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[57] ABSTRACT

A method of making an opto-electronic component (13)
comprises inserting a pre-assembled device carrier (1)
into a2 mould, filling the mould (2) with light and/or
thermally curable material, optically aligning the device
assembly and, on achieving optical alignment, at least
partially curing the material.

8 Claims, 3 Drawing Sheets
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1
OPTICAL COMPONENTS

Matter enclosed in heavy brackets [ } appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a reissue of 07/465,112 filed on Feb.
23, 1990, U.S. Par. No. 5,094,518.

This invention relates to optical components for use
with optical fibers and other optical waveguides, and to
methods of manufacturing such components. In particu-
lar, though not exclusively, this invention relates to
opto-electronic components for transmitting, receiving
or otherwise processing optical signals, and their manu-
facture.

The dimensions of the active, or light emitting, area
of light sources (such as semi-conductor lasers and light
emitting diodes) used in optical fiber communications
systems are typically of the order of a few pm. In a
single mode optical fiber suitable for use in the 1.3 p,
and 1.5 um wavelength regions the core 1s about 5-10
pm in diameter. Efficient optical coupling between the
fiber and the light source requires that their alignment
be accurate to within a few pm (or less), both trans-
versely and axially.

The dimensions of the active areas of photo-detectors
are usually larger, of the order of 50-100 pm and the
alignment tolerances between the fiber and the detector
are generally more relaxed. However, in the case of an
optical travelling wave amplifier, for example, the light
sensitive receiving area of the device is of the same
dimensions as the active area of a laser.

The need for consistently high accuracy of optical
alignments forms one of the major problems which
needs to be overcome if optical devices are to be manu-
factured in large volumes. Large volume manufacture
is, of course, essential to reducing the cost of optical
fiber communications systems.

Permanently attaching a fiber “pigtail” to the device
is one of the widely adopted solutions. Here, the critical
alignment between the fiber and the device i1s made
during manufacture. To connect the device to an opti-
cal fiber transmission line, a relatively easily aligned
fiber-to-fiber splice is formed between the pigtail and
the transmission fiber. Use of a spliced connection is
readily acceptable only in applications where the con-
nection between the optical device and the transmission
fiber needs rarely if ever to be broken or re-made.

GB Patent 1558063 (“Improvements in or relating to
dielectric optical waveguide couplings™, The Post Of-
fice) discloses an opto-electronic component in which
the opto-electronic device is housed in an optical fiber
connector. The opto-electronic device may be located
in either the male or the female part of the connector.
This arrangement of an optical device mounted in an
optical fiber connector is sometimes referred to as a
“connectorised device”,

Use of a connector-mounted device permits easy and
repeated connection and disconnection between the
fiber and the device and is potentially fairly cheap to
manufacture. Ensuring adeguate optical alignment be-
tween the fiber and the device does, however, present
some difficulties.

The present invention aims to provide a method of
manufacturing optical components, which will more
reliably yield adequately accurate optical alignment.
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The present invention also aims to provide a connector-
mounted optical component made by that method.

According to the present invention, a method of
making an optical component comprises inserting a
pre-assembled device carrier, comprising an optical
component mounted on a support structure, into a
mould, filling the mould with light and/or thermally
curable material, optically aligning the device assembly
and, on achieving alignment, at least partially cunng the
material to form an alignment shell about the device
carrier.

Any partial curing of the material must be sufficient
to ensure adequate rigidity to avoid relative movement
of the parts until full curing has taken place.

Full curing preferably takes place at elevated temper-

ature.
According to another aspect of the present invention,

an optical component comprises a pre-assembled device
carrier comprising a support structure and an optical
component mounted thereon, and further comprises an
alignment shell about the device carnier formed of light
and/or thermally cured matenal.

Preferably, the optical component is an opto-elec-
tronic component capable of converting light into an
electric signal or vice versa.

The present invention will not be described further
by way of example only, and with reference to the
accompanying drawings, of which:

FIGS. 1a to 1f are schematic illustrations of various
stages in the manufacture according to the present in-
vention of an opto-electronic component;

FIG. 2 is a schematic sectional view of an opto-elec-
tronic component made according to the method 1illus-
trated m FIG. 1; and

FIG. 3 is a schematic sectional view of a modified
opto-electronic component.

Referring now also the drawings, FIG. 1a shows a
preassembled carrier 1 for an opto-electronic device 13.
The carrier 1 comprises a tubular carrier member 11 of
conductive material, having mounted on a flat mount-
ing surface at a stepped end 12 thereof an opto-elec-
tronic device 13. Secured by adhesive resin 14 to the
opto-electronic device 13 and the stepped end 12 of the
carrier member 11, is a spherical collimating or focus-
sing lens 15. Electrical connections to the opto-elec-
tronic device 13 are provided by the tubular member 11
itself, and by a terminal 16 of a wire 17 (see FIG. 2)
insulated from, and extending the length of, the tubular
member 11.

FIG. 1b shows a mould 2 in which to form an align-
ment shell around the carrier 1 of FIG. 1a. The mould
comprises two axially aligned cyclindrical sleeve por-
tions 21 and 22, separated by an intermediate wall 23.
The sieeve portions 21 is of an internal diameter larger
than the maximum transverse dimension of the carner 1;
the sleeve portion 22 provides a push fit about an optical
fiber connector ferrule 24 enclosing an optical fiber 25
and ending flush with the fiber 25. The intermediate
wall 23 is has an aperture 26 which locates a plug 27 of
silicone rubber or another suitable resilient material
which is transparent at the wavelength of operation of
the opto-electronic device 13.

As illustrated by FIGS. 1c to 1f, the manufacture of
an opto-electronic component proceeds as follows:

The pre-assembled carrier 1 is inserted fully into the
sleeve portion 22 of mould 2 until it touches and slightly
deforms the plug 27. Thereupon the mould 1s filled with
a liquid, UV and thermo-curable material as schemati-
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cally indicated by the funnel 28. To be suitable the
material must have good environmental stability when
cured. Methacrylate resin providing a matrix for finely
ground boro-silcate glass has been found to be satisfac-
tory in this respect.

Once the mould is filled, the carrier 1 i1s moved trans-
versely until optimum alignment between the device 13
and the core 29 of the optical fiber 25 has been achieved
as measured by the amount of light coupled into or out
of the fiber 25. It should be noted that the resilient plug
27 will provide a barrier to the liquid mould feed
thereby to avoid contamination of the front portion of
the surface of the lens 15.

On reaching optimum alignment, the mould feed 1s at
least partly cured by irradiation with light from a UV
source 30, as schematically shown in FIG. 1e. This UV
curing process must result in adequate dimensional sta-
bility to allow removal of the completed component 4
from the mould 2 without adversely affecting the posi-
tioning of the carrier 1 within the moulded shell 31.
Instead of irradiating the resin from the end of the
mould, a transparent mould irradiated from all direc-
tions could be used, for example.

If required by the material properties, the curing
process can be completed at elevated temperatures as
indicated by FIG. 1f. Suitable elevated curing tempera-
tures are typically 80° C. to 150° C.

FIG. 2 shows a schematic length-wise section
through a completed opto-electronic component. In
addition to the features of the carrier already described
with reference to FIG. 1a, there is shown the central
conductor 17 leading, within an insulating sieeve 18,
from the terminal 16 to a bonding pad 34. A bond wire
33 is attached to the bonding pad 34 at on end, and to a
top contact of the device 13 at its other end.

The shell 31 provides a highly concentric alignment
surface around the component which thus can provide
a male portion of an optical fiber connector, for exam-
ple.

FIG. 3 shows a schematic length-wise sectin through
a modified form of the component of FIG. 2. Using a
resin matrix for ground boro-silicate glass provides an
external surface to the shell which is of excellent ther-
mal and mechanical stability; however, the glass parti-
cles in the material or the matrix material itself may
prove to be too abrasive in certain applications. To
overcome this, the shell may be enclosed in a thin sleeve
35 of material more closely matched in hardness to the
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material of the socket into which the component 1s to be
inserted.

I claim:

1. A method of making an optical component com-

prising the steps of:

inserting an optical device disposed on an associated
device carrier into a mould,

filling the mould with curable material,

optically aligning the device and its carrier with re-
spect to the mould and, on achieving alignment, at
least partially curing the material, and

removing the device carrier now permanently dis-
posed within said at least partially cured material
from said mould.

2. A method of making an optical component which

comprises the steps of:

inserting an optical component mounted on a support
structure into a2 mould,

filling the mould with curable material,

optically aligning the optical component and its sup-
port structure with respect to the mould,

curing the material to form an alignment shell about
the [device carrier] optical component and its sup-
port structure, and

removing the [device carrier] optical component and
its support structure now permanently disposed
within said material from said mould.

3. A method as in claim 1 wherein said material 1s a

radiation curable matenal.

4. A method as in claim 3, wherein the matenal is

curable by irradiation with UV radiation.

5. A method as in claim 1, further, comprising curnng

of said material at elevated temperature.

6. An optical component comprising:

a support structure and an optical component
mounted thereon, and an alignment shell prema-
nently disposed about the support structure and
optical component, said shell being formed of
cured material, said cured material presenting a
free outer surface for mating engagement with an
optical connector, and said support structure and
optical component being aligned with a portion of said
outer surface of the alignment shell

7. A component as in claim 6, wherein the optical

component is an opto-electronic component capable of
converting light into an electric signal.

8. A component as in claim 6, wherein the optical

component is an opto-electronic component capable of

converting an electric signal into light.
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