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Abstract
We report on simulated temperature-tunable single-channel/multichannel transmissionfilters with
0.37 nm/K shift in the peakwavelength is observed in the infrared region (1300 nanometers−1650
nanometers)using a one-dimensional photonic crystal structure. A single channel can be selected in
the photonic bandgap region based on the thickness of the quarter wave stacks and temperature. The
transmission coefficient of the transmitted defectmodes is approximately the same as that required
for telecommunication. For 20000 defect layers, 4000 channels were createdwith full width at half
maximumof 0.7 picometers at the center wavelength of∼1550 nmand channel separation of∼0.18
nanometer between 1500 nanometers-1600 nanometers.

1. Introduction

Agrating is any regularly spaced collection of essentially identical, parallel, elongated elements. Generally,
gratings operate in diffractionmode, Bragg reflectionmode, or in the subwavelength regime. A diffraction
grating is a reflecting or transparent optical component onwhich there aremany fine, parallel, equally spaced
grooves. Grating couplers will improve the coupling efficiency, polarization, andwavelength sensitivity. Roelken
et al [1]have devised and demonstrated a gratingmade by adding a polysilicon layer to the existingwaveguide.
Thus, fabricated gratingworkedwell as a coupler with a coupling efficiency of 78%at an inputwavelength of
1.55μm. Similarly, Cheng et al [2] have reported an extensive review on the principle of working, and difficulties
in using grating couplers in photonics. There are reports on the gratings thosework in subwavelength regimes
withGe2Sb2 Te5 cavity which acts as re-configurable bandpass optical filters [3]. The applications of
subwavelength gratings in Si photonics and in high-speed communication are reviewed extensively [4, 5]. and n
recent times, people have utilized bandpassfilters as biosensors, with high sensitivity which have a tremendous
lab on chip applications [6]. In the current study, we have investigated the performance of the BraggGrating,
The Bragg grating consists of periodic layeredmedia (1-Dimensional photonic bandgap crystal) comprising
alternate stacks of optically transparent substrates with different indices of refraction.With the advent of
molecular beam epitaxy (MBE), the fabrication of thin films based on periodic layermediawithwell-controlled
periodicities on the order of nanometers is quite possible [7].

If a planewavewith a suitable frequency impinges on a stackedmedium, a Blochwave is created in the
stackedmediumwhen the incident wave frequency is within the range of the photonic bandgap region. The
Blochwave generated in the stackedmedium is an evanescent wave that cannot spread in themedium.
Consequently, the amplitude of the electric field decreases exponentially in the stackedmedium.During this
process, the incident beam is reflected and themedium acts as an absolute reflectorwith high reflectance.
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When a light beamnormally impinges on the photonic crystal surface, thewavelengths that fall in the
bandgap region of the photonic crystal are strongly reflectedwith a coefficient of reflection nearly equal to one.
Wavelengths below or above the bandgap of the photonic crystal are partially or fully transmitted through the
photonic bandgap (PBG) crystal [8–13]. The aforementioned PBG crystals exhibit resonance reflection and are
often very similar to the secondary interference of x-rays by the atomic planes of the crystal. Therefore, photonic
bandgap crystals are well-known as Bragg reflectors.

Themost significant characteristic feature of photonic crystals is their photonic bandgap, inwhich the
transmission of certainwavelengths is forbidden. The photonic bandgap changes with the refractive index,
temperature, and angle of incidence of the beam [14, 15]. Consequently, this physical phenomenon allows us to
design photonic crystal-based optical sensors to detect changes in the refractive index [16–22] and temperature
[23, 24]. Recently, photonic crystals have gained the courtesy of researchers for their exclusive properties,
making them suitable for use in various applications such as omnidirectional reflectors [25–30],filters [31–33],
and very sensitive sensors in the field of optics [34].

These bandpassfilters are designed andmanufactured to operate in diverse regions of the electromagnetic
spectrumby utilizing one dimensional photonic crystals (1DPhCs) have been reported in the past [35, 36]. These
opticalfilters have applications in nanotechnology, astronomy, and optical communication. In our simulation,
we have considered a simple case of a one dimensional (1D) stackedmedium consisting of n-unit cells (i.e.,
n-pairs of quarter-wave films), which are separated by required number of defect layers and bounded by
homogeneousmedia. This 1DPhC structure can be used tofilter selectedwavelengths in the
telecommunications window [37–42]. The photonic Bragg gratings (PBGs) have their potential applications in
optical communication, optoelectronics, and optical devices [43].

Wave propagation in periodic layeredmedia can also be studied by employing thewell-known transfer
matrixmethodology (TMM) inside photonic crystal [44–53]. The TMMmethodwas employed to study the
one-dimensional photonic crystals containing two transparent dielectric layers with diverse indices of
refraction. The dielectric layers were organized in a quarter-wave stackwith a defect (i.e., additional N quarter-
wave layers) at the center of the stack. The structure acts as a Bragg transmission filter withmultiple channels. By
varying the number of quarter-wave layers in the defect layer, the desired number of defectmodes that are useful
for transmitting the requiredwavelengths can be introduced. The photonic bandgap in 1DPhCprohibits the
transmission of wavelengths that fall in the PBG. Because of their simple structure, 1DPhCs are unsurpassed
choices formanufacturing channelfilters designedwith certain specifications [54, 55].

The principle of operating a photonic Crystal (PC) as a temperature sensor is as follows: if the temperature of
the surroundings of the PC changes, the refractive index of the PC structure also changes, which is awell-known
thermo-optic effect [56]. Owing to the thermal expansion, thewidth of the photonic crystal layer increased as a
function of the surrounding temperature of the PC structure. Because of the thermal expansion and thermo-
optics effect, the transmission profile of the PC structure shifts into a newwavelength region according to a small
variation in temperature. Using this feature of photonic crystals, we designed temperature-controlled single-
channel andmulti-channel filters.We have created channels that aremore suitable for telecommunication
applications. Ourwork describes the possibilities ofUltra dense wavelength divisionmultiplexing Channels
noisefiltering. Temperature tunability is the added advantage of the designed filter, using this we can select the
desired channel/wavelength. In the present work, the temperature-dependent tunability of the simulated filter is
the novel part in comparison to our previouswork [57]. The simulatedmultichannel filter willfind its potential
application in improving the optical signal-to-noise ratio (OSNR). As thisfilter can be completed eliminates the
optical noises like amplified spontaneous emission (ASE)noise which are introduced in the process of optical
amplification.

Earlier authors have proposedmultichannel filters with photonic bandgap crystals but the numbers of
channels in the photonic bandgap are very less, and non-uniform and the channels are not in the
communication region. In our simulationwork, we have created a photonic bandgapmultichannel filter that
canwork in telecommunication regions i.e., 1500 nm to 1650 nm. The number of channels depends on the
number of defect layers introduced in the structure, the channels are uniform throughout the communication
wavelength region and this structure allows us to create any number of channels in the communication region
based on the number of defect layers introduced in the structure. The simulatedmultichannel filter willfind its
potential application in improving the optical signal-to-noise ratio (OSNR). As thisfilter can completely
eliminate optical noises like amplified spontaneous emission (ASE)noise which are introduced in the process of
optical amplification by the EDFA and also the noise generated by the transmission through an opticalfiber. The
channels created in thisfilter are in the photonic bandgap region. So all the otherwavelengths except the channel
wavelengthwill be strongly rejected. In this way, thismultichannel filter ismore effective when comparedwith
micro ring resonators (MRR), arrayedwaveguide (AWG)filters and unbalancedMachzhender interferometers,
etc.stacked structure is a Fabry–Perot
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2.Data andmethod of analysis

In our simulation, we assumed that thematerials were homogeneous, isotropic, nonmagnetic, and time reversal
(nonabsorptive) in the periodicmedium. The quarter-wave periodicmedium comprises two dielectric
transparent layers with different refractive indices, the index profile of which is shown infigure 1.

In our simulationwe have used a structure like
n unit cells -N defect layers - n unit cells
Every unit cell consists of two quarter-wave films ofmaterials with different refractive indices and

periodicity is a b.L = + The defect layer is composed of any of the above quarter-wave layers. The transfer
matrix for the structure above is expressed as follows:
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Equation (1) relates the amplitude of the incident light wave a0 to the amplitude of the transmitted light wave a2n.
The details of the above-mentioned transfermatrixmethodwere reported in our previous work [57], and a
related description is provided in the supporting information.

3. Results and discussion

In the present simulation, silica with an index of refraction n1= 1.45was employedwith a thickness a= 269 nm
as one quarter-wave layer (P-layer) and lithiumniobate with refractive index n2= 2.25with thickness b= 182
nmas another quarter-wave layer (Q-layer). The defect layer in our simulationwas chosen to be silica with the
same thickness, asmentioned above. The structure of the layered stack is shown infigure 1.

3.1. Results and discussion
The stacked structure is a Fabry–Perot etalonwith a variable cavity thicknessmade of silica quarter-wave layers.
By inserting only one quarter-wave silica defect layer, we obtained a narrow-band transmission filter in the
infrared regionwithin the photonic bandgap of the PC structure. The transmission spectrum can be obtained by
TMM [6], as described in equation (1):

Figure 2 demonstrates the transmission spectramade up of two quarter-wave stacks and theirmaximized
versions. In generating figure 2(a), we have taken a P-layer thickness of 279 nmand aQ-layer thickness of 189
nm. The FWHof the channel at 1550.5 nmwas 2.82 nm. Similarly, in plotting figure 2(c), we chose P-Layer and
Q-layer thicknesses of 281 nmand 190 nm, respectively. The full width at halfmaximumof the channel centered
at 1560.66 nmwas 2.8 nm. Thus, we can obtain single transmission channels at the requiredwavelength by
appropriately changing the thickness of quarter-wave plates.

3.2. Temperature tunablefilter
Wepropose a structure for a temperature-tunable filter PQ P PQ7 7( ) ( )/ / to reduce the FWHMof the defect
mode to avoid inter-channel interference in denseWDMsystems. The temperature tunability of the defect
mode is possible because the refractive indices of silicon and lithiumniobate are the pendant temperature and
wavelength. In the case of silicon, the dependence of the refractive index on thewavelength and temperature
obeys the following relation in the ranges 1.2μmto14μmand 20 °K–1600 °K [23].

Figure 1.The physical structure of the proposed photonic crystal.
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In the case of lithiumniobate, the refractive index varies with thewavelength and temperature according to
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The coefficient of thermal expansion for silicon is 2.6 10 6´ - /K, it is a less significant quantity. Therefore, we
neglected the thermal expansion of the silicon layer in our simulations. The Sellmeier constants a1 to a6are
mentioned in table 1.

The thermal expansion coefficient of lithiumniobate is 15.4 10 6´ - /K,which is a considerable amount.
Hence, to compute the thickness of the lithiumniobate layer as a function of temperature variation, the
following formulawas utilized:

t t T T1 1.54 10 25 5.3 10 25 40
5 9 2( ( ) ( ) ) ( )= + ´ ´ - + ´ ´ -- -

Where t0 is the thickness of the lithiumniobate layer at 25 °C.
The proposed photonic crystal (PC) structure introduces one defectmode into the PBG. The transmission

spectra of the PCwith one defect at various temperatures are shown infigure 3. In this simulation, we used the
thickness of silicon, that is, 273 nm for the P-layer and 185 nm for theQ-layer (lithiumniobate). This structure

Figure 2. (a), (c)Transmission spectrumof two quarter-wave stacks with a single defect layer showing transmission channels and its
magnified view (b) centered at 1550 nmand (d) at 1560 nm respectively.
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exhibits a single defectmode peak at 1515.2 nm atT 30 C.=  When the input light within awavelength range
from1290 nm to 1960 nm incident on the proposed PC structure atT 30 C,=  crystal only allows the
wavelength∼1515.2 nmand the remainingwavelengths reflect from the PC. This defectmode shifts to a longer
wavelength by increasing the temperature of the PC structure.

The transmission spectra (magnified) of the proposed structure at different temperatures are shown in
figures 3(a)–(d) and the data are shown in table 2. Fromfigures 3(a)–(d) and table 2, it is obvious that the central
transmission peak is at 1515.2 nmatT= 30 °Cwhich has been shifted to 1581.76 nmatT 210 C=  which
indicates that thefilter can be tuned over the entire telecommunication band.

As shown in table 2, as the photonic crystal temperature increases, the defectmode shifts towards the higher
wavelength region. The peak position of the defectmode varies with temperature because the refractive index
depends on the temperature [equations (2) and (3)]. This feature enables the design of a temperature-tunable

Figure 3. (a)Refractive index variation of silicon as a function of the wavelength at a constant temperature. (b)Refractive index
variation of lithiumniobate with respect towavelength at a constant temperature. (c) Spectral transmission of photonic crystal
structure proposed at different temperatures. (d)Zoomed version offigure (c), in this shift in central peak is clearly visible.

Table 1.The above tablewill give the numerical values of constants present in
the Sellmeier formula.

S.no. Constant

Value of the

constant Constant

Value of the

constant

1. a1 5.35583 b1 4.629× 10−7

2. a2 0.100473 b2 3.862× 10−8

3. a3 0.20693 b3 −0.89× 10−8

4. a4 100 b4 2.657× 10−5

5. a5 11.34927

6. a6 1.5334× 10−2
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filter in the telecommunications region. The shift in the peakwavelength of the defectmodewith respect to
temperature is shown infigure 3(d). It can be observed from the tabulated values that the shift in the peak
wavelength is almost linear with the corresponding temperature. The average change in the peakwavelength of
the defectmode is 0.3698 nm/K. This indicates that the designed photonic crystal is sensitive to temperature
because the transmission channel can be tuned to the desiredwavelength in aDWDMsystemby heating it
appropriately on a temperaturemount.

The FWHMof the channel slightly increases towards the higher-wavelength region, as shown in table 2. The
average FWHMof the transmission channel in the telecommunication regionwas 0.4 nm. Today’sDWDM
system transmits 96 channels with 0.8 nm spacing. Consequently, this PC structure allows only a single channel
through it because the average FWHMof the channel is 0.4 nm.With this designed PC structure, we have the
flexibility to add or drop anyDWDMchannel in the telecommunications region. This PC structure suppresses
optical noise and allows for signals. As a result, the optical signal-to-noise ratio (OSNR) is significantly
improved. Apart from the reduction in the signal-to-noise ratio, these structures can be integrated into optical
networks due to their lower thickness (∼ 6.685μm).

3.3. Temperature tunablemultichannelfilter
AMultichannel filter can be created by increasing the thickness of the defect layer introduced between two
quarter-wave stacks. Themultichannel photonic crystal structure can be expressed as PQ D PQ .7 7( ) ( )/ / Here, D
is a defect layermade of siliconwith a thickness of 273 nm, P-layermade of siliconwith a thickness of 273 nm,
andQ-layermade of lithiumniobate with a thickness of 185 nm. Some of the observed peakwavelengths of the
defectmodes at T= 30° are 1302.84 nm, 1324.53 nm, 1347.91 nm, 1372.60 nm, 1398.48 nm, 1425.52 nm,
1483.13 nm, 1513.82 nm, 1545.82 nm, 1579.23 nm, 1614.11 nm, 1650.54 nm, 1688.60 nm, 1728.36 nm, 1728.36
nm, 1769.91 nm,1813.25 nm,1858.31 nm, 1904.69 nm, and 1951.13 nm.

The proposed photonic crystal (PC) structure introducesmultiple defectmodes into the PBG as shown in
figure 4. The transmission spectra of the PCwithmultiple defectmodes at different temperatures are shown in
figure 4(a),figure 4(b) and their zoomed versions figures 4(c) and (d). This structure provides 20 defectmodes,
whose transmission peakwavelengths are given in table 3 atT 30 C.=  Thismeans that the incident broadband
wavelengths from1290 nm to 1960 nmare incident on the proposed structure atT 30 C,=  then it will allow
only 20wavelengths listed in table 3 and the remainingwavelengths reflect from the PC structure. The entire
transmission spectrum shifted towards a higherwavelength regionwith an increase in the temperature of the PC
structure. As shown infigure 4, the defectmodes shifted towards longerwavelengths as a function of the PC
structure temperature.

This temperature-tunablemultichannel filter provides flexibility to add or drop a certain number of
channels simultaneously. By chirping the defectmodes, we could tune this filter to set the desiredwavelengths by
increasing the temperature of the PC structure. The shifts in the peakwavelengths of the transmission channels
with respect to the increase in temperature in the photonic bandgap created by the PC structure in the
telecommunication region are listed in table 3. The average shift in the peakwavelength of the transmission
channel is 0.517 nm/K for the proposed PC structure.

In optical communication to add/drop any channel wavelength, we employ fiber Bragg grating in
combinationwith a circulator. Butfiber Bragg grating has the limitation that it can add/drop only a single
channel simultaneously. Sowe need to usemore fiber Bragg gratings and circulators to add/dropmore than one
channel wavelength. But the photonic bandgapmultichannel filter givesflexibility depending on the needed

Table 2.The shift in central wavelength of the defectmodewith respect to
temperature variation.

S.No Temperature

Peakwave-

length (nm)
FWHM

(nm)

Peak

shift

(nm)

1. 30 C 1515.2 0.29 0

2. 50 C 1522.06 0.3 6.86

3. 70 C 1529.09 0.32 7.03

4. 90 C 1536.27 0.34 7.18

5. 110 C 1543.59 0.36 7.32

6. 130 C 1551.03 0.38 7.44

7. 150 C 1558.59 0.41 7.56

8. 170 C 1566.23 0.43 7.64

9. 190 C 1573.96 0.5 7.73

10. 210 C 1581.76 0.52 7.8
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number of channels to add/drop at the nodes of the optical communication network, we can design and employ
it according to the need basis. This way, a singlemultichannel photonic bandgap filter can replace the use of
multiplefiber Bragg gratings in the network.

Temperature tunable filters are useful only when there is no availability of amultichannel filter that works in
a certain band ofwavelengths to add/drop the signal, and thenwe can tune this availablemultichannel filter to a
required band ofwavelengths by using temperaturemount. But thesemultichannel temperature-tuneable
photonic bandgap filters are not useful in dynamic operation as the required rate of switching speeds in optical
communication is very high in comparedwith the rate of temperature tunability of the filter.We have studied in
our simulation the temperature tunability of single/multichannel filters up to high temperatures of nearly 210
°C to use as a temperature sensor. Temperature tunable single channelfilters can be used as temperature sensors
tomonitor the temperature of rockets in space science, boilers in industries, and temperaturemonitoring in a
hazardous environment like coalmines etc Experimental validations of the proposedmulti-channel filters for
real time applications is in progress.

Figure 4. (a)Transmission spectrumofmultichannelfilter with 20 defectmodeswithin the photonic band gap region ranging from
1290 nm to 1960 nm. (b)Transmission spectrumof temperature tunablemultichannel filter within photonic band gap region atfive
different set of temperatures T 30 C, 40 C, 50 C.60 C, 70 C and 80 C.o o o o o o= (c)Zoomed version offigure (b) in thewavelength
region ranging from1400 nm to 1600 nm. (d)Zoomed version offigure (b) in thewavelength region from1600 nm to 1900 nm.

Table 3.The shift in peakwavelengths (in nm) of transmission channels with respect to increase in temperature.

S.no. T 30 C=  T 40 C=  T 50 C=  T 60 C=  T 70 C=  T 80 C= 

1. 1513.82 1518.99 1524.03 1528.77 1533.81 1539.14

2. 1545.82 1551.00 1556.04 1561.08 1566.41 1571.75

3. 1579.2 1584.49 1589.53 1594.87 1600.20 1605.54
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3.4.Multichannelfilter forUDWDMsystem
Multichannel filters with different channel spacings are essential for coarsewavelength divisionmultiplexing
(CWDM) andDWDM

AndUDWDMcan be designed using one-dimensional photonic crystal structures. The International
TelecommunicationUnit (ITU-T) standardized the separation between channels to avoid inter-channel
interference. The channel separation between the 16 channels in theCWDMsystemwas 20 nm in the region of
1271 nm t0 1611 nm.

After the invention of the erbium-doped fiber amplifier, theDWDMsystemwas developedwith 40 channels
with 100GHz inter-channel spacing of 100GHz, or 80 channels with 50GHz inter-channel spacing in the region
of 1525 nm to 1565 nm. In theUDWDMsystem128 channels are used for communicationwith 12.5GHz inter-
channel spacing, or newly developedUDWDMsystems use 256 channels with 6.25GHz inter-channel spacing.
The required number of channels and interchannel spacing can be achieved by increasing the thickness of the
defect layer of the proposed PC structure PQ D PQ5 5( ) ( )/ / as shown infigure 1. In this simulation, we used silica
with refractive index n1= 1.45with thickness a = 269 nmas a one-quarter wave layer (P-layer), and lithium
niobate with refractive index n2= 2.25with thickness b = 182 nmas another quarter-wave layer (Q-layer). For
the defect layer in our simulation, we chose silicamaterial withN times the thickness of the silica quarter wave
layer.We simulated themultichannel filter as a function of the thickness of the defect layer. It was observed that
the number of defectmodes increasedwith an increase in the thickness of the defect layer. The increase in the
number of defectmodeswithin the photonic bandgap region ranging from1290 to 1960 nm for the proposed
PC structure is clearly visible in the followingfigure 5.

Figure 5(a) consists of 20 transmission channel in the photonic band gap (PBG) regionwith full width at half
maxima (FWHM) of channel is 0.13nmat centralwavelength 1557.57nmandchannel spacing is 33.02 nm.
Figure 5(b) consists of 40 transmission channels in thePBG regionwith FWHMof channel is 0.06 nmat central
wavelength 1549.7 nmandchannel spacing is 16.83 nm. Figure 5(c) consists of 60 transmission channels in the
PBGregionwithFWHMof channel is 0.04 nmat central wavelength 1547.02 nmand channel spacing is 11.43nm.

Figure 5.Transmission spectrumof a two quarter wave stacks separated by defect layer of thickness (a)D= 26.9μm, (b)D= 53.8μm,
(c)D= 80.7μmand (d)D= 107.6μmrespectively.
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Figure 5(d) consists of 80 transmission channels in thePBG regionwith FWHMof the channel is 0.04nmat central
wavelength 1545.67 nmand channel spacing is 8.57 nm.The variations of FWHMofdefectmodes and spacing
between channelswith respect to thickness of defect layer arementioned in table 4.

The simulatedmultichannel filter willfind its potential application in improving the optical signal-to-noise
ratio (OSNR). As thisfilter has a potential to completely eliminate the optical noise like amplified spontaneous
emission (ASE)noise which is introduced in the process of optical amplification. There is a significant
improvement in the designed device (multichannel filter)when comparedwith previous designs whose are
mention in the introductory part of the researchmanuscript, which ismore suitable forUDWDMapplications.
Thismultichannel filter supports 600 channels between 1500 nm to 1600 nm,which ismore than sufficient for
required channels in telecommunication.

The proposedmulti-channel filter, filter accounts for 3dB power loss at both ends. Themultiplexed signal
beams after getting amplified by EDFA,will emerge from thefiber out and need to be focussed by amicroscopic
objective lens before falling on thismultilayer filter. Again, at the other end of themultilayer filter, the
transmitted beam is focussed by amicroscopic objective lens to launch the ASE noise-filtered light into the
signal-carrying fiber. These two steps together amount to a total intensity loss of 6 dB but the noise will be
completely eliminated from themultiplexed signal because these transmittance channels have been created in
the photonic bandgap region. This photonic bandgap strongly rejects any kind ofwaves that falls in that region.
In this way, thismultichannel filter improves the signal-to-noise ratio significantly. Two important aspects of
telecommunication are (a) Improving the signal-to-noise ratio by suppressing the noise using filters, and (b)
Reducing the transmission losses of signal power. Upon employing thismultichannel photonic bandgap filter
after the EDFA, it effectively reduces the amplified spontaneous emission noise (ASE). The amplified
spontaneous emission noise (ASE)which inherently released by EDFA. If it is not removed from themultiplexed
signals, then it will be amplified because of cascading effect of optical amplification in the optical network, which
results in aworsening of the signal-to-noise ratio. This designedmultichannel photonic bandgap filter in our
simulation ismore effective in the elimination of ASE noise fromEDFA aswell as other noises which are
generatedwhile signal transmission through a communication network. To reduce the coupling losses of the
signal power due to this filter, there is a possibility that we can inscribe this photonic crystal structure in the core
of the fiber as like a Fiber Bragg grating and splicing the one end to EDFA and another end to communication
fiber, which reduces power loss due to coupling dramatically. The aimof our simulationwork is to create a
multichannel photonic bandgap filter in the telecommunication regionwhich is not there in previousworks.

4. Conclusion

Temperature-tunable single-channel andmultichannel filters were simulated. The sensitivity of the temperature
tunable single channel photonic crystal filter is 0.37 nm/1 C around 1551 nmwhich gives the flexibility to add
/drop closely spaced channels in theUDWDMsystem. Amulti-channel filter with a 1Dphotonic crystal
(FWHM= 0.7 pm and channel spacing (0.18 nm)were designed to suppress the amplified spontaneous
emission (ASE)noise, which emanates from an inline erbium-doped fiber amplifier (EDFA). The simplicity of
the proposedmultichannel photonic bandgap crystal design allows easy fabrication and integration onto a
photonic chip because of itsminimal thickness. The special features of themultichannel filtersmade them
flexible for use in telecommunication to improve the optical signal-to-noise ratio in theUDWDMsystem.

Table 4.The variation of FWHMof defectmodes and spacing between channels with respect to thickness of defect layer.

S.no

Number of unit

cells (n)
Number of defect

layers (N)
Number of

modes

FWHM

(nm)
Spacing between

channels (nm)
Wavelengths in (∼nm) in

the Infra red region

1. 10 100 20 0.13 33.02 1557.57

2. 10 200 40 0.06 16.83 1549.7

3. 10 300 60 0.04 11.43 1547.02

4. 10 400 80 0.04 8.57 1545.67

5. 10 1000 200 0.01 3.34 1550.10

6. 10 2000 400 0.006 1.72 1551.01

7. 10 3000 600 0.005 1.16 1550.16

8. 10 4000 800 0.0035 0.86 1549.74

9. 10 5000 1000 0.0027 0.7 1550.18

10. 10 10000 2000 0.0014 0.59 1550.01

11. 10 15000 3000 0.0009 0.23 1549.96

12. 10 20000 4000 0.0007 0.18 1550.11
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