MODULES HAVING MULTIPLE OPTICAL CHANNELS INCLUDING
OPTICAL ELEMENTS AT DIFFERENT HEIGHTS ABOVE THE
OPTOELECTRONIC DEVICES

TECHNICAL FIELD
[0001] This disclosure relates to optoelectronic modules and fabrication techniques for

manufacturing such modules.

BACKGROUND

[0002] Smartphones and other devices sometimes include miniaturized optoelectronic
modules such as light modules, sensors or cameras. More generally, various
optoelectronic modules may be integrated into a wide range of small electronic devices,
such as bio devices, mobile robots, surveillance cameras, camcorders, laptop computers,
and tablet cdmputers, among others. For example, an optical proximity sensor can be
provided in a mobile phone or other handheld device to detect the position or location of
an object. Such sensor modules typically have a light emission channel and a separate

light detection channel. In some cases, the optical requirements for the two channels may
differ.

SUMMARY

[0003] This disclosure describes various optoelectronic modules that have multiple
optical channels each of which includes a respective optical element at a different height
within the module. Thus, some modules can include, for example, two channels,
arranged side-by-side, where each channel is covered by a respective cover that is
optically transmissive to one or more wavelengths of light emitted by or detectable by the
optoelectronic devices in the module. The transmissive covers, which respectively can
include one or more passive optical elements on their surfaces, are disposed at different
heights within the module. For example, a first transmissive cover can be positioned at a

first height above a support substrate on which the optoelectronic devices are mounted,



whereas a second transmissive cover can be positioned at a second different height above

the support substrate.

[0004] In some implementations, providing the transmissive covers at different heights
can facilitate providing different focal lengths for the optical channels or can facilitate

adjusting the focal lengths for the different channels.

[0005] In one aspect, for example, an optoelectronic module includes a support substrate
on which are mounted first and second optoelectronic devices. A first transmissive cover
is disposed over the first optoelectronic device at a first height above the support
substrate, and a second transmissive cover is disposed over the second optoélectronic
device at a second height above the support substrate, where the second height is different
from the first height. Exterior walls laterally encircle the first and second optoelectronic
devices and are composed of a material that is non-transparent to one or more
wavelengths of light emitted by or detectable by the first and second optoelectronic
devices. An interior wall separates the first and second optoelectronic devices from one

another and is composed of the same material as the exterior walls.

[0006] This disclosure also describes various fabrication techniques for making the
modules. In some implementations, wafer-level techniques can be used. Further, various
features can be formed, for example, by replication or vacuum injection. Thus, according
to one aspect, a method of fabricating optoelectronic modules includes supporting a
plurality of singulated transmissive substrates in a combined replication and vacuum
injection tool. Various ones of the singulated transmissive substrates are supported at a
first height and other ones of the singulated transmissive substrates are supported at a
second different height. The method includes replicating passive optical elements onto at
least one side of each singulated transmissive substrate while the singulated transmissive
substrates are supported in the combined replication and vacuum injection tool. A
vacuum injection technique is used to form a respective spacer feature on a first side of
each singulated transmissive substrate and a respective baffle feature on a second side of

each singulated transmissive substrate, and to form interior wall features separating



adjacent ones of the singulated transmissive substrates from one another, while the
singulated transmissive substrates are supported in the combined replication and vacuum
injection tool. The method further includes removing from the combined replication and
vacuum injection tool a structure comprising the transmissive substrates, the passive
optical elements, the spacer features and the interior wall features. The resulting structure
can be used to form individual modules having a plurality of optical channels, each

channel including a respective transmissive cover at a different height within the module.

[0007] In some implementations, singulated transmissive substrates are supported on a
sacrificial substrate in a first combined replication and vacuum injection tool. Various
ones of the singulated transmissive substrates are supported at a first height and other

ones of the singulated transmissive substrates are supported at a second different height.

[0008] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other aspects, features, and advantages will be -

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a cross-section illustrating of an example of an optoelectronic module
according to the invention.

- [0010] FIGS. 2 — 7 illustrate steps in a wafer-level fabrication process for making
multiple modules as in FIG. 1.

[0011] FIGS. 8 - 13 illustrate steps in another wafer-level fabrication process for making
multiple modules as in FIG. 1.

[0012] FIG. 14 is a cross-section illustrating another example of an optoelectronic module
according to the invention.

[0013] FIGS. 15 — 16 illustrate steps in a wafer-level fabrication process for making
multiple modules as in FIG. 14. .

[0014] FIGS. 17 — 22 illustrate steps in accordance with a further wafer-level fabrication

Process.



[0015] FIG. 23 is a cross-section of another optoelectronic module according to the
invention.

[0016] FIG. 24 is a cross-section of yet another optoelectronic module according to the
invention. |

[0017] FIGS. 25 and 26 illustrate steps in accordance with a wafer-level fabrication

technique for making the module of FIG. 24.

DETAILED DESCRIPTION

[0018] As illustrated in FIG. 1, a module 20 includes first and second optoelectronic
devices 22A, 22B mounted on a printed circuit board (PCB) or other support substrate 24.
In the illustrated example, the first optoelectronic device 22A includes a light emitting
element such as a LED, an IR LED, an OLED, an IR laser or a VCSEL. The second
optoelectronic device 22B includes a light detecting element such as a photodiode, CCD
or other light sensor that is arranged to detect light at one or more wavelengths (e.g.,
infra-red) emitted by the light emitting device. The module 20 thus has two optical
channels 21A, 21B, one for light emission and one for light detection. In other
implementations, instead of a light emission channel and a light detection channel, the
module may include, for example, two or more light emission channels with
corresponding light emitting devices or two or more light detection channels with

corresponding light detection devices.

[0019] The devices 22A, 22B are protected respectively by transmissive covers 26A,
26B. The covers 26A, 26B are aligned, respectively, with the module’s optical emission
and detection channels 21A, 21B and can be composed of a material (e.g., glass, sapphire
or a polymer) that is transparent to the wavelength(s) of light emitted by the light |
emitting device 22A and detectable by the light detecting device 22B (e.g., infra-red or

near infra-red).

[0020] In some implementations, optical elements such as lenses or diffusers are
disposed on one or both of the top and bottom sides of each transmissive cover 26A, 26B.

As shown in FIG. 1, a first pair of lenses 29 is aligned with the optical emission channel



21A, and a second pair of lenses 29 is aligned with the optical detection channel 21B.

The optical elements 29 can be formed, for example, by a replication technique.

[0021] The transmissive covers 26A, 26B can be positioned at different heights over the
support substrate 24. Placing the transmissive covers 26A, 26B at different heights can
allow greater flexibility in the optical design of the module. For example, in some
implementations, it may be desirable for the emission and detection channels 21A, 21B to
have respective focal lengths that differ from one another. For example, the emission
channel 21A may have a first focal length, whereas the detection channel 21B may have a
second, different, focal length. The different focal lengths can be achieved by having the
respective covers 26A, 26B placed at different heights above the respective devices 22A,
22B. Thus, in the example of FIG. 1, the cover 26A over the light emitting device 22A is
located closer to the support substrate 24 than is the cover 26B over the light detecting
device 22B. In other implementations, the cover 26A over the light emitting device 22A
may be located further from the support substrate 24 than is the cover 26B over the light
detecting device 22B. '

[0022] Placihg the transmissive covers 26A, 26B at different heights also can achieve
additional or different advantages in some implementations. For example, in some cases,
the optical channels 21A, 21B have the same focal length, but different heights of the
devices 22A, 22B can be compensated for by positioning the transmissive covers at
different heights above the support substrate 24. Further, the transmissive covers 26A,

26B can be made of different materials or have different thicknesses from one another.

[0023] The covers 26A, 26B are separated from the substrate 24 by a spacer 28, which
laterally encircles the devices 22A, 22B. The spacer 36 preferably is composed of a non-
transparent material and serves as exterior sidewalls for the module 20. Because the
covers 26A, 26B are located at different heights above the support substrate 24, the
height of the spacer 28 is greater in the region surrounding the channel 21B, and lower.in

the region surrounding the channel 21A.



[0024] The module 20 also includes an interior wall 30 that separates the emission and
detection channels 21A, 21B from one another. The interior wall 30 can be composed,
for example, of the same non-transparent material as the spacer 28. These features can
help reduce optical cross-talk between the channels 21 A, 21B and can help reduce the
amount of stray light entering the module. In some implementations, a baffle 40 is
provided over the covers 26A, 26B to reduce stray light and/or optical cross-talk even
further. The baffle 40 also form the upper part of the module’s outer walls. The interior
wall 30 can extend upwardly such that it reaches the same height above the substrate
support 24 as does the top of the baffle 40. Like the spacer 28, different regions of the
baffle 40 have different lengths. Thus, in the illustrated example, the length of the baffle
40 in the region encircling the upper portion of the detection channel is less than the

length of the baffle in the region encircling the upper portion of the emission channel.

[0025] The optoelectronic devices 22A, 22B can be mounted to the substrate 24, for
example, using flip chip technology or wire bonding technology. In some
implementations, the underside of the devices 22A, 22B can include conductive contacts
that electrically couple the optoelectronic devices 22A, 22B to conductive pads on the
surface of the support substrate 24. The support substrate 24, in turn, can include plated
conductive vias that extend from the conductive pads vertically through the substrate 24
and that are coupled to one or more solder balls or other conductive contacts on the
exterior side of the substrate 24. The conductive contacts on the exterior of the support
substrate 24 allow the module 20 to be mounted, for example, on a printed circuit board

in a handheld device such as a mobile phone, tablet or other consumer electronic device.

[0026] Modules such as the one illustrated in FIG. 1 and described above can be
fabricated, for example, in a wafer-level process. Wafer-level processes allow multiple
modules 20 can be fabricated at the same time. Generally, a wafer refers to a
substantially disk- or plate-like shaped item, its extension in one direction (z-direction or
vertical direction) is small with respect to its extension in the other two directions (x- and
y- or lateral directions). In some implementations, the diameter of the wafer is between 5

cm and 40 cm, and can be, for example, between 10 cm and 31 cm. The wafer may be



cylindrical with a diameter, for example, of 2, 4, 6, 8, or 12 inches, one inch being about
2.54 cm. In some implementations of a wafer level process, there can be provisions for at
least ten modules in each lateral direction, and in some cases at least thirty or even fifty

or more modules in each lateral direction.

[0027] FIGS. 2 -7 illustrate an example of a wafer-level technique for fabricating
modules like the module of 20 of FIG. 1. In particular, FIGS. 2- 6 illustrate steps for
forming passive optical elements (e.g., lenses) on transmissive substrates, as well as
forming spacer features, baffle features and interior wall features. As shown in FIG. 2,
these features can be formed using upper and lower PDMS tools 100A, 100B that
facilitate formation of the passive optical elements by replicating them onto transmissive
substrates, and formation of the spacer, baffle and interior wall features by a vacuum
injection technique. The upper tool 100A includes replication features 102A, 102B that
correspond to the passive optical elements (e.g., lenses) that are to be formed on the
upper surface of transmissive substrates. Likewise, the lower tool 100B includes
replication features 102C, 102D that correspond to the passive optical elements (é. g,
lenses) that are to be formed on the lower surface of the transmissive substrates. The lens
replication features 102A, 102B of the upper tool 100A are at different heights; similarly,
the lens replication features 102C, 102D of the lower tool 100B are at different heights.
Collectively, the lens replications features 102A, 102B, 102C and 102D correspond to the

various lenses that are formed on either side of the transmissive substrates.

[0028] The upper and lower tools 100A, 100B also include respective spaces 104A, 104B
that correspond to regions for the interior wall features of the modules. Further, the
lower tool 100B includes spaces 106A, 106B that correspond to regions for the spacer
features of the modules. The upper tool 100A includes spaces 108A, 108B that

correspond to regions for the baffle features of the modules.

[0029] To form the lens elements, a curable epoxy is dispensed on the replication
features 102A, 102B of the upper tool 100A, as well as on the replication features 102C,
102D of the lower tool 100B. See FIG. 3. Also, as shown in FIG. 4, a singulated



transmissive substrate 112 is placed over each region of curable epoxy 110 on the lower
tool 100A. Preferably, each singulated transmissive substrate 112 spans across two
adjacent regions of epoxy 110 that are at the same height as one another and that are
separated by one of the spaces 106A or 106B. In other cases, a separate singulated
transmissive substrate is provided for each respective optical channel. As shown in the
illustrated example, the tool 100B has some platforms 111 having an upper surface 111A
to support some of the singulated transmissive substrates 112 at the first height, and other
platforms 113 having an upper surface 113 A to support other ones of the singulated
transmissive substrates 112 at the second height. The result is that each substrate 112 is
at a different height relative to an adjacent substrate 112. An advantage of having the
transmissive substrates 112 span across the regions for two adjacent optical channels is
that it can increase stability during fabrication. Using such wider substrates 112 also can
mabke it easier to place the singulated substrates 112 using, for example, pick-and-place
equipment. The substrates 112 can be composed, for example, of glass, sapphire or a

polymer) that is transparent to the particular wavelength(s) of interest.

[0030] Next, as illustrated in FIG. 5, the upper and lower tools 100A, 100B are aligned
with one another and brought into contact so that the epoxy material 110 on the
replication features 102A, 102B of the upper tool 100A comes into contact with the top
surfaces of the respective transmissive substrates 112. The epoxy material 110 for the
lenses then is hardened, for example, by UV or thermal curing. When subsequently
cured, the epoxy material 110 should be transparent (at least to wavelengths of light that
are to be emitted from or detected by the module).

[0031] Next, a non-transparent curable material is provided by vacuum injection in the
spaces 104A, 104B, 106A, 106B, 108A, 108B between the tools 100A, 100B, such that
the spaces are filled with the non-transparent material. The non-transparent material can
be composed, for example, of a flowable polymer material (e.g., epoxy, acrylate,
polyurethane, or silicone) containing a non-transparent filler (e.g., carbon black, a
pigment, an inorganic filler, or a dye). See FIG. 6. The non-transparent material

subsequently is hardened (e.g., by UV or thermal curing). As shown, in FIG. 6, the



hardened non-transparent material forms interior wall features 114, baffle features 118A,
118B and spacer features 116A, 116B. The tools 100A, 100B then can be removed. The
resulting structure (comprising the transmissive substrates 112, the lenses 110, the spacer
features 116A, 116B, the baffle features 118A, 118B and the interior wall features 114)
can be attached to a substrate wafer 120 ‘on which are mounted optoelectronic devices
(i.e., light emitting devices 22A and light detecting devices 22B), as shown in FIG. 7.
The substrate wafer 120 can be, for example, of a PCB wafer. The resulting stack can be
separated (e.g., by dicing) along lines 122 into multiple modules like module 20, each of
which includes a light emitting device 22A and a light detecting device 22B in respective
optical channels having optical elements (e.g., transparent covers and lenses) located at

different heights above the substrate support.

[0032] In some implementations, the structure removed from the tools 100A, 100B can
be diced prior to attachment to the substrate wafer 120. Also, in some implementations,
instead of attaching the structure removed from the tools 100A, 100B to a substrate wafer
120 on which are mounted multiple light emitting and light detecting devices 22A, 22B,
singulated optoelectronic devices 22A, 22B can be attached to the structure. The
foregoing methods can enable testing of the optical and/or optoelectronic components
prior to assembly (i.e., prior to attachment of the support on which the devices 22A, 22B

are mounted to the structure removed from the tools 100A, 100B).

[0033] FIGS. 8 — 13 illustrate another wafer-level fabrication technique for
manufacturing multiple modules such as the module 20 of FIG. 1. In this case, as shown
in FIG. 8, multiple singulated transmissive substrates 112 are mounted over a sacrificial
substrate 210. Some of the transmissive substrates 112 can be mounted directly to the
sacrificial substrate 210, whereas others are mounted on a raised platform 214, which in
turn, is mounted to the sacrificial substrate 210. As before, the transmissive substrates
112 can be composed, for example, of glass, sapphire or a polymer that is transparent to
the wavelength(s) of interest (i.c., the wavelength(s) of light emitted by the light emitting
devices 22 A and detectable by the light detecting devices 22B). A combined replication

and vacuum injection tool 200A is provided, and a curable epoxy material is dispensed on



the replication features 202 of the tool, which then is brought into contact with the
exposed surfaces of the transmissive substrates 112 to form replicated lens elements 110
as shown in FIG. 9. The epoxy material then is hardened, for example, by thermal or UV
curing. Also, the spaces 204 between the tool 200A and the sacrificial substrate 210, as
well as the spaces 206A, 206B between the tool 200A and the transmissive substrates
212, are filled with a non-transparent material such as a flowable polymef material (e.g.,
epoxy, acrylate, polyurethane, or silicone) containing a non-transparent filler (e.g., carbon
black, a pigment, an inorganic filler, or a dye). See FIG. 9. The non-transparent material
subsequently can be hardened (e.g., by UV or thermal curing) to form interior wall
features 216 and spacer features 218A, 218B. The tool 200A and the sacrificial substrate
210 then are removed. The resulting structure 220 ((comprising the transmissive
substrates 112, the lenses 110, the spacer features 218A, 218B, and the interior wall
features 216) is illustrated in FIG. 10.

[0034] The structure 220 then is mounted on a substrate wafer 120 (e.g., a PCB wafer) on
which are mounted optoelectronic devices (i.e., light emitting devices 22A and light
detecting devices 22B), as shown in FIG. 11. A second combined replication and vacuum
injection tool 200B can be used to form lenses on the second side of the transmissive
substrates 112, the baffle features and the upper portion of the interior wall features 216.
A curable epoxy material is dispensed on replication features 222 of the tool 200B, which
then is brought into contact with the exposed surfaces of the transmissive substrates 112
to form replicated lens elements 110B as shown in FIG. 12. The epoxy material can be
hardened, for example, by thermal or UV curing. Also, the spaces 224 between the tool
200B and the previously-formed sections 216 of the interior wall features, as well as the
spaces 226A, 226B between the tool 200B and the transmissive substrates 212, are filled
with a non-transparent material such as a flowable polymer material (e.g., epoxy,
acrylate, polyurethane, or silicone) containing a non-transparent filler (e.g., carbon black,
a pigment, an inorganic filler, or a dye). See FIG. 12. The non-transparent material
subsequently can be hardened (e.g., by UV or thermal curing) to form the upper sections

216B of interior wall features 216 and to form baffle features 228A, 228B. The second

10



tool 200B then can be removed. The resulting structure, which is illustrated in FIG. 13,
can be separated (e.g., by dicing) into multiple modules like the module 20 of FIG. 1.

[0035] In some implementations, the structure removed from the tool 200A (see FIG. 10)
can be diced prior to attachment to the substrate wafer 120. Also, in some
implementations, instead of attaching the structure removed from the tools to a substrate
wafer 120 on which are mounted multiple light emitting and light detecting devices 22A,
22B, singulated optoelectronic devices 22A, 22B can be attached to the structure. The
foregoing methods can enable testing of the optical and/or optoelectronic components
prior to assembly (i.e., prior to attachment of the support on which the devices 22A, 22B

are mounted to the structure removed from the tool 200A).

[0036] In the example of FIG. 1, edges of the transmissive covers 26A, 26B are
substantially flush with the outer sides of the spacer 28 and the baffle 40. In some
implementations, it may be desirable to prevent light from leaking out through the side
edges of the transmissive covers. In that case, before separating the structures of FIG. 5
or FIG:. 13 into individual modules, additional processing can be performed so that the
side edges of the transmissive covers 26A, 26B are covered by a non-transparent
material. FIG 14 shows an example of such a module 300, which is similar to the
module 20 of FIG. 1 except that the outer side edge 301 of each transmissive cover 26A,
26B is covered by an exterior wall 302 that is non-transparent to wavelength(s) of light
that are emitted by or detectable by the devices 22A, 22B. The material of the exterior
walls 302 can be the same as or different from the non-transparent material of the spacer

28 and baffle 40.

[0037] One way in which the side edges 301 of the transmissive covers 26A, 26B can be
covered with non-transparent material is illustrated by FIGS. 15 and 16. Starting, for
example, with the structure of FIG. 7, openings (e.g., trenches) 310 are formed from the
top each baffle feature 118A, 118B through the underlying transmissive substrates 112, as
shown in FIG. 15. The trenches 310 should extend entirely through the thickness of the

transmissive substrates 112 and, preferably, should extend partially into spacer features

11



116A, 116B below. The trenches 310 canvbe formed, for example, by dicing,
micromachining or laser cutting techniques. The trenches 310 subsequently can be filled
with a non-transparent materiél 312 using, for example, a vacuum injection technique so
as to provide a non-transparent layer on the side edges of the various portions of the
transmissive substrates 112. See FIG. 16. The vacuum injection technique can involve
placing a PDMS tool on the top of the structure shown in FIG. 15. The non-transparent
material covering the side edges of the transmissive substrates 112 can be, for example, a
curable polymer material (e.g., epoxy, acrylate, polyurethane, or silicone) containing a
non-tfansparent filler (e.g., carbon black; pigment, or dye). The structure of FIG. 16 then
can be separated (e.g., by dicing) into multiple individual modules such as the module
300 of FIG. 14.

[0038] As previously noted, in some implementations of the fabrication process, it can be
desirable to use transmissive substrates 112 that span across the regions for two adjacent
optical channels. Nevertheless, other implementations can use singulated transmissive
substrates each of which is placed over a respective single individual optical channel. An
example of such a fabrication process is illustrated in FIGS. 17 through 22 and
corresponds generally to the process of FIGS. 2 through 7, with the following
modifications. As in the previous process, combined replication and vacuum injection
tools 300A, 300B tools can be used. Instead, however, of using transmissive substrates
112 that span across the regions for two adjacent optical channels (as in FIG. 4), a
different singulated transmissive substrate 112A is placed over each channel, as shown in
FIG. 19. The passive optical elements 110 (e.g., lenses) can be replicated onto both sides
of each transmissive substrate 112A (see FIG. 20) in the same manner as described
previously. The spaces 104A, 104B, 106A, 106B, 108A, 108B between the tools 300A,
300B then are filled with a non-transparent curable material by vacuum injection (see
FIG. 21) as previously described. Curing the non-transparent material forms interior wall
features 114 and exterior walls features 316, 316. The tools 300A, 300B then can be
removed. The resulting structure (comprising the transmissive substrates 112, the lenses
110, the interior wall features 114 and the exterior wall features 316) can be processed in

any of the manners described above with respect to the structure obtained from the tools
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100A, 100B in FIG. 6 (e.g., attaching light emitting and light detecting devices 22A, 22B;
dicing). In some implementations, the transmissive substrates can placed on a tool

having platforms as described, for example, in connection with FIGS. 8 and 9.

[0039] An example of a module 350 that can be obtained using the fabrication process of
FIGS. 17 — 22 is illustrated in FIG. 23.  The module 350 is similar to the module 20 of
FIG. 1, except that the outer side edges of the transmissive covers 326A, 326B are
completely covered by the exterior walls defined by the spacer 28 and baffle 40, which
are no longer separated from one another by the transmissive covers. The module 350,
like the other modules described above, has multiple optical channels 21A, 21B with
respective covers 26A, 26B located at different heights above the support substrate 24.

[0040] In the foregoing examples, the transmissive covers 26A, 26B are substantially
parallel to the support substrate 24 on which the devices 22A, 22B are mounted. In some
implementations, however, the transmissive covers 26A, 26B can be tilted (i.e., inclined)
with respect to the support substrate 24. This feature can allow further flexibility in the
optical design. An example of a module that includes such tilted transmissive covers is

illustrated in FIG. 24.

[0041] As illustrated in FIG. 24, a module 450 is similar to the module 20 of FIG. 1,
except that the transmissive covers 426A, 426B over the respective devices 22A, 22B are
tilted at a slight incline with respect to the support substrate 24. Here too, the
transmissive covers 426A, 426B are disposed at different heights above the support
substrate 24. In the illustrated example, the transmissi\}e cover 26A over the light
emitting device 22A is positioned slightly higher than the transmissive cover 426B over
the light detecting device 22B. More generally, for all the module designs described

- above, including the implementation of FIG. 24, depending on the design requirements
for the module, it is possible for the transmissive cover in the optical emission channel to

be either higher or lower than the transmissive cover in the optical detection channel.
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[0042] Fabrication techniques similar to those described above can be used to
manufacture the module 450 of FIG. 24. For example, steps similar to the process of
FIGS. 2 — 6 can be used, to form passive optical elements (e.g., lenses) on transmissive
substrates, as well as to form spacer features, baffle features and interior wall features.
Thus, as indicated by FIG. 25, the foregoing features can be formed using upper and
lower PDMS tools 400A, 400B that facilitate formation of the passive optical elements
110 by replicating them onto transmissive substrates 112B, and formation of the spacer
features 116C, baffle features 118C and interior wall features 114 by a vacuum injection
technique. The tools 400A, 400B are adapted such that they support the transmissive
substrates 112B at a slight incline.

[0043] Following performance of the replication and vacuum injection techniques, as
well as the UV or thermal curing processes to harden the replication and vacuum
injection materials, the resulting structure (comprising the transmissive substrates 112B,
the lenses 110, the spacer features 116C, the baffle features 118C and the interior wall
features 114) can be attached to a substrate wafer 120 on which are mounted
optoelectronic devices (i.e., light emitting devices 22A and light detecting devices 22B),
as shown in FIG. 26. The resulting stack can be separated (e.g., by dicing) along lines
122 into multiple modules like module 450, each of which includes a light emitting
device 22A and a light detecting device 22B in respective optical channels having optical
elements (e.g., transparent covers and lenses) located at different heights above the

substrate support.

[0044] In some implementations, the structure removed from the tools 400A, 400B can
be diced prior to attachment to the substrate wafer 120. Also, in some implementations,
instead of attaching the structure removed from the tools 400A, 400B to a substrate wafer
120 on which are mounted multiple light emitting and light detecting devices 22A, 22B,
singulated optoelectronic devices 22A, 22B can be attached to the structure. As
explained above, these methods can enable testing of the optical and/or optoelectronic
components prior to assembly (i.e., prior to attachment of the support on which the

devices 22A, 22B are mounted to the structure removed from the tools 400A, 400B).
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[0045] Further, in the implementation of FIG. 25 each singulated transmissive substrate
112B spans across two adjacent regions of epoxy 110 that are at the same height as one
another and that are separated by one of the spaces 106A or 106B. In other cases, a
separate singulated transmissive substrate can be provided for each respective optical

channel.

[0046] In the foregoing illustrated examples, the interior wall (e.g., 30 in FIGS. 1, 14, 23
and 24) that separates the optoelectronic devices 22A, 22B from one another is shown as
wider than the module’s exterior walls 28. Although that may be the case in some
implementations, in other cases, the width of the interior wall may be about the same as,
or less than, the width of the exterior walls. In general, the widths of the walls may
depend on the particuiar implementation, and may take into account various factors (e.g.,
the material of which the walls are composed, the wavelength(s) of light emitted by or
detectable by the optoelectronic devices 22A, 22B, and/or the amount of attenuation

desired to be attained for any such light).

[0047] The modules described here can be useful, for example, as proximity sensor
modules or as other optical sensing modules, such as for gesture sensing or recognition.
The modules can be integrated into a wide range of electronic and other devices, such as

mobile phones, smart phones, cameras, laptops, as well as others.

[0048] As used in this disclosure, the terms “transparent,” “non-transparent” and
“transmissive” are made with reference to the particular wavelength(s) emitted by or
detectable by the devices 22A, 22B in the module. Thus, a particular feature, for
example, may be considered “non-transparent” even though it may allow light of other

wavelengths to pass through.

[0049] Various modifications can be made to the foregoing example within the spirit of

the invention. Accordingly, other implementations are within the scope of the claims.
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What is claimed is:

1. An optoelectronic module comprising:

a support substrate on which are mounted first and second optoelectronic
devices;

a first planar transmissive cover over the first optoelectronic device but not over
the second optoelectronic device, the first transmissive cover disposed at a first height
above the support substrate, wherein the first optoelectronic device is a light emitting
element operable to emit light through the first transmissive cover;

a second planar transmissive cover over the second optoelectronic device but
not over the first optoelectronic device, the second transmissive cover disposed at a
second height above the support substrate, the second height being different from the
first height, wherein the second optoelectronic device is a light detecting element
operable to detect light received through the second transmissive cover;

exterior walls laterally encircling the first and second optoelectronic devices,
the exterior walls composed of a material that is non-transparent to one or more
wavelengths of light emitted by or detectable by the first and second optoelectronic
devices, wherein a respective outer side edge of each of the transmissive covers is
substantially flush with a respective outer side of the exterior walls; and

an interior wall separating the first and second optoelectronic devices from one
another, the interior wall being composed of a material that is nontransparent to one or
more wavelengths of light emitted by or detectable by the first and second

optoelectronic devices.

2. The optoelectronic module of claim 1 further including at least one respective

passive optical element on at least one of the transmissive covers.

3. The optoelectronic module of claim 1 wherein at least one of the first or second

transmissive covers is tilted at an angle with respect to the support substrate.

4. The optoelectronic module of claim 1 wherein the first transmissive cover has a

different thickness from a thickness of the second transmissive cover.
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5. The optoelectronic module of claim 1 wherein an optical channel for the first
optoelectronic device defines a first focal length, and wherein an optical channel for the
second optoelectronic device defines a second focal length different from the first focal

length.

6. The optoelectronic module of claim 1 wherein the first optoelectronic device
includes a light emitting element arranged to emit light through the first transmissive
cover, and wherein the second optoelectronic device includes a light detecting element

arranged to detect light received through the second transmissive cover.

e The optoelectronic module of claim 1 wherein the exterior walls separate the

support substrate and the transmissive covers from one another.

8. The optoelectronic module of claim 1 wherein a respective side edge of each of

the transmissive covers is in contact with the interior wall.

9. The optoelectronic module of claim 1 wherein an outwardly facing side edge of
each of the transmissive covers is covered by an exterior wall portion that is non-
transparent to one or more wavelengths of light emitted by or detectable by the first and

second optoelectronic devices.

10.  The optoelectronic module of claim 9 wherein the exterior wall portions
covering the outwardly facing side edges of the transmissive covers are composed of a
material that is nontransparent to one or more wavelengths of light emitted by or

detectable by the first and second optoelectronic devices.

11.  The optoelectronic module of claim 1 further including a baffle over the
transmissive covers, wherein the baffle is composed of a material that is nontransparent
to one or more wavelengths of light emitted by or detectable by the first and second

optoelectronic devices.
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