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ABSTRACT - Astronomical aperture synihesis requires to combme heams
conung from elescopes, with constraints on mechamical and ithermal
siabiiry, sensibiny, accwracy on thwe mesurement of vesihifine of by
nuerferences. One adapted way for solving the problem s megraied planar
vpnics. for this applrcauon, glass won exchange can be considerced. Often
wsed for telecom applcations, the capabiimes of mterforometers muss by
adapted o asorononical consiramrs. An oamerferomerer of s npe s
currenily used ai the Laboratoire d'Astrophvsique de TObservatomre de
Grencble, with improvable transmission. After a brief presentanon of ihe
wnded  modes 0y iegrared  optios, phis arncle desertbes various
mierferometers and a method of sipmidation o evaluaie therr behunvior vy
tie waveleirgth aid the polarization.

1 - INTRODUCTION

Astronomical aperture svnthesis 1s a new promising observation method which unples real
impartant efforts in research and development Astronomical mterferometers have alreadsy heen
made with guided optics Moreover, since 1996 and the astrofib’ 96 meetng [Kern 98] it
appears that mtegrated optics applied (o astronomical interterometry might have interesting
features. The reader can refer to Kern & al [Kem 97] for a general overview of imegrated
capabilities and to Berger & al [Bery. 97] for the first faboratory results The kev function of
astronomical  aperture  svnthesis 18 the combinanon of beams collected by different
subapertures The aim of this paper is to locok 1 more detals ar the behavior of integrated
optics within this context In section 2. we present the theory of focal couphng modes, which
allows us to understand the mechanisms which occur i integraied structures Section 3
describes the Y-coupler. the most used component in telecom applicaton Other wass w
combine several beams are discussed in section 4 Finally, secuon 3 presents methods of
simulation and gives examples
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2- THE LOCAL COUPLING MODES IN INTEGRATED OPTICS

2.1-The local modes

In a straight multimode waveguide. orhogonal

eigenmodes Propagate at constant amplitude

In a structure whose geometrie profile varies along the propagaton axis. the formalism of the
local modes is used At a fixed position. the local mode of the structure 1 equal to one
erzenmode of the siraight waveguide of the same width as the structure at this position (Fig

ba see [Marc. 74]y
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2.3 - Modes coupling

When the spacing between two wavegu

abatic transformartion without heat losses)
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3. THE Y-JUNCTION

A very gond example of this mechanism is the Y-iunction {lzut. 82] This device can work as a
1.dB power divider or a combiner 1t is composed of three sections two monomodal
waveguides at the input, one adiabatic taper, and the outpw monomadal wavegurde (Fig 3 a)
When used as a combiner. if the signal 1 15 injected n the first mput wavegwde, 05 1 s
coliected at the output resulung from the propazation of the even supermode and 05 1
composed of the odd supermode 1s radiated In a similar way, onhv 05 1 s collected 3f the
second input waveguide is excred If the two input guides are excited. the interferometric
stgnal is obtained at the output.

in fact. when the two inputs are in phase. only the even supermode ts excited. and no losses are
observed The problem appears when the inputs are in opposite phase {Fe 3 b3
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Fig 3: mechanisms of the Y-juncnon

The analysis of the Y-junction allows fo make three observations

» For an efficient combiner, it is necessary to collect all the hight and therefore radiated energy
must be collected We need a fourth guided-port structure

« 1t 15 useful 1o recapture the radiated energy notably because the information carred
corresponds 1o signal with phase opposition Another way to undersiand why tifty per cent
of the light is lost is the analogy with a bulk optics beamsplitter 1f the light 15 only collected
al one side of the beamsplitter, 30% of the light 1s also lost  In both cases. the
interferometric signal suffers of a w phase shift between the two outputs,
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* Moreover. a 0 1% contrast accuracy is expected It imposes to have two output channels
balanced around a 50° recombination with a critical accuracy. Such an accuracy implies
to have a photometric calibration of the two input channels. This can be done by the
way of extra-calibration channels.

= All these remarks have led us to look for four-port structures.

4-OTHER WAYS OF COMBINATION (FIG 4
Other tvpes of combiners have been tested for twoinputs and even for three ones (See fig 1)
except for the structure 45 The recombiners can be divided in three categories X-couplers.
(dbde.dd). directional couplers (de. 4f) 4g) and multaxial combimers The latter family will not
be studied

WO TLLESCUNES {0 XTAL COMPUONEN TS, THREE THI [S('Opg?g AXTAL (‘{}g\'%:( 3;\";(‘\'15

i Y uncthon b hunetion 31 i direcnionad vouplerd*l

a1
) oo Svmmetrical ditectionul soupler
b Neoupler

[ ST

Jv Hyhrad couple ~ )
© Hybrd coapler A Al direcnonal coupler

b coanial componen; 122
e coupler TAE

MULTIAXIAL COMPONENT

Mg compon i

Fig. 4: different tvpes of combiners
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4.1 - The \- coupler

W e distinguish

o The X-symmetrical coupler (fig 4b. see also fig 31 for low angle of branching (i e less than
| degree [Gera. 94]) itworks as a coupler One part of the input local modes 15 rachated at
the mtersection. as 1t's 100 small 1o guide the two local modes But one pan of the radiation
can be coupled with the guiding waves in the oulpul arms, because of the ow distance ol
propagation of the radianve energy The other part 1s lost So we may succeed i haviny
Josses Jower than with @ Y-juncuion but larger than with g N-asvmmetncal coupler tsee
below) This device 15 well known and its feasibiliny has been demonsirated (Sev analvii
study in [ Agra, 7))

o The N-intersection (fig 3 d) for angles larger than 10 degrees [Gera 941 there s a low
crosstalk between the uuides and the component does not acl as @ combiner This
configuration allows to build compact systems with mtersecting puides which never mteract
between themselves

HYBRID COUPLER N-COUPLER
LOSSES
T s0% —— . <50%
\ ::‘ N kkkkk 5 .
. 0
50% / ' >
<507

RADIATED MODES

LOSSES
Fig. 5: principte of hvbrid and X-couplers

e The X-asvmmetncal coupler or hyvbrid coupler is composed of a svmmetrical Yunenon
input and an asymmetrical Y-junction output (two guides of different widthsy, withow
separation between them ([lzut. 82]) When the puts are m phase (See also fig 3 the
even local mode of the input are converted in the eigenmode of the widest arm. while when
the inputs are in opposite phase. the odd focal mode is twrned in the elyenmode of the
smaller one So we do not Joose any signal 1f the adiabanic condition s satisfied (e only
the modes O and | appear at the intersection zonel the coupler can be used as a 3-dB
power division tand thus as an equal combiners whatever the w avelength and  the
polarization Hussell and al [Huss. 90} have obtained such a power divider at 15w They
excite one channel and measure an average 3-dB separation on one outpul with @ vananon
inferior to (4 dB on a bandwidth of 130 nm arcund |3 pm They expected to obtam the
same performances for a bandwidth cemtered on 1 35um

1.2 - The directional couplers (Fig 4.e. see also fig 6)
Another solunon 1s 1o use a directional coupler This device s compreed of two gundes wineh
can exchange their energy thanks to ther low separation distance s (Fig 03 1 one mput 15
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excaited. both supermodes are excited But they have different phase velocities and so a phase
shift 15 created between them along the propagation. Afier a length named coupling length L.,
the energy carred by the guide and transterred in the other guide is maximum

In the case of a svmmetrical directional coupler, if the length L of the coupler is equal to L. alj
the energy of the first guide 1s transferred since the local modes are in opposite phase 1n the
first arm and in phase in the second one The waveguides have the same width The sum of the
IWO outputs powers is equal 1o |

Interaction rone

R
PR

Fig. 6: mechanism of 4 svmmetrical directional coupier

4.2.1 Influence of 3

* The output power have g sinusoidal wavelength dependence For instance, for the rwo-
mode interference coupler {figure 4g), a symmetncal directional coupler where the spacing
15 nul. the haif-period of the curve 1s equal o

— 41

Meven _ WBogy
E { i ;‘L (. j }; 4

where Beven{odd) is the phase velocity of the even todd) mode So for large bandwidth
tomponents. we must decrease the coupling length or the mtermodal dispersion (The
ifference between the derivatives of each phase velocity at the denominator).

* The optical power is transferred pertodically with FESpect to propagation distance For a 3-
dB fie 50%) separation directional coupler. a lenuth of the coupler equal to half the
coupling length must be chosen. In the case of svmmetrical couplers. the slope of the curve
for the 3-dB separation is maximum  This implies a high sensitivity 1o wavelength via the
parameter L'L¢  The device has lmited performances for broadband wavelength
applications An asymmetrical directional coupler with two waveguides of different widths
provides a good option as its behavior presents a flattened response at 50% and L=f¢ (See
Fig 7y Therefore the waveiength dependence is expected to be weak

Asymmetrical directionsl coy

1.5

Svimmetricad threctional coupler

0 0% ] 111,
Fig. 7: comparison of the response of the svmmetrical and asymmetrical directional
couplers. L=length of the coupler. Le the coupling fength
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Yanagawa {Yana, 90] defines a bandwidth where a couphng/splitting rano is within +/- 1 dB
around t0 3 dB The bandwidth of the svmmetncal and asvmmetrical couplers are predicied o
be 140 nm and more than 300 nm respecuvely Aliernavng direcuonal couplers with betrer
bandwidth exist too. but thev are more difficult 1o construct Takag [Taka. 89] has succeeded
1o build a broadband silica-band coupler with asvmmetnic structure showing wavelength
flattened coupling ratios of 50% /- 5% over the | Zum-1 6um bandwidth

4.2.2 influence of polarization

Apart from the wavelength dependence. the two main problems are the reproducibily of the
device. and the sensitivity 10 the polarization When two waveguides are oo close, the
oriertation of the neutral axis of each waveguide changes because of the siress modification
due to the presence of the other one ([Visc, 901} The variation is measured by the v
parameter The axis becomes again parallel and orthogonal to the surface when thev are far
enough (See Fig 8)

: . . ! .
Ofmn;&tl@n 3 ﬂ/ Neutral axis
adgswithout e with
perturbation p e perturbation

\ Optical waveguides

b

Fig. 8: effect of éepwlé@zmmmm it a directional coupler

4.3 - Results analysis

Table | gives a comparison of the analvzed components The losses cntenon 15 pondered by a
factor 4, because of its high pnornity The criterion of feasibility are pondered by a factor 2
Polarization insensitivity is pondered by a factor 7 because of the requirements for wvisibifisy
accuracy m interferometry. We do not search for s good reproducibiliny because i 15 not an
industrial application even if it 15 guite important for the laboratory 11 s pondered by a factor i
as for the wavelength insensitivity which is not essential as the photometne channels may
compensate any chromatic effects Although the marks are little arbitrary. thes table allows 0
point put some general trends of each sohunon

Frastihin Reproduciinlin Wavelength i Polanzation Losses hark
F) (R WECRSHIVIE | imsensthvin Ly
(W i
Y -unction 1 4 4 i 1 i
Hybrid 3 i i* 4 * 4 A
coupler :
N-coupler 3 b i : e T B
Asymmetncal e B|* 3 2 2 {
directronal
coupler
Svmmetneal 2 2 22 e e E
dirgctional
coupler

*Jwas nod vel been versfied experimeitallv se it s a temprorary mark,
Table 1: comparative table between the structures
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Because of difficulties of making. the directional couplers are not well marked. The
hybrid coupler presents a good trade-off, The X-coupler is nearly as good as the hybrid
couplers. but it presents few radiative losses. Note that the Y-junction would be very
good if it did not loose so much energy,

5-COUPLER SIMULATION

First. the structure modeling needs the reduction of a 3 dimensional problem in a 2D analvsis
This step is achieved thanks 1o the Effective Index Method [Marc, T4} The 3D waveguides is
decomposed in two planar gurdes (Fig 93 the first is asvmmerrical in the vertical direction
From the resolution of the dispersion equation of such a structure, the depth effective index ney
1s deduced The second one is svmmetrieal with a guide index equal to nel Thanks to the
dispersion equation for a symmerrical gunde. the etfective index of propagation ne- of the mode
i the confined ynde is deduced

I A
% Hesolution of thy duipersion equation K |
| . A
! for the asvmetne wateguide->ne | by
| ,

:
ng o i o | ———mmli ne, |

-

na struciure gsed for THL
the HPM B i

j
s

|

|

| s
a

|

g

b

1

|

Resolution ot the dispersion equation
Tor the sy metric w aveguide-» ne, -

Eifecuve indes of the
Mmode ne,

Dttt smremsnenessssseesis T

‘ Fig. 9: t@???éczive index method

The symmetrical structure obrained after the first step reduction is used with the Beam
Propagation Method [Flec, 91] This method allows to know the variation of the mode shape
along the propagation. and so the losses and the energv repartition between the ouput guides
As the technological parameters are not well modelized. we define 1wao figure functions
depending on various parameters (wavelength. polanization, technology) Afz{}ﬁ =n-ne;, and

the width e, of the waveguide which depends onlv on the technological parameters

By varving these functiing and observing the intensity repartition at the ouput. we are able 1o
know the behavior of the structure when the wavelencth or the polarization changes This
method will be used for all the structures. except for the directional couplers whose spectral
behasior 1s analvtically described The simulation of a svmmetrical X-coupler with an angle of
05" and a phase difference between the inputs equal 16 0° or 180° 45 given in figure 0
Measurements must be done 1o verify the simulation results and 1o optiumize the bandwidth of
the wavegudes thanks 1o a speciral analvser Moreover. 2 berer knowledge of the
technological parameters is expected
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Fig. 10: simulation of X-couplers we observe the losses at the intersection when the beams
are in opposition of phase on the right figure

& - CONCLUSION

This article shows that the losses in the component based on Y-junchion can be
removed by an other {four-ports structure keeping all the information Different devices have
been compared on the criteria of feasibility, reproducibality, wavelength and polanzauon
insensitivity and losses The study concludes that i a first time, the hyvbnd coupler and the X-
coupler must be simulated via a EIM+BPM method and then made Complementary
measurements of their bandwidth may be realized with a spectral analvser 16 verity the broad-
band single-mode ability. necessary for analvzing astronomical ebservation (vouny stars. active
galactic nuclel and exoplanet research)
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