


grooves might serve as the positioning fixture for a 2-1D fiber array, but its opacity and extended
vertical profile could prove inconvenient. In addition, V-groove techniques inhibit the flexible layout

of interconncction sites by requiring them to be grouped in lincar arrays.  Silicon micromachining with
excimer lasers, as demonstrated at Columbia,” can also bc used to form a customized 2-D array of via
holes for fiber positioning. Becausc the opacity of the silicon substrate would complicate alignment and
assembly, a similarly micromachined transparent glass holder would be better suited to this application.

A generic method for aligning and fixing a two dimensional fiber array with respect to a dctector
array is illustrated in Fig. 4. It addresses several problems inherent in onc-fiber-at-a-time attachment
schemes, such as long assembly times and mechanical difficultics associated with sequentially epoxying a
number of closcly spaced fibers. Another problem it addresses, unique to the backside coupling structure,
arises from the fragility of the epitaxial diaphragm supporting the GaAs photodetectors.  'This diaphragm
is susceptible to breakage if the fiber is inserted too far into the coupling cavity. To date, fiber
tapering and tight cavity dimensions, in conjunction with a UV-cured adhesive applied to the back surface
of the wafer, have been used to hold the fibers in place.  'This measure is not acceptable as a long-term
solution, and an additional fixture, as indicated in ['ig. 4, is probably nccessary to cnsure mechanical
stability. The fixture positions the fibers accurately in all three dimensions. preventing breakage of
the diaphragm as well as lateral misalignment.
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I'ig. 4. Schematic diagram of a packaged device Fig. S. Depiction of a multi-chip GaAs-on-Si
accomodating backside fiber-optic approach for VI SI optical interconnects.
interconnects.

5. Discussion
As noted above, a cavity-coupled fiber-optic interconnect can only be realized in GaAs OFIC structures
containing an AlGaAs stop-ctch layer. Tor example, conncction 1o all-implanted GaAs digital 1C’s is not
possible, because no technique has been developed for ctching vertical cavities in bulk GaAs samples and
terminating the ctch cleanly a few microns from the front surface.  Tlowcever, this sort of limitation is
not as severe as one might initially suspect, as a consideration of specific optical interconnection
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scenarios readily shows. Consider the case of board-level optical interconnection:  here, a relatively
small number of chips are needed for high-speed optical 1/O and for multiplexing received signals to the
Jower-speed processing circuits.  This function is best performed by (Al,Ga)As heterostructure devices
capable of fast operation and efficient optical detection; these devices will require epitaxial growth
runs, which opens the door for the inclusion of an AlGaAs stop-ctch layer.

Another question of applicabilty has to do with the optical interconnection of Si circuitry. Because
of the prevalence of silicon VISI in computers, widespread use of the GaAs fiber coupler for optical
interconnection applications may depend on hybrid approaches.  Multi-chip integration, with both
semiconductor substrates embedded in a common potting material,' “ has been proposed ‘as a means
of realizing electrical interconnection between a St VISI circuit and a GaAs optical 1/O chip. Epitaxial
growth of GaAs on silicon,13 which possesses the advantage of monolithic integration, is an alternative
approach which is currently receiving much attention.  Another approach, illustrated in Fig. 5, could
employ solder bumps to make electrical connection between the GaAs and silicon chips.

6. Conclusion

A vertical fiber coupling technique allowing optical interconnection to devices located in the
intenor of a GaAs/AlGaAs integrated circuit has been discussed.  Its chief advantage over lateral
coupling techniques is an ability to address high-density 2-ID arrays, which is cssential for future
applications in optical computing. T‘abrication of fiber-optic interconnect arrays with densities greater
than 103 charmels/cm2 may be possible using the backsidc-cavity vertical fiber coupler. Realization of
the full potential of this integrated coupling structure, and of vertical fiber coupling in general, will
come only with the development of specialized optoelectronic packages.
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