (N m ) in the Mirror section and the number of
the air-hole gratings (N t) in the Tapered section of 1D-PCNC sensor are same as N m = 4 and N t =
3, respectively. The air-hole gratings radii in the Tapered section are linearly decreased from inside
to outside as 95 nm, 80 nm, and 65 nm, respectively; and the periodicities in the Tapered section are
linearly decreased from inside to outside as 310 nm, 290 nm, and 270 nm, respectively. However,
in order to make the parallel connected 1D-PCNC-ISA without resonance overlap in the output
transmission spectrum, the cavity length (L c) of 1D-PCNC sensor on each channel are carefully
and flexibly designed to obtain multiple different resonances for multiplexed sensing application.
As shown in Fig. 4, the specific structural parameters of the proposed 1D-PCNC sensors on each
channel are set as follows: (i) for the first channel: L c = 350 nm, a = 350 nm, r = 75 nm. (ii) for
the second channel: L c = 375 nm, a = 350 nm, r = 75 nm. (iii) for the third channel: L c = 400 nm,
a = 350 nm, r = 75 nm. (iv) for the fourth channel: L c = 450 nm, a = 350 nm, r = 75 nm. (v) for the
fifth channel: L c = 475 nm, a = 350 nm, r = 75 nm.
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Fig. 5. (a)-(e) 3D-FDTD calculated transmission spectra obtained from each separated channel detected
by the monitor M 1, M 2, M 3, M 4 and M 5, respectively. (f) 3D-FDTD output transmission spectrum of
the proposed 5-channel 1D-PCNC-ISA, detected by the monitor set at the output port. Five separated
resonances (λ1, λ2, λ3, λ4, and λ5) at different wavelength positions (1303 nm, 1332 nm, 1367 nm,
1397 nm, and 1433 nm) without overlap are observed, respectively, when five 1D-PCNC sensors are
connected in parallel. Inset are the major field distribution profile (|Ey |) in x-y plane of the observed
targeted mode with the resonance wavelength at λ1, λ2, λ3, λ4, and λ5, respectively.

With 3D-FDTD simulation, we obtained the transmission spectrum for each channel of the
proposed parallel-connected 5-channel 1D-PCNC-ISA, as light is launched from the input bus
waveguide (fundamental TE-like mode) coupled into the 1D-PCNC sensors by the above-
designed coupler and finally collected from the output bus waveguide. For each channel, the total
transmission spectra ranging from 1300 nm to 1450 nm detected by the monitor M 1, M 2, M 3, M 4

and M 5 are shown in Fig. 5(a)–(e), respectively. As seen, for each separated channel, there is only
a single resonant mode observed in the transmission spectrum. Moreover, these resonant modes
are observed at different wavelength positions. This indicates that multiple channels of 1D-PCNC
sensors can be connected in parallel without resonance overlap, as displayed in Fig. 5(f). Fig. 5(f)
presents the output transmission spectrum of the proposed 5-channel 1D-PCNC-ISA, detected by
the monitor set at the output port. As expected, five separated resonances (λ1, λ2, λ3, λ4, and λ5) at
different wavelength positions (1303 nm, 1332 nm, 1367 nm, 1397 nm, and 1433 nm) without over-
lap are observed, respectively, when five 1D-PCNC sensors are connected in parallel. In addition,
the extinction ratio of well-defined resonance peak for sensing purpose exceeds 20 dB, improved
more than 10 dB compared to the sensor array device demonstrated in [52].

To verify the performance and the independence of the sensor units when they are connected in
parallel, each sensor unit is independently subjected to the RI changes. Microfluidic channels ar-
chitecture, which is fabricated using a soft lithography technique with polydimethylsiloxane (PDMS)
[67], can be used to separate analytes for multiplexed sensing and make the RI of individual chan-
nels change separately during the experiment. The PDMS microfluidic channels are then bonded
irreversibly to the chip with the channels running orthogonal to the 1D PC waveguide, with each
channel aligned to one of the side resonators along the waveguide, as displayed in Fig. 4. Precise
alignment of the channels with the resonators during bonding can be ensured by using a modi-
fied overhead optical microscope setup [52]. Here in, the multiplexed sensing performance of the
proposed 5-channel 1D-PCNC-ISA device is investigated theoretically in detail. By using 3D-FDTD
method, Fig. 6(a) and (b) shows the composed transmission spectra of the proposed 5-channel
1D-PCNC-ISA when only the sensor unit (S1) and sensor unit (S3) are subjected to RI variations,
respectively, while the other sensor units are not. As seen, the wavelength shift in only one resonant
mode used for sensing purpose is evident, and the other resonant modes do not shift. This means
that these five resonant modes observed in the output transmission of the proposed 5-channel
1D-PCNC-ISA are independent of each other. In addition, multiple different targets can be detected
independently at the same time in this parallel scheme. Thus, the multiplexing of the proposed sen-
sors is quite straightforward given the fact that, when n sensors are placed in parallel, n resonant
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Fig. 6. 3D-FDTD composed transmission spectra observed when five sensor units are set in parallel
and one of them (a) the sensor unit (S1), and (b) the sensor unit (S3) are under RI changes, respectively,
and the others are not.

Fig. 7. 3D-FDTD composed transmission spectra observed when five sensing channels are set in
parallel and two of them the first channel of sensor-1 (S1), and the third channel of sensor-3 (S3) are
independently subjected to RI changes and the others are not.

modes are observed in the transmission. The proposed ultra-compact multi-channel 1D-PCNC-ISA
in this paper is potentially an ideal platform for RI based multiplexed sensing.

In fact, the parallel multiplexed use is critical when each channel can be separately functionalized
to respond to a certain perturbation or binding event. Fig. 7 shows the composed transmission
spectra of the proposed 5-channel 1D-PCNC-ISA when five sensing channels are set in parallel
and two of them (i) the first channel of sensor-1 (S1), and (ii) the third channel of sensor-3 (S3)
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Fig. 8. (a) 3D-FDTD composed transmission spectra detected from the output port of the proposed 5-
channel 1D-PCNC-ISA when all parallel-connected sensing channels are interrogated simultaneously
under RI variations between a single input and output. The RI changes from RI = 1.00 to RI = 1.10. (b)
The observed resonant wavelength shifts as a function of the RI variations in the five parallel-connected
sensors.

are independently subjected to different RI changes, respectively, and other sensors are not. As
seen, the targeted resonance modes of interest in each of the parallel channels are affected by the
RI changes independently. The numerical results show that the RI change reflected by the shifts
of resonance frequency S1 and S3 are different from each other. Based on this property, multiple
different targets can be detected independently at the same time in this parallel scheme.

Next, to investigate the RI sensitivities of the proposed 5-channel 1D-PCNC-ISA, the device is
analyzed and subjected to the variations in the bulk RI. With 3D-FDTD simulations, Fig. 8(a) shows
the composed transmission spectra detected from the output port of the proposed 5-channel 1D-
PCNC-ISA when all parallel-connected sensing channels are interrogated simultaneously under RI
variations. It reveals that the five different resonances for sensing purpose detected at the output
bus waveguide shifts towards longer wavelengths (red-shift) as the RI value is increased. In addition,
each sensor is shown to independently shift its resonant peak in response to RI changes. Thus,
a shift in one of them does not perturb the others. This allows the implementation of simple but
functional and ultra-compact 1D-PCNC based sensor arrays, and eventually of more complex lab-
on-a-chip sensor networks. Fig. 8(b) shows the observed resonant wavelength shifts as a function of
the RI variations in the five parallel-connected sensors. Herein, in order to quantitatively analyze the
RI sensitivities, we choose the sensitivity (S) by observing the shifts in the resonant wavelength of
the sensor as a function of the RI variations, defined as S = �λ/�n , where �λ represents the shift of
the resonant wavelength, �n represents the RI change. From the simulation results shown in Fig. 8,
the bulk RI sensitivities observed in each sensing channel (from top to bottom in y-direction (Fig. 4))
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as high as S1 = 170.6 nm/RIU, S2 = 152.7 nm/RIU, S3 = 138.5 nm/RIU, S4 = 128.1 nm/RIU, and
S5 = 120.5 nm/RIU are obtained, respectively. Since the power confinement factor in each cavity
differs from one another, their sensitivity also vary. In addition, the device footprint of the whole
5-parallel-channel 1D-PCNC-ISA, including the input bus waveguide and output bus waveguide, is
as small as ∼7 μm × 65 μm (width by length), which is decreased by three orders of magnitude
compared to the sensor arrays based on 2D-PC cavity platforms [41]–[50], without any lowering of
RI-sensitivities and Q -factors.

4. Conclusion
In summary, an ultra-compact 1D photonic crystal nanobeam cavity (1D-PCNC) with small footprint
(∼0.5 μm × 4 μm), ultrahigh-Q (>105) and large free spectral range (FSR, ∼200 nm) has been
shown. Based on the use of dense integrated multiple 1D-PCNCs which are placed in parallel
and directly coupled between a taper-type power splitter and a S-type power combiner, a new
ultra-compact on-chip multiplexed sensor array platform with a single input port and output port,
which we refer to as 1D-PCNC based integrated sensor array (1D-PCNC-ISA), has been presented
and analyzed. Each 1D-PCNC resonator sensor unit has a different cavity length, which makes
the output transmission of the sensor array device possess multiple different resonant modes
without resonance overlap. By using 3D-FDTD method, numerical simulation results demonstrate
that each sensor is independently shift its resonant peak in response to changes in refractive
index in the region surrounding its cavity. The resonant peaks used for sensing purpose in the
output transmission are independent from each other, i.e. a shift of one of them does not affect
the position of the others. The bulk RI sensitivities of S1 = 170.6 nm/RIU, S2 = 152.7 nm/RIU,
S3 = 138.5 nm/RIU, S4 = 128.1 nm/RIU, and S5 = 120.5 nm/RIU in the 5-channel 1D-PCNC-ISA
are obtained. In addition, it is worth mentioning that the footprint of the presented ultra-compact
5-channel 1D-PCNC-ISA is ∼7 μm × 65 μm (width by length), decreased by three orders of mag-
nitude compared to 2D-PC based sensor arrays. Thus, the proposed ultra-compact multi-channel
1D-PCNC-ISA in this paper is an ideal system for lab-on-chip multiplexed label-free sensing appli-
cations.
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