
chip, and hence the net ofT-chip communication capacity, was calculated for each interconnect technique. 
Single-channel handwidths of 1 GIlz and 100 MIlz were assumcd for the optical and electrical signals, 
respectively. The results of the calculation arc shown in Fig. 3, where the maximum communication 
capacity ofTered by each technique is plotted as a function of chip size. Note that two-dimensional 
interconnect arrays permit significantly higher throughput, since their total capacity increases in 
proportion to chip area rather than circumference. 
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Fig. 3. Maximum ofT-chip communication capacity 
for several interconnection techniques. A 120 
pitch of 250 !lm is assumed for hoth planar 
and linear arrays. 
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lkcause any given circuit is likely to require electrical as well as optical interconnections, the 
complementarity of the interconnect techniques is an important issue. l !se of solder bumps, which ofTers 
the greatest total electrical communication capacity, precludes hoth conventional wire honding and lateral 
fihcr coupling, hecause they require access to the front sUlface of the chip. In addition, wire honds and 
laterally coupled fihers require the same connection sites - those on the periphery of the chip's front 
surface. The vertical fiher coupler is the only method that docs not compete for real-estate with the 
other types of interconnection. This is a conscquencc of the hacksidc fiber approach, which also prcsents 
fewer difficulties with regard to the front-surface dcvice layout. hlr cxamflc, hoth of the electrical 
interconnect techniques require contact areas on the order of (100 !"ll) to he entirely covered with 
metallization, whereas the chip area required by a pholodetector for a single-mode fiher is ideally just 
the footprint of the core. Some MSM photodiodes used in demonstrating the vertical fiher coupler 
employed I() pm X I() Ilm active regions. 
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The ahove estimate of interconnect density for cavity-coupled fihns is only dependent on 
characteristics of the semiconductor fahrication process. It docs not account for possihle limitations 
due to packaging considerations. Ilowcver, hecause the alignment tolerancc and estimated pitch are no 
smaller than those already used in lateral fiher coupling, it is expccted that practical packaging 
techniques for coupling to arrays of such density can he devised, 

Development of packaging procedures for the vertical fiher coupler is at a \Try early stage. One 
question involvcs the extent to whieh the cavity should he relied upon to position and anchor the fiher. 
When a suitahle external alignment assembly is provided, the backsidc cavity will be needed only as a 
transparent window through the suhstrate. The cxternal microassembly for fiber positioning must in this 
case he precisely machined and stably aligncd to the ~cmiconductor substrate. ;\ slack of silicon V­
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grooves might serve as the posItIoning fixture for a 2- J) fiher array, hut its opacity and extended 
vertical profile could prove inconvenient. In addition, V-groove tcchniques inhibit the flexible layout 
of interconnection sites by requiring them to be grouped in linear arrays. Silicon micromachining with 
excimcr lasers, as demonstrated at Columhia,11 can also bc used to form a customized 2-D array of Via 

holes for fiher positioning. fiecause the opacity of the silicon substrate would complicate aligt"\ment and 
assembly, a similarly micromachined transparent glass holder would be hetter suited to this application. 

A generic method for aligt"\ing and fixing a two dimensional fiber array with respect to a detector 
array is illustrated in Fig. 4. It addresses several problems inherent in one-fiher-at-a-time attachment 
schemes, such as long assembly times and mechanie<ll difficulties associated wit h sequentially epoxying a 
number of closely spaced fibers. Another problem it addresses, unique to the hacks ide coupling structure, 
arises from the fragility of the erit<lxial diaphragm supporting the Ga!\s photodetectors. This diaphragm 
is susceptihle to hre<lbge if the fiher is inserted too far into the coupling cavity. To date, fiber 
tapering and tight cavity dimensions, in conjunctiol\ with a {]V -cured adhesive applied to the back surface 
of the wafer, have been used to hold the fibers in place. This measure is nol acceptable as a long-tenn 
solution, and an additional fixture, as indicated in Fig. 4, is prohahly necessary to ensure mechanical 
stability. The fixture positions the fibers accurately in <Ill three dimensions. pre\'cnting breakage of 
the diaphr<lgm as well as lateral misaligt"\ment. 
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2-d fiber 
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Fi ber ­ Opt ic 
Interconnects Bump Connee lions 

•••• 

Silicon 
Inteqraltd 
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I;ig. 4. Schcm!\tic diagram of a p<lckagcd device hg." Depict ion or ;1 Illulti-chip Ga!\s-on-Si 
<lccoJnodating hackside fiher-optic ;-tppl'p;!ch ['or v I S I pprie;-tl interconnects. 
interconnects. 

As noted above, a cavity-coupled fiber-optic interconncct can only be rcalil.cd in GaAs oEle structures 
cont<lining an !\\GaAs stop-ctch layer. For example, connection to all-irnrl:ll1tcd GaAs digital Je's is not 
possihle, hecause no technique has heen developed for etching vertical e<lvitics in hulk GaAs samples and 
terminating the etch cleanly a few microns from the front slllface. I Jo\\'c\'CI', this sort of limitation is 
not as severe <IS one might initially suspcct, 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 I/O and for multiplexing received signals to the
 
lower-speed processing circuits. This function is best performed hy (AI,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 AIGaAs stop-etch layer.
 

Another question of applicabilty has to do with the optical interconnection of Si circuitry. Because 
of the prevalence of silicon VI,SI in computers, widespread usc of the GaAs fiber coupler for optical 
interconnection applications may depend on hybrid approache~. Multi-chip integration, with both 
semiconductor substrates embedded in a common potting material, 12 has heen proposed· as a means 
of realizing electrical interconnection between a Si VI,SI circuit and a GaAs optical I/O chip. Epitaxial 
growth of GaAs on silicon,l3 which possesses the advant<Jge 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 CiaAs and silicon chips. 

6. Conclusion 

A vertical fiber coupling technique allowing optical interconnection to devices located in the 
interior of a GaAs/AIGaAs integrated circuit has been discussed. Its chief advantage over lateral 
coupling techniques is an ability to address high-density 2-D arrays, which is essential for future 
applications in optical computing. Fabrication of fiber-optic interconnect arrays with densities greater 
than 103 ehannels/cm2 may be possible using the backside-cavity vertical fiber coupler. Realization of 
the full potential of this integrated coupling structure, and of vertical fiher coupling in general, will 
co;ne only with the development of specialized optoelectronic packages. 
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