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On-Chip Cascaded Bandpass Filter and Wavelength
Router Using an Intelligent Algorithm
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Abstract—Cascaded nanophotonic devices play a vital role in all-
optical connection, all-optical computation and all-optical network.
However, there is almost no effective method for the direct design
of on-chip cascaded nanophotonic devices, since current study of
nanophotonic devices mostly focuses on single device. Here, on-chip
cascaded nanophotonic devices are designed based on an intelligent
algorithm by combining genetic algorithm, simulated annealing
algorithm and finite element method for the first time, and veri-
fied experimentally by using silicon-based planar structures. The
cascaded devices consist of a bandpass filter and a wavelength
router operating in optical communication range. The operation
bandwidth of the bandpass filter is 408 nm with transmission
more than 80%, within which the communication wavelengths
of 1,300 nm and 1,550 nm are routed into different output ports
through the wavelength router component. The footprint is only
3.62 µm2 for the bandpass filter and only 2.56 µm2 for the wave-
length router, which are easy for integration with planar structures
and ultrasmall size. This work provides a highly-efficient scheme
for the realization of on-chip cascaded nanophotonic devices on the
same chip, and lays a foundation for the realization of photonic chip
based on intelligent algorithm.

Index Terms—Bandpass filter, wavelength router, genetic
algorithm, on-chip integration.
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I. INTRODUCTION

INTEGRATED nanophotonic devices are widely used in
all-optical connection, all-optical computing, and all-optical

network [1]–[3], etc. Nanoscale photonic devices are essential
components for chip integration. They have great application
potential in many research and technical fields such as high-
performance computer, optical communication, quantum infor-
mation and artificial intelligence, due to the broad bandwidth
and large information capacity. There are various works [4]–[12]
reported in recent years, but all of them are single devices with
different realization schemes and different structure types or
even different materials. No effective method has been found to
design On-chip cascaded bandpass filter and wavelength router
directly, which seriously restricts the development of integration
for two or more nanophotonic devices. While cascading is
an unavoidable step for integration, it is urgent to develop an
efficient method for design of on-chip cascaded nanophotonic
devices [13].

As for the cascaded nanophotonic devices, bandpass filters,
as a fore-end signal processing device, are widely used [4], [14],
in which light of unwanted band has a large attenuation while
expected band can be obtained. At present, the bandpass filter
can be designed based on bilayer fish-scale metamaterials [5],
and it has a flat pass band but suffers from the shortcoming of
big footprint, which is inconvenient for integration. Bandpass
filter based on distributed Bragg reflector grating is smaller
and the edges of passband are steep [15], but the bandwidth
is limited. Besides the fore-end device, in the practical appli-
cation of nanophotonic chip, devices are required to transmit
different information into different channels, in which wave-
length router is an essential component. Wavelength routers
based on photonic crystal [10] and grating [11] have broad
operation band but large size, which restricts the improvement
of integration density when cascading with other nanophotonic
devices. Surface plasmon polariton can be applied to design
smaller wavelength router, however, it suffers from loss [8],
[16]. There is a report about Mach-Zehnder wavelength filters
[9], and it has the advantage of low insertion loss, but its size is
still large due to the long arms on mm-level. Using micro-ring
modulators to design wavelength division multiplexer leads to a
smaller length (∼10 µm) and has sharp peaks [17], however, the
resonant wavelength of each micro-ring is sensitive to the radii
thus deviation of nano-scale results in a noticeable difference,
which is inconvenient for current fabrication technology. To sum
up, traditional design methods are difficult to realize following
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requirements simultaneously: ultrasmall size, broad bandwidth,
fabrication convenience. To date, few reports have been found
to provide efficient method for realizing high-performance on-
chip cascaded bandpass filter and wavelength router. Although
there is cascaded Mach-Zehnder wavelength filters for WDM
(de-)multiplexing [18], the footprint of the cascaded devices is
large, 500 × 400 µm2, and intelligent algorithm is not applied
on it. There is also cascaded system of metasurfaces designed by
adjoint gradient method [19], but the system has a bulky volume
compared with on-chip integrated cascaded devices. The lack of
on-chip cascaded devices limits the development of integration
for nanophotonic components.

In this work, we implement on-chip cascaded bandpass filter
and wavelength router around the communication range based
on an intelligent algorithm (IA) by combining genetic algorithm
(GA), simulated annealing algorithm (SAA) and finite element
method (FEM) for the first time. By combining GA with SAA,
the intelligent algorithm will have bigger possibility to get out of
local optimum, which will be explained in detail in the next part.
The transmittance of the cascaded system is 85% at 1300 nm
and 82% at 1550 nm. Two devices are cascaded together on
the same chip to form an integrated nanophotonic system. By
cascading the bandpass filter in front of the wavelength router,
the system can route light of target wavelength bands distinctly
while keeping the noise from unwanted band very low. In the
experiment, on-chip nanophotonic devices are fabricated and
measured successfully, which verifies the calculated results in
the communication range. The footprint of the bandpass filter is
only 3.62 µm2 and the footprint of the wavelength router is only
2.56 µm2.

II. METHOD

The cascaded bandpass filter and wavelength router are de-
signed based on the IA, which consists of GA, SAA and FEM.
As a general algorithm imitating natural evolution, GA regards
design variable sequence as gene which is usually represented by
binary code, and generates children with better performance by
crossover and mutation [20]. GA is broadly used in optimization
of complex questions. However, standard GA is easy to get stuck
in local optimum because it selects parents for next generation
according to fitness value: individuals with better fitness value
have higher probability to be chosen and individuals with poorer
fitness value but with good gene have little probability to be
selected [21]. To get rid of this shortcoming, SAA is employed in
selecting parents for next generation. SAA stimulates the gradual
cooling process of solid, during which the particles within it
come from disorder to order [22]. The way of SAA accepting
new solution is Metropolis criterion which is based on current
temperature [23]. According to Metropolis criterion, there is
probability for solutions with poor performance to be accepted,
which is beneficial for the algorithm to get out of local optimum.
So, the introduction of SAA into GA makes it more possible for
individuals with poorer fitness value but with good gene to be
selected as parents than before. The probability of accepting an

individual with poorer fitness value is shown below,

P = exp

(
fnew − fold

T

)
, (fnew < fold) (1)

in which P is probability, fnew is the fitness value of the new child
generated, fold is the fitness value of the parent, and T is the tem-
perature. The temperature T is set to decrease gradually during
the optimization, which means the probability to accept poorer
individuals will decrease as the iteration number increases, so
the introduction of SAA will not weaken the convergence ability
of GA.

Before the beginning of optimization, there are some condi-
tions needed for a device, including shape, size, material and
number of geometry unit. First, the shape and size of a device
should be given. For the convenience of region’s mathematical
expression and fabrication, convex polygon is recommended.
Second, the material of device decides the light control ability
of the device. Considering current experiment conditions, silicon
is selected as the base material. Finally, the device area is divided
into a number of little areas by a set of orthogonal equidistant
grids. Each little area corresponds to an air hole. In the evolution
process, each air hole can only change its position and size within
its divided area. By setting the density of grid, the number of air
holes can be determined. When considering cascaded system,
the presetting process is similar. The region of each part of the
system can be expressed mathematically, and then each part is
divided into little areas with its own grids. During the evolution
process, the GA considers all little air holes at the same time.
In the optimization process, all of the variables are regarded as
set of genes, which means if genes are given, the corresponding
structure is determined. In each generation, GA selects parents
for next generation according to Metropolis criterion, and then
GA use crossover among parents to inherit beneficial genes and
use mutation to search better genes. Because of the employment
of SAA, it is possible for GA to get the global optimum under
pre-set conditions. GA’s evolution direction is determined by
fitness function, which is a function used to measure an indi-
vidual’s performance. Fitness function F can be expressed in a
general form as below:

F =

√
1

m

∑m

i = 1
Si

2 − n∑n
j = 1

1
Tj

, (2)

where Si represents signal to be increased and Tj represents
noise to be decreased. The evolution direction of GA is to get a
better fitness value. In the design of device, select a suitable
fitness function to describe the design target is vital. In this
paper’s design, the transmission spectrum of device is applied to
construct fitness function. For those wanted wavelengths, square
mean is applied on them, while harmonic mean is applied on
other unwanted wavelengths. The stop condition for GA is that
the average fitness value of group has no improvement in given
number of iterations or the iteration number exceeds maximum.
In each iteration of the optimization, the transmission spectrum
is calculated through FEM which solves Maxwell’s equations
under given conditions.
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III. DESIGN AND ANALYSIS

A. Bandpass Filter

To begin with, the design of bandpass filter is taken as an
example to illustrate the process of the intelligent algorithm (IA)
by combining GA, SAA and FEM. First, the initial structure is
pre-set. The shape of the device is an octagon with a footprint
of 3.62 µm2, whose side lengths are 1 µm except upper and
lower sides of 500 nm. The port width of the device is set as
650 nm and the material of the octagon is pre-set, which can
be any optical material with larger refractive index than air,
here we use silicon-on-insulator (SOI). Second, GA randomly
generates a given number of small geometries filled with air on
the base of dielectric substrate. Third, IA calls FEM to calculate
the performance of each individual device and then sends the
value back to GA. After repeating the generating and evaluating
process for a certain number of individuals, GA gets the first
generation of the whole group. According to the fitness value
and Metropolis criterion, GA selects parents to generate next
generation. Iteration will not stop until the average fitness value
of the group has no increase in the nearest several generations.
Finally, the target bandpass filter is obtained. The fitness function
is defined as the root-mean-square of signal, subtracting the
harmonic mean of noise:

fitness =

√
1

m

∑m

i=1
y(λi)

2 − n×
⎡
⎣1

S
+

n∑
j=1

1

y (λj)

⎤
⎦
−1

(3)

S = ypmax − ypmin (4)

where y is the transmittance of different wavelength, while λi

and λi (i, j = 1, 2, 3 …) are the selected wavelength in the
passband and the filtered band, respectively. In the second term,
S is introduced to make the pass band flat. In the definition
of S, ypmax means the maximum of transmittance in the pass
band while ypmin is the minimum. By including the range of
transmission of pass band into noise, the pass band of bandpass
filter can be as flat as possible.

As mentioned above, in the optimization process of IA,
thousands of individuals are calculated for evolution, so it is
necessary to shorten the time of simulation. For this purpose,
mode analysis module of physical field simulation software
is used to calculate the effective refractive index, which can
convert the 3D model into an equivalent 2D model [24]. The
equivalent index method regards the three layers of material as
the main factor and ignores the effect of internal pore structure,
which is accurate enough in the allowed error range [25]–[27].
Take 1425 nm (the middle wavelength between 1300 nm and
1550 nm) as example, the calculated effective refractive index
of the TE mode is 2.83, which is shown in Fig. 1(a). The thickness
of air is 2000 nm, which is larger than an effective wavelength
and is enough to simulate the real situation. And the Si slab
is 220 nm thick. Under the Si slab, SiO2 is 2000 nm thick.
Furthermore, effective refractive indexes of Si at different wave-
lengths are studied to be used in the calculation, which is shown
in Fig. 1(b).

Fig. 1. (a) Effective refractive index of Si at 1425 nm for TE mode. The color
represents the electric field distribution and black arrows represent the electric
field direction. (b) The effective refractive index at different wavelength. (c)
Structure of the bandpass filter. (d) The transmission spectrum of the bandpass
filter. (e) A pure dielectric waveguide structure without air holes with the shape of
the bandpass filter. (f) The transmission spectrum corresponding to the structure
on the left side.

Considering the practical nano-fabrication, rectangle struc-
ture is chosen as the shape of the unit of small geometry. There
is no limit of minimum side length of rectangle in order to get
the best performance in the all parameter space. To evaluate the
performance of the bandpass filter, TE-polarized light ranging
from 500 nm to 2000 nm is introduced into the device from the
left port, and FEM calculates the transmission spectrum at the
right port, which is shown in Fig. 1(c). The final transmission
spectrum is shown in Fig. 1(d). The bandwidth of the bandpass
filter above 80% is 408 nm, from 1217 nm to 1625 nm, covering
the wavelength band centers of 1300 nm and 1550 nm. The
transmittance in the pass band (1220 nm to 1570 nm) is around
90%. The transmittance of 1300 nm and 1550 nm are 89% and
86%, respectively. Meanwhile, the average transmittances from
500 nm to 1000 nm and from 1900 nm to 2000 nm are pressed
down to be lower than 10%. The footprint of the bandpass filter is
only 3.62 µm2. Moreover, an octagonal Si slab waveguide with
exactly the same geometry parameters but without air holes is
calculated to demonstrate the bandpass filter’s modulation of
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Fig. 2. Calculated results of the wavelength router. (a) The structure of the
wavelength router. (b) The simulated transmission spectrum of the wavelength
router. (c) and (d) The simulated electromagnetic energy density distribution of
the wavelength router at 1300 nm and 1550 nm, respectively.

light. The structure is shown in Fig. 1(e). The corresponding
transmission spectrum is shown in Fig. 1(f). It can be seen that
without air holes, the spectrum is irregular and with a high loss
caused by the dielectric waveguide mode and resonant modes
within the waveguide sides. If there is no internal structure, the
light will suffer from great loss during the propagation.

B. Wavelength Router

In this section, a wavelength router working in the communi-
cation band is designed in the communication band. As shown
in Fig. 2(a), the shape of the wavelength router is set as a square
with side length of 1.6 µm, corresponding to a footprint of
2.56 µm2. Considering the integration applications, we use the
same material of SOI with the above bandpass filter. The units
of small geometry are set as rectangles for the convenience of
fabrication. The rectangles have no limit of minimum side length
in order to seek the best performance in simulation. The width
of the three ports is set as 650 nm and TE-polarized light is input
at the left port and detected at the right ports. The band of input
light is set from 1000 nm to 1850 nm, and light around 1300 nm
outputs mainly at the upper right port, O1, while light around
1550 nm outputs at the lower right port, O2.

In the process of designing the wavelength router by IA, the
fitness value of the wavelength router is set as followed:

Fitness =

√
1

2

[
y(λ1300)

2 + y(λ1550)
2
]

− n×
⎡
⎣ n∑

j=1

1

y (λj)

⎤
⎦
−1

(5)

Fig. 3. Calculated results of cascaded devices. The electro-magnetic energy
distribution of 1300 nm (a) and 1550 nm (b), respectively. (c) The transmission
spectrum of cascaded devices.

where y is the transmittance of different wavelength, and λ1300

and λ1550 represent the wavelength of 1300 nm and 1550 nm
respectively. The wavelength of noise points is represented
by λi.

After the similar iteration processes described above, the final
structure is generated and presented in Fig. 1(a). The correspond-
ing transmission spectrum is shown in Fig. 2(b). The wavelength
router divides light with 1300 nm and 1550 nm distinctly. The
transmittance of 1300 nm is 78% while that of 1550 nm is 72%.
This is better than what we have done before [25] using the
intelligent algorithm which only combines GA and FEM. The
electromagnetic energy density distributions of 1300 nm and
1550 nm are plotted in Fig. 2(c) and Fig. 2(d), respectively. It
can be seen distinctly that the light of 1300 nm propagates to
the upper right port while the light of 1550 nm propagates to the
lower right port.

C. Cascading and Analysis

Finally, two devices are cascaded together on the same chip
to study the transmission spectrum. TE-polarized light ranging
from 500 nm to 2000 nm is introduced into the system via a
waveguide. The bandpass filter and the wavelength router are
connected with a waveguide of 500 nm in length. Waveguides
have the same width of 650 nm in order to support the same
modes. The simulated result is shown in Fig. 3. The electro-
magnetic energy distribution is shown in Fig. 3(a) and (b). Light
of 1300 nm and 1550 nm output from the output ports O1 and
O2 on the right side, respectively. The transmission spectrum is
shown in Fig. 3(c).

By comparing with the transmission of wavelength router, it
is shown that the noise away from 1300 nm and 1550 nm is
filtered by the former bandpass filter. The average transmittance
of noise from 800 nm to 1100 nm is suppressed below 5.2%
of cascaded device, which is 13.5% in the wavelength router.
The peak transmittance of 1300 nm and 1550 nm are 52.6%
and 62.3%, respectively. By cascading the bandpass filter before
the wavelength router, the system can achieve a function that
expected band can be selected from a broad range of wavelength
(500 nm ∼ 2000 nm) while noise coming from high frequency
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TABLE 1
COMPARISON OF REPORTED WORKS OF DESIGNING NANOPHOTONIC DEVICES USING ALGORITHM SINCE 2015

band is filtered. These cascaded devices can be achieved because
the same design framework is applied to two different devices,
which promises parameters, like slab thickness and work band,
to be the same. Effective refractive index method is also used in
simulation. The time cost of the whole design is about 6 hours,
after 200 iterations of optimization, using 4 Intel (R) Core (TM)
i7-7500U CPU at 2.7 GHz, and 12G installed memory (RAM,
random access memory).

Furthermore, we make a table to compare our work with
several reported works in nanophotonic device design using
algorithm. There are many good works in recent years, we just
select one typical work in related field for each year. It can be
seen that reports before are concentrated on single device design
and there is a lack of report about on-chip cascaded nanophotonic
devices.

The function of the designed structures can be understood
physically from the photonic Anderson localization theory [25],
[34], [35]. In the disordered structure designed by IA, each inner
rectangular structure can be considered as an optical scatter,
which produces multiple scattered optical waves [36], [37].
When the multiple scattered waves interfere with each other,
they form a variety of localized modes and guided modes in
the disordered structures. The localized modes are generally

trapped in the structure, while the guided modes can form
microchannels for light transmission. In the bandpass filter
structure, the wavelengths of incident light that match the guided
modes can transmit through the structure, which forms passband
with high transmission. Meanwhile, the incident wavelengths
that do not match the guided modes will be forbidden. Therefore,
different incident wavelengths and structures corresponding to
different transmission, and devices with different functions can
be designed. Based on the same principle, cascaded bandpass
filter and wavelength router can also be designed successfully by
our IA, and the fitness function is also expressed by the difference
between signal and noise mentioned above. The final structure
parameters are given after iterations of about two hundred times
by IA, where multiple localized modes and guided modes can
be formed to meet the target function in our algorithm.

IV. EXPERIMENTAL RESULTS

To verify the performance of the bandpass filter, wavelength
router and cascaded devices, the devices are fabricated and mea-
sured experimentally. Considering the real fabrication process,
the smallest size of side length for the unit cell is forced to be
larger than 50 nm in the device structure, and we design various
samples. At the same time, we use disordered gratings as the
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Fig. 4. The SEM images of the sample (a) and reference sample (b) of the
bandpass filter. The left is the whole image of sample, the upper left corner is
the grating, and the right is an enlarged view of the central structure of the sample
and reference sample. (c) Experimental and simulated normalized transmission
spectra.

excitation ports to improve the conversion efficiency, which are
optimized by the IA, too [33].

The entire sample fabrication process is performed on a
SOI plate, and etched using the scanning electron microscopy
(SEM)/focused ion beam (FIB) system (ZEISS Crossbeam 540).
The samples of bandpass filter, wavelength router and their
cascaded devices are measured by optical microspectral mea-
surement system. In the process of measurement, a supercontin-
uum wave (SCW) laser (YSL SC-5) is used to provide signal
light excitation, and a spectrometer (Andor 303i) is used to
measure the distribution of wavelength at each port. The etched
parts include the coupling ports and waveguides of the samples
and reference samples, and the rectangular holes of the central
structure of the samples. The voltage of the whole etching
process is fixed at 30 kV. The etching ion beam of the coupling
ports and waveguides are 50 pA and 300 pA, respectively. The
beam of 5 pA is used to etch the internal structure. In addition,
since the detection range of the spectrometer is limited to the
near-infrared band, it can only make measurement in the range
of 130 nm at one time, so the complete transmittance cannot
be determined at one time. Therefore, we adopt the method of
multiple measurements to measure the transmission spectrum of
the bandpass filter structure and cascaded devices in the form of
segments, and finally obtain the experimental results. The fol-
lowing are the specific test steps: first, locate the etched sample
and the reference sample under an optical microscope. Next,
adjust the polarizer, and measure the background field. Then,
turn on the laser, set the corresponding center wavelength in the
spectrometer software, and determine the measured spectrum.
Go through the above steps, the samples and their corresponding
reference samples will be measured one by one.

At the end of the waveguide, disordered gratings are etched to
form a grating that coupling light from free space to an on-chip
waveguide, so that the signal can be detected more effectively.
However, the traditional grating coupler has a large volume.
Therefore, we also use the IA to design the disordered coupling
ports [33]. The footprint of the coupling ports is 36 µm2, the
length and the width are both 6 µm, the central structure is a
rectangular grating, and the depth of the rectangular grating
is 110 nm. The SEM images of the grating are shown in the

Fig. 5. The SEM images of the sample (a) and reference sample (b) of the
wavelength router. The left is the whole image of sample, and the right is an
enlarged view of the central structure of the sample and reference sample. (c)
Experimentally measured (Exp.O1, Exp.O2) and simulated (Sim.O1, Sim.O2)
transmission spectra. The central wavelength of the output port of the wavelength
router are 1300 nm and 1550 nm respectively, and the corresponding transmit-
tance of both the measured and simulated central wavelength is 58% and 54%
respectively. Since the range of the laser is 130 nm in one test, and considering
the different functions realized by the devices, the continuous spectrum of the
bandpass filter is measured, while the wavelength router is measured the band
near the center wavelength. A break point of 120 nm is set in the middle of the
band, which does not affect the test of transmittance at the central wavelength.

upper left corner of A and B in Fig. 4. The maximum excitation
efficiency of coupling port can reach 13.75%. The length of the
waveguide is 30 µm and the width keeps 650 nm.

The SEM images of etched samples and reference samples of
bandpass filter are shown in Fig. 4(a) and Fig. 4(b), respectively.
The figure on the left is the whole fabricated structure, the
right part is an enlarged view of the internal structure, and
the black part is the etched rectangular hole in the central
structure. Fig. 4(c) is the normalized transmission spectrum of
experimental and theoretical simulation. In the simulation, the
power of incident light is set to 1. In this way, when the light
travels along the designed optical path, the power measured
at the probe location after passing through the device is the
normalized transmittance of the device. In the experiment, in
order to minimize the effects of background noise, a blank
control group composed of devices with no internal structure
is set. Because input light is set the same in two measurement,
the normalized transmission can be evaluated by comparing the
etched structure to blank structure. When the incident light with
the same intensity is coupled to the optical path, the ratio of the
transmittance measured at the port of the designed device to that
measured at the port of the blank control group is the normalized
transmittance. To eliminate the influence of coupling efficiency,
sensitivity of grating and light source on the experimental results
of different wavelengths, the normalized transmission shown in
the figure is the ratio of the transmittance of the sample port to
that of the reference sample port [25], [33]. It can be seen that
the bandwidth of the bandpass filter is a little bit narrower than
that in the theoretical calculation. This is mainly due to some
unavoidable fabrication errors in the experiment. Because the
FIB etching process is not perfect, certain material deposition
will occur on the inner wall of the etched structure. The corner of
the rectangular hole is not square, but like a round corner. In the
optimization of the internal structure of the experimental sample,
the internal rectangular hole length is set to be no less than
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50 nm to meet the requirement of machining accuracy, that is,
the structure of experimental sample is a little bit different from
the optimal structure obtained in the simulation, which leads to
the transmittance of the experimental sample is slightly lower.
Therefore, the bandwidth can be enlarged and the signal strength
can be improved by improving the manufacturing process and
removing noise. In spite of this, the transmittance of the passband
is high, and the transmittance outside the passband drops sharply,
which indicates that the structure achieves the band pass function
in the near-infrared band.

In addition, the fabrication error tolerance is calculated. The
fabrication error tolerance is defined as the maximum displace-
ment that each structural element can move. For each internal
structural element, the positions of all holes are randomly moved
within a certain distance, and then the corresponding trans-
mission spectrum is calculated. Unified fault-tolerant standards
are established in terms of the allowable offset of the central
wavelength, the relative reduction of the maximum transmission
and the absolute increment of the maximum noise of each wave-
length. The calculation results show that the average position
error of the designed cascaded devices is about 30 nm, which
fully meets the current nanomanufacturing technology, and this
error range is also acceptable [33].

The fabrication and measured results of the wavelength router
are shown in Fig. 5. The left side of Fig. 5(a) and (b) are the whole
image of the sample and the reference sample, respectively. The
core structure of the sample is shown on the right side of Fig. 5(a)
and the reference sample is shown on the right side of Fig. 5(b),
with a footprint of 2.56 µm2. The normalized transmittance
spectra of experimental and theoretical simulation are shown
in the Fig. 5(c). The theoretically simulated transmittance of
the wavelength router is 58% and 54% respectively, and the
measured normalized transmittance of the upper and lower ports
on the right is 58% and 54% respectively, too. The experimental
results demonstrate that the two communication bands with
center wavelengths of 1300 nm and the 1550 nm are successfully
routed into different channels.

The fabrication and measured results of cascaded devices of
wavelength router and bandpass filter are shown in Fig. 6. On the
left side of Fig. 6(a) and (b) are the whole image of the cascaded
devices, the sample and the reference sample, respectively. Their
corresponding central structures are on the right side of Fig. 6(a)
and (b). First the light in the waveguide passes through the
bandpass filter, and then it passes through the wavelength router,
and finally comes out from the two ports. The transmittances
of the upper right and lower right ports in the experiment and
calculation are shown in Fig. 6(c), respectively, which indicates
that the cascaded devices based on IA has provided an effective
method for the realization of on-chip cascaded nanophotonic
devices.

V. CONCLUSION

In conclusion, on-chip cascaded nanophotonic devices are
designed based on a constructed intelligent algorithm and veri-
fied experimentally. By employing IA, on-chip cascaded devices
consist of a bandpass filter and a wavelength router is designed

Fig. 6. The SEM images of the sample (a) and reference sample (b) of the
cascaded devices. The left is the whole image of sample, and the right is an
enlarged view of the central structure of the sample and reference sample. The
length of the waveguide between the cascaded is 500 nm. (c) Experimentally
measured (Exp.O1, Exp.O2) and simulated (Sim.O1, Sim.O2) transmission
spectra. Since the range of the laser is 130 nm in one test, a break point of 120 nm
is set in the middle of the band, which does not affect the test of transmittance
at the central wavelength.

and fabricated. The length of the whole cascaded system is
within 3.6 µm, which is the smallest one in reported works.
The footprint of the bandpass filter and the wavelength router
are 3.62 µm2 and 2.56 µm2 accordingly. The bandwidth of the
bandpass filter is 408 nm with transmission more than 80%.
The wavelength router divides 1300 nm and 1550 nm distinctly.
This work provides a highly effective scheme for the realization
of on-chip cascaded nanophotonic devices, and may bring more
opportunities for the realization of multifunctional nanophotonic
devices.
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