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Abstract:

In this paper, it is demonstrated by means of simulations, the practical
feasibility of a transmission filter implemented from a stack of high and low index
birefringent thin films. Simulations were carried out with a software toolbox package
implemented as Matlab™ m-files.

The following materials were used ( ZnSe, GaAs, BaF2) as coating materials
and KB7 glass as substrate material .In this paper it can be study the designing of
transmission filter with two ,three or four Fabry- Perot resonators (FPRs) structure
.The difference between each one of them show how the number of multi-stack layer
belonging to each FPRs affect on the spectral properties of transmission filter and
effect on the choosing of coating material on the properties of transmission filter .

Results show that transmission filter of multi- FPRs results in narrowing the
transmittance band and making it somewhat flatter at its top from the single one. But
if it has multi- FPRs structure with equal length , the band becomes flatter than that
of transmission filter with single FPR structure but exhibits some ripples.

The difference between the values of refractive index of multi layer stack has
great influence on the transmittance value, the spectral properties and number of
peaks in the transmittance spectrum of the transmission filter as shown in the
simulated figures.

Keywords: optical transmission filter, antireflection coating, Fabry- Perot resonator
(FPR).

Juuail da glicpal FPR J) Badaia A iy B3I &y juay dadi o Jalad g asandl
A58 dn ga ) shY Alald Sl pY) Basatia

cAadAl

Aiaal) 553085 Ay juay il yal Aplead) (5 saall 2i5 alSlaall A (pe oy and) 138 3
A 3 gl e de siaall doasdidl s Al LuSEY) Jelaad) Culd A8 1 Aie V) e e e
s
Cwxdiul 85 Matlab gl Slile (paca 338 dyaa jall < 53V Ao sanay 3lSLall Cuy i
) 33 KBT7 zla 5 ¢3 3158 (ZNSe, GaAs, BaF2) asewaill 8 4 3 5l

1197
https://doi.org/10.30684/etj.32.5A.10
2412-0758/University of Technology-Iraq, Baghdad, Irag
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.32.5A.10
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0001-8151-8861
https://orcid.org/0000-0001-8151-8861�

. & Tech. Journal ,Vol.32, Part (A), No.5, 2014 Design and Analysis of Transmission Optical
Filter with Multi- FPR Structure for Dense

Wavelength Division Multiplexing

(DWDM) Communication System

b AENE ) e oSl Syl ekl BS@@HMJAM%»\JAMM\b&Q
Cliall axe G i 5 agie als IS Gw Gl ¢ (FPRS) S s né (b (e dn )l
sl o3l o e Ll 5 B il yall Rglal) Gailadl) e i ol e JSI sailall 4
ol ey pailiad Lo

Loas ) Aaia Lelan 5 438000 (3Lt pals 580 41 FPRS 23xie JHL sl jall o) geilial) elas
Nixd ¢ (5 glaiall Jshall 13 FPRS a3aie 4ty i) e yall S 13) 5 gala¥) i el (he i
s gal) mmy gim ya (815 (saaY) e yall Aail el (ya Unbuasi) SS) da ) ot ey
Al dad e S 5l ) i) sanetie da o 8 S Jalre 2 G (3l () yeda
ASlaall JISE) 5 meam g0 LS 5 (5 ywanl) e pall 4306l Ciplay aedl) 2e 5 dipdall ailiadll

INTRODUCTION:
igher-order transfer function (HOTF) which represents the relation between
the input and output of alinear time-invariant system with zero initial
conditions and zero-point equilibrium.[1] For optical imaging devices, as
example, it is the Fourier transform of the point spread function or the intensity
distribution caused by a point object in the field of view.[2]
HOTF can be used to achieve the broader reflection less notches and in the design of
thin-film antireflection coatings, dielectric mirrors, and optical interference filters[3,
4, 5, 6], and in the design of broadband terminations of transmission lines. They are
also used in the analysis, synthesis, and simulation of fiber Bragg gratings[7, 8, 9], in
the design of narrow-band transmission filters for wavelength-division multiplexing
(WDM), and in other fiber-optic signal processing systems[10]. In this paper, we
proposed the mathematical modeling of multi-FPR structure .
The main interest in dielectric mirrors is that they have extremely low losses at
optical and infrared frequencies, as compared to ordinary metallic mirrors, which can
be useful for widely optical device applications.

Theory :

A dielectric mirror (a Bragg reflector) consists of high and low refractive indices,
as shown in Fig. (1.A,B)
The optical thicknesses are typically chosen to be quarter-wavelength long, that is,
Nuly = nil. = A/4 at some operating wavelength A. The standard arrangement is to
have an odd number of layers, with the high index layer being the first and last layer.
Fig.(1.A) shows the case of nine layers. If the number of layers is M = 2N +1, the
number of interfaces will be 2N +2 and the number of media 2N +3. After the first
layer, we may view the structure as the repetition of N identical bilayers of low and
high indices. The elementary reflection coefficients having the alternative sign as
shown in Fig. (1,A) and are given by[11]

—mHTRL__ PLTRH — MaThL — PH "p

P = min’ P mgemy 0 PUT nim 2 P2 npin, ..(1)
where ny, ni, n,, and ny are refractive indices for high, low, air and substrate layers,
respectively. The substrate n, can be arbitrary, even the same as the incident medium
n,. In that case, p, = -p1. The reflectivity properties of the structure can be understood

by propagating the impedances from bilayer to bilayer. In general case of multi-layer
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dielectric slab structure as shown of Figure. (1-B) that’s similar to Figure (1-A )but it
is more general:[12]

The elementary reflection coefficients p; from the left of each interface are defined in
terms of the characteristic impedances or refractive indices as follows:[12]

p, = ifima Rt B o193 M+1
Nty B, tny

Where ni=no/n;, and the convention no,=n, must be used and n..;=ny, so that
pi=(nm-np)/(nm-np) and 1/ny=n..

Therefore the impedance of each boundary is a function of the charecteristics
impedance of each low and high layer , so the refractive index of each one is givenas
shown below : [12]

Z,= AL _NL Zs= ( :_I:)Z Z4= ( :—:)4 Z6=(:—I: )6 28:( :—I:)S M e (2)

Therefore, after each bilayer, the impedance decreases by a factor of (n./ny)% After
N bilayers, we will have

Zo=( I;_: YN M.

Iz
Using 21=Z—H ,the reflection response at A is given by [13]
z

1_(11_&}“"“_&

_Zymmg np ./ Oy

Fl z:l.+ 8 — - " .:"z ....(3)
2T Mg 1+(E_E) n_blia

Figure (1-A): Nine-layer dielectric mirror[11]
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Figure (1-B):Multilayer dielectric slab structure .[12]

It follows that for large N, I'; will tend to —1, that is, 100 % reflection. For nine
layers,2N +1=9,0or N=4,and ny (ZnS=2.32) ,n (MgF,)=1.38,andna=nb =1,
we find: |T';* = 98.84%.[14]

By using the layer recursions, the bandwidth around A, for which the structure
exhibits high reflectivity can be determined. Because the bilayers are identical, the
forward/backward fields at the left of one bilayer are related to those at the left of the
next one by a transition matrix F, which is the product of two propagation matrices of
the type of Eq. (2).[11]

The repeated application of the matrix F takes us to the right-most layer.

For example, in Fig.(1-A) we have[12]

£2 FFleac | 72 pe |72 e 7 o
EE—]_F[Eﬂr-_F E6_ —F Es_ =F g0 | e 4)

where F is the matrix [12]
i lLki g ikl gilLk] g —JiLki
F—t L e F’_.,,{,JLL.,,{, P_.,,{,J ..... 5)
1+p gJd FLEL g JELEL | 1-p gJ FLEL g JELEL

Where k; is the propagation wave number in the low index medium [15]
defining the phase thicknesses 6y = kyly and 6, = kI, , and multiplying the matrix
factors out we obtain the expression for F by [12]

1 gl (BETEL) _pze_;l'l:éH—é'L} —EjpE_JEHSiTlﬁL
T 1-p? 2jpe T8Hsing, e~ (BH+EL) _ 2p—i(BH—51)

The solutions for the left and right band edges and the bandwidth in A are given by an
additional transitional matrix F, , we can get to the left interface -1 and additional
matrix F, ,we can pass to the right of the last interface layer [14]
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Where F;and F,are given by

glluky g~ JlHkH .
24 N S
t: |pellHkH  —ilHkH 2 gz 1

Where t,=1+p; , T,=1+p, in which p; , p, were defined in Eq (1). More generally ,
for 2N+1 layers , or N bilayers , we have

E2+ _ N|:E2;".r+2;+]
E:—] =F !

Ei-l- L N EZ;"."-I-E_.-I-
El_]—FleF [ ; ] .(8)

Ean+z-
Thus , the properties of the multilayer structure are essentially determined by the N
power , FN of the bilayer transition matrix F. In turn, the behavior of F" is determine
by the eigenvalue structure of F.
The eigenvalues A, can be both either real or complex value with a unit magnitude .
we can represent them in the equivalent form as [14]
A=e =M
where | is the length of each bi- layer, I=I_+l,. the quantity K is referred to as the
Bloch wave — number . if the eigen value A. are unit magnitude complex values , then
K is real . if the eigen values are real values , then K is pure imaginary , say K = -ja.,
so that A, = e =g*!,
The Eigen values are determined from the characteristic polynomial of F, given by
the following expression which is valid from any 2x2 matrix as :[14]

det (F-A)=A2 -(trF) A +det F
where | is the 2x2 identity matrix and trF is the transfers of matrix F . the solution for
the left and right band edges and the bandwidth in A are given by :[14]

minplL+ny iy minLlL Ry gy
A=t . = ELTEEY) Ad =, (9)

arc cog(—g) arc cog i g)
Similarly, the left/right band edges in frequency are f; = ¢/ A, and f, = ¢/ A, as given
by [14]

arc cozs(g) _ arc cos [(—g)
mwinglp+nyly Jarc cos (g) ' fz_CD winylp+nyly larc cos(—g) (10)
Noting that from the relationships among the inverse trigonometric functions :[16]
arc cos (-x)= m - arccos (x)
and arc cos(x)=§ - arcsin(x) then arccos(-x) = — (E - arcsin(x))

f1: Cg

therefore arccos (-2 ) =§ +arcsin(p) and arccos(p) = m/2 — asin(p), then the frequency
bandwidth can be written in the equivalent forms as[16]

arccos,—p)—acos 2arcein (—
Af =frfi=c placos(p)_ 2 2) (12)
2= 1 o . o 7 .
minLlLdng iy minLIL+Rg I

1201



. & Tech. Journal ,Vol.32, Part (A), No.5, 2014 Design and Analysis of Transmission Optical
Filter with Multi- FPR Structure for Dense

Wavelength Division Multiplexing

(DWDM) Communication System

Relative to some desired wavelength A= c/f, the normalized bandwidths in
wavelength and frequency are given by [17]

A1 minplping g 1 1

.1_:. - Ap arccos(g) arccosi—g (12)
af_ ZApasin (g) (13)
fo minglptng i)
Similarly, the center of the reflecting band fc = (f1 + f2)/2 is given by[11]

o Trem— ...(14)

fo 2inplptng iy,

If the layers have equal quarter-wave optical lengths at A, that is, nyly = ni . = A0/4,
then, fc = fO and the matrix F takes the simplified form as[16]

1 e?® —p?  —2jpe~i%sing

= ...(15)

—2jpeifsing e"UE - p2
Where 6= 8= 6, =2n(nyln)/A=( 7/2) Ag/A=( n/2)f/fy. Then. Eqgs .(12) and (13) are
simplified into the form as [14]

.ﬂ_.ll = 1 1 Af _ 2asin(p)

...(16)

An T2 acos(g) acos(—g) ' fp T

A quarter-wave phase-shifted multilayer structure is obtained by doubling (HL)"to
(HLYHL)Y and then inserting a quarter-wave layer L between the two
groups,resulting in (HL)ML(HL)Y. We are going to refer to such a structure as a
Fabry-Perot resonator (FPR).

A FPR behaves like a single L-layer (layer with low index material) at the design
wavelength A¢. Indeed, noting that at A, the combinations LL and HH( two layer of
high index material) are half-wave or absentee layers and can be deleted resulting in
the successive reductions . [11]

HOMLHLY - HUNPHLLHLHLYY - HL)NYHHLHL)MY -
(HL)NDL(HL)ND

Thus, the number of the HL layers can be successively reduced, eventually resulting
in the equivalent layer L (at A¢):[11]

(HL)"LHLN — HL)NPLHLN Y - HLO)NLHL)N? - - - - > L

Adding another L-layer on the right, the structure (HL)L(HL)L will act as 2L.This
structure operate as a half-wave absentee layer at Ao [18],If such a structure is
sandwiched between the same substrate material, say glass, then it will act as an
absentee layer, and it will open up a narrow transmission window at A, in the middle
of its reflecting band. [19]

If the quarter-wave layers L are not present, the structures G|(HL)“(HL)"|G and
G|(HL)MG act as mirrors, but with the quarter-wave layers , the structure
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G|(HL)"L(HL)"L|G acts as a narrow transmission filter, with the transmission
bandwidth becoming narrower as N increases[20].

By repeating the FPR (HL)ML(HL)" several times and using possibly different
Lengths N, it is possible to design a very narrow transmission band centered at A,
having a flat pass band and very sharp edges .Such filter designs have been used in
thin-film applications and in fiber Bragg gratings, for example , as demultiplexers for
WDM systems and for generating very narrow-bandwidth laser sources (typically at
Ao = 1550 nm) with distributed feedback Lasers. [21]

The varying transmission function of a FPR is induced by interference between the
multiple reflections of light between the two reflecting surfaces. Constructive
interference occurs if the transmitted beams are in phase, and this corresponds to a
high-transmission peak of the etalon. If the transmitted beams are out-of-phase,
destructive interference occurs and this corresponds to a transmission minimum.
Whether the multiply reflected beams are in phase or not depends on the wavelength
(M) of the light (in vacuum), the angle the light travels through the etalon (0), the
thickness of the etalon (¢) and the refractive index of the material between the
reflecting surfaces (n).[22]

The phase difference between each succeeding reflection is given by 6:[22]

5==" 2nlcos6 ..(17)

In which 2nlcosé is the optical path difference .If both surfaces have a reflectance

R, the transmittance function of the etalon is given by[22]

(1-R)*

® 1-R?-2Rcosé

1

Tees——7—~
¢ 1+Fsinz(%/3)

4R

Where F=-
(1-R)?

F is the coefficient of finesse.
The transmission of an etalon as function of wavelength is shown below in figure

(2)[21].
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Figure (2):The transmission of an etalon as a function of wavelength, etalon
(F=10) shows sharper peaks and lower transmission minima than etalon
(F=2).[21]
Maximum transmission (T.=1) occurs when the optical path length difference
(2nlcos & ) between each transmitted beam is an integer multiple of the wavelength.

In the absence of absorption, the reflectance of the etalon R, is the complement of the
transmittance, such that (T.+R¢)=1. The maximum reflectivity is given by:[22]

4R
eve- (20)

max
Wich occurs when the path-length difference is equal to half an odd multiple of the
wavelength.
The wavelength separation between adjacent transmission peaks is called the free
spectral range (FSR) of the etalon, AA, and is given by:[22]
Iz
M=—2=2 1)

_Entcosﬂ+in

where Ao is the central wavelength of the nearest transmission peak. The FSR is
related to the full-width half-maximum, A, of any one transmission band by a
quantity known as the finesse:

_ad _ i
F_é‘ﬂ " Zasin (1—F ) (22)

Etalons with high finesse show sharper transmission peaks with lower minimum
transmission coefficients.[22]

Some application of transmission filter :

Transmission filter designs have been used in thin-film applications and in fiber
Bragg gratings, for example, as demultiplexers for wave division multiplexer WDM
systems and for generating very narrow-bandwidth laser sources (typically at Ao =
1550 nm) with distributed feedback lasers. [23]
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Simulation and result of proposed filter:

The following simulations concern to optical birefringence filters with design
wavelength L,=1550 nm and the transmittance plotted over the range 1200 nm <X <
2000 nm.

The structure of the first filter can be represented as follows: G(HL)°L(HL)® LG
where the exponent numbers represents a layer repetition and G denoted as glass
substrate and H is the high refractive index substrate and L is the low refractive
index substrate .

In Figure (3) Transmission filter design with in case 1 single FPR filter structure and
double FPR filter structure in case 2. This figure illustrates the basic transmission
properties of FPR filters such as transmittance band AX that related to, the left totally
reflection band edge point A; at which transmittance begun has zero value ,and the
right totally reflection band edge point A, at which transmittance just leave zero value
.The second properties is the FSR ( free spectral range ) . Third is the band width
value that’s related to the full width of half maximum &x and finally is the finesse
quantity . The parameters chosen that might closely emulate the case of a fiber Bragg
grating for dense wavelength division multiplexer DWDM in present applications.
The refractive indices of the left and right substrates and the layers for all structure of
the design filter are:
n.(BK- glass) = n, = 1.52, n_ (BaF,) = 1.4693, and ny (ZnSe )= 2.5. The design
wavelength at which the layers are quarter wavelength is taken to be the standard
laser source Ao = 1550 nm that’s taken as normalizing value.

First, comparison between a transmission filter of single FPR structure, which is
represent by G(HL)ML(HL)™ LG with number of stack layers N1 = 6, and
transmission filter of double FPRs structure , which is represent by G|(HL)ML(HL)™
I(HL)™L(HL)™ |G with N1=6 and N2=6 in the two cases it can be observed the
difference between transmission filter of single FPR structure and double FPR
structure in transmittance value, FSR value and finesse value and number of fully
transmittance peaks as shown clearly in Figure (3) .

It can be observe from Figure (3) that the filter has a suppressed transmittance over
the entire reflecting band, where the FPR filter (case 2) has a narrow peak at A,=1550
nm with right and left band edge A1 = 1312nm and A2 = 1898 nm, the band width AA
equal to 586 nm.
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Figure (3) : Transmittance as a function of wavelength of transmission filter
(with two cases single FPR structure(N=6) and double FPR structure(N1=N2=6)

The location of the peak can be seen in three position and this is clearly the
behavior of optical filter that’s used in DWDM the first one is at 1308 nm and the
second one is at the design wavelength 1550 and the third one is at 1900 nm and all
of them have very narrow peaks with two spectral range value the first one is
AA,=230nm and the second one is AA,=310.15 nm, &\ =0.982 nm, and the finesse

value is =596.
The transmittance properties of the single FPR structure filter case (1) of figure
(3) is that A1 = 1315nm and A2 = 1882 nm, the band width of A\ is equal to 567 nm.

The location of the full transmittance wide peak can be seen in one position at the
design wavelength 1550 nm , with two spectral range value the first one is
AA,=235nm and the second one is AA,=332 nm, 6A =1.57 nm, and the finesse value

is =318.
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Figure (4): Transmittance as function of wavelength for transmission filter
with its spectral properties ( with two cases single FPR(N=6) and double FPR
(N1=8,N2=9)

In Figure (4) Transmission filter of Figure (3) has been simulated again with different
value for the number of stack layer for the double FPR structure (N1=8,N2=9) to
study the effect of it on the design filter
It can be observe from Figure (4) that the transmission filter of case 2 has three peaks
also at three position (1318nm,1550nm,1886nm) but only one of them at the design
wavelength  (1550nm ) has 100% transmittance value , and it has two spectral range
value the first one is AL;=232 nm and the second one is AA,=336 nm, dA =0.0991
nm ,with bandwidth value=568nm and the finesse value is =5721.
From the two simulation figures above, it can be seen that, there was difference in
the value of transmittance band and spectral range and also the position of peaks and
as a result of changing the value of N.
Transmission filters of Figure (4) simulated again with plotting scale from 1549 nm
to 1551 nm. Shown in Figure (5) to explain how the value of &\ calculated from
simulation figure and show how the behavior of the transmission filter changed as

number of FPR increased.
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Figure (5): transmittance property of the central peaks at the design
wavelength (1550nm) of Figure (4) with different plotting scale.

The resulting transmittance bands are extremely narrow, and became narrower as N
increased, Using two FPRs has the effect of narrowing the transmittance band and
making it somewhat flatter at its top without ripple and this case happened when
(N1=N2).

To see these bands in the context of the reflectance band transmittance (for N1 = N2
= 8) is plotted on Figure (6) over the range [1549, 1551] nm.
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Figure (6): Transmittance as a function of wavelength for central peaks at the
design wavelength (1550nm) of two different filter structure with equal stack
layer number
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Figure (7): Transmittance as a function of wavelength for transmission filter
(two cases of triple FPR structure with different value of stack layer number)
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In Figure (6) it can be see that there is two spectral range value for every simulated
transmission filter depending on the value of the band edge ,for the first case
(Ar1=230.4nm for which (A;=1319.5nm and A,=1549.9) and (AA,=317.91 nm for
which X;=1550.09nm and A,=1868nm) with bandwidth value AA=548.5nm, for the
second cases the two spectral range is (AA;=232.49nm for which (A;=1317.5nm and
12=1549.99nm) and AA,=321.49nm for which (A;=1550.01nm and A,=1871.5nm)
with bandwidth value AA=554nm, the simulated filter of Figure (7) has three
transmittance peaks at three wavelength position depending on its structure , for the
first case it is at(1319 nm,1550nm ,1868nm ) only one of them has a fully
transmittance that’s (1550 nm), for the second case it is at(1317.59 nm,1550nm
,1871.59nm ) peak at 1550 is only one of them has a fully transmittance.

In order to see the center peaks in clearly form and calculate the value of oA easily ,
the above simulation must be taken again in more suitable scale , as shown clearly in
Figure (8) below.

100 T T T
===-¢asel Triple FPR with (N1=8,N2=10,N2=N3)
——case2 triple FPR with (N1=N2=N3=10)

o= =
= =
T I

transmittance (%)
Y
|
|

=0.015 nmdd

.
=
T

s
=
T

20~

0 l L -
1549.95 1549.96 1549.97 1549.98 1549.99 1550 1550.01 1550.02 1550.03 1550.04 1550.05
wavelength (nm)

Figure (8): Transmittance as function of wavelength for two different filter
of triple FPR structure with different stack layer number
for the central peak at the design wave length (1550nm)

From Figure (8) it can be seen that the transmission band is now flatter but
exhibits some ripples. To get rid of the ripples, the length of the middle FPR must be
slightly increased.

It can be seen also that’s the value of 6A =.015 nm for the two Structure.
The fourth FPR filter structure was simulated with two cases for different value of
multi stack layer as shown in the Figure (9).
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The property of such filter can be obtain from such figure , from the first case the
filter has two spectral range band that is ( AA;=232.14nm for which (A;=1317.85nm
and A,=1549.99) and (Ai,=324.99 nm for which A;=1550.01nm and A,=1875nm)
with bandwidth value AA=557.15 nm, for the second cases the two spectral range is
(Ar1=231.99nm for which (A;=1318nm and 1,=1549.99nm) and AX,=329.49nm for
which (A;=1550.01nm and A,=1879.5nm) with bandwidth value AA=561.5nm, the
simulated filter of figure 7 has three transmittance peaks at three wavelength position
depending on its structure , for the first case it is at(1318 nm,1550nm ,1875nm )
peaks at 1550 is only one of 100% transmittance .

It cans be seen also that the peaks became wider than the previous simulated
filter ,and this is clearly shown if the scale of Figure (9) expand , as shown in Figure
(10).
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705 ot -
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N |
2 60 | |
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Figure (9): Transmittance as a function of wavelength for transmission filter
(two cases of fourth FPR structure with different value of stack layer number).

From Figure (10) it can seen that’s the value of A =.014 nm for the first case
and 3\ =0.016 nm for the second case , and the ripple of case two increased .
In order to study the effect of changing refractive index difference (An=ny-n.) of
stack layer on the spectral properties of the transmission filter, different design
material have been taken to simulate transmission filter with fourth FPR structure as
shown in Figure (11) in which the refractive indices is ny(GaAs) = 3.41917, and
n.(BaF;) = 1.4693 ,and n,=1.52 and n,=1.52 the design wavelength at which the
layers are quarter wavelength is taken to be 1550 nm for the band (1200-2200)nm.
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Figure (10) : transmittance as function of wavelength for two different filter of
fourth FPR structure with different stack layer number for the central peaks of

figure (7).
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Figure (11): Transmittance as a function of wavelength of a transmission filter
for two cases of four FPRs structure
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It can be observed from Figure (11) that the value of refractive index of the stack
layer of the FPR has great influence on the simulated filter behavior ,broadening the
bandwidth and spectral range value for both cases if compare with the cases of figure
(9) and made a peaks much wider than that of figure (9) and this notes is true for all
simulated filter designed previoslly.

The spectral range value of the first case is (AA;=341.999nm for (A,=1208 nm and
1>=1549.999nm) , AA,=613.999 for ((A;=1550.001 nm , A,=2164 nm )), AA=956nm ,
and for the second case is (AA;=231.999nm for (A,=1218 nm and A,=1549.999nm),
(AX2=577.999nm for (A,=1550.001nm and 1,=2128nm) , AA=910nm .

To evaluate the value of &4 the transmission filter of figure 11 must be simulated

again with different scale ,as shown in Figure (12) below, for the first case &4
=0.000054nm and for the second case &4=.000062nm

100

I I
===-case 1 Fourth FPR with (N1=10,N2=8,N1=N4,N2=N3)
L1 ——case 2 Fourth FPR with (N1=N2=N3=N4=10)
80
n =0.000062nm for case 2 &
- ~
Z 60 S e
g ~ -
1 ~ -
i) ~ PR
£ -
£ S0 —* ‘— -
E =0.000054nm for case 1 fFd
£a :
- - -
0- .
10
0 -—"" | |
1549,9999 1549,9999 1550 1550.0001 1550.0001

wavelength {nm)

Figure (12) transmittance as function of wavelength for two different filter of
fourth FPR structure with different stack layer number for the central peaks of
figure (11)

Simulation results and conclusion :

Simulated filters show that:

1- The equal length cases of the simulated filter exhibit ripples, but increasing the
length of the middle FPRs tends to eliminate them. The resulting transmittance band
is fairly flat and would be appropriate for dense wavelength division multiplexer
DWDM systems.

2- Number of antireflection layer (N) affect clearly on the result , and there is great
difference between figures of small and large value of N.

3-The refractive index difference (An =ny-n_ ) has great influence on the
transmittance value for single design wavelength , and the largest possible value for
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suitable type of material is required , for which wide wavelength bandwidth (A})
achieved and clearly single wavelength taken with very suitable value of &4 .

4-number of FPR is important point in the design of transmission filter , because its
activity on the spectral property of such filter.

5-Because the DWDM uses the same transmission window but with denser channel
spacing transmission filter must have many peaks with very small spacing between
them that will be effective for making filtering task.

6- Number of "FPR" used inside the structure of transmission filter is very important
point in design of it because it is affected directly on the spectral properties of the
filter and the number of peaks exist within its transmittance curve.

7- Material used for coating represents another challenge point so it must be chosen
carefully according to different specifications that control the design of transmission
filter.

8- the transmission filter design above can be used in thin-film applications and in
fiber Bragg gratings in optical communication system and for generating very
narrow-bandwidth laser sources (typically at Ao = 1550 nm) with distributed feedback
lasers.
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