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Design Thin Film Narrow Band-pass Filters
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1. INTRODUCTION

Thin film multi-cavity narrow band-pass filters amédely used in wavelength division multiplexing
(WDM) applications in fiber optic communication sss. These filters must have sharp cut-on andogtit-
on either side of the passband and practically #amsmittance outside the bandpass, over the eagti
range of the applications. Wavelength division ipldixing (WDM) is an integral component of fibertap
communication systems and enables several chawofiglsformation to be encoded on light signals of
different wavelengths and transmitted simultangoaskr the same optical fiber, to separated andakst at
the receiving end [1]. The Fabery Perot multicavigrrow band-pass interference filter is still tinest
weidly used device for multiplexing and demultigtex of the different wavelengths transmitted ovee t
optical fiber [2- 4]. The narrow band-pass filteraist have very steep cut-on and cut-off transmitan
characteristics as well as very low transmittaricevaelengths other than the transmission wavekertgt
avoid crosstalk between the different channels. Bence WDM (DWDM) applications, the separation
between neighboring wavelength channels is less Than and so the width of the passband of an iddali
filter must be less than 0.5nm, which makes theidabion of these ultra-narrowband filters an extedy
challenging and difficult task. But for coarse WDWWDM) the adjacent wavelength channels are
separated by 20nm or more and so the width otex filandpass can be 12-20nm, making the fabricafion
these filters are more feasible task. The desighnigues for the multilayer stacks used in theifabion of
narrowband filters for WDM applications are desedlextensively by Thelen [5] and Baumeister [6]eJdn
thin film filters are fabricated by plasma and iassisted electron beam evaporation [7], by reactive
magnetron sputtering (e.g. the microplasma metdddr by plasma impulse chemical vapour deposition
[9]. These are several manufacturers of thin filamdb-pass filter for WDM (CWDM as well as DWDM).
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Method" to describe the step of research and usdle chapter "Results and Discussion” to suppa
analysis of the results [2If the manuscript was written really have higlgovality, which proposed new
method or algorithm, the additional chapter aftee f'Introduction” chapter and before the "Rese
Method" chapter can be added to explain brithe theory and/athe proposed meth/algorithm [4].

2. THEORY

The basic design of narrow bepass filter is constructed on the FePerot multi-cavity
interferometer. Their basic structure is a mulglagtack of alternately high index and low indeix thim,
most of which are onquarterwave thick at the desiwavelength, deposited on an opthalmic glass are
substrate [10]. The technology of DWDM is one o timost recent and important technique in
development of fiber optic communication technologythe following section we briefly describe thtaces
of fiber optic technology and the place of DWDM the development. The reality of fiber op
communication had been proven in the nineteenttucgnbut the technology began to advance rapidl
the late of the twentieth century. After the probity of transmitting light in fiber had been estabéd, it
was known that light has an informat-carrying capacity of 10,000 times greater than highest radic
frequencies. Besides, the additional advantagdiberf optic communication over copper e include the
ability to carry signals over long distances, lomoe rates, immunity to electrical interferencegusdty, and
light weight. Multiplexing and demultiplexing furiohs both employ narrow bandpass filters, cascaohe
combined in other way® achieve the desired result. Particular techrighat have been used includ
prisms, diffraction gratings, fiber Bragg Gratiragrayed waveguide gratings (AWG) or t-film filters. A
simple multiplexer or demultiplexer can be done bsing a prist. Figure (1) demonstrates t
demultiplexing case. A parallel beam of polychraméight impinges on a prism surface; each compb
wavelength is refracted differently. This is thaittbow" effect. In the output light, each waveldngg
separated frorthe next by an angle. A lens then focuses eachlesmgth to the point where it needs to el
a fiber [11].

Lens

T

Prism

Fig. (1) Prism type of Demultiplexer [12].

Another technology is based on the principles dfratition and of optical interference. Wher
polychromatic light source impinges on a diffrantigrating (see Figure 2), each wavelength is diférd at ¢
different angle and therefore to a different pomspace. Using a lens, these wavelengths can desédd
onto Individual fibers.

A different technology uses interference filters devices called th-film filtersor multilayer
interference filters. Thirfilm filters consist of a number of alternatelayefgransparent dielectric mirials
of high and low refractive indices deposited sedjaim on an optical substrate. The stack of thim$ can
be made using one of the coating technologies, siscplasm-assisted deposition, ion beam sputte
deposition, and ion assisted dergion (IAD). Thin-ilm filters exhibit a very low temperature coeféot,
long stability, and small losses of chromatic dispm and polarizatic-related dispersion. In DWDI!
system, a thiddm filter would only transmit the wavelength did optical chanel which was designed fi
the filter and would reflect all others in the DWD8ignal. Figure (3) shows a tl-film filter type of
demultiplexer in diagrammatic form. The detail peajes will be described in the follow chapter
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Fig. (3) Thin-film filter type of Demultiplexer [1]2

Of these designs, the AWG and thin-film filters geening prominence. Their big advantage is that
they can be designed to perform multiplexing anchaléplexing operations simultaneously. AWGs are
polarization-dependent, and they exhibit a flatctiad response and low insertion loss. Thin-filrtefis
exhibit a very low temperature coefficient, longlstity, good isolation between channels, and stoakes
of chromatic dispersion and polarization-relatespdrsion. Besides, the cost of a multiplexer/depiakers
based on the thin-film filters technology is mudteaper than the AWG technology [13].

3. RESULTSAND DISCUSSION
In the present work, these theoretical designs baea suggested and their profiles have been fully

studied for the visible region and near IR regising open filter software [14]. The technology AMDM is

one of the most recent and important techniquéaérdevelopment of fiber optic communication tecbggl

The band-pass filter used for detecting light ee¢hand four wavelengths' 620,700 and 805 als®835,60
and 885nm as in design below. Between these wagthierthe filter is allowed to transmit nearly Odlia
figure (1) and nearly zero as in figure (2). THeefiis to be coated on Fused Silica having ind&61The
filter operates at normal incidence. The most commswucture for narrow band-pass filters (multiitav
band-pass filters ) is an all-dielectric filter sisting of a quarter-wave optical thick layers foe mirrors
and half-wave optical thick, or multiple half-wawetical thick layers for the spacers. So that therofilter
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program can be used to design this filter, we u€®2Tand SiO2 as the tow coating materials. Therkaye
structures of narrow band pass filter for tow desigan be see below. The characteristics trangmissi.
wavelength clearly seen from figure (1) and (2) ckhséhows the center to center spacing of the clhaime
wavelength units. As you can see, the dencer spatiows many more channels. The figure (2) alsoash
that these filters must have an extremely narromdiédth compared with figure (1).

Table.1layer structure of multi-cavity narrow band pasfi

No materials  Thicknesses (nm)

1 TiO2 75.130
2 Sio2 126.590
3 TiO2 78.970
4 Si02 128.100
5 TiO2 79.510
6 Si02 200.030
7 TiO2 113.530
8 Si02 153.010
9 TiO2 43.450
10 Sio2 20.850
11 TiO2 84.080
12 Sio2 140.530
13 TiO2 19.370
14 Sio2 59.240
15 TiO2 84.740
16 Sio2 194.550
17 TiO2 122.320
18 Sio2 128.320
19 TiO2 79.150
20 Sio2 127.490
21 TiO2 77.770
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Fig. (4) Transmission vs. wavelength tor desigmoarbandpass filter with four multi-cavity

Table.2layers structure of multi-cavity narrow band pakerf
No materials Thicknesses (nm)

1 TiO2 76.987
2 Sio2 118.632
3 TiO2 76.987
4 Sio2 118.632
5 TiO2 76.987
6 Sio2 118.632
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7  TiO2 76.987
8 Sio2 118.632
9 TiO2 76.987
10 Si02 118.632
11 Tio2 76.987
12 Si02 593.158
13 TiO2 76.987
14 Sio2 118.632
15 TiO2 153.975
16 SiO2 118.632
17 TiO2 76.987
18 Sio2 118.632
19 TiO2 76.987
20 SiO2 118.632
21 TiO2 76.987
22 Sio2 118.632
23 TiO2 76.987
24  SiO2 118.632
25 TiO2 76.987
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Fig. (5) Transmission vs. wavelength for designoarbandpass filter with multi-cavity

4. CONCLUSION

This type of band-pass coating is used in telecomications industry to control the transmission of
multiple laser lines (i.e., channels) through fidq#ic cables. The spacing between laser wavelengths
denser, allowing the fiber to transmit more infotima. A popular component for adding a channel
(multiplexing) or removing it (demultiplexing), & thin-film narrowband filter that transmits oneaanel
and reflects all others. The production of sucterfd in sufficient volume is the most demanding tager
undertaken by the optical thin-film industry. Theadjof this talk is to give an overview of how a DM
system works, where optical thin film filters fit,iand what it takes to make them.Clearly see fdesign
(2) the bandwidth is narrow compare with designtiilg is because using optimization. There are nudhgr
applications of multi-cavity filters such as spattradiometry, medical diagnostics, chemical ariglys
colorimetry, environmental monitoring, security ®ms, avionics, space-based laser communication
systems, space and ground base telescopes, angl othe
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