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(57) Abstract: A substrate comprises multiple inter-
posers. Each interposer includes interposer elements,
where an optical device is coupled to at least some of
the interposer elements; two passages formed through
the interposer, where each passage is registered with
respect to the interposer elements; two blind holes
formed in a surface of the interposer, where each blind
hole is concentric with a different passage; two annular
troughs formed in the surface, each concentric with a
difterent passage, and an annular area separates the an-
nular troughs from an outer diameter of the corres-
ponding concentric passage; and two spherical regis-
tration elements, where each registration element is
positioned on uncured adhesive on one of the annular
areas, where the passages enable a vacuum to be drawn
through such that the registration elements are pulled
toward the surface of the interposer to self-align to the
inner diameter of the blind holes.
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INTERPOSER REGISTRATION ELEMENTS

BACKGROUND

{0001] Server and networking syslems are incorporating co-packaging of
application-specific integrated circuit {ASIC) and optical communication components.
With co-packaging, ASIC and optical components are assembled in very close
proximity with spacings as close as one mm, or less. In some cases, active optical
devices, such as lasers and photodetectors, are being assembled directly onto ASIC
chips.

[0002] Compact electrical circuit board substrates, called interposers, can be
useful in assembling co-packaged optics. The interposer serves as an intermediate
assembly structure onto which multiple active optical devices can be solder-allached
and tested, with a high yield of good components.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The accompanying drawings illustrate vanious examples of the principles

described below. The examples and drawings are fliustrative rather than limiting.

[0004] FIG. 1A depicts an example wafer substrate having multiple inlerposers.

FIG. 18 depicts a close-up view of an example interposer on the wafer substrate.

[0005] FIG. 2 depicts an example interposer with two oplical devices and

interposer features used o attach registration elemenis fo the interposer.

[0006] Fi5. 3 depicts an example interposer with two optical devices and two

registration elements attached {o the interposer.

[0007] FIGS. 4A and 4B depict example allernative attachments of a partial
sphere registration element {o the interposer.
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[0008) FIG. 5A depicts an example wafer substrate on & vacuum manifold.
FIG. 5B depicts a close-up of a section of the example wafer substrate on the
vacuum manifold.

[0009] FiG. 6 depicts a cross-section of an example spherical registration

element coupled {o the interposer.

[0010] FIG. 7 depicts an example interposer and ASIC coupled to a base
substrate and the alignment of an optical receptacle having an optical element with

the interposer.

[e011} FiG. 8 depicts an example interposer optical receptacle seated on the

base substrate.

[0012] FiG. O depicts a flow diagram illustrating an example process of
attaching registration elements to a substrate.

DETAILED DESCRIPTION

[0013] Optical alignment of active optical devices (AQDs), such as lasers and
photodetectors, to other optical elements, such as optical lenses and optical fibers
can be a slow, expensive, and lahorious process. With active optical alignment, the
coupling of light emitted from an AQD light source fo another optical element or the
coupling of light from an optical element to a detecting AQOD is monitored to
maximize the coupled light. When the coupling of light 1s sufficient, the elements are
held in place and positionally fixed using glue, laser welding, or other similar means.
However, with active optical alignment, expensive, high accuracy alignment
gquipment s used fo align the parts and to measure the coupled light signal

Additionally, active optical alignment is performed one device at a time.

[0014] The technigues presenied below enable the alignment of multiple optical
devices with passive optical alignment. Typical imitations anising from using glue or

other adhesive material or joining material to hold very small componenis is

SUBSTITUTE SHEET (RULE 26)
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overcome. Also, movement of the adhesive is controlled by fabricating specific

features on the interposer surface.

[0015] FIG. 1A depicts an example wafer substrate 110. The wafer substrate
110 can be diced into multiple smaller substrates or interposers, such as mnterposer
120, In some implementations, the wafer substrate 110 ¢an be divided info several
hundred or even thousands of interposers, depending on the size of the substrate.
The wafer substrate can be any type of matenial, such as silicon, glass, ceramic, and
organic materials. The substrate can be of any shape, such as, but notlimited to a
circle, square, and rectangle.

[0016] FiG3. 1B depicts a close-up view of example interposer 120 on the wafer
substrate 110. Substraie elements 130, also referred o as interposer elements, can
include electricaily conductive flip chip pads and through substrate vias (TSVs). The
flip chip pads can be used to solder-attach AODs 210a, 210b {shown in FIG. 2) o
the interposer 120. The flip chip pads connect through vias or other means to a pad
pattern on the other side of the interpaser 120 so that electrical connection to the
AQDs 210a, 210b is made by electrical contact to the pad patiemn on the opposite
side of the interposer substrate 120, TSVs can be used to send signals, such as
high speed electrical signals, up through the interposer 120 to the AQDs 210a, 210b
and to bring signals down through the interposer 120 from the AODs 210a, 210b.
ASICs and passive electrical devices can also be coupled to the substrate elements
130 on the interposer 120. it should be noted that TSVs are not required in order to
glectrically connect the interposer to a second substrate or panted circuit board. The
flip chip pads can be connected 1o traces on the side of the subsirate to which the
AQDs are coupled. These traces typically fan out to the periphery of the interposer

120, where electrical connection can be made by a variety of known methods.

[0017] Also shown in the example of FIG. 1B are through holes 140a, 140b,
also referred to as passages or apertures, in the interposer 120 and larger blind
holes 1413, 141b that are concentric to the through holes 140a, 148b. The through

holes 140a, 140b are located with high accuracy relative to the substrate elements

B
-\‘34.
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130. The through holes 140a, 140b can be formed, for example, by mechanical
drifling, laser ablation, sand blasting, dry eiching, or wet elching. Each of the
through holes 140a, 140b can be fabricated with a constant diameter or have a
varying diameter, for example, a larger diameter on the side of the interposer 120
where the subsirate elemenis are located (top side} and transitioning o a smaller
diameter on the other side of the interposer 120 (bottom side). A typical range of
diameters on the top side is between 0.1 mm and 0.8 mm, however, diameters
outside this range can also be used. Independent of the method used {o fabricate
the through holes 140a, 140, they should be registered precisely {0 the substrate
elements 130.

[0018) Concentnic to the through holes 140a, 140b are rings 145a, 145b. The
rings 145a, 145h are geomelrical features on the surface of the interposer 120,
where each ring has an inner diameter and an outer diameter. The rings 145a, 145b
are precisely aligned {o the substrale elements 130. The inner diameter of the rings
145a. 145b coincide with the outer diameter of the blind holes 141a, 141b.
Additionally, another channel of interposer surface material is removed around the
outer diameter of the rings 145a, 145b. The rnngs 145a, 145b are sized fo
accommodate a precise amount of adhesive material. FIG. 6 shows a cross-section

of example spherical registration element 310a coupled to the interposer 120.

[0019] In the example of FIG. 2, example interposer 120 is shown with two sets
of optical devices 210a, 210b attached to substrate elements 130. The optical
devices 210a, 210b can include active optical devices, such as arrays of lasers and
photodetectors. While muttiple optical devices 210a, 210b are shown in FIG. 2, a
single optical device can be attached to the interposer 120 using one or more of the

substrate slements 130,

[0020] In the example of FIG. 3, registration elements 310a, 310b, also referred
to as registration objects, are shown attached to the interposer 120 with adhesive
material 320a, 320b. Adhesive materal 320a, 320b 18 apphed to the rings 145s,
145b. The adhesive material 320a, 320b should have an appropriate rheology such

-

SUBSTITUTE SHEET (RULE 26)



WO 2016/018363 PCT/US2014/049130

that when it encounters an edge of the ring 145a, 145b, i anchors onto the edge
without overfiowing the ring, either beyond the inner diameter or the outer diameter
331a, 33th. Thus, the ring 145a, 1450 limits the area where the adhesive material
320a, 320b can flow.

[0021] The registration elements 310a, 310b shown in FIG. 3 are precision
spheres with a precision diameter that will be used for aligning one or more optical
alements on an oplical receptacle to one or more of the active optical devices 210sg,
210b. The registration elements 310a, 310b can be made of glass and, typically,
have a diameter between 0.5 mm and 1 mm. However, the registration elements
310a, 310b can be made of any other suitable material with an appropriate diameter.

[0022] The registration elements 310a, 310b are placed on top of the adhesive
material 320a, 320b prior o curing. The volume and rheology of the adhesive
material 320a, 320b should be selected such that the adhesive material 320a, 320b
does not flow above the equator of the spherical registration elements 310a, 310b to
prevent interference with assembly of the optical receptacle {(to be descnbed below).
The registration elements 310a, 310b will self-align to the blind holes 141a, 141b

during the application of vacuum prior to curing the adhasive.

[0023] FIG. 4A depicts a cross-section of an example alternative attachment of
partial sphere ragistration elements 440a, 440b {o the interposer 120, In this case,
the registration elements 440a, 440b can be a precision partial sphere that has a fiat
surface, where the flat surface is in contact with the adhesive material 4302, 430b.
The partial sphere portion of the registration elements 4404, 440b should be at least
a hemisphere (half & sphere) for use as an alignment feature for the optical
receptacle assembly. The interposer substrate 120 has raised rings 420a, 420b,
and adhesive material 430a, 430b is placed on the surface of the interposer 120
within the raised rings 4203, 420b and outside of the through holes 410a, 410b.
Then the flat surfaces of the registration elements 440a, 440b are positioned on the
adhesive matenal 430a, 430b. In some implementations, as shown n the example
of FIG. 4B, a blind hole 431a, 431b concentric with each of the through holes 4103,

~

B
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410b can be eiched in the interposer 120. Adhesive material 430a can be placed on
the floor of the blind hole 431a. To show blind hole 431h more clearly, adhesive
material has not been shown in blind hole 431b. In this implementation, the raised
rings 420a, 420b are not present.

[0024] The through holes 140a, 140h, 410a, 410b over which the registration
elements 310a, 310b, 440a, 440b are positioned are used for drawing the
regisiration elements 310a, 310b, 440a, 440b foward the interposer 120. FIG. 5A
depicts an example wafer substrate 110 on a vacuum manifold 510. FIG. 5B depicts
a close-up of a section of the example wafer substrate 110, ncluding example
interposer 120, on the vacuum manifold 510. Vacuum is drawn through one or more
vacuum ports 520. A single vacuum port 520 is shown in FIG. 5B for clanty. The
vacuyum manifold 510 can have one or more thin ribs {not shown) {fo support the
wafer subsirate 110 to prevent the wafer substrate 110 from warping while drawing
the vacuum. For example, the ribs can be in the form of cross bars on the vacuum
manifold 510,

[0025] When vacuum is drawn through the vacuum ports 520, the vacuum pulls
down on the registration elemants 310a, 310b through the through holes 140a, 140b
until the spherical registration elements 310a, 310b make line contact with the inner
diameter of the rings 14ba, 145b. FIG. 6 depicts a cross-section of example
spherical registration element 310a coupled 1o the interposer 120. The differential
pressure (between the atmosphere on top of the sphere and the vacuum on the
lower side of the sphere) apphed {o registration element 310a causes the regisfration
element to seat against the inner diameter of the annular ring 145a, as shown within
the dotted circles 600. This provides precise positioning of the registration element
310a and prevents the adhesive malerial 3202 from entering the through holes
140a. Note that the rheology of the adhesive material 320a causes it to wet to the
horizontal annular surface and the fower hemisphere of the registration element. it
does not flow into the channsl 620a surrounding the ring 145a.

SUBSTITUTE SHEET (RULE 26)
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[0028) Similarly, for the case of partial sphere registration elements 440a, 440b,
as shown in the examples of FIGS. 4A and 4B, the registration elements 440a, 440b
will be pulled toward the interposer 120 when the vacuum is drawn through the
through hole 410g, 410b. In the example of FIG. 4A, the partial sphere registration
elements 440a, 440b will be pulled downward by the vacuum until making line
contact with the inner diameter of the raised rings 4203, 420b. In the example FIG.
4B, the partial sphere registration elements 440a, 440b will be pulled downward in a

similar fashion to make line contact with the penmeter of biind holes 431a, 431b.

[0027] With both types of registration elements, spherical 310a, 310b, or partial
spheres 440a, 440b, the adhesive material 320a, 320b, 430a, 430b can be cured
while the vacuum is applied to the wafer substrate 110. The vacuum can be applied
prior o, duning part of, or during all of the curing process. By using the vacuum o
draw the registration elements 310a, 310b, 440a, 440b toward the interposer 120,
there is no need {o press the registration elements 310a, 310b, 440a, 440b down
into their final positions, nor will the registration slements 310a, 310b, 440a, 440b
float on the adhesive material out of position.  Additionally, the flow of the adhesive
material 320a, 3200, 4304, 430b is controlied by the rings 145a, 145h, 4204, 420b.
Note that the registration elements 310a, 310b, 4403, 440b on the various multiple
inferposers that make up the wafer subsfrate 110 can be vacuum drawn
gimultanecusly while the wafer substrate is attached to the vacuum manifold 510.
Moreover, the adhesive material 320a, 320b, 430a, 430b altaching the registration
slements 310a, 310b, 4403, 440b 1o the mulliple interposers can be cured
simultaneously on the mulliple interposers.  Thus, wafer scale assembly of the
registration elements 310a, 310b, 440a, 440h can be performed with these
techniques. Additionally, the AODs 210a, 210b can be positioned on the substrate
elements 130 as part of the wafer scale assembly process for the optical
components. The malerial properties of the adhesive are chosen to withstand
multiple solder reflow steps.

SUBSTITUTE SHEET (RULE 26)
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[0028) Additionally, because the registration elements 310a, 310b are spheres,
and the partial sphere registration elements 440a, 440h are at least hemispheres
facing away from the interposer 120, they are useful as alignment features for
accurately positioning an optical receptacle. The upper hemispheres of the
registration elements 310a, 310b, 440a, 440b have a capture range that is at least
13 of the sphere diameter, that is, the optical receptacle can be mis-aligned by 1/3
of the sphere diameter and still align properly. Additionally, the smooth precision
spherical swrface of the registration slements 310b, 310b, 440a, 440b will not
generate contamination that might deposit onto a surface and block light from an

optical element.

[00289] FIG. 7 depicts an example of an interposer 120 and ASIC 720 coupled to
a base substrate 710, such as a printed circuit board. The interposer 120 and the
ASIC 720 can be coupled, for example, by flip chip reflow or electrical connector,
Couptled to the opfical receptacle 730 are one or more optical elements 750 {o be
aligned with the one or more aclive opfical devices 210s, 210b. The optical
receptacie 730 has two openings 734a, 734b that are cylindrical and have the same
diameter and center-center spacing as the registration elements 310a, 310b that
have been assembied on the interposer 120 with respect {o the substrate elements
130. The openings 734a, 734b shown in the example of FIG. 7 are cylindrical
openings, however, the openings 734a, 734b can have other shapes, such as
conical openings or pyramidal openings. Likewise, one opening can be cylindrical in
cross section and the sscond opening can have a slofi-shaped cross section with the
long axis of the slot parallel to a line connecting the centers of the registration
elements. This amrangement of a hole and siot makes it sasier {o atfach the
receptacle to the registration elements while maintaining the same alignment
accuracy as two cvlindrical holes. By aligning the openings 734a, 734b in the optical
receptacle 730 with the spherical registration elements 310a, 310b on the interposer
120, each optical element 750 is brought info precise alignment with ifs

corresponding active optical device 210a, 210b.

B
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[0030] The optical receptacle 730 has two legs or pins 7323, 732b for plugging
into holes 712 that are cut into the base substrate 710. The holes 712 and legs
732a, 732b do not have 1o be precigely located because the precision alignment is
performed by the registration element 310a, 310b alignment features and the
openings, &.g., precision cylindrical and slot-shaped openings, 734a, 734b in the
optical receptacle 730. The precision openings 734a, 734b in the optical receptacle
730 mate with the registration elements 310a, 310D fo provide alignment in the x and

y diractions of the optical elements 750 to the active optical devices 210a, 210b.

[0031] The optical receptacle 730 also has two shoulders 735a, 735b above the
legs 732a, 732b that are wider than the legs 732a, 732b. The shoulders 735a, 735b
bottom out onto the top surface of substrate 710, thereby determining the spacing in
the z-direction of the oplical elements 750 from the active oplical devices 210a, 210b
coupled 10 the interposer 120. It is anticipated that adhesive will be dispensed and
cured around the pernmeter of the shoulders where they contact the surface of
substrate 710. This adhesive bonds the base of the receptacle shoulders o the
substrate 710 and provides strass relief so that a load on the oplical receptacle 730
does not pass directly {o the interposer 120. For example, interposer 120 is siress
relieved from the load from an optical connector (not shown) that mates to the
optical receptacle 730. The optical connector may have pins that mate to the
openings, 734a and 734b.  The optical connector may be detachable from or
parmanently attached {o the optical receptacle 730. FIG. 8 depicts the example

optical receptacle 730 fully seated on the base substrate 710,

[0032) In another implementation, the legs 732a, 732b of the oplical receptacle
730 can insert info culs on the interposer 120, and the shoulders 735a, 735b of the
optical receptacie 730 bottom out onto the fop surface of the substrate 710 o
pravent the optical receplacle 730 from being seated too closely to the interposer
120 and the spacing between the optical elements 750 and the active optical

devices 210a, 210b is controlled.
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[0033) The one or more optical elements 750 can include optical fibers, micro-
optical elements, a large aperture, optically fransparent windows, low optical loss
plastics, filter components, components that perform more complicated functions,
such as a multiplexing or demultiplexing, and/or any other type of components. The
positions of the optical elements 750 in the optical receptacle 730 are aligned
precisely with respect to the openings 734a, 734b to ensure that the optical
elements 750 align with the AQDs 2108, 210b when the optical receptacle 730 is
seated. The oplical receptacle 730 can protect the elements on the interposer 120

from the environment, handling, and fabrication or assembly processes.

[0034] FIG. 9 depicts a flow diagram #lustrating an example process 900 of
attaching registration elements to a substrate.

[0035] At block 80&, two through holes are formed in & first substrate, The
jocation of each of the through holes is determined relative {o locations of other
subsirate elements, such as flip chip pads o which active optical devices can be
coupled, for example, by using solder reflow to allow self-alignment of the optical
devices onto the pads. The other substrate elements can include TSVs, metal
traces, and bonding pads through which electrical signals can be sent fo and
received from the opfical devices. Methods by which the through holes can be
formed include mechanical drilling, laser ablation, sand blasting, dry etching, and wet
etching. Independent of the method of forming, the through holes should be
registered precisely 10 the other substraie elements so that the registration elements
are aligned precisely with the active optical devices after they are pulled into contact
with the inner edges of rings 145a, 145, 420a, 420b, or blind holes 431a, 431hb.

[0036] Next, at block 907, two blind holes are formed in a first surface of the
first substrate, where each blind hole is concentric with a different one of the through
holes. Then at block 910, two troughs are formed in the first substrate. Each trough
is ring-shaped and concentric with g different ane of the through holes. The troughs

are formed on a first surface of the first substrate by removing substrate matenal,

S0
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[0037} Next, at block 915, adhesive matenal is applied on a bottom surface of
the two blind holes, or on a top surface of two annular rings, where an outer
diameter of each of the annular rings coincides with an inner diameter of a different
ong of the two blind holes. The adhesive material can be applied, for example, by
using a precigion dispenser with either a jet or a pressure dispenser, or by
selectively coating an adhesive layer at desired locations on the interposer surfaces
in a wafer-level process. An appropriately shaped film adhesive may alsc be
laminated onto the substrate.

[6038] At block 920, two registration elements are placed on the first substrate,
where each registration element is positioned on the adhesive material, and sach
registration element has al least a hemispherical portion not in contact with the

adhesive material.

[0039) Al block 825, a vacuum is applied to the first substrate to draw the
registration elements foward the first substrate, and at block 930, the adhesive
material is cured. The vacuum can be applied either prior to or during part or all of
the adhesive curing process. Example methods used for curing the adhesive
material is the application of light or heat, or through the passage of time without the

application of additional light or heat, fypically using a chemical catalyst

[0040] At block 935, the first substrate is detached from the larger substrate, for
example, by dicing. Then at block 940, the detached first substrate is coupled o a
second substrate. For example, adhesive malerial, solder, or electrical connector
can be used o couple the first substrate {o the second substrate.

[0041] Next, at block 945, an oplical receptacie {5 coupled to the first substrate
or the second substrate, where the optical receptacie includes one or more optical
elements and has two precision holes, for example, cylindrical or slot-shaped, o
receive the registration elements such that the oplical elements are aligned with the

optical devices

-11-
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[0042) The techriques presented herein provide a wafer-scale assembly of an
slectro-mechanical platform capable of achisving precise passive optical alignment
of optical elements 750 positioned in an optical receptacle 730 with optoelectronic

components 210a, 210b positioned on an interposer 120.
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CLAIMS

What is claimed is:

1. An apparatus comprising:
a first substrate comprising a plurality of interposers, wherein each
interposer comprises:

a set of interposer elements, wherein an optical device is coupled
to at least some of the interposer elements;

a pair of through holes formed through the interposer, wherein
gach through hole is registered with respect fo the set of
interposer elements,

a pair of blind holes formed in a surface of the interposer, wherein
each blind hole is concentric with a different one of the pair
of through holes; and

a pair of annular troughs formed in the swiface of the interposer,
whersain each annular trough is concentnic with a different
ane of the pair of through holes, and further wherein an
annular area separates each of the annular roughs from
an outer diameter of the corresponding concentric blind
hole; and a pair of registration elements, wherein each of
the registration elements s positioned on  uncured
adhesive on a different one of the annudar areas, and
further wherein each registration element is spherical,

wherein the through holes are to enable a vacuum o be drawn
through such that the pair of registration elements are
pulled toward the surface of the interposer to seif-align to
the inner diameter of the pair of blind holes either prior to

or during at least part of an adhesive curing process.

~13-
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2. The apparatus of claim 1, further comprising:
a base substrate, wherein a first interposer detached from the first
substrate is coupled to the base subsirate; and
a receptacle having at least one optical element and a pair of openings,
wherein the pair of openings are positioned over the pair of
registration elements to align the optical element with the optical

device.

3. The apparatus of claim 2, wherein the base substrate has a pair of
cutouts, and the receptacie has a pair of legs,
wherein the pair of legs are inserted into the pair of cuteuts, and
wherein the receplacle widens above the pair of legs beyond the
dimensions of the cutouts {o limit a length of the pair of legs that is
inserted into the pair of cutouts such that a height of the optical

element over the interposer is controlled.

4 The apparatus of claim 2, wherein the optical element includes a
wavelength selective portion.

5. The apparatus of claim 1, wherein the optical device has elecincal
connections, and further wherein the electrical conneclions include 1} electrical
traces on the surface of the interposer; or i} electrical signal conductors that pass
through a through substrate via, and the set of interposer elements includes the

through substrate via.
8. A system comprising:

a subsirate comprising:

a set of substrate elements:

~14~
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a pair of posttioning aperfures formed through the substrate,
wherein each positioning aperture is positioned relative {o
the set of substrate elements;

an optical device coupied to and positioned relative to the set of
subsirate elements; and

a pair of registration objects positioned over the pair of positioning
aperfures and coupled to the subsirate with a joining
material, wherain each registration object has at least a
hemispherical portion not in contact with the joining
material; and

an optical receptacle having an optical element, and a pair of openings
positioned over the pair of registration objects such that the

optical element is aligned with the optical device.

7. The system of claim 6, further comprising:

& pair of raised rings formed on the substrate, wherein each raised nng
is concentric with a different one of the positioning apertures, and
wherein the joining material is contained within the raised rings
and outside of the positioning apertures, or a pair of blind holes
formed in the substrate, wherein each blind hole is concentric with
a different one of the positioning apertures, and wherein the
joining material is placed in the pair of blind holes,

wherein each of the registration objects is a truncaled sphere with a flat
surface, and further wherein the flat surfaces of the registration

objects are coupled to the subsirate via the joning matenal.

8. The system of claim 8, further comprising:
a pair of blind holes formed in a surface of the substrate, wherein each
blind hole is concentric with a different one of the positioning

aperiures; and
15
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a pair of annular channels formed in the surface of the substrate,
wherein each annular channel is concentric with a different one of
the positioning apertures, and further wherein an annular area
separates each of the annular channels from an outer diameter of
a corresponding blind hole,

wherein the joining material is positioned on the annular areas.

8. The system of claim 6, wherein the joining material is cured upon
application of a vacuum fo the substrate to pull the registration objects into contact
with the substrate and precisely align the registration objects to the substrate

elements.

10, A method comprising:

forming two through holes in a first substrate, wherein a location of each
of the through holes is determined relative 1o locations of other
first substrate slements;

forming two blind holes in a first surface of the first substrate, wherein
each blind hole is concentric with a different one of the through
holes;

forming in the first substrate twe troughs, each trough having a ring-
shaped cross-section, wherein sach trough is formed on the first
surface of the first substrate and concentric with a different one of
the through holes;

applying adhesive material to the first substrate on a bottom surface of
the two blind holes, or on a top surface of two annular rings,
wherein an outer diameter of each of the annular rings coincides
with an inner diameter of a different one of the two froughs;

placing two registration elements on the first substrate, wherein each
registration element is positioned on the adhesive matenal, and

T8
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wherein each registration element has at least a hemispherical
portion not in contact with the adhesive material;

applying a vacuum to the first substrate fo draw the regisiration elements
into contact with the first substrate; and

curing the adhesive material.

11 The methed of claim 10, wherein forming the two through holes and
other associated features fabricated by removing substrate malenal, comprises

mechanical drilling, faser ablation, sand blasting, dry eiching, or wet efching.

12. The method of claim 10, wherein the first subsirate is one of a plurality of
first substrates that are part of a larger subsirate, and wherein applying the vacuum

comprises applying the vacuum simultaneously to the plurality of first substrates.

13, The method of claim 12, comprising:

detaching the first substrate from the larger substrate;

coupling the detached first subsirate o a second substrate; and

coupling an oplical receptacle to the first substrate or the second
substrate, wherein the optical receptacle includes an oplical
glement and has fwo holes shaped {o receive the registration
elements such that the optical element is aligned with an optical
device coupled to one or more of the other first substrate

glements,

14. The method of claim 13, wherein at least some of the other first
subsirate elements includes pads, and the method further comprises aftaching the

optical device 1o one ar more of the pads.

15. The method of claim 13, wherein the other first substrate elemenis

includes a passage formed through the first substrate, and further wherein an

Ty
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electrical signal conductor coupled fo the optical device passes through the

passage.

~18-
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900 \

Forming two through holes in a first substrate, wherein a location of each
of the through holes is determined relative o locations of other first
substrate elements
905

l

Forming two blind holes in a first surface of the first substrate, wherein
each blind hole is concentric with a different one of the through holes
907

v

Forming in the first substrate two troughs, each trough having a ring-
shaped cross-section, wherein each trough is formed on the first surface
of the first substrate and concentric with a different one of the through
holes
910

!

Applying adhesive material to the first substrate on a bottom surface of
the two blind holes, or on a top surface of two annular rings, wherein an
outer diameter of each of the annular rings coincides with an inner
diameter of a different one of the two troughs;

915

Y

Piacing two registration elements on the first substrate, wherein each
registration element is positioned on the adhesive material, and wherein
each registration element has at least a hemispherical portion not in
contact with the adhesive material
920
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1111

Applying a vacuum to the first substrate to draw the registration elements
into contact with the first substrate
925

:

Curing the adhesive material
930

¢

Detaching the first substrate from the larger substrate
935

l

Coupling the detached first substrate to a second substrate
940

,

Coupling an optical receptacle to the first substrate or the second
substrate, wherein the optical receptacle includes an optical element and
has two holes shaped to receive the registration elements such that the
optical element is aligned with an optical device coupled o one or more
of the other first substrate elements
945
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