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G. Herve-Gruyer, M. Filoche, and A. Carenco 

Abstract-We report here on the design and the first realization 
of a grating-assisted horizontal directional coupler filter exhibit- 
ing a highly reduced polarization sensitivity. 

The filter, which is based on InP-InGaAsP materials, is par- 
ticularly suitable for integration in a 1.3 * 1.3 pm duplexer. A 
polarization dependence below 1 dB has been measured for the 
separation of two 10 nm wide channels, respectively centered at 
1.28 pm and 1.32 Irm, for a rejection ratio of 10 dB. 

I. INTRODUCTION 

HE MAIN OBJECTIVE of this study is the realization T of an integrated 1.3 k1.3 pm duplexer, associating the 
emission and the reception of two 10 nm wide, 40 nm spaced 
channels, in the same 1.3 pm window. To our knowledge, 
only 1.3 pd1.5 pm duplexers have been realized so far [l], 
[2]. Reduction of channel spacing requires single bandpass 
(to avoid perturbation of the 1.5 pm transmission window) 
isotropic filters centered either around 1.32 pm or 1.28 pm, 
with a 3 dB bandwidth compatible with the channel's width. 

Unlike Mach-Zehnder interferometers, grating-assisted 
asymmetric directional couplers offer the advantage of a 
single bandpass response. 

Two structures may be envisaged. The first one consists in 
a vertical waveguide superposition, which results in a strong 
coupler asymmetry and thus a narrow optical filter (a few 
nanometers wide) [3]. [4]. The second one is the horizontal 
structure resulting in an simpler technological run as the two 
waveguides are realized in a single epitaxial growth [5]. This 
yields a larger bandwidth that, however, remains suitable for 
our application. 

However, in both cases it turns out that the polarization 
sensitivity is high (about 20 nm between the TE and TM 
filter central wavelengths [5]), which is thus detrimental to the 
duplexer performance. Recently, a solution has been proposed 
consisting of the use of a double periodic grating [4]. However, 
this leads to a multi-bandpass filter response. 

In this letter, we report on the first realization of a grating- 
assisted horizontal directional coupler filter exhibiting a highly 
reduced polarization sensitivity together with a single bandpass 
response. The filter achieves, with a polarization dependence 
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Fig. 1. Buried rib waveguides anisotropy (effective index difference between 
TE and TM) versus guiding layer thickness h and rib thickness c for a 1.15 pm 
gap wavelength, calculated at 1.3 pm. 

below 1 dB, the separation of two 10 nm wide and 40 nm 
spaced channels with a rejection ratio of 10 dB. 

11. ~ T E R  DESIGN AND FABRICATION: 

To perform the design, TE and TM-guided eigenmodes 
and their dispersion characteristics are calculated using a 
bidimensional mode computation software (included in CNET- 
ALCOR software) [7] and published values of InP and In- 
GaAsP refractive indices [6]. Then, beam propagation method 
simulations (with CNET-ALCOR software [7 ] ,  [8]), taking 
into account the coupling with radiation modes, are carried out 
to evaluate the coupling length and grating additional losses. 
Finally, the filter wavelength response is evaluated using the 
coupled mode theory. 

The polarization insensitivity of an asymmetric directional 
coupler filter can be achieved if the two waveguides exhibit 
the same anisotropy: the filter response central wavelengths 
are then identical for both polarizations. Fig. 1 depicts cal- 
culated variations of buried rib waveguides anisotropy with 
the guiding layer thickness h and rib thickness e. When 
h is around 0.3 pm, the same anisotropy can be obtained 
for two different waveguides. It is then checked by using 
the BPM, that TE and TM coupling lengths are identical. 
Both material compositions and layer thicknesses have to be 
precisely controlled: 10 nm accuracy for the quaternary gap 
wavelength and 10 nm for thicknesses are required to obtain a 
low polarization dependence (<1 dB) and the desired central 
wavelength. 
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Fig. 2. Top view of the grating-assisted horizontal coupler filter. 
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Fig. 3. Cross and bar filter responses for both polarizations (Ay = 1.19 pm). 

Fig. 2 shows the geometry of the coupler made of two 2 
pm wide, 3 pm spaced buried rib waveguides of different 
heights (20 nm and 70 nm). The grating consists of a periodic 
alternated 0.5 pm enlargement of the width of the most con- 
fined guide 191, yielding 16 periods of 188 pm for a 1.15 pm 
bandgap GaInAsP material. The coupler epitaxial layers are 
grown by AP-MOCVD. The structure is realized using a two- 
step self-aligned RIBE dry etching process, followed with 
burying in undoped InP. 

111. EXPERIMENTAL RESULTS 
Couplers with different grating periods and interaction 

lengths have been realized and measured using a pigtailed 
LED source and an optical spectrum analyzer. For all the 
wavelength responses presented here, the variation of LED 
spectrum intensity is fully taken into account. 

Fig. 3 presents the results (bar and cross output port) 
obtained for a grating with 17 periods of 160 pm, etched 
in a 1.19 pm bandgap quaternary. The shift between the TE 
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Fig. 4. 
lines (16 periods of 160 pm). 

Measurements (17 periods of 160 pm) and calculations in dotted 

Fig. 5 .  
and the coupling length equal to 16 grating periods. 

Filter responses for both polarizations. The grating period is 132 pm 

and TM central wavelength is only 5 nm, to be compared 
with the 20 nm obtained in [ 5 ] .  This filter could be used with 
two 10 nm wide channels centered on 1.29 and 1.33 pm. The 
polarization dependence remains below 1 dB on the whole 
filtered channel. The TM rejection ratio is 9 dB as theoretically 
expected for this type of coupler. Within the accessible DEL 
spectral range, no noticeable sidelobes have been detected in 
the TE response. Agreement between theory and experiment 
is very good (Fig. 4) when correcting by 5.10-3 the GaInAsP 
refractive index value taken from [6], which lies within 
the measurement uncertainty. The corresponding calculated 
grating would have 16 periods of 160 pm. 

Taking into account the values inferred, the geometry has 
been modified so as to obtain a still lower anisotropy. The 
experimental filter responses for the bar output port are shown 
in Fig. 5. The TE and TM central wavelengths and 3 dB 
bandwidths are identical (respectively, 1.283 pm and 33 
nm). This filter can be used with two 10 nm wide channels 
respectively centered on 1.28 pm and 1.32 pm. The rejection 
ratio between these two channels is 11.5 dB. 
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Fig. 6. 
A and 500 A, 14 periods of 260 pm), and calculations in dotted lines. 

Filter response for TE polarization (Xg  = 1.17 pm, rib height of 200 

We have measured high propagation losses for the waveg- 
uides in this wafer (13 dB/cm for both polarizations), which 
seem to result from an as yet undetermined residual absorption 
of the material. Measured TE and TM grating excess losses 
are 4 dB (for one coupling length). However, measurements 
on a similar structure realized from a wafer with 1.17 pm 
photoluminescence peak wavelength, reveal propagation losses 
as low as 2 dB/cm. TE and TM grating excess losses are 
still evaluated to 4 dB. For this wafer, TE and TM responses 
exhibit, on the longer wavelength side, a sidelobe suppression 
ratio of about 9 dB, as theoretically expected. The short 
wavelength sidelobes present here again a lower level, which 
could be explained either by the wavelength dependence of 
the coupling coefficient (which is not taken into account in 
the modeling) (Fig. 6). 

IV. CONCLUSION 
The first realization and operation of a grating-assisted 

horizontal coupler filter exhibiting a highly reduced polar- 
ization sensitivity has been reported. The filter response, 
central wavelength and 3 dB bandwidth are the same for both 

polarizations (1285 nm and 33 nm, respectively). A rejection 
ratio of 10 dB is achieved for both TE and TM polarization 
between the two channels separated by 40 nm. 

Work is in progress toward a higher sidelobe suppression 
ratio (>20 dB) by using a coupling coefficient varying along 
the propagation direction and toward the final filter integration 
in a duplexer. 
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