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What is claimed is:

1. An optoelectronic module comprising:

an optoelectronic device mounted on a substrate; and
a transparent cover separated from the substrate by a spacer, wherein is
composed of a material that is non-transparent to light emitted by or detectable the

optoelectronic device;
wherein sidewalls of the transparent cover are covered by a matg fial that is non-

transparent to light emitted by or detectable by the optoelectronic deyice.

2. The module of claim 1 further including an optical element ¢n a surface of the

transparent cover.

3. The module of claim 1 or claim 2 further includin n optics assembly over an object-
side of the transparent cover, wherein the optics assémbly includes one or more lenses

stacked over the transparent cover.

4. The module of any one of claims 1 - 3 wherein the non-transparent material covering
the sidewalls of the transparent cover igthe same material of which the spacer is

composed.

5. The module of any one of ¢laims 1 - 3 wherein the non-transparent material covering

the sidewalls of the transpt cover is a polymer material containing a non-transparent

- filler.
6. The module of one of claims 1 - 3 wherein the non-transparent material covering

the sidewalls of, he transparent cover is an epoxy with carbon black.

7. The mgdule of any one of claims 1 — 6 wherein the optical element is a lens element

on a segnisor-side of the module.
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/
8. The module of any one of claims 1 — 6 including an optical element on the surface of / |

the transparent cover, wherein the optical element is a lens element disposed onan /-
y

&

object-side of the transparent cover. _ _ /

/

9. The module of any one of claims 1 — 8 further including a baffle extendu;é beyond a
surface of the transparent cover, wherein the baffle is composed of the sap{e non-

transparent material that covers the sidewalls of the transparent cover. /

10. The module of claim 1 including a dielectric band-pass ﬁlter ‘., a surface of the

tra.nsparent cover.

11. A method of fabricating optoelectronic modules eagh of which includes at least one
optoelectronic device and at least one an optical eley nt, the method comprising:
providing a transparent wafer having first4nd second surfaces on opposite sides
of the transparent wafer, wherein there are a pldrality of non-transparent spacer elements
on one of the surfaces of the transparent wafer; '
forming openings in the transpargnt wafer, each opening disposed over a
respective one of the spacer elements/and extending through the transparent wafer; and
substantially filling the opefiings in the transparent wafer with a material that is

non-transparent to light emitte‘y.or detectable by the optoelectronic device.

12. The method of claim A'1 further including:

attaching a sute wafer to the spacer elements such that the spacer elements
separate the substrate wafer from the transparent wafer, wherein there are a plurality of
optoelectronic dévices mounted on the Substratc wafer, and wherein the substrate wafer
and the trans cnt wafer form a wafer stack; and

se : ating the wafer stack into a plurality of individual modules, wherein each
modulg Ancludes at least one of the optoelectronic devices substantially aligned with a
cory ponding optical element that is on a portion of the transparent wafer that has

ewalls covered by the non-transparent material.
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13. The method of claim 11 further including:
attaching singulated optoelectronic devices to the spacer elements such that

spacer elements separate the singulated optoelectronic devices from the transpare:

. vertical stack; and
separating the vertical stack into a plurality of individual modules
module includes at least one of the singulated optoelectronic devices stantially aligned

with a corresponding optical element that is on a portion of the tran sparent wafer that has

sidewalls covered by the non-transparent material.

" 14. The method of any one of claims 11 - 13 wherein the tcal elements are formed and

the opening are filled using a single combined replicatio A and vacuum injection tool.

15. The method of any one of claims 11 - 14 where in the openings are formed by dicing,

‘micromachining or laser cutting.

16. The method of any one of claims 11 /15 wherein each of the openings extends
. partially into a respective one of the /Sp cers elements.

£

17. The method of any one of claims 11 — 16 wherein the openings are filled with a non-

transparent material using a vacuum injection tool.

/

18. The method of clai}vi/; 7 further including causing the non-transparent material to

harden.

19. The meth’f claim 11 further including forming optical elements on the opposite

surface of the transparent wafer from the surface on which the spacer elements are

disposed¢

20/The method of claim 19 wherein the optical elements are formed by an embossing-

Aype replication technique.
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21. The method of claim 11 wherein providing a transparent wafer includes providin /a

transparent wafer having optical elements on at least one of the first or second surfdces.

22. The method of claim 11 wherein providing a transparent wafer includes viding a

transparent wafer having optical elements on the same surface of the trangparent wafer as

the spacer elements.

23. The method of any one of claims 11 further including partialfy covering the first
surface of the transparent wafer with the same non-transpareny ‘material that fills the
openings in the transparent Wafer, wherein the first surfacg’is on the opposite side of the
transparent wafer from the surface on which the spacer, ements are disposed,

and wherein when the wafer stack is separatinto individual modules, each

module includes a baffle composed of the non-trgiisparent material.

24. The method of claim 11 further includi r. attaching a baffle wafer over the filled-in
openings in the transparent wafer, the baffle wafer being composed of material that is

non-transparent to light emitted by op/detectable by the optoelectronic device.

25. The method of any one of ¢l Aims 11 — 24 wherein the spacer elements are composed
of the same non-transparent, faterial as the material that fills the openings in the '

transparent wafer.

26. The method of laim 11 including forming optical elements on the opposite surface of
the transparent W afer from the surface on which the spacer elements are disposed,
wherein a single replication and vacuum injection tool is used to form the optical

elements ad to fill the openings in the transparent wafer with a non-transparent material.

27.; method of claim 11 wherein there is at least one of a focal length correction layer

of an optical filter on a surface of the transparent wafer, the method further including:
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attaching one or more optics assemblies over an object-side of the transparent

wafer, wherein the one or more optics assemblies include lens stacks.

28. An optoelectronic module comprising:

an image sensor; and ‘

a plurality of vertically stacked transparent substrates separated o one another
by a spacer, whe_rein the stacked transparent substrates are attached to tt e image sensor,
wherein each of the transparent substrates has an optical element op at .least one of its

surfaces,

wherein the spacer is composed of a material that is -transparent to light

detectable by the image sensor, and ’
wherein sidewalls of the transparent substrates gre covered by a material that is

non-transparent to light detectable by the image se _:

29. The module of claim 28 wherein the non-{#ansparent material covering the sidewalls

of the transparent cover is a polymer material containing a non-transparent filler.

30. The module of claim 28 wherein the non-transparent material covering the sidewalls

of the transparent cover is an epo - with carbon black.

31. The module of any one gf claims 28 - 30 further including a non-transparent baffle

~ extending beyond a surface of the transparent substrates.

32. The module of£ laim 31 wherein the baffle is composed of the same non-transparent

material that covers the sidewalls of the transparent substrates.

33. A mgthod of fabricating optoelectronic modules each of which includes at least one
optoe] tronic device and at least one optical element, the method comprising:
, ' providing a transparent wafer having first and second surfaces on opposite sides
‘_ a the transparent wafer, wherein there are a plurality of non-transparent spacer elements

on one of the surfaces of the transparent wafer;
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forming openings in the transparent wafer, each opening disposed over a
-respective one of the spacer elements and extending through the transparent wafer; and
providing a material that is non-transparent to light emitted by or detectabi
the optoelectronic devices in the openings of the transparent wafer so as to cove,

sidewalls of portions of the transparent wafer.

34. An optoelectronic module comprising:

an image sensor on a substrate, the image sensor defining a plurality of
photosensitive regions each of which corresponds to a respective; tical channel;

a transparent cover, in each optical channel, separated from the substrate by a
spacer, wherein the spacer is composed of a material that ion-transparent to light

- detectable by the image sensor; and

a focal length correction layer on a surface ofA he transparent cover of at least one

of the optical channels;

wherein sidewalls of the transparent co¥er are covered by a material that is non-

transparent to light detectable by the photosénsitive regions of the image sensor.

35. The optoelecfronic module of clai 34 further including a respective optics assembly

on an object-side of each transparent cover, wherein each optics assembly includes one or

more lenses.

36. The optoelectronic mgdule of claim 35 wherein each optics assembly includes a stack

of injection molded lepSes.

37. The optoelect onic module of claim 34 further including an optical filter on a surface

of the transpa ent cover of each optical channel.

38. Anoptoelectronic module comprising:
" asubstrate;
a first optical channel;

a second optical channel;

35




WO 2015/016776 PCT/SG2014/000352

a light sensitive device on the substrate and disposed in the first optical channel; / :
a first transparent cover over the light sensitive device and separated from the 'b
substrate by a spacer; l
a band-pass filter on a surface of the first transparent cover; )
a light emitting device on the substrate and disposed in the second op .
channel; and |
a second transparent cover over the light emitting device separay * from the
substrate by the spacer; /

wherein the spacer is composed of a material that is non-tpnsparent to light

detectable by the light sensing device, and wherein side edges gf the first and second

transparent covers are covered by a material that is non-transparent to light detectable by

the light sensing device..

39. The module of claim 38 wherein the light sensifg device is operable to sense-
wavelengths of light emitted by the light emitting device and wherein the band-pass filter
blocks light of wavelengths other than the wa¥elengths emitted by the light emitting

device.

40. The module of claims 38 or 39 wHerein the band-pass filter is a dielectric band-pass

filter.

41. An optoelectronic moduj¢ comprising an optical channel:

an image sensor off a substrate, the image sensor including a photosensitive
region; | "
a transparent ‘cover separated from the substrate by a spacer, wherein the spacer is
composed of a mA terial that is non-transparent to light detectable by the image sensor;
an opt al filter disposed in the optical channel; and }
tics assembly on an object-side of the transparent cover, wherein the optics
includes one or more lenses.
/" wherein sidewalls of the transparent cover are covered by a material that is non-

trat sparent to light detectable by the photosensitive regions of the image sensor.
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42. The optoelectronic module of claim 41 wherein the optics assembly includes a stack

of injection molded lenses.

43. The optoelectronic module of claim 41 wherein the optical filterison a, stirface of the

transparent cover.

44. The optoelectronic module of claim 41 wherein the optical filtér comprises a

dielectric band-pass filter.

45. The optoelectronic module of claim 41 wherein the optical filter is disposed on a

surface of the photosensitive region of the image sensgf.

46. The optoelectronic module of any one of clgims 41 — 45 wherein the spacer is

composed of the same material as the material that encapsulates the sidewalls of the

transparent cover.
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What is claimed is:

1. A method of fabricating optoelectronic modules each of which includes at least one
optoelectronic device and at least one an optical element, the method comprising:

providing a transparent wafer having first and second surfaces on opposite sides of
the transparent wafer, wherein there are a plurality of non-transparent spacer elements on
one of the surfaces of the transparent wafer;

forming openings in the transparent wafer, each opening disposed over a respective
one of the spacer elements and extending through the transparent wafer; and

substantially filling the openings in the transparent wafer with a material that is non-

transparent to light emitted by or detectable by the optoelectronic device.

2. The method of claim 1 further including:

attaching a substrate wafer to the spacer elements such that the spacer elements
separate the substrate wafer from the transparent wafer, wherein there are a plurality of
optoelectronic devices mounted on the substrate wafer, and wherein the substrate wafer and
the transparent wafer form a wafer stack; and

separating the wafer stack into a plurality of individual modules, wherein each
module includes at least one of the optoelectronic devices substantially aligned with a
corresponding optical element that is on a portion of the transparent wafer that has sidewalls

covered by the non-transparent material.

3. The method of claim 1 further including:

attaching singulated optoelectronic devices to the spacer elements such that the
spacer elements separate the singulated optoelectronic devices from the transparent wafer,
wherein the singulated optoelectronic devices and the transparent wafer form a vertical stack;
and

separating the vertical stack into a plurality of individual modules, wherein each
module includes at least one of the singulated optoelectronic devices substantially aligned
with a corresponding optical element that is on a portion of the transparent wafer that has

sidewalls covered by the non-transparent material.

4, The method of claim 1 wherein the optical elements are formed and the opening are

filled using a single combined replication and vacuum injection tool.
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5. The method of claim 1 wherein the openings are formed by dicing, micromachining

or laser cutting.

6. The method of claim 1 wherein each of the openings extends partially into a

respective one of the spacers elements.

7. The method of claim 1 wherein providing a transparent wafer includes providing a

transparent wafer having optical elements on at least one of the first or second surfaces.

8. The method of claim 1 wherein providing a transparent wafer includes providing a
transparent wafer having optical elements on the same surface of the transparent wafer as

the spacer elements.

9. The method of claim 1 further including partially covering the first surface of the
transparent wafer with the same non-transparent material that fills the openings in the
transparent wafer, wherein the first surface is on the opposite side of the transparent wafer
from the surface on which the spacer elements are disposed,

and wherein when the wafer stack is separated into individual modules, each

module includes a baffle composed of the non-transparent material.

10. The method of claim 1 further including attaching a baffle wafer over the filled-in
openings in the transparent wafer, the baffle wafer being composed of material that is non-

transparent to light emitted by or detectable by the optoelectronic device.

11. The method of claim 1 wherein the spacer elements are composed of the same non-

transparent material as the material that fills the openings in the transparent wafer.

12. The method of claim 1 including forming optical elements on the opposite surface
of the transparent wafer from the surface on which the spacer elements are disposed,
wherein a single replication and vacuum injection tool is used to form the optical elements

and to fill the openings in the transparent wafer with a non-transparent material.
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13. The method of claim 1 wherein there is at least one of a focal length correction layer
or an optical filter on a surface of the transparent wafer, the method further including:
attaching one or more optics assemblies over an object-side of the transparent wafer,

wherein the one or more optics assemblies include lens stacks.

14. The method of claim 1 wherein the openings are filled with a non-transparent

material using a vacuum injection tool.

15. The method of claim 14 further including causing the non-transparent material to
harden.
16. The method of claim 1 further including forming optical elements on the opposite

surface of the transparent wafer from the surface on which the spacer elements are disposed.

17. The method of claim 16 wherein the optical elements are formed by an embossing-

type replication technique.

18. A method of fabricating optoelectronic modules each of which includes at least one
optoelectronic device and at least one optical element, the method comprising:

providing a transparent wafer having first and second surfaces on opposite sides of
the transparent wafer, wherein there are a plurality of non-transparent spacer elements on
one of the surfaces of the transparent wafer;

forming openings in the transparent wafer, each opening disposed over a respective
one of the spacer elements and extending through the transparent wafer; and

providing a material that is non-transparent to light emitted by or detectable by the
optoelectronic devices in the openings of the transparent wafer so as to cover sidewalls of

portions of the transparent wafer.
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