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ABSTRACT We design a 1 × 8 highly sensitive ultra-compact on-chip integrated sensor array consisting
of a 1 × 8 power splitter, eight one-dimensional photonic crystal slot nanobeam cavities (1DPC-SNCs)
connected by additional 1D photonic crystal tapered nanobeam bandgap filters (1DPC-TNBF), and an 8×1
power combiner. The performance of the device is numerically demonstrated by three-dimensional finite-
difference-time-domain (3D-FDTD) method. The whole structure is lying on top of a 2 µm buried silicon
oxide layer, while remaining high sensitivities (over 400 nm/RIU) of the eight sensors, simultaneously. The
proposed 1DPC-SNCs can reach a high-quality factor of 3.6× 105. On account of the additional band-stop
filters and the 8× 1 power combiner, eight sensing segments interrogated simultaneously by one input and
one output port is realized, with the ultra-compact footprint of 64×16µm2 (26×16µm2 in sensing region).
Therefore, this design is a promising platform for realizing large-scale photonic integrated circuits with high
integration density, especially for ultra-compact multiple on-chip sensing.

INDEX TERMS Photonic crystals, optical sensors, sensor arrays, integrated optics.

I. INTRODUCTION
Optical devices have been widely researched in recent
years. The most exploited fields are based on surface
plasmonics [1], Mach–Zehnder interferometers [2], ring
resonators [3], whispering gallery mode [4] and photonic
crystal (PhC) cavities [5]. Among them, PhC sensors based
on silicon-on-insulator (SOI) obtain plenty of attention
with the advantages of strong light-matter interaction, high
Q-factor, and ease of on-chip integration. As an important
field of nano- and micrometer-scale optoelectronic devices,
silicon has intrinsic advantages in photonic material systems,
for the reason of high refractive index (RI) contrast with
silicon dioxide, which provides silicon photonic devices,
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especially silicon PhC structures the ability to realize ultra-
compact and high-sensitive bio-chemical sensors [6]–[11].

In order to enhance sensitivity and reduce mode volume,
slot photonic crystal cavities have been extensively used in
the design of ultra-compact optical sensors. Hoang et al.
designed an SOI slotted photonic crystal cavities with Q/V
factors above 800000 [12]. Zhang et al. presented the design
of a femtogram scale double-slot photonic crystal optome-
chanical cavity, reducing the mechanical effective masses
close to 4 fg [13]. However, those designs are based on 2D
PhC, leading to a large footprint (for example, the footprint
of the slot 2D PhC device in [12] is larger than 20×4.5µm2),
which is not suitable for high-density integration. Li et al.
investigated a high-Q and high-sensitivity one-dimensional
photonic crystal slot nanobeam cavity sensors with the sen-
sitivity as high as 851 nm/RIU and Q-factor of 96465 [14].
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Zhou et al. designed parabolically tapered coupled two pho-
tonic crystal nanobeam slot cavities with a sensitivity of
415 nm/RIU and Q-factor of 1.14 × 107 [15]. Wang et al.
designed slot-mode photonic crystal cavities with a sensi-
tivity of 451 nm/RIU and Q-factor >7000 [16]. Although
high performance is obtained in those sensors, the suspended
condition results in fragility and difficulty in the development
of large integration platform designed for SOI wire waveg-
uides [17].

A new trend of PhC sensor design is realizing multi-
ple sensing sites, which increases the efficiency of samples
probed at one time. In order to achieve multiple sensing,
several kinds of sensor arrays based on 1D PhC cavi-
ties and 2D PhC cavities [18]–[28] have been investigated.
Mandal et al. introduced nanoscale optofluidic sensor arrays
(NOSAs) using side-coupled 1D PhC cavities, with the detec-
tion limit of 7 × 10−5 [18]. Yang et al. presented side-
coupled nanoscale photonic crystal sensor arrays (NPhCSAs)
on a 2D PhC slab [19]. However, those structures are lim-
ited in Q-factor of 104 and sensitivity of 14.96 nm/fg and
115.60 nm/RIU, respectively. Connected in parallel with-
out spectrum overlap, the cavities used in sensor arrays
must have large free spectral ranges (FSR). Therefore,
Zhou et al. presented an efficient method for the sensor array
of high-sensitivity single-slot photonic crystal nanobeam cav-
ities (PCNCs) by adding a W1 PhC slab as a band-stop
filter [20], with limited Q-factor. Yang et al. proposed an
ultra-compact integrated sensor array by using 1D photonic
crystal nanobeam band-stop filters [21], however, the sensi-
tivity is smaller than 150 nm/RIU. Furthermore, the 1 × n
taper-type equal power splitter displayed in the Ref [21]
should satisfy the single mode of the input light. However,
single mode is generally concentrated in the finite range in
the middle of such a waveguide, which results in a quite wide
input waveguide when splitter number n is larger than 4. In
addition, for the given wavelength, it is difficult to realize
single mode in such a wide waveguide in practical.

In order to overcome the drawback and limitation of the
sensors mentioned above, a kind of a modified high Q and
high sensitivity 1D photonic crystal slot nanobeam cavity,
and a low sidelobe 1D photonic crystal tapered nanobeam
bandgap filter (1DPC-TNBF) based on SOI are designed and
demonstrated in this paper. By connecting the proposed cav-
ity and filter in series, a sensing segment is proposed and only
selected targeted mode (∼1540nm) is observed in a broad
wavelength range. Furthermore, parallel multiplexing of a
1 × 8 highly sensitive ultra-compact integrated 1D photonic
crystal sensor array based on SOI is designed by connecting
the eight sensing segments with a high transmittance single
mode cascaded Y-junction 1 × 8 power splitter and a high
transmittance 8 × 1 power combiner. The whole structure
is lying on top of a 2 µm buried silicon oxide layer, with-
out suspended area, for ease of fabrication. By using the
3D-FDTD method, the output transmission with only eight
resonant peaks is obtained. Themeasured bulk RI sensitivities
of the eight sensing segments are all over 400 nm/RIU, which

are relatively high in multiple sensing. In addition, owing
to the miniaturized geometries, the footprint of the whole
structure is only 64 × 16 µm2 (26 × 16 µm2 in sensing
region), which is much more compact compared to 2D PhC
side-coupled sensor arrays [19], [22] and other 1DPhC sensor
arrays [18], [21].

II. 1DPC-SNC DESIGN AND ANALYSIS
The traditional 1DPC-SNCs are usually set in a suspended
area in order to enhance the sensitivity and Q-factor.
However, this kind of design is difficult in physical imple-
mentation and fragile in the environment. Here, a modified
1DPC-SNC is designed on an asymmetric air/Si/SiO2 slab
with no suspended area. This design is more suitable for the
development of large-scale integrated circuits based on SOI
platform [12].

FIGURE 1. (a) Schematic of the proposed 1DPC-SNC. The cavity is
symmetric with respect to its center (blue dashed line). rcenter and rend
are the radii of the air holes that are tapered parabolically from the
center to both ends. (b) Electric field intensity of the resonant mode
calculated by the 3D-FDTD method.

The schematic of the 1DPC-SNC is shown in Fig. 1(a).
The PhC cavity, with silicon slab thickness (T ) of 220 nm,
is lying on top of a 2 µm buried silicon oxide layer with
no air-bridge design. The width (W ) of the nanobeam is
650 nm and the slot width (Ws) is set as 40 nm, which is
the narrowest width of a slot that could be etched verti-
cally and thoroughly in the [16]. The optical field strongly
localized inside the low index region is achieved when the
slot is exploited which enhances overlaps sufficiently with
the analytes. The periodicity (a) of the PhC cavity, defined
as the hole-to-hole distances, is 450 nm with circular air
holes in different radii (R). 1DPC-SNCs suspended in the
air usually have a large filling fraction (defined as the ratio
of the area of the air-hole to the area of the unit cell). The
band diagrams are simulated by the 3D-FDTD method with
the commercial software Lumerical [30]. To automatically
match the periodicity of the physical structure, Lumerical
FDTD solutions use non-uniformmesh. Themesh accuracy is
set to be 4 (corresponding to 1/18 of the shortest wavelength
in the material). Perfectly matched layer (PML) boundaries
are set in y and z directions, and in the x-direction is
Bloch boundaries. The 1DPC-SNC is optimized by using the
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deterministic high-Q design method [31]. To create
the Bragg mirror with a linear change in the mirror
strength γ , the air-holes radii are parabolically tapered
from rcenter = 152.6 nm to rend = 125.8 nm, i.e.,
r (t) = rcenter + i2(rend − rcenter )/i2max , (i increases from
0 to imax), in which the filling fraction (f ) is from 0.25
to 0.17. The mirror strength γ can be calculated using√
(w2 − w1)2/(w2 + w1)2 − (wres − w0)2/w2

0) for different
filling fractions, where wres is the proposed target resonance,
andw1,w2, andw0 are the dielectric band edge, air band edge,
and midgap frequency of each segment, respectively [30]. In
order to set the target wavelength to 1550 nm, the periodicity
of the cavity is 450 nm. The mirror strengths of different
air hole radii are shown in Fig. 2(b) and the highest value
is obtained when the filling fraction is 0.19. However, the
frequency interval between the zeroth and first mode of the
proposed cavity is smaller than the case when the filling
fraction in the edge is 0.17, which leads to the latter more
suitable for multiple sensing.

FIGURE 2. (a) TE band diagram of the 1DPC-SNC with f = 0.25 (blue solid
line) and f = 0.17 (purple dashed line). The mode gap when f = 0.25 is
displayed. (b) Mirror strengths at different filling fractions.

In order to achieve a radiation-Q limited cavity [31], the
number of Gaussian mirrors is imax = 30 with 15 additional
mirror segments at both edges of the Gaussian mirror. By
using the 3D-FDTD method, a high Q-factor of 3.6 × 105

is obtained. The resonant wavelength of the cavity mode is
very close to but slightly higher than, the dielectric band edge
of the central mirror segment. This can be attributed to the
linearly decreasing the filling fraction of the mirror, which
results in an increased overlap between the cavity mode and
dielectric material [32]. The electric field distribution profile
is shown in Fig. 1(b). The light is strongly confined in the
slot region, which enhances the sensitivity of the sensor
significantly.

To verify the sensing performances of the proposed 1DPC-
SNC, the sensitivity is calculated by 3D-FDTD simulations.
The mesh accuracy is set to be 3 (corresponding to 1/14 of
the shortest wavelength in the material), and PML boundaries
are set in x, y and z directions. These settings are used in all
the following simulations. To reduce the simulation time and
further comprehend the properties of the proposed sensor, we
used a high-transmission but low-Q geometry. The number
of Gaussian mirrors is imax = 15 with 5 additional mirror

FIGURE 3. (a) The entire transmission spectrum of the proposed
1DPC-SNC sensor calculated by 3D-FDTD simulation. The structure
consists of the number of Gaussian mirror imax = 15 with 5 additional
mirror segments at both edges. (b) Transmission spectra of the 1DPC-SNC
when the background index changes from RI = 1.00 RIU to RI = 1.04 RIU.

segments at both edges of the Gaussian mirror, possessing a
moderate Q-factor.

The bulk RI sensitivity of the sensor is defined as
S = 1λ/1n, where 1λ is the shift of resonant wavelength
and 1n is the change in RI. The transmission spectrum of
the optimized 1DPC-SNC sensor is shown in Fig. 3(a), and
the sensitivity of 439 nm/RIU can be calculated according
to the transmission spectra shown in Fig. 3(b), where the
change of RI is from 1.00 to 1.04 RIU in the air environment.
The calculated sensitivity is much higher than the sensor
in the Ref [21] and other sensors designed by air/Si/SiO2
slabs [18], [19], [27].

In the practical fabrication of the proposed 1DPC-SNC,
acceptable fabrication tolerance should be further discussed
in detail. Therefore, we consider the effect of the fabrication
roughness (e.g. slot width) in our design. The simulation is
done in the air environment, assuming a random distribution
of slot width from−1 to 1,−2 to 2,−3 to 3, and−4 to 4 nm,
respectively. As shown in Fig. 4(b), the shift of resonant
wavelength and the decrease of Q-factor are not obvious,
which should be achievable when the fabrication perturbation
is taken into consideration.

Therefore, the advantages of high Q-factor, high sensitiv-
ity, small mode volume and ease of fabrication make the
proposed 1DPC-SNC a promising candidate for on-chip gas
sensing arrays.

III. TAPERED BAND-STOP FILTER DESIGN
AND ANALYSIS
As shown in Fig. 3(a), the proposed 1DPC-SNC has several
resonant wavelengths in the transmission spectrum, which
makes the cavity difficult in realizing multiple sensing. In
order to overcome this limitation, several solutions have
been proposed in recent researches. 2D PhCW bandpass
filter [20] with comparatively narrow stopband and 1-D PC
nanobeam bandstop filter [21] disadvantageous in drastic
sidelobe fluctuation cannot satisfy the requirement of high
sensitivity large-scale sensor arrays. Huang et al. design
an ultra-compact, broadband tunable optical bandstop fil-
ters based on a multimode one-dimensional photonic crys-
tal waveguide, while the filter will complicate the sensor
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FIGURE 4. (a) Transmission spectra of the 1DPC-SNC with different slot
width variation from 1Ws = 0 nm to 1Ws = 4 nm. (b) 3D-FDTD
simulation of Q-factors and wavelength shift considering the effect of
fabrication roughness.

FIGURE 5. (a) Schematic of the proposed 1DPC-TNBF. The filter is
symmetric with respect to its center (blue dashed line). rf and rfe are the
radii of the air holes in the filter region and the end of taper region.
(b) Electric field intensity of the light in stopband at the wavelength of
1609.81 nm. (c) Electric field intensity of the light in the passband at the
wavelength of 1501.55 nm.

array design [34]. Other filters, such as microring resonators
(MRRs) [35], arrayed waveguide gratings (AWGs) [36], and
waveguide Bragg gratings (WBGs) [37], usually have too
large footprints compared with the proposed 1DPC-SNC.

In order to solve the problems above, a modified 1D
photonic crystal tapered nanobeam bandgap filter (1DPC-
TNBF) with low sidelobe and simple design for integration
of 1DPC-SNC is proposed based on SOI. The schematic of
the proposed 1DPC-TNBF is shown in Fig. 5(a). To fit the
scale of the 1DPC-SNC, the silicon slab thickness (T ) and the

FIGURE 6. (a) The transmission spectra of three different taper profiles
calculated by 3D-FDTD simulation: no taper, radius linear taper (tl ) and
proportion linear taper (tp) with a purple solid line, green dashed line
and gray dotted line, respectively. (b) The transmission spectra of
different taper region lengths in two (tp = 2), three (tp = 3) and four
(tp = 4) mirrors with blue solid line, red dashed line and black dotted
line, respectively.

width (W ) of the waveguide are set to 220 nm and 650 nm,
respectively, the same as the cavity designed in Sec. 2. The
filter contains 20 mirrors, with varied filter region and taper
region. The periodicity (af ) is 400 nm, and the radii of the
air holes in the filter region (rf ) are set to 90 nm. A large
stopband is obtained between the wavelength from 1550 nm
to 1800 nm. By adjusting the periodicity of 1DPC-TNBF, an
arbitrary stopband can be obtained. The influence of different
taper profiles and different taper lengths are analyzed. It is
pointed out previously that the serious sidelobes of TE mode
are mainly caused by the mismatch between Bloch mode and
waveguide mode at the interface between a strip waveguide
and 1D PhCW [34]. Therefore, a taper region between the
two waveguides can suppress the sidelobes significantly.

As shown in Fig. 5(a), only two mirrors of the taper region
(tmax) at each side enable a remarkable improvement in sup-
pressing sidelobes. The transmission spectra of two different
taper profiles, radius linear taper, and proportion linear taper
are also displayed in Fig. 6(a) with green dashed line and
gray dotted line, respectively. The air hole radius of linear
taper is defined as r (t) = rf · (tmax + 1 − t)/(tmax + 1)
(t increases from 0 to tmax). In particular, the air hole radius at
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the end of the taper region is calculated as rfe = rf /(tmax+1).
The air hole radius of proportion linear taper is defined as
r (t) = rf ·

√
(tmax + 1− t)/(tmax + 1). The radius of the

outermost air hole is calculated as rfe = rf /
√
(tmax + 1). It

can be observed that the filter with proportion linear taper gets
flatter sidelobes with the same taper region length, because of
the reduction in mode mismatch.

The transmission spectra of different taper region lengths
in two, three and four mirrors are shown in Fig. 6(b) with
a blue solid line, red dashed line and black dotted line,
respectively. The suppression of sidelobes is better when
the taper region gets longer, sacrificing in less sharpness
between passband and stopband. For the trade-off, the length
of threemirrors in each taper region is selected for an effective
bandstop filter to suppress the higher order modes of the
1DPC-SNC, while avoids the severe degeneracy of funda-
mental mode. The proposed 1DPC-TNBF is quite suitable
for realizing highly sensitive 1 × 8 parallel multiplexing of
an ultra-compact integrated sensor array.

IV. THE INTEGRATED 1 × 8 PARALLEL MULTIPLEXING
SENSOR ARRAY DESIGN AND PROPERTIES ANALYSIS
Based on the design and property analysis in Sec. 2 and Sec. 3,
a kind of sensor structure suitable for multiple sensing is
designed by connecting the proposed 1DPC-SNC and 1DPC-
TNBF in cascade. The schematic of the integration is shown
in Fig. 7(a). The silicon slab thickness (T ) and the width (W )
of the waveguide are set to 220 nm and 650 nm, respectively,
the same as the cavity and filter designed above. The 1DPC-
SNC contains 10 Gaussian mirrors with 5 additional mirror
segments at both edges with the periodicity (a) of 450 nm.
The air hole radii are parabolically tapered from rcenter =
152.6 nm in the center to rend = 125.8 nm on both sides with
a slot (Ws = 40 nm) in the middle, which is symmetric to
the cavity center. The filter contains 20 mirrors, with three
mirrors of proportion linear taper region on each side. The
periodicity af = 403 nm, the radii of the air holes in filter
region rf = 90 nm, and the air hole radii are proportion linear
tapered from rf = 90 nm in the center to rfe = 45 nm on each
side. The electric field intensity of the resonant mode at the
wavelength of 1544 nm is shown in Fig. 7(b).

The transmission spectra of the cavity with and without
a filter are shown in Fig. 8(a). As expected, in the case of
a cascaded device, the higher order resonant modes in the
stopband are filtered out and have no effect on the selected
fundamental resonant mode. Considering the practical fab-
rication of the proposed cascaded device, the transmission
spectra of 1DPC-SNC cascaded with 1DPC-TNBF in dif-
ferent periodicities (af ) are shown in Fig. 8(b). When af
is smaller than 401 nm, the fundamental resonant mode is
suppressed, while the higher order modes are not filtered out
completely when af is larger than 405 nm.
According to the simulation results above, the design of

realizing 1× 8 parallel multiplexing of highly sensitive inte-
grated sensor array based on SOI is proposed and demon-
strated. The schematic of the proposed sensor array is shown

FIGURE 7. (a) Schematics of the integrated device connecting the
proposed 1DPC-SNC and 1DPC-TNBF in cascade. (b) Electric field intensity
of the resonant mode calculated by the 3D-FDTD method.

FIGURE 8. (a) The transmission spectra of the 1DPC-SNC with and
without 1DPC-TNBF (af = 403 nm) setting in cascade calculated by
3D-FDTD simulation. (b) the transmission spectra of 1DPC-SNC cascaded
with 1DPC-TNBF in different periodicities (af ) from 401 nm to 405 nm.

in Fig. 9. Each channel consists of cascaded one 1DPC-SNC
and one 1DPC-TNBF with a slight difference in periodicity,
and the adjacent channels are separated by air-gap separa-
tions. The eight channels are connected in parallel by using
a 1 × 8 beam splitter and an 8 × 1 multiple mode power
combiner in the input and output port, respectively. The width
of the input and S-bend waveguides is set to 420 nm to
remain single mode, which is narrower than the cavity width.
Therefore, a taper with a length of 1 µm is added between
the S-bend waveguides and the cavities to reduce mode mis-
match. The width of the output waveguide is 3.36 µm, and
multiple waveguide modes will be excited. In a practical
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TABLE 1. The parameters of the eight sensing segments.

FIGURE 9. The Schematic of highly sensitive 1× 8 parallel multiplexing of ultra-compact integrated sensor array by utilizing a
1× 8 power splitter, eight 1D photonic crystal slot nanobeam cavities (1DPC-SNCs) connected by additional band-stop filters
and an 8× 1 coupler.

implementation, in order to achieve highly efficient cou-
pling between the input/output fiber lens and the sensor
array, a second E-beam lithography can be performed with
SU8-2002 E-beam resist fabricating the input/output bus
waveguides [38]. The splitter is much more compact and
avoids multiple interferences at the input port compared with
the 1×n taper-type equal power splitter mentioned in the [21].

The eight cavities are in different periodicities but remain
the silicon slab thickness (T ), the width of the waveg-
uide (W ), slot width (Ws) and the filling fraction (f ) invari-
able. The seven 1DPC-TNBFs are also different in periodicity
while remaining the air hole radii (rf and rfe) unchanged.
Considering the detection range limit, the filter for the
selected resonant mode at the longest wavelength is unnec-
essary. Therefore, only seven filters are used in the proposed
1×8 sensor array. The filters are added in the sensing region,
so the band edges of the filters will shift along with the cavity
resonances, resulting in more range for detecting RI change.
By applying these processes, eight selected resonant modes
in different wavelengths are obtained. The method by chang-
ing periodicities of 1D-PhC nanobeams (lattice constant in
2D-PhC) is a simple and effective way to realize stabilized,
performance controlled resonant wavelengths for multiple
sensing. The cavity periodicities, filter periodicities of eight
sensing segments are shown in Table 1.

The transmission spectra of eight integrated devices con-
sisting of cascaded one 1DPC-SNC and one 1DPC-TNBF
calculated individually are shown in Fig. 10(a). Eight selected
modes with almost the same interval and high transmittance
are obtained. Because of the different sensitivities in the
1DPC-SNC and 1DPC-TNBF, the periodicities chosen for

FIGURE 10. (a) The transmission spectra of individually calculated eight
integrated devices consisting of cascaded one 1DPC-SNC and one
1DPC-TNBF. (b) The transmission spectrum of the highly sensitive 1× 8
parallel multiplexing of ultra-compact integrated sensor array calculated
by 3D-FDTD simulation.

1DPC-TNBFs are a little larger than the periodicities obtain
the best performances. Otherwise, the fundamental resonant
mode will be suppressed when the RI increases. There-
fore, some small peaks can be observed. The transmission
spectrum for each channel of the proposed 1 × 8 sensor
array is shown in Fig. 10(b). As expected, when eight sensing
segments are set in parallel, the transmission spectrum of the
sensor array exhibits eight separated resonant peaks. The little
wavelength difference of sensing segment-4 and segment-5
can be observed from Fig. 10(a) and Fig. 10(b), which is
mainly caused by the deficiency of simulation accuracy in
such a large simulation region.

To investigate the multiple sensing performances of the
proposed 1 × 8 sensor array, the device is characterized by
changing bulk RI of the sensing environment. The trans-
mission spectra of the proposed sensor array are shown in
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FIGURE 11. The transmission spectra of the proposed 1× 8 parallel
multiplexing sensor array when (a) changing the RI of all eight sensing
segments. (b) only segment-2 is subjected to the changes in RI.

Fig. 10(a) when the bulk RI of all eight sensing segments
are changed. The eight sensing segments are interrogated
with only one input and one output waveguide. The change
of RI is from 1.00 to 1.02 RIU in air environment, and the
RI change has a linear variation with the wavelength shift
of eight resonant peaks. Fig. 11(a) shows that when RI is
increased, the resonant peak of each sensor shifts towards
longer wavelengths (red-shift). The limitation of the index
variation of the integrated sensor array is calculated at around
0.02 RIU, on the bases of the intervals between eight resonant
peaks. The limitation satisfies the need for gas sensing [39].
The reason for the variants of the peak heights in different
surroundings is mainly because of the different sensitivities
between the 1DPC-SNCs and the 1DPC-TNBFs.

The calculated bulk RI sensitivities of the eight sensing
segments are shown in Table 1. The sensitivities are all over
400 nm/RIU, which are nearly improved by a factor of four
compared with the sensitivities of the sensor array in the
Ref [21].

In order to further confirm the independence of all sens-
ing segments, the bulk RI around the sensing segment-2
is changed while other sensing segments remain invariant.
The transmission spectra of the device when only segment-2
is subjected to the changes in RI from 1.00 to 1.02 RIU are
shown in Fig. 11(b). The transmission spectra verify that the
resonant peaks are independent, which means the RI change
in one of the sensing segments does not perturb the others.
This allows the implementation of a simple but functional
integrated sensor array for parallel multiplexing.

In a practical implementation, the interface of different
1DPC-SNCs with different gas channels is one of the chal-
lenges for ultra-compact sensing applications. The challenge
can be solved by using parallel microfluidic channels (suit-
able for a 26 µm long footprint calculated in each sens-
ing segment) which can be fabricated by a soft lithography
technique with polydimethylsiloxane (PDMS) using replica
molding of a SU-8 template [40]. Meantime, the improve-
ment of electron beam lithography enables multiplexed
1DPC-SNC sensor arrays in a mechanically-robust approach
on a monolithic silicon chip. Therefore, the proposed sen-
sor array is a potential candidate for gas concentration
detection.

V. CONCLUSION
In summary, a 1 × 8 highly sensitive ultra-compact inte-
grated sensor array for parallel multiplexing is designed and
demonstrated. By using the 3D-FDTDmethod, the calculated
Q-factor of the proposed 1DPC-SNC is 3.6 × 105, and
the bulk RI sensitivities of the eight 1DPC-SNCs are all
over 400 nm/RIU. The whole structure is on an asymmetric
air/Si/SiO2 slab with no suspended area, which enhances the
robustness and reduces the fabrication difficulty simultane-
ously. Large-scale parallel multiplexing interrogated simul-
taneously by one input and one output port is realized, which
means multiple different targets can be detected indepen-
dently at the same time. In particular, the ultra-compact foot-
print of 64× 16 µm2 (26× 16 µm2 in the sensing region) is
obtained in the whole integrated device. Attributing to high
sensitivity, small footprint, high integration density, and ease
of fabrication, the proposed 1× 8 sensor array is potentially
an ideal platform for large-scale multiple on-chip sensing.
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