(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

13 October 2016 (13.10.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/164035 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
G02B 5/20 (2006.01) HOS5K 9/00 (2006.01)
G02B 6/10(2006.01)

International Application Number:
PCT/US2015/025266

International Filing Date:
10 April 2015 (10.04.2015)

English
Publication Language: English

Applicant: HEWLETT PACKARD ENTERPRISE DE-
VELOPMENT LP [US/US]; 11445 Compaq Center Drive
West, Houston, TX 77070 (US).

Inventors: MATHAI, Sagi Varghese; 1501 Page Mill
Rd., Palo Alto, California 94304 (US). ROSENBERG,
Paul Kessler; 1501 Page Mill Rd., Palo Alto, California
94304 (US). TAN, Michael Renne Ty; 1501 Page Mill
Rd., Palo Alto, California 94304 (US).

Agents: LIOU, Lisa et al.; Hewlett Packard Enterprise,
3404 E. Harmony Road, Mail Stop 79, Fort Collins, CO
80528 (US).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(34

20167164035 A1 |1 000 OO0 OO 0O

Title: OVERMOLDED FILTERS

100A '\

102
\ / 103
106-1 106-2 106-3 106-4
105-1 | 1084
104 108-1 }105- 108-2 108-3
\ 105-39
FIG. 1A

(57) Abstract: In the examples provided herein, an apparatus has an optically transparent block having a filter surface. The apparat -
us also has two or more filters, where each of the filters has thin films fabricated on an optically transparent substrate, and further
wherein the thin films of the filters are coupled to the filter surface. Additionally, the apparatus has an optically transparent overmold

o material encasing the two or more filters, where the overmold material fills a volume between and above neighboring ones of the two

W

or more filters.
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OVERMOLDED FILTERS

BACKGROUND

[0001] Electronic circuit boards can be overmolded with a hard thermoset
material to provide durability and mechanical resistance to shock and vibration.
Additionally, overmolding the circuit board provides moisture protection in the
form of a hermetically sealed environment for the board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The accompanying drawings illustrate various examples of the
principles described below. The examples and drawings are illustrative rather
than limiting.

[0003] FIG. 1A depicts a cross-section of an example apparatus having thin
film filters coupled to an optically transparent block, where the filters are encased

in an optical transparent overmold material.

[0004] FIG. 1B depicts a cross-section of an example apparatus having thin
film filters coupled to an optically transparent block, where the filters are encased
in an optical transparent overmold material, and the overmold material is within

an optical transparent glass cap.

[0005] FIG. 2 depicts a cross-section of an example demultiplexer system
that includes overmolded thin film filters.

[0006] FIG. 3 depicts a cross-section of an example multiplexer system that
includes overmolded thin film filters.

[0007] FIG. 4 depicts a cross-section of an example system that has molded
mechanical alignment features and standoffs.

[0008] FIG. 5 depicts a cross-section of an example system that has
overmolded features to mate to complementary features of an optical connector.

[0009] FIG. 6 depicts a flow diagram illustrating an example process of

manufacturing overmolded thin film filters.
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[0010] FIG. 7 depicts a flow diagram illustrating an example process of
performing wafer-level testing on a multiplexing or demultiplexing system that has
overmolded thin film filters.

[0011] FIG. 8 depicts a flow diagram illustrating an example process of
using an optically transparent cap to produce overmolded thin film filters for a

multiplexing or demultiplexing system.

[0012] FIG. 9 depicts a flow diagram illustrating an example process of
using an optically transparent cap to produce overmolded thin film filters for a
multiplexing or demultiplexing system and performing wafer-level testing on the
system.

[0013] FIG. 10 depicts a flow diagram illustrating an example process of
using an optically transparent cap to produce overmolded thin film filters for a
multiplexing or demultiplexing system and performing wafer-level testing on the
system.

DETAILED DESCRIPTION

[0014] An example apparatus is presented below that includes an optically
transparent block that has a surface, referred to as a filter surface, and two or
more filters coupled to the filter surface. Each of the filters is a thin film filter that
has thin films fabricated on an optically transparent substrate, and the thin films
of the filters are coupled, directly or indirectly, to the filter surface of the optically
transparent block. Additionally, an optically transparent overmold material
encases the two or more filters and fills a volume between neighboring ones of
the two or more filters. In some implementations, the overmold material may
have a first surface and a second surface, where the first surface may contact
the filter surface of the block, and the second surface may be away from the filter
surface and molded to direct light entering or exiting the overmold material at a
particular angle. Further, the apparatus may include an anti-reflection coating on
the second surface.

[0015] In some implementations, the apparatus may include alignment

features coupled to the overmold material to position the two or more filters in a
o
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first direction perpendicular to the filter surface and in a second direction
perpendicular to the first direction. The alignment features may be part of the
overmold material extending beyond the second surface, or may be fabricated by
photolithography or electroplating on the overmold material.

[0016] In some implementations, the apparatus may include an optically
transparent cap coupled to the filter surface of the block such that a cavity is
formed between the cap and the block, where the overmold material fills the
cavity and the two or more filters are encased by the overmold material within the
cavity. A surface of the cap away from the block may include alignment features
to position the two or more filters in a first direction perpendicular to the filter
surface and in a second direction perpendicular to the first direction.

[0017] FIG. 1A depicts an example apparatus 100A that may have an
optically transparent block 102. The optically transparent block 102 may have a
filter surface 103. Coupled to the filter surface 103 may be thin film filters 105,
where each thin film filter 105 may include dielectric thin films 106 fabricated on a
substrate 108. While the thin films 106 are shown in the example of FIG. 1A to
be coupled to the side of the substrates 108 closer to the block 102, the thin films
106 may also be coupled to the opposite side of the substrates 108 farther from
the block 102. Each thin film filter 105 may be coupled to the filter surface 103
via the dielectric thin films 106. The block 102 and the substrates 108 may be
made from any type of glass that is transparent at the wavelengths of light to be
transmitted through the block 102 and the substrates 108, for example, fused
silica or borosilicate glass.

[0018] In the example of FIG. 1A, four thin film filters 105 are shown, but
any number of thin film filters may be used. Each of the thin film filters 105 may
be, but is not limited to, a bandpass filter centered at a different wavelength, and
each of the thin film filters 105 may be fabricated on a substrate 108 that may
have a different thickness from the other substrates 108. Thus, the thickness of
substrates 108 may each be different.  Additionally, because the center
wavelength of the bandpass filter of each thin film filter 105 is different, and the
total thickness of the dielectric thin films of a bandpass filter scales with the

-3-
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center wavelength, the thickness of the thin film filters 106 for each of the
different thin film filters 105 is different. As a result, the total thickness of the thin
film filters 105 may be different.

[0019] An optically transparent overmold material 104 may be used to
encase the thin film filters 105 such that the volume between neighboring thin
film filters, for example 105-1 and 105-2, is filled by the overmold material 104.
Examples of a suitable overmold material 104 include Zeonex, a cyclo olefin
polymer manufactured by Zeon Chemicals L.P., and Ultem, a polyetherimide
manufactured by Saudi Basic Industries Corporation (SABIC).

[0020] In some implementations, an optically transparent cap 110 may be
used to encapsulate the overmold material, as shown in the example apparatus
100B of FIG. 1B. The cap 110 may be coupled to the filter surface 103 of the
optically transparent block 102 such that a cavity is formed between the cap 110
and the block 102, and the thin film filters 105 are within the cavity. Then the
overmold material 104 may be used to fill the cavity while in a molten state.
Upon cooling of the molten overmold material 104, the thin film filters 105 may be
encased in the overmold material 104 within the cavity. The cap 110 may be
made from any type of material that transmits light at the wavelengths of interest,
such as fused silica or a semiconductor such as silicon. In some
implementations, the cap 110 may be made from a plastic that transmits light at
the wavelengths of interest and can withstand the temperatures of the molten
overmold material 104. In some implementations, the cap 110 may include
alignment features to mate with complementary features (described further
below) on a substrate (not shown), such as a printed circuit board, or
complementary features on an optical socket coupled to the substrate.

[0021] FIG. 2 depicts a cross-section of an example demultiplexer system
200 that includes overmolded thin film filters 105. A multi-wavelength light beam
290 may enter the optically transparent block 102 of the demultiplexer system
200 through, but is not limited to, a lens 203 coupled to a first surface 204 of the
block 102. The lens 203 collimates the light beam 290. The multi-wavelength
light beam 290 may be demultiplexed by the system 200, and the demultiplexed
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beams may be detected by detectors 212 coupled to a substrate 220, such as a
printed circuit board, where the detectors may be flip chipped onto the substrate
220. The detectors may be any type of sensor capable of sensing the system
operating wavelengths, such as a photodiode. The example of FIG. 2 shows that
the multi-wavelength light beam is demultiplexed into four beams and detected
by four detectors; however, the mulii-wavelength light beam may be
demultiplexed into any number of beams and detected by any number of
detectors.

[0022] In the example system of FIG. 2, the multi-wavelength light beam 290
entering system 200 may impinge on the thin film filter 106-4 coupled to the filter
surface 103 of the block 102. The thin film filter 106-4 may transmit light at or
near a first wavelength A1 and reflect all other wavelengths toward a reflective
focuser 201-3 coupled to the first surface 204 of the block 102. The reflective
focusers 201 re-collimate the light beam as it zig-zags through the block 102.
Light at or near the first wavelength A1 continues traveling through the optically
transparent substrate 108-4 and then enters the overmold material 104 before
encountering an anti-reflection coating 210 on an exit surface 209 of the
overmold material 104. The exiting light is sensed by detector 212-4.

[0023] When the refractive index of the overmold material 104 is matched to
the refractive index of the substrate 108-4, or is within a predetermined range of
the refractive index of the substrate 108-4 of the thin film filter 105-4, the light
exiting the substrate 108-4 follows the path or near the path 250-4 to arrive at the
detector 212-4. However, if the overmold material 104 were not present, so that
the refractive index difference between the substrate 108-4 and air is greater
than the predetermined range, the light exiting the substrate 108-4 may follow the
dotted path 251-4, where the beam is refracted upon exiting the substrate 108-4
and walks off so that the light misses the active area of the detector 212-4 and is
not detected.

[0024] Returning to the light reflected by the reflective focuser 201-3, the
reflected light is focused onto thin film filter 106-3. Thin film filter 106-3 may

transmit light at or near a second wavelength A2 and reflect all other wavelengths
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toward a reflective focuser 201-2 coupled to the first surface 204 of the block
102. Light at or near the second wavelength A2 continues traveling through the
optically transparent substrate 108-3 and then enters the overmold material 104
before encountering the anti-reflection coating 210 on the exit surface 209 of the
overmold material 104. The exiting light is sensed by detector 212-3.

[0025] When the refractive index of the overmold material 104 is matched to
the refractive index of the substrate 108-3, or is within a predetermined range of
the refractive index of the substrate 108-3 of the thin film filter 105-3, the light
exiting the substrate 108-3 follows the path or near the path 250-3 to arrive at the
detector 212-3. However, if the overmold material 104 were not present, the light
exiting the substrate 108-3 follows the dotted path 251-3, where the beam is
refracted upon exiting the substrate 108-4 and walks off so that the light misses
the active area of the detector 212-3 and is not detected. Additionally, the light
exits the sidewall of substrate 108-3 which may be rough, resulting in unwanted
scattering and reflection loss.

[0026] Returning to the light reflected by the reflective focuser 201-2, the
reflected light is focused onto thin film filter 106-2. Thin film filter 106-2 may
transmit light at or near a third wavelength A3 and reflect all other wavelengths
toward a reflective focuser 201-1 coupled to the first surface 204 of the block
102. Light at or near the third wavelength A3 continues traveling through the
optically transparent substrate 108-2 and then enters the overmold material 104
before encountering the anti-reflection coating 210 on the exit surface 209 of the
overmold material 104. The exiting light is sensed by detector 212-2.

[0027] Light reflected by the reflective focuser 201-1 is focused onto thin film
filter 106-1. Thin film filter 106-1 may transmit light at or near a fourth
wavelength A4. In some implementations, the thin film filter 106-1 may transmit
all wavelengths except those near wavelengths A1, A2, and A3. Light transmitted
by thin film filter 106-1 continues through the optically transparent substrate 108-
1 and enters the overmold material 104 before encountering the anti-reflection
coating 210 on the exit surface 209 of the overmold material 104. The exiting
light is sensed by detector 212-1.

'
»
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[0028] When the refractive index of the overmold material 104 is maiched to
the refractive index of the substrates 108-2 and 108-1, or is within a
predetermined range of the refractive index of the substrates 108-2 and 108-1 of
the thin film filters 105-2 and 105-1, the light exiting substrate 108-2 and 108-1
follow the paths 250-2 and 250-1, respectively. If the overmold material 104
were not present, the light exiting the substrates 108-2 and 108-1 is refracted to
follow the dotted paths 251-2 and 251-1, respectively. The thickness of the
substrates 108-2 and 108-1 are within range of specifications for the system and
result in the light being detected by detectors 212-2 and 212-1, respectively.

[0029] FIG. 3 depicts a cross-section of an example multiplexer system 300
that includes overmolded thin film filters. Coupled to the block 102 on surface
204 are reflective focusers 201 that operate in a similar manner as in the
demultiplexer system 200, reflecting and focusing light impinging on the reflective
focuser 201. Lens 202 coupled to surface 204 focuses the multiplexed beam
395 exiting the multiplexing system 300. The thin film filters 105 operate in a
similar manner as described above, each transmitting light at or near a different
wavelength and reflecting other wavelengths.

[0030] Optical sources 312 are coupled to a substrate 320, such as a
printed circuit board. The optical sources 312 each emit light at different
wavelengths and can be, for example, vertical-cavity surface-emitting lasers
(VCSEL). The light from the optical sources 312 enters the overmold material
104 through the anti-reflection coating 210 on the surface 209 of the overmold
material 104. When the refractive index of the overmold material 104 is matched
to the refractive index of the substrates 108 of the thin film filters 105, or is within
a predetermined range of the refractive index of the substrates 108, the light
follows the path shown and exits as a multiplexed light beam 395. However, if
the overmold material 104 were not present, so that the refractive index
difference between the substrate 108-4 and air is greater than the predetermined
range, the light that is transmitted by thin films 106-3 and 106-4 would miss the
reflective focuser 201-3 and the lens 203, respectively. As a result, there would
be large losses for these light beams in the multiplexed beam 395.
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[0031] FIG. 4 depicts a cross-section of an example system 400 that has
standoffs/pins 420, 421 and mechanical alignment features 410, 411. The
printed circuit board 220 may have holes 425, 426 to receive the standoffs/pins
420, 421. The standoffs/pins 420, 421 and the holes 425, 426 may be used to
passively align the optical block 102 and coupled overmolded filters 105 relative
to the optoelectronics 212 coupled to the printed circuit board 220 in a plane
parallel to the filter surface 103. For a multiplexing system, the optoelectronics
212 may be detectors, while for a demultiplexing system, the optoelectronics 212
may be optical sources. The optoelectronics may incorporate integrated lenses
to collimate light, in the case of a light source such as a VCSEL, or focus light
entering a photodetector. If the overmolded filters 105 are not aligned to the
optoelectronics 212, the multiplexing or demultiplexing system does not perform
the multiplexing or demultiplexing function, or the system operates with higher
losses than for the case when the filters 105 are not misaligned.

[0032] In some implementations, the standoffs/pins 420, 421 may be
fabricated as part of the overmold material 104 that encases the filters 105,
where the mold used for positioning the overmold material 104 includes the
standoff/pin features. In some implementations, the standoffs/pins 420, 421 may
be created using a separate overmold process on top of an initially positioned
overmold material 104 for encasing the filters 105.

[0033] The alignment features 410, 411 may be blocks or any other suitable
shape used to align a mold used for positioning the overmold material 104 and/or
a separate mold for the standoffs/pins 420, 421. The alignment features 410,
411 may be made from, for example, gold, or other material, or etched into the
block 102.

[0034] In some implementations, the alignment features 410, 411 and/or
standoffs 420, 421 may be fabricated by microelectromechanical (MEMS)
fabrication techniques, such as photolithography,electroplating, or etching.

[0035] Additionally, the standoffs/pins 420, 421 may be used to fix the
distance between the optoelectronics 212 and the filters 105, because there is a
specific distance over which the light is collimated by the reflective focusers 201

8-
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and lens 203. If the thin films 106 are too far from the optoelectronics 212, the
light may diffract too much before hiiting the detectors in the case of a
demultiplexing system, or in the case of a multiplexing system, the light may
diffract too much before hitting the reflective focusers 201 and lens 203, resulting

in excess losses.

[0036] In the designs of the systems depicted in FIGS. 2-5, light enters or
exits the optoelectronics (detectors 212 or optical sources 312) at an angle to an
entrance surface or exit surface, respectively, of the optoelectronics. However,
in some configurations, the light may enter or exit the optoelectronics
perpendicular to the entrance surface or exit surface, respectively. Then a
mechanism may be used to tilt the light beams exiting or entering the molded
material 104. For example, in some implementations, standoffs on the surface
210 of the molded material 104 away from the block 102 may be molded to tilt
the overmolded material 104 relative to the substrate 220. In other
implementations, the surface 210 may be molded at an angle with respect to the
surface 103 of the molded material 104 closest to the block 102. In other
implementations, small prisms may be molded on the surface 210 of the molded
material 104.

[0037] FIG. 5 depicts a cross-section of an example system 500 that has
mating features 505, 506 to mate to complementary features of an optical
connector (not shown). The optical connector may receive a multiplexed beam
when the system 500 operates as a multiplexing system or may provide a multi-
wavelength beam to the system 500 when it operates as a demultiplexing
system.

[0038] In some implementations, the mating features 505, 506 may be holes
in an overmold material 503 coupled to a surface 204 of the block 102 opposite
the filter surface 103. Alternatively, the mating features 505, 506 may be formed
using MEMS fabrication techniques, such as photolithography, electroplating, or
etching.

[0039] FIG. 6 depicts a flow diagram illustrating an example process 600 of
manufacturing overmolded thin film filters. The process begins at block 605,

-9-
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where a mold having multiple cavities may be placed over a filter surface of a
glass wafer. Multiple sets of thin film filters may be coupled to the filter surface,
and each set of the multiple sets of thin film filters may be enclosed by a different
one of the multiple cavities. Coupled to a surface of the glass wafer opposite the
filter surface may be multiple sets of reflective focusers and lenses, where each
of the multiple sets of reflective focusers and lenses corresponds to one of the
multiple sets of thin film filters, such that multiple multiplexing or demultiplexing
systems are fabricated at the wafer level.

[0040] At block 610, an optically transparent overmold material may be
inserted into the multiple cavities. For example, a molten overmold material may

be injected to fill the multiple cavities.

[0041] After the molten overmold material has cooled, at block 615, the
mold may be removed from the glass wafer, leaving the solidified overmold
material encasing the multiple sets of thin film filters.

[0042] FIG. 7 depicts a flow diagram illustrating an example process 700 of
performing wafer-level testing on a multiplexing or demultiplexing system that has
overmolded thin film filters.

[0043] The process begins at block 705, which may be similar to block 605
described with respect to process 600 of FIG. 6. Blocks 710 and 715 may also
be similar to blocks 610 and 615, respectively, of FIG. 6.

[0044] At block 720, an anti-reflection coating may be applied to a surface of
the overmold material away from the glass wafer. The anti-reflection coating
should be effective over the range of wavelengths for which the multiplexing or
demultiplexing system is to be used.

[0045] At block 725, wafer-level testing of each of the multiple sets of thin
film filters may be performed in conjunction with optics coupled to the glass
wafer. For example, a set of thin film filters may be part of a multiplexing system,
and the multiplexing functions of each muliiplexing system may be tested.
Alternatively, a set of thin film filters may be part of a demultiplexing system, and
the demultiplexing functions of each demultiplexing system may be tested. The

-10-
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wafer-level testing of the multiplexing and demultiplexing systems may be
automated.

[0046] At block 730, the glass wafer may be diced into die sections. Each
die section includes one set of thin film filters that may be part of a multiplexing
or demultiplexing system.

[0047] FIG. 8 depicts a flow diagram illustrating an example process 800 of
using an optically transparent cap to produce overmolded thin film filters for a
multiplexing or demultiplexing system.

[0048] The process begins at block 805, where multiple sets of thin film
filters may be coupled onto a filter surface of a glass wafer. Each set of thin film
filters may be part of a multiplexing or demultiplexing system that includes
reflective focusers and lenses coupled to a surface of the glass wafer opposite
the filter surface.

[0049] At block 810, an optically transparent cavity wafer having multiple
depressions may be coupled to a filter surface of the glass wafer such that a
separate cavity is formed between the cavity wafer and the glass wafer by each
depression and encloses one of the multiple sets of thin film filters.

[0050] FIG. 9 depicts a flow diagram illustrating an example process 900 of
using an optically transparent cap to produce overmolded thin film filters for a
multiplexing or demultiplexing system and performing wafer-level testing on the
system.

[0051] The process begins at block 905, which may be similar to block 805
described with respect to the process 800 of FIG. 8. Block 910 may also be
similar to block 810 of FIG. 8.

[0052] At block 915, a molten, optically transparent overmold material may
be injected into the cavities formed between the cavity wafer and the glass wafer.
Block 920 may be similar to block 725 of FIG. 7.

[0053] At block 925, an anti-reflection coating may be applied to a surface of
the cavity wafer away from the glass wafer. The anti-reflection coating should be
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effective over the range of wavelengths for which the multiplexing or
demultiplexing system is to be used.

[0054] At block 930, the coupled cavity wafer and glass wafer may be diced
into die sections, where each die section includes one set of thin film filter, and
each set of thin film filters may be part of a multiplexing or demultiplexing system.

[0055] FIG. 10 depicts a flow diagram illustrating an example process 1000
of using an optically transparent cap to produce overmolded thin film filters for a
multiplexing or demultiplexing system and performing wafer-level testing on the
system.

[0056] The process begins at block 1005, which may be similar to block 805
described with respect to the process 800 of FIG. 8.

[0057] At block 1010, an optically transparent material may be spun onto the
filter surface of the glass wafer and the thin film filters to coat the filter surface
and the thin film filters.

[0058] At block 1015, a cavity wafer having multiple depressions may be
placed over the spin-coated optically transparent material.

[0059] At block 1020, the cavity wafer may be coupled to a filter surface of
the glass wafer such that a separate cavity is formed between the cavity wafer
and the glass wafer by each depression and encloses one of the multiple sets of
thin film filters. Each set of thin film filters may be part of a multiplexing or
demultiplexing system that includes reflective focusers and lenses coupled to a
surface of the glass wafer opposite the filter surface. Block 1022 may be similar
to block 720 of FIG. 7. Block 1025 may be similar to block 725 of FIG. 7.

[0060] At block 1030, the coupled cavity wafer and glass wafer may be
diced into die sections, where each die section includes one set of thin film filters,
and each set of thin film filters may be part of a multiplexing or demultiplexing
system.

[0061] Not all of the steps, or features presented above are used in each
implementation of the presented techniques.

1o
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[0062] As used in the specification and claims herein, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates

otherwise.
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CLAIMS

What is claimed is:

1. An apparatus comprising:

an optically transparent block having a filter surface;

two or more filters, wherein each of the filters comprises thin films
fabricated on an optically transparent substrate, and further
wherein the thin films of the filters are coupled, directly or
indirectly, to the filter surface; and

an optically transparent overmold material encasing the two or more
filters, wherein the overmold material fills a volume between

and above neighboring ones of the two or more filters.

2. The apparatus of claim 1, wherein a refractive index of the overmold
material is within a predetermined range of a refractive index of the substrates of

the two or more filters.

3. The apparatus of claim 1, wherein the overmold material has a first
surface and a second surface, wherein the first surface contacts the filter surface
of the block, and the second surface is away from the filter surface, wherein the
second surface is molded to direct light entering or exiting the overmold material
at a particular angle, and further wherein the apparatus further comprises an
anti-reflection coating on the second surface.

4, The apparatus of claim 1, further comprising alignment features
coupled to the overmold material to position the two or more filters in a first
direction perpendicular to the filter surface and in a second direction
perpendicular to the first direction.

A4
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5. The apparatus of claim 4, wherein the alignment features are part of
the overmold material extending beyond the second surface, or are fabricated by
photolithography, electroplating on the overmold material, or etching of the

overmold material.

6. The apparatus of claim 1, further comprising an optically transparent
cap coupled to the filter surface of the block such that a cavity is formed between
the cap and the block, wherein the overmold material fills the cavity and the two
or more filters are encased by the overmold material within the cavity.

7. The apparatus of claim 6, wherein a surface of the cap away from the
block includes alignment features to mate to corresponding complementary
features on a substrate or an element coupled to the substrate to position the two
or more filters in a first direction perpendicular to the filter surface and in a
second direction perpendicular to the first direction.

8. The apparatus of claim 1, wherein mating features are coupled to a
surface of the block opposite the filter surface to mate to corresponding

complementary features on an optical connector.

9. A method comprising:

placing a mold having multiple cavities over a filter surface of a glass
wafer, wherein multiple sets of thin film filters are coupled to
the filter surface, and further wherein each set of the multiple
sets of thin film filters is enclosed by a different one of the
multiple cavities;

inserting an optically transparent overmold material into the multiple
cavities; and

removing the mold from the glass wafer.
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10.

11.

12.

13.

14.

The method of claim 9, further comprising:
applying an anti-reflection coating to a surface of the overmold

material away from the glass wafer.

The method of claim 10, further comprising:

performing wafer-level testing of each of the multiple sets of thin film
filters in conjunction with optics coupled to the glass wafer;
and

dicing the glass wafer into die sections, wherein each die section
includes one set of thin film filters.

A method comprising:

coupling multiple sets of thin film filters onto a filter surface of a glass
wafer; and

coupling a cavity wafer having multiple depressions to a filter surface
of the glass wafer such that a separate cavity is formed
between the cavity wafer and the glass wafer by each
depression and encloses one of the multiple sets of thin film
filters.

The method of claim 12, further comprising:

injecting an optically transparent overmold material into the cavities;

applying an anti-reflection coating to a surface of the cavity wafer
away from the glass wafer; and

performing wafer-level testing of each of the multiple sets of thin film
filters in conjunction with optics coupled to the glass wafer.

The method of claim 13, further comprising:
dicing the coupled cavity wafer and glass wafer into die sections,
wherein each die section includes one set of thin film filters.

PCT/US2015/025266
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15. The method of claim 12, further comprising:

prior to coupling the cavity wafer to the filter surface of the glass
wafer, spin coating an optically transparent material onto the
filter surface of the glass wafer and the thin film filters prior to
coupling the cavity wafer to the filter surface of the glass
wafer;

placing the cavity wafer over the optically transparent material prior to
coupling the cavity wafer to the filter surface of the glass
wafer;

applying an anti-reflection coating to a surface of the cavity wafer
away from the glass wafer;

performing wafer-level testing of each of the multiple sets of thin film
filters in conjunction with optics coupled to the glass wafer;
and

dicing the coupled cavity wafer and glass wafer into die sections,

wherein each die section includes one set of thin film filters.

-17-
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600 \

Place a mold having muitiple cavities over a filter surface of a glass
wafer
605

Insert an optically transparent overmold material into the multiple
cavities
610

Remove the mold from the glass wafer
615

FIG. 6



WO 2016/164035 PCT/US2015/025266

8/11

700 \

Place a mold having multiple cavities over a filter surface of a glass
wafer
705

'

Insert an optically transparent overmold material into the multiple
cavities
710

l

Remove the mold from the glass wafer
715

'

Apply an antireflection coating to a surface of the overmold material
away from the glass wafer
720

'

Perform wafer-level testing of each of the multiple sets of thin film filters
in conjunction with optics coupled to the glass wafer
125

l

Dice the glass wafer into die sections, wherein each die section includes
one set of thin film filters
730

FIG. 7



WO 2016/164035 PCT/US2015/025266

9/11

800 \

Couple muitiple sets of thin film filters onto a filter surface of a glass
wafer
805

l

Couple a cavity wafer having multiple depressions to a filter surface of
the glass wafer such that a separate cavity is formed between the cavity
wafer and the glass wafer by each depression and encloses one of the
multiple sets of thin film filters
810

FIG. 8
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900 \

Couple multiple sets of thin film filters onto a filter surface of a glass
wafer
9205

y

Couple a cavity wafer having multiple depressions to a filter surface of
the glass wafer such that a separate cavity is formed between the cavity
wafer and the glass wafer by each depression and encloses one of the
multiple sets of thin film filters
910

'

Inject an optically transparent overmold material into the cavities
915

Y

Perform wafer-level testing of each of the multiple sets of thin film filters
in conjunction with optics coupled to the glass wafer
920

l

Apply an antireflection coating to a surface of the cavity wafer away
from the glass wafer
925

l

Dice the coupled cavity wafer and glass wafer into die sections, wherein
each die section includes one set of thin film filters
930

FiG. 9
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Couple multiple sets of thin film filters onto a filter surface of a glass
wafer
1005

:

Spin coat an optically transparent material onto the filter surface of the
glass wafer and the thin film filters prior to coupling the cavity wafer to
the filter surface of the glass wafer
1010

'

Place a cavity wafer over the optically transparent material
1015

'

Couple the cavity wafer having multiple depressions to a filter surface of
the glass wafer such that a separate cavity is formed between the cavity
wafer and the glass wafer by each depression and encloses one of the
multiple sets of thin film filters
1020

'

Apply an antireflection coating to a surface of the cavity wafer away
from the glass wafer
1022

'

Perform wafer-level testing of each of the multiple sets of thin film filters
in conjunction with optics coupled to the glass wafer
1025

¢

Dice the coupled cavity wafer and glass wafer into die sections, wherein
each die section includes one set of thin film filters
1030

FIG. 10
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