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AN EFTFICIENT REFLECTIOM ORATING BEAM SPLTTER
M FLAMAR INTEGRATED OPTICS
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ABSTRACT ¥ ' ’

In this paper we present a thaoretical analysis of a neaw
integrated optical beam aplittar bassd on the rarfliectivity of planar
dislectric multilayers.

Symmetrical angular eplitting can bs achisved by such a
technigue with squal amount of aplitted inteansities.In the analysis we
uged Lhe gpatial Fouriler plane wave gpechrum Lo vepresent a wall
collimared gauszgian lager beam .and the matrix method {or the
raflactivity calculations

ImINTRODUCTION

Planar integrated optica 1s wstili an active fleld of
redearch and a conaiderable progress has besen mads toward realizing
high performance opticat devices using guided-wave tachniques.

Optical baam splitrers are one of the Key components in a wide range
of integrated optic aignal procesacrs(|],(?] -Spatial aplitting of the

guided optical anargy In planar waveguldes is thue of
fundamental jmportance.

{1) L.R.Gomaa 18 with the electrical Engineering departement. faculty
of engineering of shobra.Zagazig universgity ,Banha branch.

(2} A.S5.Samra 13 with ths slsctrical communicationa departsment
faculty of Enginasring .mansours university
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Thick transmission gratings fabricated in planar glass
waveguides can he used as optical energy spatial distributers . but the
problam of unequal diffraction efficlenciea ¢of different diffraction
ordera limit the use of such gratings .Toe overcome +this problem we
propoge to uae a thick reflection dislectric mwmwultilayera to achiave
aqual splitting of guided light energy in different direscticons.

The auccess of such device requires = periedic wvaraiation of the
reflection cofficient of the multilayerz asz function of the anglse of
incidence .This requiremsnt is met very wel Wit & proper choice of

multilayers paramefers as will be explained latter

II- ANALYSIS

A guided laser beam (confined in the Y-direction) hev.ng a
latesral gaussian distribution is incidsnt at an angle
region of thickness "d" consisting of a succession cf Lhin zons of
nigh (n0 } and low { n1 1 index of refraction as shown in figul
The dafrerence n—~ n 1s small: typically of the order of 107: Such
multilaysrs can be fabricated very easily wusing the dou

exchange technique {3}

Figure 2 shows the geometry and coorlinate systen uged in ths
derivaticons .We assume that the saussian beam at z + - h has its
alectric fisld polarized along ti: y-direction with a time dependencs
a_jut where « 18 Lhe optical angular fresguency.

in the ¢ Xy o2y ) coordinate system, the gaussian peam has an

electric fisld diatribution at z, - 0 given by [4l:3]
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Fig.2 Geometry and coordinate systems

for the beam eplitter.
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i(Ki.O) --— (1)

where Y, is half the beam width at the point where the fisld magnitude
decreasgs to 1/ of 1ts maximum value A all c¢ollimated beam 1is
characterized by

kono w 3> 1 (2]

where ko ig the fres—space wavenumber. The inequality (2) implies that
(w / KOJ >> 1L wuhera kois the wvacuum wavelength .The gaussian Zeam in

the ( x,z2 ) coordinate syatem can be represented by a spectrun
plane waves as (6]

(44

ik, = + Kk tz+h))
1 X Z
E (x,z) T J > (kx} e dkx
=00
where the longitudinal wavenumbeo 't 13 give ., y:

/.22 2
k - k n, - K

z [a] " (4]

and k is the transverse wavenumber .Equation {3) meana that the
incident gaussian field at z=-0 1& given Ly the Fourisr superposition

(ikxx+ikzh)
of plane waves propagating as » .For sach value of kx .
the amplitude of the reflected wave is that of the incildent plane wave
ik _h
Pk Je at tha 2Z2-0 plane, multiplied by the plane-wave reflection
cofficiant p(kxj of the multilayer pericdic structure
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The gaussien fisld in the (x,2) coordinate system is written ae [6]

[~ x cose/ w? + 5K x sing

wow

o

gince the {x.z) cocordinates are relatsd to the (xl,29 coordinates via

the following relations
X = x cas8, - (h + z )gind, (6)

Z.L - X% sineL + (h + =z Jcos® {7)
The spectral amplituds ¢th) ia obtained as the spetial TFourier
tranform of aquation{3)

[r i}
=K X
¢(kk) - [ E(x.z) e d.x

-0

wihich upon substitution of eq. (3} yields

o~ (g (k ~k 0 81n6,) /(2 6088, )?

¢(k“) - (3)
cosek

The plans-wave reflection cofficient Z(k ) of the multilayer structurs
»
can be obtalned easily by the well-Known matrix method (71
cu

Pk ) = 34

N

N T Yn-1

sin(N K A) ein{N--1) (K A)
" T ain(K A) B ain(k &)
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where
N = 2d/A = number of layers when a = b = (1/2) A
-—jklza
Croe (/231 ((kzz/klz)*(k1z/kzzJ)ain kzzh 1 (12)
*'.'iklz a
A=-o» Icoskzzb _(1/2]J((kzszxz}+(k;z/kzz)]81n kazbl (13)
where

A = period of the multilayer structure
thicknsas of Lthe low index zone

>
1

b = thicknsess of the high i1ndex zone

 ig Lthe bhlock-wave function defined asms

1

KA = Cos ~ [ Ret(A) } (14)

Re(.} designates the real part

The axial wave numbsrs Kk and kzz area given by

1Z
Ik - k. nY 1—sin28 !
1z o z
—_
K {/ 2 2 2
2z = K ng - n'sin”o (16)

1

The reflected spectrum which gives the langular ’ distribution of the
raflected beam is readily obtained from (9) and (1Q) waing (11) ,{12),
(13) and (14}
To check ths periodicity of Gthe plane-wave reflection coefficisnt
e(8), we calculated it for the following parameters

A= 10 pm . n, =15 . n-~-n - 0.001 , d = 10 mm

[+
and the optical wavelength xo = 0.63 pm
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Figure 3 shows the variatlon of the magnitude of the reflection
coefficient » as function of the angle € ( the angle of ¢the

representative plane wave apectrum }

III- DISCUSSION

The jidea of spatial splittiing a well collimated laeser beam 1is aB
follows : Lhe assumed gaussjan laser beam ({ whose spatial Fourjer
spectrum ia geaussian as given in eq.(9) ) incident at an angls 91
corresponding to one of the minima of the rsflaction coefficient of
the multijayer will bs reflectsd with a null at the position of the
angle of incidencs and two peaks located aymmetrically ahout the angle
of incidence ( since the reflection coefficient is pericdlc ) .
Hearly a 1:1 spatial splitting can be achieved .Tc check thils feature,
we calculatbtsd the angular distribution of the reflected beam for the
following parameters

angla of incidenca Giz 0.405" .o W, - 0.5 mm and the other
paramaters are the same as those used for the calculationa of figure3l.
The angular distribution of the reflected beam is shown in figure 4
[t ig obvious Lthat the reflected light is splitted symmetrical around
thae angle of incidence with an angular separation 0.0250
The ability to splitt oymmetrically 1light beams with wvery small
angular geparation i{s exXtremely ugaful aspacially for 1ight
dlstribution on integrated photodetector arrays as those used 1in
integrated optic gpectrum analyziers and Jntegrated optical saignatl
processora

IV~ CONCLUSION

It ia cancluded that spatial apiitting by planar integrated
multilayers can be very useful In integrated optical componsnte .This
technique can be extended Lo active integrated optlcal components
since the raguirement on { n,-nJ = 10_3 can be realized easlly on
Gahe or InP substrates . The spatial periadiecity A can be induced
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elactricetly vie the alectrooptic effect in active materiale osuch a8
Lithiuvm Niobate .

The design parametars A .d .a , b and én = n,—0, provide a fiexibility

to achieve wsfficient apilitting for a wide range of laser besm
widtha w_.
0
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