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[57] ABSTRACT

This invention is an optical connective device which
can have a two-dimensional array of optical fibers. The
device can be comprised of a single piece of light con-
ducting material such as glass, plastic or the like shaped
to have a slab support member having pillars which
project outward from opposing surfaces. The pillars on
one of the opposing surfaces are optically aligned with
corresponding pillars on the other opposing surface.
The length of a pillar can be as small as its diameter. The
ends of the pillars can be flat or curved to form a lens
and each pillar can be accurately located to an arbitary
position. The optical connective device can be sand-
wiched between chips to provide an integrated circuit
chip-to-chip connective device for a stack of two or
more chips.

13 Claims, 4 Drawing Sheets
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1
OPTICAL CONNECTIVE DEVICE

TECHNICAL FIELD

This invention relates generally to an optical connec-
tive device, and more particularly, to a monolithic array
of optical fibers.

BACKGROUND OF THE INVENTION

Currently, optical fibers are used in optical back-
planes for computers where the distances being tra-
versed is only tens of centimeters. The use of optical
fibers allows for higher bandwidth operation because
skin effect losses associated with metal conductors is
avoided. Thus, it is becoming attractive to develop
equipment such as computers and the like in which
direct chip-to-chip or board-to-board connections via
light is used. In addition to the high speed, low attenua-
tion and higher bandwidth possible per channel with an
optical connective device, interference due to electro-
magnetic energy is eliminated.

Two current optical connective devices which have
been developed are identified in publications as the
Columbia University design and the Honeywell design.
In the Columbia University design a single mode optical
fiber is coupled to a buried detector via a carefully
machined aluminum guide coupled to a side of a chip. In
the Honeywell design, an array of optical fibers are
arranged along a single plane and held in alignment via
a chemically machined silicon V-groove fixture. The
ends of the optical fibers are positioned over detectors
in a chip, the ends being beveled to direct light from the
optical fibers to the detectors.

The cores of optical fibers are very fine, their core
diameter being less than 15 microns. Obviously, there-
fore, the manufacture of current optical connective
devices which requires positioning an end of an optical
fiber into a slot or an opening to obtain alignment with
a detector or an optical path on a chip or a board not
only required great accuracy, but is usually difficult and
painstaking.

Clearly, a need exists for an optical connect for chips
and boards which is economical to construct, has di-
mensions which are dependably accurate, and which
permits chips and boards to be more closely coupled to
each other.

This invention is directed toward an optical connec-
tive device which meets these needs.

SUMMARY OF THE INVENTION

This invention is an optical connective device which
can have a two-dimensional array of optical fibers. The
device can be comprised of a single piece of light con-
ducting material such as glass, plastic or the like shaped
to have a slab support member having pillars which
project outward from opposing surfaces. The pillars on
one of the opposing surfaces are optically aligned with
corresponding pillars on the other opposing surface.
The length of a pillar can be as small as its diameter. The
ends of the pillars can be flat or curved to form a lens
and each pillar can be accurately located to an arbitrary
position. The optical connective device can be sand-
wiched between chips to provide an integrated circuit
chip-to-chip connective device for a stack of two or
more chips.
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic of a prior art single fiber con-
nect usually identified as the Columbia University de-
sign;

FIG. 2 is a schematic of a prior art single plane array
optical fiber connect usually identified as the Honey-
well design; :

FIG. 3 is a schematic of structure in accordance with
the principles of the invention of a two plane array
optical fiber connect; and

FIG. 4 is an enlarged view of a section of the struc-
ture of FIG. 3.

DETAILED DESCRIPTION

The drawings are not necessarily to scale and certain
parts of the drawing have been simplified to aid in clar-
ity of exposition.

Referring to FIG. 1, there is illustrated the prior art
Columbia University design. In this structure, the clad-
ding 10 at the end of a single mode optical fiber 12 is
removed to expose the core 14. The exposed core of the
fiber is inserted through an opening 16 in a precision
machined aluminum guide 18 which is coupled securely
via epoxy cement or the like to a chip 20. The exposed
end of the fiber projects into an opening 22 of the chip
for coupling to, for example, a buried detector. The
single mode optical fiber 12 is secured to the aluminum
guide 18 with an adhesive such as epoxy cement.

FIG. 2 illustrates the prior art Honeywell design. In
this structure, an alignment fixture 30 contains a plural-
ity of chemically machined grooves 32, each being
adapted to receive and hold an optical fiber 34. The
ends 36 of the optical fibers are held captive by the
grooves which are beveled to permit light in the core of
a fiber to be reflected out at a desired angle. Obviously,
if the bevel has an angle of 45°, the light will leave the
fiber at an angle of 90° to the axis of the core. The
Honeywell design can be used to couple an array of
optical fibers aligned in a single plane to integrated
detectors 38 located along a perimeter of a chip or a
board.

Manufacture and assembly of each of the prior art
optical fiber connects requires a highly skilled worker.
They are expensive to construct, and are not practical
for chip-to-chip coupling where it is desirable to have
the chips closely stacked.

Referring to FIG. 3, there is illustrated structure 40 in
accordance with the principles of this invention. In one
embodiment of the invention, a support member 42
having opposing surfaces 44, 46 supports a first 48 and
second 50 array of pillars. The first array of pillars
consist of discrete pillars 48A, 48B, 48C . . . 48N; and
the second array of pillars consist of discrete pillars
S0A, 50B, S0C . .. 50N. The various pillars 48A . . . 48N
which project outward from surface 44 are optically
aligned with corresponding pillars 50A . . . 50N which
project outward from opposing surface 52. Support
member 42, pillars 48A . . . 48N and pillars 50A ... N
are monolithic, a structure of a common material which
can transmit optical energy. Thus, optical energy re-
ceived by any one pillar 48N which projects outward
from surface 48 will be transmitted through that pillar
48N, through the portion of the support member 42
coupled to the end of the pillar 48N, and then through
the pillar 50N optically aligned with the pillar 48N
which received the optical energy. In this invention, the
pillars operate as optical fibers where the lengths of
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each optical fiber is the length of pillar 48N plus the
length of pillar 50N plus the thickness of the support
member 42.

In the embodiment of FIG. 3, the pillars can be
formed by micromachining, using either a laser, ion
milling, chemical etching, injection molding or the like.
The term “micromachined” as used herein with respect
to an array of pillars which project outward from op-
posing surfaces of a support member, is to be construed
to mean a structure which is configured using any pro-
cess which can produce the inventive structure with a
high degree of dimensional and geometric accuracy.
Materials which can be utilized to form the structure by
etching includes, but is not limited to Fotoform T™
glass (obtained from Corning Glass).

Fotoform material is photopatternable via exposure
to UV light and subsequent chemical etching. Pillars
having lengths of six hundred microns, diameters of less
than forty microns and spacing of less than fifty microns
can be achieved using this material. The processed glass
is transparent and transmits optical energy.

More specifically, Fotoform material can be pro-
cessed to form the inventive device by, first, exposing
either one or both surfaces of a plate of Fotoform to
ultraviolet (UV) light through a high precision mask.
The mask forms a desired pattern of UV light on a
ground and polished surface of a plate of Fotoform
glass. The exposed plate is heat treated to develop the
pattern. The areas of the glass that was exposed to the
UV light becomes a semi-crystalline, glass-ceramic ma-
terial that is 30 to 50 times more soluble in a dilute
hydrofluoric acid solution than the nonexposed parts of
the glass. This solubility differences enables the exposed
pattern to be differentially etched.

More specifically, Fotoform has the property that
when exposed to ultraviolet light (UV), silver atoms
form crystallization centers in the exposed regions,
which during a subsequent heat treatment allow nucle-
ation and growth of lithium metasilicate crystals. Once
this heat treatment is completed, the regions which
were exposed to UV are 30-40 times more soluble in
dilute hydrofluoric acid than unexposed regions. An
optical connective device was formed by exposing a
plate 1.6 mm thick to plane-wave UV normally incident
through a standard photolithographic mask with small
opaque disks. Upon heating to 600° C., the regions ex-
posed to UV crystallize. The plate is then exposed to
agitated HF causing fast etching of the crystallized
regions from both faces leaving pillars. Slight etching of
the non-UV-exposed regions occurs causing the pillars
to have a 3° taper. Therefore, the base of the pillars have
the same diameter as the mask disk (d,), and the tip of
the fiber has a diameter given by d;=d,,—0.105X1 ,
where 1 is the pillar length. The etch was timed so as to
leave a 170 pm thick supporting member. Thus, the
pillars were each approximately 700 um long. The re-
sulting pillar tips were roughened by the etch, so me-
chanical polishing was performed. During polishing,
the fibers were supported by wax that was melted and
flowed between the fibers and allowed to cool. The
entire fabrication process was performed with negligi-
ble variations across a 4 X 4 inch plate. If desired the end
of the pillars can be shaped to have a lens rather than
being flat. One method of producing a lens is to heat the
ends of the pillars until the material starts to melt and
form a convex shaped lens.
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Pillars whose tips have a diameter of nominally 40,
60, 80 and 100 um and arrays with center-to-center
spacings of 400 and 1000 pm have been fabricated.

The inventive connect device can also be formed by
using Lexan TM OQ-1020 from General Electric. This
method is an optically transmitting plastic which, in
combination with the injection molding process, forms
a one-piece molded device. During the molding pro-
cess, care should be exercised to insure that all bubbles
have been eliminated from the finished product.

After the pillars have been formed on the support
number, a wax-like material can be melted and poured
onto each surface and allowed to solidify. This wax-like
material provides mechanical support to the various
pillars so that they will resist flexing or bending. There-
after, the ends of the optical fibers are ground to a final
dimension and polished. If desired, the wax-like mate-
rial may remain after the grinding and polishing opera-
tion provided it has an index of refraction which is less
than that of pillar material. If desired the ends of the
optical fibers can be shaped to form a convex lens by
either heating or shaping during the molding process. If
the lens is formed during the molding process, it can be
either concave or convex.

Referring to FIG. 4, there is illustrated an enlarged
cross section view through a row of pillars 48N, 50N
and support member 42 of FIG. 3 when formed with
Fotoform material. During the etching process, the acid
solution first removes the material from the very ends of
the fibers being formed. Thus, the acid solution is in
contact with the ends of the fibers for a larger period of
time then it is in contact with the base of the fibers
coupled to the support member 42. As a result, the
optical fibers become slightly tapered as illustrated in
FIG. 4. In one embodiment, the dimension C, which is
the center-to-center spacing of the optical fibers is 400
microns; the dimension d, which is the final face diame-
ter of the optical fiber is 40 microns; the dimension m,
which is the mask feature diameter is 100 microns; the
dimension L, which is the stub length of the optical
fiber length is 600 microns; and, the dimension t, which
is the thickness of the support member, is 250 microns.

If it is assumed that, with Fotoform material, an area
of 10 microns is needed for exposure to the UV light,
then the closest center-to-center spacing of the optical
fibers which can be obtained is d+2L tan (3°)+ 10 mi-
crons which, for our device, is roughly 112 microns.
The dimension of 3° in the relationship is the taper angle
of the pillar.

In still another embodiment of the invention, where
the pillars are formed using Fotoform, a layer of etch
resistance glass is positioned between two layers of
Fotoform. The etch resistant glass can have a thickness
of 250 microns and each sheet of Fotoform can have a
thickness of 600 microns. Thermal bonding or an adhe-
sive of epoxy or the like can be used to attach the two
sheets of Fotoform to the etch resistant glass. The sand-
wich assemblage is then exposed to UV light, heat
treated and etched to form the inventive structure. As
noted above, structural support material such as wax or
the like can be poured into the spaces between the opti-
cdl fibers and allowed to harden to prevent the various
optical fibers from bending or flexing during subsequent
grinding and polishing steps.

The inventive device disclosed is a simple to con-
struct, zero-assembly, two dimensional optical fiber
array connect device. In one embodiment, it is a single
piece of glass or plastic in which multimode optical
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fiber pillars have been either etched from both faces or
formed with injection molding. The position of the
pillars and, thus, the fibers, are defined by lithographic
techniques or the like thus aliowing the device to be
aligned with integrated circuit chips.

The inventive optical connective device here dis-
closed makes possible information access from the en-
tire area of a chip, rather than just the perimeter, as light
can flow vertically from the surface, and it does this
with a connect device which is free of assemblage prob-
lems.

The full utilization of optical inter-chip communica-
tion entails two-dimensional arrays of light beams. Prior
to this invention, the construction of large two dimen-
sional arrays of optical fiber connect devices required a
painstaking and costly assemblage. Therefore, prior to
this invention, efforts were focussed on freespace opti-
cal techniques which required complicated optical de-
signs.

With this invention, an optical fiber interconnect
device can be made which has optical fibers in two
dimensions, not just one, and they are at the exact loca-
tion needed for optical interconnection to a chip.
Clearly, with this inventive connect device, connec-
tions to a chip or a board are not restricted to an end or
edge, but can be along a side of a chip or board i.e,, its
major surface. Thus, chips or boards can now be
stacked one on top of another, the inventive connect
device being interposed between adjacent chip or
boards to provide the necessary connections between
the various chips or boards of a stack. The use of the
invention devices between chips allows a cooling fluid
to flow therebetween, if desired.

What has been described is merely illustrative of the
" application of the principles of the present invention.
Other arrangements and methods can be implemented
by those silled in the art without departing from the
spirit and scope of the present invention.

We claim:

1. An optical connective device comprising

a support member having first and second opposing

surfaces,

a first array of pillars supported by and projecting

outward from said first surface, for receiving opti-
cal energy from a first chip,
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a second array of pillars supported by and projecting
outward from said second surface, for directing
optical energy to a second chip,

the pillars of said first array of pillars being aligned
with corresponding pillars of said second array of
pillars,

said pillars and said support member located between
corresponding pillars being of a material which is
transparent to energy at a frequency of interest.

2. The device of claim 1 wherein

said first array of pillars and said second array of
pillars are positioned in a single dimension.

3. The device of claim 1 wherein

said first array of pillars and said second array of
pillars are positioned in two dimensions.

4. The device of claim 1 wherein

said first array of pillars, said second array of pillars
and said support member are comprised of the
same material.

$. The device of claim 1 wherein

said first array of pillars and said second array of
pillars are multimode optical fibers.

6. The device of ¢laim 5 further

comprising support material having an index of re-
fraction lower than said pillar positioned between
said first array of pillars.

7. The device of claim 5 wherein

the pillars of said first array of pillars and the pillars of
said second array of pillars have lengths which are
greater than their diameters.

8. The device of claim 5 wherein the pillars of said
first array of pillars have a tip diameter of at least 35
microns.

9. The device if claim 5 wherein the pillars of said
first array of pillars have a tip diameter of at least 60
microns.

10. The device of claim 5 wherein said first array of
pillars, said second array of pillars and said support
member are of an etchable transparent material.

11. The device of claim 5 wherein said first array of
pillars and said second array of pillars are of an etchable
transparent material and

said support member is of a nonetchable transparent
material.

12. The device of claim 5 wherein the pillars of said

first array of pillars have ends which are flat.

13. The device of claim § wherein the pillars of said

first array of pillars have ends which are curved.
* * * * *



