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OPTICAL SUBASSEMBLY AND METHOD
OF MANUFACTURING THE SAME

ABSTRACT

An optical subassembly and method of manufacturing an optical subassembly are
provided. One subassembly includes a base, an optical emitter attached to the base and
one or more spacers attached to the base surrounding at least a portion of the optical
emitter. The optical subassembly further includes a ferrule sleeve attached to the base
with the optical emitter and one or more spacers within the ferrule sleeve, wherein the
ferrule sleeve is configured to receive an optical fiber therein. The optical subassembly
also 1ncludes one or more reinforcement members attached to the base adjacent the

tferrule sleeve and configured to provide support to the ferrule sleeve.
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OPTICAL SUBASSEMBLY AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND

[0001]  Optoelectronic devices include optical and electronic components that
may be used in different types of optical systems having varied applications. For
example, optoelectronic devices can be used in video inspection instruments, which allow
maneuvering through a remote and/or reduced access area of a component to provide a

visible image of a small area of the component that is located a distance from the user.

[0002] In optical communication links, conventional optoelectronic
subassemblies typically use an optical focusing medium to direct emitted light from a
light source to a photodetector over an optical waveguide. This optical waveguide may
be several meters long depending on the application. These optoelectronic subassemblies
also include packaging to operate over a defined temperature range (e.g., 0 to +70°C).
However, 1n some applications, the optoelectronic subassemblies may have to operate at
much higher or lower temperatures, in which case, the source or detector is provided with
cooling and/or heating components. As more components are added to these
optoclectronic subassemblies, the size and power requirements increase, which can lead
to packaging issues, for example, when used in some devices, such as a video inspection

instrument distal head, which is small in size.

[0003] Ditferent configurations are known for providing cooling and
miniaturization of the optoelectronic subassemblies and packaging thereof. However, the
different cooling arrangements result in optoelectronic subassemblies that do not fit
within the distal head of the video inspection instrument.  Additionally, the
miniaturization techniques can result in optoelectronic subassemblies that are not able to

operate at higher temperature ranges. Moreover, many of the miniaturization approaches,

such as ones that use focusing lenses, use small guide pins for alignment that are
mechanically unstable in the optoelectronic subassembly miniaturized size, particularly

for use in a video inspection instrument application. Moreover., conventional
-1-
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optoelectronic subassemblies also use custom parts which can make manufacturing

expensive and also complex.

BRIEF DESCRIPTION

10004] In accordance with various embodiments, an optical subassembly is
provided that includes a base, an optical emitter attached to the base and one or more
spacers attached to the base surrounding at least a portion of the optical emitter. The
optical subassembly further includes a ferrule sleeve attached to the base with the optical
emitter and one or more spacers within the ferrule sleeve, wherein the ferrule sleeve is
contigured to receive an optical fiber therein. The optical subassembly also includes one
or more reinforcement members attached to the base adjacent the ferrule sleeve and

contigured to provide support to the ferrule sleeve.

[0005] In accordance with other various embodiments, a method for assembling
an optical subassembly is provided. The method includes attaching one or more spacers
to a base surrounding at least a portion of an optical emitter mounted to the base
substrate, wherein the one or more spacers have a height greater than a height of the
optical emitter, and the base is formed from a substrate carrier material. The method
further includes attaching a ferrule sleeve to the base with the optical emitter and one or
more spacers within the ferrule sleeve, wherein the ferrule sleeve is configured to receive
an optical fiber therein. The method also includes attaching one or more reinforcement

mounted to the base adjacent the ferrule sleeve to support the ferrule sleeve.

[0006] In accordance with still other various embodiments, a video inspection

instrument is provided having the optical subassembly.

BRIEF DESCRIPTION OF THE DRAWINGS

10007] Figure 1 is schematic illustration of a video inspection instrument in

accordance with various embodiments.
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[0008] Figure 2 is a diagram of an optical subassembly in accordance with one

embodiment.

[0009]  Figure 3 1s a schematic cross-sectional view of an optical subassembly is

accordance with another embodiment.

|[0010]  Figure 4 1s a schematic cross-sectional view of an optical subassembly is

accordance with another embodiment.

[0011] Figure 5 1s a schematic cross-sectional view of an optical subassembly is

accordance with another embodiment.

[0012] Figure 6 1s a side view of an optical subassembly in accordance with

various embodiments.
[0013] Figure 7 1s a top view of the optical subassembly of Figure 6.

10014] Figure 8 1s a diagram of a ferrule sleeve in accordance with one

embodiment.

[0015] Figure 9 is a diagram of a ferrule sleeve in accordance with another

embodiment.

[0016] Figure 10 is a diagram of optical subassembly in accordance with

another embodiment.

[0017]  Figure 11 1s a diagram of bottom of the optical subassembly of Figure
10.

[0018] Figure 12 is a flowchart of a method for assembly an optical

subassembly in accordance with various embodiments.
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DETAILED DESCRIPTION

10019]  The following detailed description of certain embodiments will be better
understood when read in conjunction with the appended drawings. As used herein, an
element or step recited in the singular and proceeded with the word "a" or "an" should be
understood as not excluding plural of said elements or steps, unless such exclusion is
explicitly stated. Furthermore, references to "one embodiment" are not intended to be
interpreted as excluding the existence of additional embodiments that also incorporate the
recited features. Moreover, unless explicitly stated to the contrary, embodiments
‘comprising” or "having" an element or a plurality of elements having a particular

property may include additional elements not having that property.

[0020]  Although the various embodiments may be described herein for a
particular operating environment, for example in connection with a particular video
Inspection instrument or application, it should be appreciated that one or more

embodiments are equally applicable to other devices and applications.

[0021]  Various embodiments provide an optoelectronic or optical subassembly
(or optoelectronic or optical assembly) and methods of manufacturing the same that allow
for the connection of a light emitter to an optical waveguide, such as within a distal head
of a video inspettion instrument (e.g., video borescope). An optical subassembly in
vartous embodiments includes reinforcement blocks and spacers that provide increased
mechanical strength and facilitate the assembly process, respectively, as described in
more detail herein. By practicing various embodiments, improved performance such as
enhanced optical coupling efficiency, reduced optical noise, better temperature
performance, and improved reliability may be provided, while maintaining a small form

factor subassembly that allows for easy assembly at a low cost.

[0022]  More particularly, various embodiments provide an optical subassembly
(which may be an optoelectronic subassembly in some embodiments) that allows for the
compact integration of an optical emitter with a waveguide. For example, various

embodiments may be implemented in connection with a video inspection instrument 20
_4.-
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as shown 1n Figure 1. The video inspection instrument 20 operates to acquire images of

an area of a surface 22 located a distance from the user viewing a display screen 24 that

displays the acquired images. In the illustrated embodiment, the video inspection

instrument 20 is handheld by the handle 26.

[0023] The video inspection instrument 20 includes an insertion tube 28 (or
tubular insertion portion, capable of being positioned within various cavities) that may be
manipulated or maneuvered (e.g., into tight or confined spaces) to place a tip or distal
head 30 of the insertion tube 28 adjacent the surface 22, which may be in contact with or
spaced apart from the surface 22. The distal head 30 includes therein an optical or
optoelectronic subassembly 32 as described in more detail herein that is configured to
optically transmit data signals of the acquired images of the surface 22. The distal head
30 also includes a control unit 35 in various embodiments that includes. for example.

circuitry to control an imaging unit 33, signal generation, etc.

[0024] Images are acquired by the imaging unit 33 such as a CMOS or CCD
camera at a tip of the distal head 30. The distal head also includes circuitry (not shown)
to control elements such as the imaging unit 33 or the optical transmitter in the
optoelectronic subassembly 32. A proximal end 34 generally includes a control section
(having buttons or other controls) for remote movement of the distal head 30 and to
control the acquisition of the images, which in various embodiments are video images. It
should be noted that different types of articulation or movement mechanisms may be used

to provide movement of the distal head 30.

[0025]  The insertion tube 28 generally includes electrical wires and optical
llumination fibers (both not shown) or other structure that align within the distal end,
such as one or more optical fibers 36 (e.g., an optical fiber bundle) for communicating or
transmitting images from the distal head 30 (as acquired by the imaging unit 33 and
optically transmitted by the optoelectronic subassembly 32 that converts electrical signals
to optical signals in various embodiments) to the proximal end 34. The optical fibers 36

also may be used in some embodiments for illumination. The proximal end 34 also

_5-
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includes, for example, a photodetector 37 that coverts light signals back to electrical

signals. Additionally, other control elements, such as articulation cables and wires (both
not shown) also extend within the insertion tube 28. It should be noted that the
dimensions of the video inspection instrument 20, for example, the insertion tube 28 may

be varied based on, for example, the particular application.

10026] Figure 2 illustrates an optoelectronic or optical subassembly 40 (that
may be embodied as the optoelectronic subassembly 32 shown in Figure 1) in accordance
with one embodiment. The optical subassembly 40 includes a base 42, illustrated as a
carrier substrate. The base 42 is generally rectangular in shape and formed from a
ceramic material in some embodiments. However, the base may be sized and shaped
ditferently, as well as formed from a different material or combination or materials. In
one embodiment, the base 42 has a length (L) of about 3.2 millimeters (mm) and a width
(W) of about 1.6 mm. However, other sizes and shapes of the base 42 may be provided,
such as by dicing a substrate material with a ceramic saw to form a base 42 having
particular dimensions or to modify the dimensions of the base 42. The base 42 in various

embodiments 1s a base substrate formed from a carrier material as described herein.

10027] It should be noted that the outer diameter of a ferrule sleeve as described
herein in various embodiments is dictated by industry standard (e.g., LC sleeve). In
various embodiments, the width of the base 42 is selected to match this outer diameter.

The length of the sleeve in various embodiments is made as short as possible (e.g.. to

meet the small form factor), but long enough to provide enough mechanical stability for
the optical fiber and ferrule stick as described herein. For example, in some

embodiments, sleeve lengths ranging from about 2mm to about 3mm are used.

[0028] An optical emitter 44, which in one embodiment is a vertical-cavity

surface-emitting laser (VCSEL) die, is attached to a top surface 46 of the base 42. Other
optical emitting devices may be used, for example, any type of semiconductor laser diode
or light emitting diode (LED). The optical emitter 44 may be attached to the base 42

using different means, which in one embodiment includes using an epoxy or other

-6-
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adhesive to securely and fixedly attach the optical emitter 44 to the base 42. In addition

to mechanical attachment, electrical contact is made between the optical emitter 44 and
the base 42 when conductive epoxy is used. In the illustrated embodiment, the optical
emitter 44 1s attached or mounted generally to a middle of the top surface 46 of the base
42. However, positioning of the optical emitter 44 on the base 42 may be changed or
offset from the middle as desired or needed. As used herein in various embodiments,
attached can mean attached, coupled, mounted and/or connected in different ways or

configurations.

[0029]  The base 42 also includes electrical connections thereon. In particular,
metal contacts 48 are provided along opposite side edges of the base 42, which in some
embodiments are configured as contact pads. The metal contacts 48 are electrically
connected to the optical emitter 44 via metal traces 50, which may be metal runners or
other electrical connections. The optical emitter 44 can be electrically connected to the
metal traces 50 by various means such as electrically conductive adhesives (e.g.
conductive epoxy), wire bonds, or solder bumps. The metal contacts 48 and metal traces
S0 may be deposited (e.g. metal deposition by thermal evaporation or sputtering) on the
top surtace 46 of the base 42 in some embodiments. The metal traces 50 extend from the
metal contacts 48 to electrical contacts (not shown) of the optical emitter 44, which may
be provided on bottom side of the optical emitter 44. For example, in some
embodiments, the optical emitter 44 is mounted to a top of the metal traces 50. Thus. the
metal traces 50 provide an electrical current path from the optical emitter 44 to the metal

contacts 48.

0030} It should be noted that different electrical connections to the optical
emitter 44 may be provided. For example, is some embodiments, vias (not shown) may

be provided that extend as openings through the base 42 from the top side 46 to a bottom
side 52, on which are provided electrical pads, solder bumps, of other electrical
connections to provide an electrical path to the optical emitter 44. In still other
embodiments or additionally, the optical emitter 44 may include electrical contacts on a

top surtace thereof, which may, for example, be bump bonded or soldered to a gold wire
7.
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that is also bump bonded to the top surface 46 of the base 42. Accordingly, in this

embodiment, a wire bond connection is provided to the optical emitter 44. It should be
appreciated that different connection arrangements to the optical emitter 44 may be
provided as desired or needed, for example, based on a particular application or

configuration.

[0031] The optical subassembly 40 also includes a plurality of spacers 54
(illustrated as four spacers 54) attached to the base 42 and surrounding or adjacent to the
optical emitter 44. The spacers 54 may be attached to the base 42 using an epoxy or
adhesive. In the illustrated embodiment, the optical emitter 44 is generally square in
shape with one spacer 54 mounted adjacent each of the sides of the optical emitter 44.
The spacers 54 are illustrated as generally square in shape, but may have different shapes
and dimensions, for example, based on the configuration or shape of the optical emitter
44. The spacers 54 in some embodiments are mounted such that the spacers 54 are not in
contact with the metal traces 50. For example, in the illustrated embodiment, the optical
emitter 44 1s rotated relative to the base 42 such that sides of the optical emitter 44 are
rotated ninety degrees relative to sides of the base 42. The spacers 54 are aligned at each
of the sides of the optical emitter 44, such as adjacent to, but not in contact with or
abutting the optical emitter 44. The spacing between the spacers 54 and the optical
emitter 44 may be varied and in some embodiments the spacers 54 abut and contact the

sides of the spacers 54.

[0032]  Thus, the spacers 54 are positioned generally around the outer periphery
of the optical emitter 44. It should be noted that additional or fewer spacers 54 may be
provided as desired or needed. For example, larger or smaller spacers 54 may be
provided and shaped differently, such as “L” shaped to extend along two sides of the
optical emitter 44. As another example, the spacers 54 may be two half-rings or a single
spacer that is ring may be provided. In various embodiments, the spacers 54 are
positioned such that spacers 54 substantially encompass the outer periphery of the optical
emitter 44. The spacers 54 have a height that is greater than the height of the optical

emitter 44. For example, the tops of the spacers 54 extend higher than a top of the optical
-8-
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emitter 44 such that a plane in which the tops of spacers 54 are located is above a plane in

which the top of the optical emitter 44 is located. Thus, for example, when a component
(e.g., an optical fiber) is positioned to be optically coupled to the optical emitter 44, the
spacers >4 act as a stop or block to prevent the component from physically contacting the
top surface of the optical emitter 44. Accordingly, a spacing or gap is provided between
the top surface of the optical emitter 44 and the bottom surface of the component that is
positioned adjacent the optical emitter 44. In various embodiments, the spacers 54 are
formed from the same material as the base 42. For example, in one embodiment, the
spacers 54 and base 42 are both formed from a ceramic material. In one embodiment, the
ceramic material is an oxide ceramic. It should be noted that spacer elements, such as the
spacers 54 or other features (e.g. means of providing a mechanical stop to protect the
optical emitter 44) can be part of the base structure, for example, the base 42, or part of a

sleeve structure as described herein.

[0033] The optical subassembly 40 also includes a ferrule sleeve 56 attached to
the base 42, which may be attached using an epoxy or adhesive. In various embodiments.
epoxy 1s used as being simpler, cheaper, and allows for a smaller form factor, as well as
does not create excess heat during manufacturing compared to laser welding, such as
laser spot welding. However, in various embodiments, the attachment using €poxy Iis

weaker, so reinforcement elements are used as described herein.

[0034]  The ferrule sleeve 56 is sized and shaped to surround the optical emitter
44 and the spacers 54, as well as to receive therein a component, such as the optical fiber
64 (shown in Figure 3). For example, the ferrule sleeve 56 in the illustrated embodiment
has a generally circular cross-section to receive therein an optical fiber for positioning
adjacent to the optical emitter 44 for optical coupling thereto. As can be seen, the ferrule
sleeve 56 is generally cylindrical in shape and extends a distance above the top surface 46
of the base 42 such that when a component is received therein, support of the component
relative to the optical emitter 44 is provided. The length and inner diameter of the ferrule
sleeve 56 may be based on the type of component or optical fiber to be received therein.

T'he optical fiber is typically contained in a ferrule stick as describe herein with an outer
0.
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diameter that matches the inner diameter of the ferrule sleeve 56. Additionally, the

diameter of the ferrule sleeve 56 is selected such that the spacers 54 and optical emitter

44 are encompassed within the ferrule sleeve 56.

10035] In one embodiment, where an optical fiber 1s inserted and received
within the ferrule sleeve 56, the optical fiber is maintained in alignment with the optical
emitter 44 by the ferrule sleeve 56. For example, the ferrule sleeve 56 is positioned such
that when the optical fiber is inserted within the ferrule sleeve 56, the optical fiber is
aligned with an aperture of the optical emitter 44 to provide optical coupling between the
optical emitter 44 and optical waveguide (e.g. optical fiber). It should be noted that the
ferrule sleeve 56 may be sized to accommodate the optical fiber, as well as a surrounding
support, such as a ferrule stick with an angled polished contact (APC) facet at an end of
the optical fiber that is inserted within the ferrule sleeve 56. The ferrule sleeve 56 may be
formed from different materials. In one embodiment, the ferrule sleeve 56 is formed
from the same material as the base 42 and spacers 54, for example, a ceramic material as
described herein. However, different materials may be used, such as aluminum oxide or
zirconium dioxide. In various embodiments, the ferrule sleeve 56 is non-conductive, for

example, formed from a non-conductive material (such as a non-metal material).

[0036] The ferrule sleeve 56 may include an opening along a portion of a length
thereot, which is illustrated as a longitudinal slit 58 (or slot) extending along the entire or
partial length of the ferrule sleeve 56. The slit 58 in various embodiments is configured
to provide some flexibility to the ferrule sleeve 56, as well as to allow the removal of
materials from within the ferrule sleeve 56, such as gel and epoxy that may be used to
secure the optical fiber within the ferrule sleeve 56. The width of the slit 58 may be
varied as desired or needed. In some embodiments a solid ferrule sleeve 56 may be

provided and 1f the slit 56 is desired or needed, the slit 56 may be cut into the ferrule

sleeve 56, such as by using a dicing saw.

[0037] The optical subassembly 40 also includes reinforcement members 60,

illustrated as reinforcement blocks that are positioned adjacent the ferrule sleeve 56. In

-10-
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the 1llustrated embodiment, two reinforcement members 60 are illustrated and attached to

the top surface 46 of the base 42, such as by using an epoxy or adhesive as described
herein. The reinforcement members 60 are illustrated as being positioned on opposite
sides of the ferrule sleeve 56 and extend along the width W of the base 42 a distance such
that at least one side of the reinforcement members 60 is in contact and abutting an outer
surface of the ferrule sleeve 56. It should be noted that although the reinforcement
members 60 are illustrated as blocks having planar sides, the surface of a side,.
particularly the side 62 that is in abutting engagement with the ferrule sleeve 56, may be
curved complementary to the curvature of the outer circumference of the ferrule sleeve 56
to provide additional contact surface therewith. Additionally, the reinforcement members
60 may be sized such that the side 62 extends along all of or substantially the entire width
of the top surface 46 of the base 42 or along only a portion thereof. The reinforcement
members 60 provide support to the ferrule sleeve 56 in various embodiments, which may

include rigidity in lateral and/or torsional loads.

|0038] The reinforcement members 60 are sized in the illustrated embodiment
to extend from the outer surface of the ferrule sleeve 56 to an edge of the metal contacts
48. However, 1t should be noted that the reinforcement members 60 in some
embodiments may not extend entirely to the edge of the metal contacts 48. In
embodiments where the metal contacts 48 are not provided, such as when the electrical
contact are made on the bottom surface 52 of the base 42 using through-vias, the
reinforcement members 60 may extend along an additional length of the top surface 46 of
the base 42, such as up to the edge of the base 42. It should be noted that the cross-
section of the reinforcement members 60 may have different shapes other than the
illustrated rectangular cross-sectional shape. For example, the reinforcement members 60
may have a triangular cross-sectional shape with one of the sides of the triangular cross-

section abutting the outer surface of the ferrule sleeve 56.

[0039]  The reinforcement members 60 are also sized to extend a distance along
the length of the outer surface of the ferrule sleeve 56 (upward as viewed in Figure 2).

For example, in the illustrated embodiment, the reinforcement members 60 extend about
_11-
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half way along the length of the ferrule sleeve 56. In other embodiments, the
reinforcement members 60 may extend along more or less of the length of the outer
surface of the ferrule sleeve 56. For example, in some embodiments, the reinforcement
members 60 may extend along at least a portion of the length of the ferrule sleeve 56.
Thus, the reinforcement members 60 are configured to provide mechanical support to the

ferrule sleeve 56 along at least portions of lengths of the ferrule sleeve 56.

10040] It should be noted that the reinforcement members 60 are attached to the
top surface 46 of the base 42 on top of the metal traces 54. In some embodiments, the
reinforcement members 60 may include a slot (not shown) on a bottom surface of the
reinforcement members 60 that accommodates the metal traces 50 passing thereunder.
For example, the slot may be sized to receive therethrough the metal trace 50. The slot in
the ferrule sleeve 56 (or other means of venting holes) allows coupling fluids (e.g. index
matching gels or epoxies) to escape when the ferrule stick (containing the optical fiber) is

inserted into the sleeve structure forming the ferrule sleeve 56.

10041] In various embodiments, the reinforcement members 60 are formed from
the same material as the base 42, spacers 54, and ferrule sleeve 56, such as a ceramic
material. However, in some embodiments a different material may be used. Generally, it
1s desirable to use materials with a matched coefficient of thermal expansion (CTE).
which 1s provided in various embodiments. Ceramic materials typically possess very
small CTE values which improve the reliability of the subassembly when exposed to
varying temperatures. The optical subassembly 40 in various embodiments, thus,
includes elements formed from a non-metal, which in some embodiments is a ceramic
material. For example, the base 42, spacers 54, ferrule sleeve 56, and reinforcement
members 60 are formed from the same material, such as a ceramic material to define a
non-metal package. The various components may be directly assembled using an epoxy

or adhesive.

10042] In some embodiments, the package components may be off-the-shelf

components. For example, the base 42, spacers 54 and reinforcement members 60 may

-12-
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be formed from 96% alumina wafers, such as available from Valley Design Corp. of

Shirley, MA. The wafers may be, for example, 250 um thick, 280 um thick and 500 um

thick, respectively. Additionally, the ferrule sleeve 56 may be an LC ferrule split sleeve
(SM-CS1258), available from Precision Fiber Products of Milpitas, CA.

[0043] The various components, including the packaging components may have
different sizes and shapes. In one embodiment, the base 42 has a length of 3.25 mm, a
width of 1.62 mm and a thickness of 0.25 mm; the spacers 54 have a length and width of
250 um and a height or thickness of 280 um; the reinforcement members 60 have a width
of 0.5 mm, a length of 1.25 mm and a height of 1.5 mm; and the ferrule sleeve 56 has an
inner diameter of 1.25 mm, an outer diameter of 1.6 mm, and a height of 2.5 mm. In one
embodiment, the optical emitter 42 is formed from a semiconductor compound Gallium
Arsenide (GaAs) and Aluminum Gallium Arsenide (AlGaAs) material having a length
and width of 230 pm and a height of 215 um. It should be appreciated that the materials
and dimensions described above are merely exemplary of one embodiment, and different

materials and dimensions may be provided.

[0044]  Additionally, different epoxies or adhesives may be used to attach
together the various components, such as mounting the various components to the base
42. For example, the ferrule sleeve 56 and reinforcement members 60 may be attached to
the base 42 in one embodiment using an EPO-TEK 353ND epoxy, available from Epoxy
lechnology of Billerica, MA (or other high temperature epoxy), and the optical emitter
42 and spacers 54 attached to the base 42 using an AbleBond 84-1LMISR4 epoxy,
available tfrom Henkel Corp. of Rocky Hill, CT (or other electrically conductive die

attach adhesive).

[0045] Thus, 1n various embodiments, the optical emitter 44 is attached to a

small ceramic substrate, such as the base 42, having electrical contact pads and metal
runners, such as the metal contacts 48 and metal traces 50. In some embodiments, a top
contact of the optical emitter 44 is electrically connected using a shallow wire bond while

the backside or underside connection is formed by conductive epoxy. In various

-13-
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embodiments, all of the components of the packaging of the optical subassembly 40 are

attached using epoxy. In various embodiments, small ceramic spacers, such as the
spacers 54, are slightly taller that the thicknesses of the laser die forming the optical

emitter 44, are positioned around the optical emitter 44 and attached to the base 42.

[0046]  Additionally, the ferrule sleeve 56 is attached to the base 42 surrounding
the optical emitter 44 and spacers 54. It should be noted that the ferrule sleeve 56 in
various embodiments may be any type of fiber optic alignment tube or mating sleeve.
The alignment between the ferrule sleeve 56 and the aperture of the optical emitter 44, as
well as the thickness of the spacers, determine the coupling efficiency as well as the
signal-to-noise ratio of the optical link with the optical fiber inserted within the ferrule
sleeve 56.  Increased mechanical strength and/or support are provided by the
reinforcement members 60 that are adjacent or attached to the side walls of the ferrule

sleeve 56.

[0047] More particularly, as shown in Figure 3, an optical fiber 64 (e.g., a
polyimide fiber) is inserted within the ferrule sleeve 56. In the illustrated embodiment.
an APC ferrule stick 66 surrounds at least the portion of the optical fiber 64 that extends
into and is received within the ferrule sleeve 56. The ferrule stick 66 may be formed
from a similar material to the ferrule sleeve 56, for example, a ceramic material such as
zirconia. In some embodiments, the ferrule stick 66 is an LC-type ferrule stick, such as
an SM-FER1010C-1260 LC-type ferrule stick available from Precision Fiber Products.
lhe ferrule stick 66 generally includes an opening therethrough for receiving and
securing therein the optical fiber 64. The ferrule stick 66 is sized and shaped to fit within
the ferrule sleeve 56, which may include a resistance fit or may provide a spacing for

inserting an adhesive therein (e.g., having a slightly smaller diameter than the ferrule

sleeve 56).

[0048] In the illustrated embodiments, the ferrule stick 66 is sized to extend
beyond a top end 66 of the ferrule sleeve 56 when inserted therein to align the optical

fiber 64 with the optical emitter 44 to provide an optical link or optical coupling

-14-
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therebetween. The distance the ferrule stick 66 extends beyond the top end 66 of the

ferrule sleeve 56 may be varied and in some embodiments the ferrule stick 66 is generally
level with the top end 66. In other embodiments, the ferrule stick 66 may not extend

beyond the top end 66 when inserted within the ferrule sleeve 54.

[0049] In the illustrated embodiment, the mating end 70 of the ferrule stick 66
that 1s inserted within the ferrule sleeve 54 includes an angled polished edge 68, which is
also referred to as an APC. The degree of angle to the angled polished edge 68 may be
varied, for example, based on an amount or type of back reflection to be reduced. It
should be noted that in some embodiments, the ferrule stick 66 includes a planar mating

end.

[0050] As can be seen, when the ferrule stick 66 is inserted within the ferrule
sleeve 56 a portion of the mating end 70 abuts and contacts at least one of the spacers 54,
which prevents the mating end from contacting the optical emitter 44. It should be noted
that the height of the spacers 54 may be provided such that the gap between the optical
emitter 44 and the optical fiber 64 is within a defined or predetermined range to provide
the optical link (e.g., taking into consideration the angle of the mating end 70). It also
should be noted that if the mating end 70 of the ferrule stick 66 is planar, the mating end

will abut and contact all of the spacers 54.

10051] In various embodiments, a transparent coupling fluid (e.g. an index-
matching gel) with a refractive index close to that of the fiber core of the optical fiber 64
1s provided within the ferrule sleeve 56 and fills the gap 72 between the mating end 70
and the top surface 42 of the base 42 within the ferrule sleeve 56. The coupling fluid in
various embodiments provides that a large portion of the optical modes are coupled into
the optical fiber 64 while reducing back reflections. The coupling fluid also improves the
coupling efficiency when single-mode optical emitters (e.g. single-mode lasers) or
emitters with a large optical output beam divergence (e.g. LEDs) are used. Alternatively
or optionally, an anti-reflection coating (ARC) may be deposited on the optical fiber

facet.
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[0052] Variations and modifications are contemplated, for example, a fiber stub

74 with APC and/or ARC may be provided as shown in Figure 4. As can be seen in this
embodiment, the ferrule stick 66 is attached to the fiber stub 74 with the fiber stub 74
forming the mating end that abuts and contacts one or more of the spacers 54. It should
be noted that in this embodiment, different pieces of optical fiber 64a, 64b are provided
within the ferrule stick 66 and fiber stub 74. The fiber stub 74 i1s configured as an adapter
with an angled cut lower surface and in various embodiments i1s formed from the same

material as the terrule stick 66.

[0053] An example of another variation 1s the embodiment shown 1n Figure 5
that includes a lens 80, which is illustrated as a gradient-index (GRIN) lens, but may be
other types of lenses, such as a ball lens. In this embodiment, two ferrule sticks 66, 82
are provided for securing therein the optical fiber 64 and the lens 80, respectively. It
should be noted that the reinforcement members 60 are not shown for ease of illustration.
Also, the lens 80 is illustrated as having a polished angled facet adjacent the optical
emitter 44. However, in some embodiments, this end 1s planar. Additionally, an ARC
optionally may be applied to this end of the lens 80. Also, air gaps 84 and venting slots
(not shown) are provided, for example, to allow expansion of the adhesives used to attach

the components within the ferrule sleeve 56 during the assembly process.

[0054] Thus, the ferrule stick 66 containing the optical fiber 64 and optionally
the ferrule stick 82 containing the lens 80 (or the fiber stub 74) is inserted into the ferrule
sleeve 56 until contact 1s made with the spacers 54. The spacers 54 prevent the ferrule
stick 66 or 82 from contacting, and for example, damaging the optical emitter 44 (or wire
bond), while positioning the tip of the optical tiber 64 or lens 80 1n close proximity to the
top surface of the optical emitter 44. Once inserted, the ferrule stick 66 and optionally
the ferrule stick 82, and/or the fiber stub 74 are permanently bonded to the ferrule sleeve

54, such as using epoxy. As described herein, in order to direct back retlections away

from the emitter surface an angled polished cut can be used for the lens 80, fiber stub 74,

or ferrule stick facet.
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|0055] In various embodiments, the optical subassembly 40 allows for the

connection of a light emitter, for example, the optical emitter 42 to an optical waveguide,
such as the optical fiber 64 (which may be embodied as the optical fibers 36 shown in
Figure 1). In one embodiment, the dimensions of the optical subassembly are 1.6mm X
3.2mm x 3.85mm, which allows the miniaturized optical subassembly 40 to fit in very
small optoelectronic assemblies (e.g. a video inspection instrument distal head, such as
the distal head 30 shown in Figure 1). By using the reinforcement members 60 around
the ferrule sleeve 54, a small form factor may be used without custom carriers. Also,
while the ferrule sleeve 56 positions the optical fiber 64 in the lateral dimension, the
spacers 54 protect the emitter die and wire bond of the optical emitter 44 by providing a
mechanical stop in the z-direction. Thus, using spacers 54 facilitates the assembly
process between the optical emitter 44 and the optical fiber 64 without using custom
ferrules or carrier substrates with integrated mechanical stops. The spacers 54 also
prevent or reduce the likelihood of damage to the optical emitter die in harsh environment
operation where mechanical stress from large temperature variations can cause the
components to expand. The APC and ARC of the lens 80, fiber stub 74, and/or ferrule
stick 66 may also improve signal-to-noise ratio of the optical link. However, when no
ARC 1s used, index matching materials such as coupling fluids may be provided between
the optical emitter 44 and adjacent optical element (e.g. ferrule stick 66, fiber stub 74, or
lens 80). It should be noted that selecting between using coupling fluid or ARC may

depend on the specific application and the temperature variations to which the optical

subassembly 40 will be exposed.

[0056] Other variations and modifications are contemplated. For example, as
shown in Figure 6, the reinforcement members 60 may be replaced with different

clements, illustrated as capacitors 90 that are part of a driver circuit used to control the
optical emitter 44. Figure 6 shows air gaps between the capacitors 90 and the ferrule
sleeve 56, but physical contact can be made between these elements and mechanical
support can be provided when adhesives are used to connect the capacitors 90 and the

terrule sleeve 56 (or the capacitors 90 may abut and physically contact the ferrule sleeve
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56). It should be appreciated that other electrical components, such as that are used to

drive the optical emitter 44 may be used as reinforcement members. Also, as can be seen,
additional driver components 92 (e.g., discrete electrical components) may be attached to
the top side 46 and/or bottom side 52 (or back side) of the base 42. Alternatively or
optionally, as shown in Figure 7, a slot 94 along the length of the ferrule sleeve 55 may
extend to a base 96 of the ferrule sleeve 56. The portion of the slot 94 at the base 96 1s
sized and shaped to surround the optical emitter 44. Additionally, the thickness of the
base 96 is similar to that of the spacers 54, which are removed in this embodiment. Thus,

the base 96 operates as the spacers in this embodiment.

10057] In another embodiment, a ferrule sleeve 100 may be provided as shown
in Figure 8, which is a solid sleeve that does not include a longitudinal slit, such as the
shit 58. However, 1n this embodiment, venting notches 102 are provided at a lower end of
the terrule sleeve 100 at or near where the ferrule sleeve 100 attaches to the base 42 (not
shown in Figure 8). The venting notches 102 may be added, for example, using a dicing
saw. The venting notches 102 may allow, for example, index-matching fluid or other

substances to flow out of the ferrule sleeve 100 when the ferrule stick 66 is inserted

thereln.

[0058] As another variation, as shown in Figure 9, a ferrule sleeve 110 may be
provided with angled walls 112 that provide alternative or optional support to the
reinforcement members 60 (shown in Figure 2). For example, in the illustrated
embodiment, the angled walls 112 form the ferrule sleeve having an outer surface with a
trapezoidal shape. Venting notches may be added (not shown) to allow for index-

matching tluid or other substance to flow out when the ferrule stick is inserted.

[0059]  Other variations include, for example, adding corrugations on the bottom

side 52 of the base 42 to aid (passively) in heat dissipation. Similarly, corrugations may
be added to the side 62 of the reinforcement members 60 that contact the ferrule sleeve
56 or to the outer surface of the ferrule sleeve 56. In various embodiments, the base 42 is

thermally conductive and the material between the optical emitter 44 and base 42 is
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thermally and electrically conductive. The corrugations may be provide to help with heat

dissipation from the optical emitter 44 and can improve performance in high temperature

environments.

10060] In other embodiments, different mounting or connection arrangements
may be provided. For example, as shown in Figures 10 and 11 a three-layer thp chip
configuration 120 may be provided. In this embodiment, a ferrule sleeve 122 1s mounted
to a spacer layer 124, which 1s mounted to a stand 126. It should be noted that the ferrule
sleeve 122, spacer layer 124 and stand 126 are formed from the same material and may

be tabricated in some embodiments as a single unitary piece.

|0061] The ferrule sleeve 122 includes an opening 128 for receiving, for
example, an optical fiber. Additionally, the stand 126 includes legs 130 to allow
clearance for wire bonds 130 to connect to the optical emitter 44. Additionally, arms 134
support the optical emitter 44 below an opening 136 in the spacer layer 124 that allows,
for example, for a fixed distance between the optical emitter 44 and the optical fiber in
the terrule sleeve 122 and can be filled by using an optical adhesive (e.g., index-matching
gels), which reduces reflections. As can also be seen, the spacer layer 124 1s supported

by a solid portion 138 of the stand 126.

10062] Thus, various embodiments provide an optical subassembly in a small

form factor that can operate in different environments.

|0063] Various embodiments also provide a method 140 as shown in Figure 12
for assembling an optical subassembly. The various steps may be performed in a
different order than described. The method 140 includes metalizing the base (or
substrates) with runners and/ or contact pads at 142 (such as by depositing metal runners
and contact pads on the base), mechanically and electrically connecting one or more light
emitters to the base at 144, attaching one or more spacers to a base at 146 around the
optical emitter previously attached to a top surface of the substrate, which may include
providing electrical connections as described herein. A ferrule sleeve is attached to the

base at 148, which surrounds the spacers and optical emitter as described herein. One or
-19-



CA 02844968 2014-03-06
264838

more reinforcement members are attached to the substrate at 150, such as adjacent the

ferrule sleeve as described herein. The attaching in steps 142, 144, 146, 148, and 150
may be performed sequentially or concurrently. A ferrule stick with an optical fiber is
then received in the ferrule sleeve and attached therein at 152 as described in more detail

herein. It should be noted that in various embodiments, an active alignment of the

components 1s not used. However, in other embodiments, active alignment is provided.

10064] It 1s to be understood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
modifications may be made to adapt a particular situation or material to the teachings of
the various embodiments without departing from their scope. While the dimensions and
types of materials described herein are intended to define the parameters of the various
embodiments, the embodiments are by no means limiting and are exemplary
embodiments. Many other embodiments will be apparent to those of skill in the art upon
reviewing the above description. The scope of the various embodiments should.,
therefore, be determined with reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. In the appended claims, the terms
"including” and "in which" are used as the plain-English equivalents of the respective
terms "comprising” and "wherein." Moreover, in the following claims, the terms "first,"
"second,” and "third," etc. are used merely as labels, and are not intended to IMpose
numerical requirements on their objects. Further, the limitations of the following claims
are not written in means-plus-function format and are not intended to be interpreted based
on 35 U.S.C. § 112, sixth paragraph, unless and until such claim limitations expressly use

the phrase “means for” followed by a statement of function void of further structure.

[0065] While there have been described herein what are considered to be
preferred and exemplary embodiments of the present invention, other modifications of
these embodiments falling within the scope of the invention described herein shall be

apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. An optical subassembly comprising:

a base;
an optical emitter attached to the base;

one or more spacers attached to the base surrounding at least a portion of the
optical emitter;

a terrule sleeve attached to the base with the optical emitter and one or more
spacers within the ferrule sleeve, the ferrule sleeve configured to receive an optical fiber
therein; and

on¢ or more reinforcement members attached to the base adjacent the ferrule

sleeve and configured to provide support to the ferrule sleeve.

2. The optical subassembly of claim 1, wherein the base, the one or more
spacers, the ferrule sleeve and the one or more reinforcement members are formed from a

same material.

3. T'he optical subassembly of claim 2, wherein the material is a ceramic

material.

4 The optical subassembly of claim 1, wherein the one or more
reinforcement members comprise blocks in abutting engagement with at least a portion of

an outer surface of the ferrule sleeve.

J. T'he optical subassembly of claim 4, wherein a side of the blocks in
abutting engagement with the outer surface of the ferrule sleeve has a curved surface

complementary to the outer surface of the ferrule sleeve.

6. The optical subassembly of claim 1, wherein the one or more

reinforcement members comprise components to drive the optical emitter.

7. The optical subassembly of claim 6, wherein the components are

capacitors.
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8. The optical subassembly of claim 1, wherein the ferrule sleeve

comprises at least one of a slit or venting notches along a length of the ferrule sleeve.

9. The optical subassembly of claim 1, further comprising a ferrule stick
having an optical fiber therein, the ferrule stick dimensioned to be received within the

ferrule sleeve, and having an angled polished surface abutting one or more of the spacers.

10.  The optical subassembly of claim 9, further comprising a fiber stub

attached to the fterrule stick.

11.  The optical subassembly of claim 9, further comprising another ferrule

stick having a lens therein.

12.  The optical subassembly of claim 1, wherein a base of the ferrule sleeve

forms the one or more spacers.

13.  The optical subassembly of claim 1, further comprising an epoxy for
attaching the one or more spacers, the ferrule sleeve and the one or more reinforcement

members to the base.

14.  The optical subassembly of claim 1, wherein a height of the spacers 1s

greater than a height of the optical emitter.

15. The optical sub.assembly of claim 1, wherein the optical emitter 1s a

vertical-cavity surface-emitting laser (VCSEL).

16.  The optical subassembly of claim 1, further comprising a spacer
mounted to the base, wherein the base comprises support legs and the optical emitter 1s

attached under the spacer.

17. A method for assembling an optical subassembly, the method
comprising:
attaching one or more spacers to a base surrounding at least a portion of an

optical emitter mounted to the base substrate, the one or more spacers having a height
).



CA 02844968 2014-03-06
264838

creater than a height of the optical emitter, the base formed from a substrate carrier

material;

attaching a ferrule sleeve to the base with the optical emitter and one or more
spacers within the ferrule sleeve, the ferrule sleeve configured to receive an optical fiber

therein; and

attaching one or more reinforcement mounted to the base adjacent the terrule

sleeve to support the ferrule sleeve.

18.  The method of claim 17, further comprising using as the one or more

reinforcement members, components that drive the optical emaitter.

19.  The method of claim 17, further comprising attaching a ferrule stick
with an optical fiber within the ferrule sleeve, the ferrule stick having an angled polished

surface.

20. A video inspection instrument comprising:
a controller at a proximal end; and
a distal head at a distal end, the distal head having therein an optical
subassembly optically connected to the controller via an optical fiber, wherein the optical
subassembly comprises:
a base;
an optical emitter attached to the base;
one or more spacers attached to the base surrounding at least a portion
of the optical emitter;
a ferrule sleeve attached to the base with the optical emitter and one or
more spacers within the ferrule sleeve, the ferrule sleeve configured to receive the
optical fiber therein; and

one or more reinforcement members attached to the base adjacent the

ferrule sleeve and configured to provide support to the ferrule sleeve.
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