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ABSTRACT

In the present work theoretically optimization design of wide and narrow
band pass filters have been suggested over the range (8.5-11.5)x 10° nm.) within
Microwave region to use in modern optical laser system. These design based on
guarterwave stack, for the numerical calculation, we used Sio, as the substrate,
Zinc oxide (Zno) and Silicon Si) as low and high refractive index respectively. For
the normal incidence at the wavelength design 10x 10° nm, the results shows that
the transmittance for the suggested design, (A/(HL)*HH(LH)“/Sio,), was (99.99
%). Also the number of order and the effect of incidence angle were investigated.
The results shows that the transmittance maximum value at Z=2 and the full
width at half maximum decreases in the normal incident .while when the angle of
incidence increase the transmittance of Electric polarization(TE) will decreases

and the transmittance of Magntic polarization(TM)

increase with shifting of

wavelength design toward shorter wavelengths of electromagnetic spectrum.

Introduction

A filter which possesses a region of
transmission bounded on either side by regions of
rejection is known as a bandpass filter. Band-pass
filters can be very roughly divided into broadband-
pass filters and narrowband-pass filters.

There is no definite boundary between the
two types and the description of one particular filter
usually depends on the application and the filters
with which it is being compared [1]. The most
complete information on the performance of a filter
is provided by spectral transmittance (T),
reflectance (R), absorbance (A), and optical density
[2]. By a careful choice of the exact composition,
thickness, and the number of coating layers, it is
possible to extend the reflectance and transmittance
of the coating to produce almost any desired
characteristic [3].
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Single cavity band pass filters have a
triangular shape with high transmission at the center
wavelength of the spacer. The bandwidth of the
filter is determined by the relative indices of the
materials, the material chosen for the spacer layer
and the number of layers, or periods, in the mirror
structures [4]. Multilayer coatings are necessary to
produce antireflection (AR) systems, several thin
film deposition techniques such as thermal oxide
growth, vacuum sputtering, can be used to produce
the multilayer stacks. Most of these methods allow
the production of high quality interference filters
but the production costs are relatively high [5].
Band pass filters (BPF) are key devices in
communication systems [6]. Band pass filters serve
a variety of functions incommunication, radar and
instrumentation subsystems. Of the available
techniques for the design of band pass filters, those
techniques based upon the low pass elements of a
prototype filter have yielded successful results in a
wide range of applications [3]. The aim of this
work is to Design and improvement high pass
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filters for microwave region suggestion designs
using computer program ( mat lab 7) .

2. THEORETICAL BASIS

Suppose that a plane electromagnetic wave
with wavevector k and electric field amplitude Ey is
incident on a plane surface separating isotropic
media with refractive indices n; and n,.At normal

incidence, the reflection and transmission
coefficients are given by[7,8]:
=2 (1)
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The reflectance given by:
R=rr"=|r| (2)
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The reflectance of an assembly of thin films is
calculated through the concept of optical
admittance we replace the multilayer by a single
surface which presents an
admittance Y, which is the ratio of the total
tangential magnetic and electric fields and is given

by:
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§,= 2nNdcosB/) andy,, = substrate admittance Where n, tlred aptical admiteencewhicl is given by:
Ny
0= i forp—waves n, = Nycosd fors—waves
" cosd :

is the optical admittance of free space ,N is
therefractive index. The order of multiplication is
important. If q is the layer next to the substrate then
the order is
B 1 i
[{]] = [I"'Ti][I"'T:]--'[I'“"Iq][T]m] (6)

M;Indicates the matrix associated with layer
1, as in the case of a single surface, must be real for
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reflectance and transmittance to have a valid
meaning. With that proviso, then [1]

BE-C E-CY" .o

-(E)iss) o
This concept is used to calculate the
reflectance of an assembly of thin films and the
transmittance and derived through the relationship
of (T=1-R), the expression for transmittance and
phase changes on reflection are given respectively

as follow [1]:

_ 4ngReing) .
=————0— (8
LngB+ClngBE+C)

3. RESULTS AND DISCUSSION

Figure (1) shows Transmittance as a function
of wavelength of normal incident for the suggestion
designs. This suggestion design Implemented on
MATLAB program, this program depends on
refractive index of materials (coating) and number
of layers, where H and L are materials with high
and low refractive index. For the numerical
calculation, , the coating consist from Sio, with
refractive index (n=1.45) as the substrate, we used
Silicon(Si) as the high refractive index (n=3.6) and
Zinc Oxide(Zno) as low refractive index (n=2).
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Figure(1) Transmittance as a function of wavelength for
suggestion designs
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Now we take the suggestion design

(A/(HL)*HH(LH)?*/Sio,) and change the number of layers
order (Z) to know the effect on the transmittance and
Bandwidth.

From figure 2 we find the transmittance Increase
when the number of layers Increase and the Bandwidth
decrease when the number of layers Increase.

The most common technology for performing
such a task uses optical interference filters [1]. Such
filters are obtained by optical coating technology,
i.e.deposition of a sequence of low and high refractive
index materials on top of a substrate. However, in order
to achieve complex functions with high efficiencies, it is
required to deposit several hundreds of layer resulting
in very thick stacks which are very sensitive to errors of
depositions [9].
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Figure(2) Transmittance as a function of wavelength at
Z=2,7=3,Z=4 At Normal Incident

Now we studying the effect of the change of the
incident angle on the Transmittance as a function of
wavelength, from figure 3 and we find when the incident
angle increases we can discrimination between a typical
polarization (magnetic polarization (TM) and electric
Polarization (TE)). When the incident angle increase the
magnetic polarization (TM) increases and the electric
Polarization (TE) decreases depending on the phase
thickness as equation ¢ & = 2mNdcos8/4 ) fom
figure we find also when the incident angle increases
bandwidth of TM polarization is wider than that at
normal incidence, and that of TE polarization is
narrower.
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Table (1) Suggestion designs of band pass filter for
incident angle (25°,35°,45°,55°)

%) “5 & "-C-‘ IS §
=3 % |[=NS % 2c s
= = L nl 36 2R
= | E Eg2E| 82| EF
@) > © < = oy X ©
[7p] zZ ; Ra =
Si .
sio2| 2 | 00| 10 96.63
Zno
Ssi . 1 988 | TE=9555
Zno | S102| 2 | 25°| 958 | Tv=97.44
Si | . 19776 | TE=94.26
zno | S102/| 2 | 35° | 9775 | T\m=98.36
Ssi | 1 9.656 | TE=91.96
Zno | S192/| 2 | 45° | 95548 | TM=99.36
si . 19536 | TE=8758
zno | S192/| 2 | 55° | 955 | Tm=99.99

4. CONCLUSION

Theoretically optimization design of wide and
narrow band pass filters have been suggested over the
range (8.5-11.5)x 10° nm.) within Microwave region to
use in modern optical laser system.By using optical
material Zinc oxide (Zno) and Silicon ( Si) as a low and
high refractive index respectively to coated Sio2 as a
substrate. The results shows that, the transmittance 99.99
% for the design A/(HL)*HH(LH)%Sio,) of angle
incidence effect on filter shows shift in reference
wavelength to toward the shorter wavelengths of
electromagnetic spectrum with an increase of incident
angle. Also ,when the incident angle increase the
transmittance of P- polarization increase with increase
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in the full width at half maximum while the
transmittance of S- polarization decrease with decrease
in the full width at half maximum.

REFRENCES

[1] H .A .Macleod, Thin-Film Optical Filters, THIRD
EDITION, Institute of Physics Publishing, (1986-
2001).

[2] M. Bass, "Handbook Of Optics," 2nd ed.,
vol.1,McGraw-Hill, (1995).

[3] R. D. Guenther," Modern Optics, " John Wiley and
Sons, Canada ,(1990).

[4] D. Morton, "DesignOf Multi-Band Square Band Pass
Filters" Society Of Vacuum Coaters505/856-7188
,Moorestown, NJ ,(2003).

[5] K. Koc, F. Z. Tepehan and G. G. Tepehan," Anti
Reflecting Coating From Ta205and Sio2Multilayer
Films", Journal Of Materials Science 40,pp1363 —

1366,(2005)

[6] A.Lipson, S.G.Lipson and H.Lipson," Optical
Physics- Fourth Edition",
Cambridge,UniversityPRESS,(2011)

[7] A.Lipson, S.G.Lipsonand H.Lipson,”Optical
Physics-Fourth Edition”, Cambridge,University
PRESS,(2011).

[8] Habil. Olaf Stenzel,” The Physics Of Thin Film
Optical Spectra “,Springer, Fraunhofer
Institute,Germany ,(2005).

[9] Dr. TuranErdoganand Dr. AtulPradhan, "Optical
Filters Go Deeper", Photonics Spectra,March (2008).

dadal) clagall Adle claad cld cladipe Cpwady s

LN S5 il da L] Al gagan g ) Maw

1dadAl

Ot el (sl e (ULl A6y daals 48N s gall Adle a3y5 b Chlaige (rasals el 8 Aplail) Aulpll sda 8 o3
Jsh e lidal) (e dae (S daaell aihlia el 138 Aty Eal) Lppad) oyl dadail b Jasias e sili(8.5 — 11.5)10°
Jsb vie asenll hgiad) sl gl e ey pals HLaSil Jalae culd cle DS Si s ZN0 - Gialally Sio (b)) Ulexisd Cum aransiill dasa
i 331 xe (99.99%) (sstas (A/(HL) HH(LH)?/Si0,) = yital) spensill 430l (o el Cjelil G+ i gili(10 X 100) asensill 4 s
Ula A il Laja pape & gloall anbiaZ=2 tic Ll dad alac) 3o 40l dad o cpb bl L colilall sae s Jagiad) Ayl 56 laed)
L) o8 e (eSall e paaly J Ji (TE) iyl olaiin) e Aaslll 30 o o LD Jagiadl 4y5f) 30l die 4l (53 penl) L il
Cadall (o bypamil) Lmgal) JIslaY) sa 400 Cadal pils Aaljl @llia o) A3aaMa pe Liagyad 33 3l (TM) daliaal) Uaiin) e 4l
+ oalaling <)

47



