


Photonic Interconnections

connects may become technologi-
cally viable, their acceptance in
other than high-performance DoD
hardware will be extremely limited
until manufacturing costs become
manageable.

A compromise that decouples the
optoelectronic IC (OEIC) manufac-
turing yield from the non-optoelec-
tronic IC, and allows the latter to re-
main realized in silicon is to adopt a
hybrid approach. Here, the OEIC
contains the sources, receivers and
driving and amplification circuitry.
The OEIC is coupled to the silicon (or
GaAs) circuit using established hy-
bridization techniques such as sol-
der ball bumping (“‘flip chip” tech-
nology) or wire bonding. The silicon
IC designer need not be concerned
with the optical interconnect, and
the OEIC, being a standard interface
for optical interconnects, need not be
redesigned for each IC. Manufactur-
ing efficiency will probably improve
considerably with this approach.

Coupling technology

The physical connection between
the IC source or receiver and the
transmission medium is perhaps the
most difficult technological chal-
lenge that faces optical intercon-
nects. There are several constraints
on the design of the coupler. It must
consume a minimal amount of chip
real estate, it must facilitate align-
ment between the source/receiver
and transmission medium, it must
have low loss, and it must be me-
chanically stable. Several schemes
have been proposed recently for
achieving these requirements, but
up until now only two have demon-
strated their potential.

In a horizontally coupled GaAs re-
ceiver scheme pursued by Honey-

well (Figure 2), an optical fiber’s out-
put end is polished at an angle per-
mitting the reflection of the light
vertically down into the IC receiver.
The receiver is an interdigitated
back-to-back Schottky diode struc-
ture. The alignment between the fi-
ber and the IC is maintained by us-
ing an alignment fixture, a piece of
silicon that has been anisotropically
etched to form V-grooves. The fibers
are aligned by the V-grooves and
glued in place. The fibers and the
end of the silicon fixture are bevelled
by simultaneous polishing.

The V-groove alignment fixture
method allows a high density of opti-
cal interconnects to be made to the
perimeter of an IC. However, IC
trends indicate that in order to sat-
isfy the number of I/O connections
required for VLSI circuits, connec-
tions must be made to the interior
regions of the chip as well. Thus,
while horizontal coupling schemes
maintain the planarity that has so
far characterized IC development,
they may not be suitable for in-
terconnected systems of very high
density.

Vertical coupling of optical fibers
allows the highest possible density of
interconnects. In a scheme devel-
oped at Columbia University, optical
fibers are directly connected to ICs
using a vertical coupling technique.
Since the detector footprint need be
only as large as the fiber core, the
cladding footprint can be utilized for
amplification or driving circuits. In
this coupler, a vertical cavity is
etched into silicon using an aniso-
tropic etching process. Cylindrical
cavities are typically 20um deep and
20um in diameter for front-side inter-
connects. The inside of the cavity is
doped to form a PN junction on the
interior surface. An optical fiber is
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Figure 2.
Coupling approach pursued by Honeywell. The fibers, which are aligned by the
silicon V-groove fixture, are polished at an.angle so that the optical signal is di-
rected vertically into the photoreceiver.

1990 THE PHOTONICS DESIGN AND APPLICATIONS HANDBOOK

Optical Computing

conically tapered using wet etching
and inserted into the cavity. Thus,
the cavity not only provides align-
ment and mechanical stability, but
the detector surrounds the fiber tip
and acts as an integrating sphere,
yielding high quantum efficiency.
However, the PN junction detector
structure, due to carrier diffusion, is
relatively slow, particularly at longer
wavelengths.

The cavity concept is being ex-
tended to high-speed GaAs circuits
using a backside coupler approach.
The cavity, the diameter of which is
matched to the optical fiber diame-
ter, is etched from the back side, ter-
minating close to the front surface of
the wafer. Detector performance can
be dramatically improved using this
strategy. Such 3-D interconnects
may be particularly useful in optical
computing applications.

Another challenge for any cou-
pling scheme is efficient coupling of
photons from a source to an optical
fiber. Conventional sources, includ-
ing most laser diodes, are poorly
suited for this. However, there has
recently been considerable research
on vertically emitting laser sources.
The alignment of fibers to sources is
particularly critical, and means of
manufacturing such interconnects
reliably and economically will be
critical to the realization of optical
interconnects.

Future prospects
The future for optical intercon-
nects looks promising. Although the
widespread replacement of elec-
tronic interconnects in electronic
systems with optical interconnects is
unlikely, there are many niches in
which optical interconnects will play
an important role. Certainly, inter-
board connections will benefit from
advances in optical interconnects
and will probably be implemented
with optical fibers. Optical interchip
communications will initially find
use in harsh environments or high-
data-rate/high-fan-out applications,
but widespread adoption will not oc-
cur until packaging economics justi-
fies it. Optical printed circuit boards
fabricated with silicon may be an in-
teresting alternative to connecting
chips with optical f{ibers. Intrachip
photonic communication remains a
difficult challenge. but free-space
transmission may improve these
prospects. Overall. it seems likely
that the path followed by photonic
communications, from long-distance
telephony to LANs, will lead to the
very short-distance communications

realm.
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