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Abstract

A new method to fabricate Bragg gratings in hylsadtgel silica ridge waveguides, based on singlp-ste
248 nm UV radiation patterning, is proposed and destrated. Heat treatment and UV exposure effeets ar
analyzed.
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Introduction

The sol-gel process is recognised to be an altematiute for production of low cost silica-
based integrated optic devices. Hybrid sol-gel nettgy, which provides organically modified
glasses, offers an important additional advantagbenw the organic component is
photopolymerizable. In this case, ridge waveguides loba easily defined without recourse to
relatively complex and high cost reactive ion etching proce$$ing

Optical waveguides with Bragg gratings are useful in ymategrated optic devices, such as
wavelength division multiplexers and laser cavitiegd can be fabricated either by periodic
modulation of the waveguide core refractive indexbgrsurface corrugation of the waveguide.
Several techniques have been used for this purfi@lsethe most common ones being the
interferometric and the phase mask techniquesspeadific methods to print a waveguide grating in
the context of hybrid sol-gel technology have alsebeen reported [3-6]. All of them use a hybrid
photosensitive material based on the methacryloyytrimethoxysilane (MAPTMS) precursor.
The interferometric technique with an argon lases wsed to imprint a grating by direct refractive
index change of a planar sol-gel layer [3]. For chameveguide Bragg grating fabrication, two
solutions have already been described: a Braggngratas imprinted with UV radiation, by the
phase mask technique, in a sol-gel ridge waveguisiag a 193nm excimer laser [4]; in [6], the
grating was etched in the silicon oxide buffer laged the sol-gel ridge waveguide was fabricated
over this layer. However, both methods require tWbexposure steps and involve two masks and
two UV sources.

The possibility to pattern channel waveguides usi@g8nm UV excimer laser has already been
reported by the authors [7]. Here, a new method fi@nnel waveguide Bragg grating fabrication
using a single exposure step with an excimer laser beampissa® and demonstrated.

Channel waveguide fabrication

The basic hybrid sol-gel waveguide fabrication pdare comprises several steps: sol synthesis,
film deposition, pre-baking, UV exposure and, eventualbgt-baking.

Hydrolysis and polycondensation of MAPTMS mixed twitirconium(lV) propoxide (ZPO)
which is stabilised with methacrylic acid (MA) wasrfeemed in 10:4:4 ratio. Pre-hydrolysis of
MAPTMS (diluted in ethanol) with acidic water (0.1MICl) was realised with a water/MAPTMS
ratio of 0.75. Additional deionized water was addedthe MAPTMS/(ZPO+MA) mixture to



achieve a water/MAPTMS ratio of 1.5. Soda-lime glasbstrates were spin-coated (60s rotation
time), and pre-baking at 190 for 30 min was employed to evaporate the solvert avoid
sticking of the film to the photolithographic madlring contact exposure. Channel waveguides
were patterned by exposure through an amplitude NitCfused silica mask, using a 248nm pulsed
excimer laser (240 mJ/énl10 Hz, typical exposure times 15 to 45s). Rema¥ahe unexposed
film by soaking the sample in ethanol, followed hygwater rinsing and drying, resulted in ridge
waveguides. Post-baking (1°8) 24h) was performed, in general. Fig.1la showsxample of a
single mode ridge waveguide, and Fig.lb displays hanwgel waveguide with
MAPTMS/tetramethoxysilane (TMOS) uppercladding.
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Fig. 1a - Cross-section of a single mode Fig. 1b - Cross section of a single mode
ridge channel waveguide. buried channel waveguide.

The transmission absorption spectra of a wide (molie) uncladded waveguide, before and
after post-baking, are shown in Fig 2. An absorpti@nd at 1190 nm (due to C-H bonds) and a
1420 nm band due to OH (most probably due to indetapeaction of the inorganic network) can
be easily seen, and important loss at 1550 nmeir.cNo significant change in those absorption
bands results from the heat treatment, and no wepnent at 1550 nm could be verified, while
absorption at 1620 nm (due to C=C bonds) decreases witlhgkist.

Different UV exposure doses change the strengthefl620 nm absorption band, and this will
cause a refractive index variation with exposussful for Bragg grating inscription. The effect of
the UV dose can be seen in Fig. 3, where a ridge ehavawveguide fabricated using a low dose
(240 mJ/crf, 10 Hz, 15 s) was subsequently re-exposed aftezlajewent. Similarly to the post-
baking effect, the 1620 nm band was also affected by thedé&bdmradiation.
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Fig. 2 - Spectral attenuation of multimode channel Fig. 3 - Spectral attenuation of multimode channel
waveguide, before and after post-baking. waveguide using different UV exposure doses.

A multimode ridge waveguide was subsequently exptseédV laser radiation through a phase
mask (period 726nm and length 8 mm) resulting endghating transmittance shown in Fig. 4. The
efficiency attained was low (44%), as the waveguide cefractive index saturated quite easily in
the already exposed material.



Fig. 4 — Transmission of dual exposure Bragg grating in matfienchannel waveguide.

Single-step waveguide grating fabrication

A method was devised and implemented to simultasigoproduce a single-mode ridge
waveguide with an inscribed Bragg grating, usingnglsi photolithographic mask. Starting from a
grating phase mask, a NiCr thin film was then depdsbn it and standard lithography was used to
define windows representing the channel wavegujpleqendicularly aligned with the phase mask
grooves, Fig. 5.

(a) (b)
Fig. 5 — (a) Channel openings on phase mask grating zone; (bpbou between zones with and without
grating phase mask.

A hybrid sol-gel core layer was deposited on soda-lime glass substrates, following the procedure
summarized above. Exposure through that mask @@%s) resulted in ridge channel waveguides
incorporating gratings, Fig 6. Some roughness ef didewalls can be observed, in synchronism
with the grating lines.
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Fig. 6- Top view of: (a) Bragg grating in a 5n wide ridge waveguide; (b) Bragg grating boundaryaatD
m wide ridge waveguide.



A sample with waveguides of varying width and a tengf 20 mm was characterized in terms of
optical transmission spectrum. Fig 7 shows the cdse B0 m wide ridge waveguide, where
propagation of more than one guided mode causesas@geillations in the response. This method,
where grating and channel waveguide are simultangadesiined, resulted in more efficient
gratings, and the fabrication process is much gmghce there is only one UV exposure step. In
addition, the grating/waveguide alignment is facilitagdce it is already defined in the mask.
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Fig. 7— Transmission spectrum of a Bragg grating in a ridge chanagkguide (103.5 nr core)

Samples with an improved uppercladding (TMOS/DMDNOfave also been fabricated and
their performance will be reported.

Conclusion

A single-step method to fabricate hybrid sol-gehruel waveguides incorporating a Bragg
grating was successfully demonstrated, using a awdbamplitude/phase mask illuminated by
248 nm excimer laser radiation, and the MAPTMS basic méateria

Acknowledgment: P. J. Moreira thanks the Portuguese Research Co(fCiTl) for financial support
through a PhD research fellowship.

References

[1] M.P. Andrews and S.I. Najafgol-Gel and Polymer Photonic Devi¢&PIE CR68, 1997.

[2] Andreas OthonofRev. Sci. Instrumg8 (12) 4309-4340, 1997.

[3] Yves Moreau et alOpt. Eng, 37(4), 1130-1135, 1998.

[4] M. A. Fardad, T. Touam et aElectron. Lett.33(12) 1069-1070, 1997.

[5] S. Iraj Najafi et al.,J). Lightwave Technol16(9), 1640-1646, 1998.

[6] M. A. Fardad, M. FallahiQpt. Commun 163, 33-37, 1999.

[7] P. J. Moreira, P. V. S. Marques, A. P. LeRepceedings ICO 19, Firenz£31-132, 2002.



