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ABSTRACT

In this paper, the modeling and optimization trade-oíFs of a three channel dropping filter are
discussed by using the translèr matrix approach. The device is intended for use on dense WDM
opticd networks and may easily incorporate more channels. Its structure is composed of two
asjTichronous exchange-coupled waveguides, with coupling being achieved by a rectangular Bragg
gratmgs. A systematic study of the efifect of the filter parameters on crosstalk, optical bandwidth and
optical loss is carried out.

INTRODUCTION

Channel droppmg filters are of key importance in WDM communication networks due to the
need of extracting smgle wavelengths from the optical bus of multiplexed optical carriers for routing
md/or photodetecnon. ot the Uterature, fflters using ARROW structures were already demonstrated
[1], but these devices detect the optical signal in the filter structure itself, degrading the optical
responre^On the other hand, the structure proposed by Haus and demonstrated in [2] uses a quatter-
wave shifled distnbuted Bragg reflector on a codirectional coupler, but couples only 50% of incident
pow and provrdes hmited bandwidth. Another proposition. studied in [3] employs a codirectional
filter mtegrated with a photodetector. However, as the detector is built in-line with the filter there is
a mode overlap of the undesired channel with the detector element, causing a degradation on the
fflter resporise due to eacess crosstalk. ot contrast, the device proposed here uses an exchange-
Bra^ coupler to filter the desired wavelength and comer mirrors [4] in order to avoid wavegtode
bend losses and a non-desnable fleld interaction with the detector element.

DEVICE STRUCTURE AND OPERATING PRINCTPT.F.

A longituítoal cross-sectíon view of one block of the structure is presented in Fig 1 where d,

tod d, repre^ ote core diameters of waveguides 1 and 2, respectively, s is the separation between
DÍsiH™T‘t‘*“’ ^ ^ 8™*“* peri0<i' The petiodic structure may be
posmoned at any mterface but our snnulations have shown toat the upper interface of guide 2 is ote
best locatron smce ote overlap integral of the odd and even modes is maximum there.

direcfioS? f “ S/nàe 1 is coupled counter-
^^onally to guide 2 tlirou^ exchange-Bragg coupling. The grating period in e^h section is

o' condition is satisfied only for ote selected wavelength TMs
selected optical camer is reflected through a 45 degree miiror and guided to a photodetector, which
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may be of evanescent or the butt-coupled types It should be stre ssed that the photodetector is far
away from the input waveguide. Thus, an extremely low overlap of the undesired fields on the
detector element is expected. A top view of the complete structure is depicted in Figure 2.
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Fig. 1 Cross sectional view of one block of complete filter structure.
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Fig.2 Top view of structurí;.

SIMÜLATION RESULTS

The filter response is presented in Fig. 3. The calculations where made employing the
transmiSsion matrix formalism described in [5]. The InGaAsP core and InP cladding fefi-active
indexes and material losses were included according to data reported in the literature [6-7]. Solid
lines represent the transmittance of the first filter, while the dashed lines represent the second filter

225



transmittance and the short-dashed one refers to the transmittance in the thírd output. As light
transmitted to the second output has passed through the first filter and light in the third output
passed through the first and second filters, the response of the optical channels is affected by the
interaction with the Bragg stractures. Specifically, the transmittance sidelobes of the first filter will

introduce an undesirable crosstalk of channels 2 and 3 into optical carrier 1. On the other hand, the
second section sidelobes will aSèct the third wavelength but not the first one. In summary, this
overall interaction may introduce a serious crosstalk and lack of flatness on the channel response.
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Fig. 3 Filter response. Solid Unes represent the first section response,the dashed ones
Show the response of the second section and the dotted Unes show the third filter response.

A systematic study was carried out to verify how the filter design parameters influence the
optical response. GreneraUy, an increase in length will yield lower crosstalk, narrower optical
bandwidth but larger loss, On the other hand, by increasing the coupUng coefiBcient (i.e., increasing
the grating depth or decreasing the separation between the waveguides) one achieves opposite
results. Thus, the product icL, coupUng constant-device length may be used as parameter when
analyzing design trade-oÉFs. The above discussion is summarized in Figs. 4 and 5.
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Fig. 4 - Optic^ filter bandwidth as a fimction of the kL parameter
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CONCLUSIONS
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In conclusion, a three-channel optical dropping filter for use on dense WDM systems
proposed and some of the design trade-ofif were díscussed. For future work, we will investigate the
use of chirped gratings, yielding optical equalization while the signal is demultiplexed.
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