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ASSEMBLING THIN SILICON CHIPS ON A CONTACT LENS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Patent Application No. 13/627,574, filed
September 26, 2012, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] This disclosure generally relates to a contact lens having a thin silicon chip

integrated therein and methods for assembling the silicon chip within the contact lens.

BACKGROUND
[0003]  Silicon chips are generally assembled using flip chip bonding or wire
bonding. Flip chip bonding is a method for interconnecting semiconductor devices to
external circuitry (e.g., a circuit board or another chip or wafer), with solder bumps that
have been deposited onto chip pads. The solder bumps are deposited on the chip pads
on a top side of the wafer during a final wafer processing step. In order to mount the
chip to external circuitry it is flipped over so that its top side faces down, and aligned so
that its pads align with matching pads on an external circuit. The solder bumps are then
melted to complete interconnects. In wire bonding, the chip is mounted to external
circuitry in an upright position and wires are used to interconnect the chip pads to
external circuitry. However, these silicon chip assembly methods are not suitable for
assembling silicon chips on or within a contact lens. Furthermore, standard chips are

too thick to fit onto a contact lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]  FIGs. 1A and 1B present alternative perspectives of an example contact lens
having a silicon chip integrated therein/thereon in accordance with aspects described
herein.

[0005] FIGs. 2A-2C present cross-sectional views of example embodiments of a
contact lens having a silicon chip integrated therein in accordance with aspects

described herein.
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[0006]  FIG. 3 depicts a process for creating silicon chips that can be assembled onto
a contact lens in accordance with aspects described herein.

[0007]  FIG. 4 illustrates a high level overview of processes by which a silicon chip is
assembled onto a contact lens substrate in accordance with aspects described herein.
[0008] FIGs. 5SA-5E illustrate an exemplary process 500 by which a silicon chip is
assembled onto a contact lens substrate in accordance with aspects described herein.
[0009] FIGs. 6A-6D illustrate another an alternative perspective of exemplary
process 500 by which a silicon chip is assembled onto a contact lens substrate in
accordance with aspects described herein.

[0010]  FIGs. 7A-7D illustrate another exemplary process 700 by which a silicon chip
is assembled onto a contact lens substrate in accordance with aspects described herein.
[0011]  FIGs. 8A-8D illustrate another an alternative perspective of exemplary
process 800 by which a silicon chip is assembled onto a contact lens substrate in
accordance with aspects described herein.

[0012]  FIGs. 9A-9D illustrate another exemplary process 900 by which a silicon chip
is assembled onto a contact lens substrate in accordance with aspects described herein.
[0013]  FIGs. 10A-10D illustrate another an alternative perspective of exemplary
process 900 by which a silicon chip is assembled onto a contact lens substrate in
accordance with aspects described herein.

[0014]  FIGs. 11A-11C illustrate a process for employing a contact lens substrate
having a silicon chip bonded thereon to form a contact lens in accordance with aspects
described herein.

[0015] FIG. 12A presents an alternative, three-dimensional view of a contact lens
form in accordance with aspects described herein.

[0016]  FIG. 12B depicts the final processing of a contact lens form to form a contact
lens in accordance with aspects described herein.

[0017]  FIG. 13 presents a exemplary methodology by which a silicon chip is
assembled onto and/or within a contact lens in accordance with aspects described
herein.

[0018]  FIG. 14 presents another exemplary methodology by which a silicon chip is
assembled onto and/or within a contact lens in accordance with aspects described

herein.
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[0019]  FIG. 15 presents another exemplary methodology by which a silicon chip is
assembled onto and/or within a contact lens in accordance with aspects described

herein.

DETAILED DESCRIPTION

[0020] Various aspects are now described with reference to the drawings, wherein like
reference numerals are used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific details are set forth in order
to provide a more thorough understanding of one or more aspects. It is evident,
however, that such aspects can be practiced without these specific details. In other
instances, structures and devices are shown in block diagram form in order to facilitate
describing one or more aspects.

[0021] In one or more aspects, the disclosed subject matter relates to methods for
manufacturing a contact lens having an integrated circuit integrated therein or thereon.
In an aspect, the method involves creating a plurality of lens contact pads on a lens
substrate and creating a plurality of chip contact pads on an integrated circuit element or
chip, such as a silicon chip. Assembly bonding material is then applied to the plurality
of lens contact pads or the plurality of chip contact pads. The chip is then bonded to the
lens substrate via the assembly bonding material whereby the lens contact pads are
aligned with the chip contact pads.

[0022] After the chip is bonded to the lens substrate, the lens substrate is formed into a
contact lens. In an aspect, prior to forming the lens substrate into a contact lens, the
chip is sealed onto the lens substrate. The lens substrate is then cut into a ring shape and
molded to match curvature of an eye over which the contact lens is to be worn. The
molded lens substrate is then embedded into a hydrogel to form the contact lens.

[0023] In some aspects, the plurality of chip contact pads are formed as metal lines on
the chip using photolithography. Similarly, the plurality of lens contact pads can be
formed as metal lines on the lens substrate using photolithography. Yet in other aspects,
the plurality of lens contact pads are formed as a plurality of metal squares having a
length of about 100 microns or less.

[0024] The subject methods enable assembly of thin silicon chips within a contact lens

without use of bumped pads and standard chips. In some embodiments, the disclosed
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methods involve thinning a silicon ship substrate down to a thickness of less than about
100 microns (e.g., within the range of 20-100 microns thick) and then dicing the thinned
substrate into chips smaller than 1 mm on each side. It is to be appreciated that these
noted ranges/sizes are merely exemplary, and any suitable thickness or size can be
employed in accordance with embodiments described herein. Metal lines are patterned
onto a chip and/or a lens substrate to create contact pads for the chip and/or the lens
substrate. The metal lines also serve as wires to connect other chips and/or other
electrical components of the contact lens (e.g. antennas, sensors, light illuminating
diodes (LEDS), and etc.).

[0025] In various embodiments, in order to assemble a chip to the lens substrate, a small
amount of low temperature assembly bonding material is placed onto contact pads of
either the lens substrate or the chip using a syringe. The contact pads of the chip are
then aligned with the contact pads of the lens substrate and the chip is bonded to the
lens substrate using the solder material. For example, the lens substrate can include
multiple contact pads that can be segmented into multiple assembly sites for assembling
a chip thereto. Once respective contact pads of a particular assembly site on the lens
substrate are covered with solder material, the contact pads of the chip are aligned with
the lens substrate contact pads in the assembly site and the chip is bonded to the
assembly site using a flip-chip bonder. The flip-chip bonder tool aligns the chip contact
pads with the lens substrate contact pads and applies pressure along with temperature to
create a mechanical and electrical connection between the chip and the lens substrate.
[0026] After the chip is bonded to the lens substrate, the chip can be sealed onto the
lens substrate with a substance (e.g. parylene) to make the lens substrate biocompatible
and to hold the chip in place. The lens substrate can then be formed into a contact lens.
For example, in an aspect, the lens substrate is cut into a ring shape. The ring shape can
include indentations on the inner and/or outer edges of the ring to facilitate molding of
the ring and to reduce wrinkling. The ring is then molded to match curvature of the eye.
The ring is further embedded into hydrogel to complete the contact lens assembly
process.

[0027] FIGs. 1A and 1B depict various perspectives of an example contact lens 100
having an integrated circuit or chip 102 integrated therein/thereon. As used herein, the
terms integrated circuit and chip are used interchangeably. FIG. 1A illustrates a three

dimensional image of example contact lens 100, and FIG. 1B presents a cross-sectional
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view of example contact lens 100 being worn over an eye 104. Contact lens 100, and
additional contact lenses disclosed herein are generally provided in a spherical shape
that conforms to shape of an eye.

[0028] With reference to FIG. 1B, contact Iens 100 includes two primary surfaces, an
inner surface 108 and an outer surface 106, both of which are spherical. The inner
surface 108 is concave and is adjacent to/rests on, a surface of the eye 104. The outer
surface 106 is convex and opposite the inner surface 108. The contact lens 100 has a
thickness that spans in a horizontal direction between inner surface 106 and outer
surface 104. Chip 102 is located within a thickness of the contact lens 102. In general
aspects, as illustrated in FIG. 1B the width of the lens is thickest (relative to the width of
the lens at other areas of the lens) at a center point of the lens, tapering outwardly to a
knifelike edge at the perimeter of the lens. The particular dimensions (including
dimensions attributable to thickness, diameter, curvature, and etc.) of the subject contact
lenses are not critical and may vary.

[0029] As generally described herein, chip 102 is silicon chip that can be employed by
contact lens 100 to facilitate electrical operations of the contact lens. In particular, chip
102 can perform various computing and logic functions of contact lens 102. Further,
although not shorn in the figures, it is to be appreciated that contact lenses disclosed
herein can include multiple electrical components that connect to silicon chip 102. For
example, contact lenses disclosed herein can include sensors, antennas, LEDs, power
sources, and etc. In addition, although contact lens 100 (and additional contact lenses
described herein) is depicted having a single silicon chip 102, it should be appreciated
than contact lens 100 (and additional contact lenses described herein) can be provided
having a plurality of chips 102 integrated therein.

[0030] In an embodiment, silicon chip 102 is a piece of almost pure silicon having a
size smaller than standard silicon chips employed in standard computing devices. For
example, while most computing devices employ silicon chips that are one square
centimeter and have a thickness of about 1 millimeter, chip 102 can have a size of about
1 square millimeter and a thickness less than 100 microns. In an aspect, silicon chip
102 contains a plurality (up to millions) of transistors and other small electronic circuit
components, packed and interconnected in layers beneath the surface of the chip. The

surface of the silicon chip can further include a grid of metallic lines etched therecon
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which are used to make electrical connections to other components of the chip 102
and/or the contact lens 100

[0031] FIGs 2A-2C present cross-sectional views of example embodiments of a contact
lens having silicon chip 206 integrated therein in accordance with aspects described
herein. The contact lenses depicted in FIGs. 2A, 2B, and 2C, lenses 200, 202, and 204
respectively, respectively have two or more layers where silicon chip 206 is integrated
within one of the layers. The lenses 200, 202, and 204 are formed by first integrating
silicon chip 206 into a lens substrate layer 214 and then forming one or more additional
contact lens layers 216 on and/or around the lens substrate layer 214. In particular, as
described in detail infra, chip 206 is first assembled onto a lens substrate 214. In an
aspect, the lens substrate is then molded into a lens shape to fit the contours of the eye
208 and combined within a contact lens material (e.g. hydrogel) to form the contact
lens.

[0032] The lens substrate layer 214 having the silicon chip 206 and the contact lens
material layer 216 can be combined in a variety of manners. In an aspect, in order to
combine the lens substrate layer 214 and the contact lens material layer 216, the lens
substrate can be dipped into liquid contact lens material 216. In another aspect, in order
to combine the lens substrate layer 214 and the contact lens material layer 216, the lens
substrate 214 can be coated/covered with lens contact material 216 on one or both sides
of the lens substrate. Still in other aspects, in order to combine the lens substrate layer
214 and the contact lens material layer 216, the lens substrate 214 can be pressed into
and/or bonded with one or more layers of lens contact material 216.

[0033] The lens substrate layer 214 and the lens material layer(s) 216 can include
various materials. In an aspect, the lens substrate layer 214 and the lens material layer
216 comprise the same material. In another aspect, the lens substrate layer 214 and the
lens material layer comprise different materials. The lens substrate layer 214 can
include any suitable material that enables fixation of contact pads to the material (e.g.
metal pads and/or metal lines) and fixation of a chip 206 to the contact pads.

[0034] Some exemplary material that can be employed as the lens substrate layer
material 214 include but are not limited to a soft polymer material including but not
limited to, a hydrogel, a silicone based hydrogel, a polyacrlyamide, or a hydrophilic
polymer. For example, in an aspect, contact lens substrate layer 214 is formed from a

substrate material that includes at least one of a crosslinked hydrogel comprising
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hydrophilic monomers (e.g. N-Vinylpyrrolidone, 1-Ethenyl-2-pyrrolidone,N,N-
dimethylacrylamide, 2-hydroxyethyl methacrylate , hydroxyethyl acrylate , methacrylic
acid and acrylic acid), a strengthening agent, a ultraviolent light (UV) blocker, or a tint.
In another aspect, contact lens substrate layer 214 is formed from a substrate material
that includes at least of a one silicone hydrogel (e.g. crosslinked hydrogels containing
silicone macromers and monomers, as well as hydrophilic monomers that absorb water).
In yet another aspect, contact lens substrate layer 214 is formed from a substrate
material that includes one or more rigid materials including but not limited to, a silicone
polymer, polymethyl methacrylate, or rigid gas permeable materials.

[0035] The lens material layer 216 can include any suitable material that provides
support for the lens substrate layer 214, contain/embed the lens substrate layer 214
and/or otherwise form a structural and/or functional body of the contact lens. Some
exemplary materials that can be employed as the lens material layer 216 can include but
are not limited to a soft polymer material including but not limited to, a hydrogel, a
silicone based hydrogel, a polyacrlyamide, or a hydrophilic polymer. For example, in
an aspect, lens material layer 216 is formed from a substrate material that includes at
least one of a crosslinked hydrogel comprising hydrophilic monomers (e.g. N-
Vinylpyrrolidone, 1-Ethenyl-2-pyrrolidone,N,N-dimethylacrylamide, 2-hydroxyethyl
methacrylate , hydroxyethyl acrylate , methacrylic acid and acrylic acid), a
strengthening agent, a ultraviolent light (UV) blocker, or a tint. In another aspect, lens
material layer 216 is formed from a substrate material that includes at least of a one
silicone hydrogel (e.g. crosslinked hydrogels containing silicone macromers and
monomers, as well as hydrophilic monomers that absorb water). In yet another aspect,
lens material layer 216 is formed from a substrate material that includes one or more
rigid materials including but not limited to, a silicone polymer, polymethyl
methacrylate, or rigid gas permeable materials.

[0036] As illustrated in FIG. 2A, in an aspect, the lens substrate layer 214 is located at
an outer surface 210 of the contact lens 200 and the lens material layer 216 is located at
an inner surface 212 of the contact lens 200. According to this aspect, contact lens 200
can include two layers, lens substrate layer 214 and a lens material layer 216. The lens
substrate layer 214 includes the silicon chip and the silicon chip can further be located

at/on the outer surface 210 of the contact lens. In an example, in order to form contact



WO 2014/052012 PCT/US2013/059256

lens 200, silicon chip 206 is first integrated onto lens substrate layer 214 and then the
lens substrate layer 214 is coated on its concave side with contact lens material 216.
[0037] As shown in FIG. 2B, in another aspect, the lens substrate layer 214 is located at
an inner surface 212 of contact lens 202 and the lens material layer 216 is located at an
outer surface 210 of the contact lens 202. According to this aspect, contact lens 202 can
also include two layers, lens substrate layer 214 and a lens material layer 216. The lens
substrate layer 214 includes the silicon chip 206 and the silicon chip can further be
located at/on the inner surface 212 of the contact lens 202. In an example, in order to
form contact lens 202, silicon chip 206 is first integrated onto lens substrate layer 214
and then the lens substrate layer 214 is coated on its convex side with contact lens
material 216.

[0038] As seen in FIG. 2C, in yet another aspect, contact lens 204 includes a lens
substrate layer 214 located between two layers of lens material 216. According to this
aspect, contact lens 204 can also include three layers. The lens substrate layer 214
includes the silicon chip 206 and thus the silicon chip is located suspended between the
inner surface 212 and the outer surface 210 of the contact lens 204. In an example, in
order to form contact lens 204, silicon chip 206 is first integrated onto lens substrate
layer 214 and then the lens substrate layer 214 is dipped into or otherwise entirely
coated/embedded within, contact lens material 216.

[0039] With reference now to FIG. 3, illustrated is a process 300 for creating silicon
chips that can be assembled onto a contact lens in accordance with aspects described
herein. A silicon chip substrate 301 is first thinned down to a thickness of less than 100
microns. In an aspect, the silicon chip substrate 301 is thinned down to a thickness of
less than 75 microns. In another aspect, the silicon chip substrate 301 is thinned down
to a thickness of less than 50 microns. Still, in yet another aspect, the silicon chip
substrate 301 is thinned down to a thickness of less than 35 microns. The thinned
silicon chip substrate 302 is then diced into a plurality of silicon chips 304 having a size
suitable for integration into a contact lens. In particular, the size and shape of the chip
304 is restricted by thickness and curvature of a contact lens in which it is to be
integrated. A chip 304 can have a rectangular shape or a square shape. In an aspect, a
chip 304 can have sides less than 15 mm. In another aspect, a chip 304 can have sides
less than 10 mm. In another aspect, a chip 304 can have sides less than 5.0 mm. Still in

yet another aspect, a chip 304 can have sides less than 1.0 mm.

8



WO 2014/052012 PCT/US2013/059256

[0040] FIGs. 4-10D illustrate exemplary embodiments of processes by which a chip 304
is assembled onto a contact lens substrate 418 in accordance with aspects described
herein. FIG. 4 illustrates a high level overview of processes by which a chip 304 is
assembled onto a contact lens substrate 418 while FIGs. 5A-10D illustrate detailed steps
in various processes by which a chip 304 is assembled onto a contact lens substrate 418.
After one or more chips have been assembled onto contact lens substrate 418, the
contact lens substrate can be modified into a contact lens. In particular, the contact lens
substrate 418 can be molded into the shape of a contact lens to become the contact lens
substrate layer (e.g. layer 214) in an assembled contact lens (e.g. lenses 200, 202, 204
and the like). In various aspects, the contact lens substrate 418 can include one or more
of the structure and/or functionality of contact lens substrate layer 214 (and vice versa).
In particular, it should be appreciated that contact lens substrate 418 can comprise the
materials described with reference to contact lens substrate layer 214,

[0041] Turning initially to FIG. 4, a silicon chip 304 that has been sized to a suitable
size for integration into a contact lens (e.g. having a thickness less than 100 microns and
sides less than about 1 mm) is depicted having metal lines 402 provided thereon. In
particular, after a silicon chip 304 is created via process 300, prior to integration onto a
contact lens substrate 418, the silicon chip 304 can be processed to form various
functional features of the silicon chip, including at least chip contact pads. Chip contact
pads provide the contact point for electrically connecting a chip 304 to substrate 418
and/or other electrical component. In an aspect, traditional metal chip contact pads (not
depicted) can be created on a surface of chip 304. For example, metal chip pads in the
form of small and thin sheets of metal in the shape of squares or rectangles can be
formed on a surface of the chip 304 to create the chip contact pads. Such metal contact
pads can have sides less than 100 microns.

[0042] However, in another aspect, as depicted in FIG. 4, metals lines 402 are patterned
onto a surface of chip 304. For example, metal lines 402 can be patterned onto a surface
406 of a chip 304 using photolithography. These metal lines 402 serve as chip contact
pads for the chip 304 and also serve as wires to connect the chip 304 to other chips
and/or components of a contact lens (e.g. antennas, sensors, LEDs, and etc.) in which
the chip 304 is integrated. For example, intersection points 404 of metal lines 402 can
serve as the chip contact pads of chip 304. However, it should be appreciated that any

point of a metal line 402 can serve as a chip contact pad. In addition, although
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intersecting parallel metal lines 402 are shown forming a grid pattern on chip 304, such
a line configuration is merely depicted for exemplary purposes. In particular, lines 402
can be formed in any pattern, in includes patterns having non-intersecting lines and
patterns having non-parallel lines.

[0043] In an aspect, the surface of chip 304 on which the metal lines are formed,
surface 400, is a substantially flat polymer layer provided on the chip 304. According
to this aspect, the metal lines 402 are patterned onto the substantially flat polymer layer
using photolithography. For example, the polymer layer can include but is not limited
to parylene, polyimide, and polyethylene terephthalate (PET).

[0044] Contact lens substrate 418 is also presented having lens contact pads located on
a surface thereof. In an aspect, lens contact pads provide the contact points for
electrically and/or physically connecting the substrate 418 with the chip 304 and/or
electrically connecting other electrical components provided within a contact lens in
which the lens substrate 418 is integrated, to the chip 304. In an aspect, traditional
metal chip contact pads 414 can be created on a surface of lens substrate 418. For
example, metal chip pads in the form of small and thin sheets of metal in the shape of
squares or rectangles can be formed on a surface of the lens substrate 418 to create the
lens contact pads. Such metal contact pads can have sides less than 100 microns.

[0045] However, in another aspect, metals lines 416 are patterned onto a surface of
contact lens substrate 418 in a same or similar fashion as metal lines 402 patterned on
chip 304. For example, metal lines 416 can be patterned onto a surface of lens substrate
418 using photolithography. As with metal lines 402, metal lines 416 can serve as lens
contact pads for the lens substrate 418 and also serve as wires to connect the chip 304 to
other chips and/or components of a contact lens (e.g. antennas, sensors, LEDs, and etc.)
in which the chip 304 is integrated. In addition, although intersecting parallel metal
lines 416 are shown forming a grid pattern on substrate 418 such a line configuration is
merely depicted for exemplary purposes. In particular, lines 416 can be formed in any
pattern, in includes patterns having non-intersecting lines and patterns having non-
parallel lines.

[0046] In an aspect, the lens substrate and/or a surface of lens substrate 418 on which
the metal lines 416 are formed is a substantially flat polymer layer. According to this

aspect, the metal lines 416 are patterned onto the substantially flat polymer layer using
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photolithography. For example, the polymer layer can include but is not limited to
parylene, polyimide, and polyethylene terephthalate (PET).

[0047] It should be appreciated that both traditional metal contact pads 414 and metal
line contact pads 416 are provided on lens substrate 418 merely for exemplary purposes.
Further, although only a partial area of the lens substrate 418 is presented having contact
pads thereon, it should be appreciated that any portion of the substrate 418 can be
provided with contact pads. For example, the entire surface of the substrate 418 can be
patterned with metal lines or square metal pads. According to this example, a subset of
the metal lines/metal pads can be selectively employed as the contact pads for assembly
of a chip thereon. In other words, a subset of the metal lines/metal pads can be
selectively employed as an assembly site for assembly of a chip thercon and the
substrate can be provided with a plurality of potential assembly sites. As used herein,
the term assembly site refers to an area of substrate 418 having lens contact pads that
can be aligned with the contact pads of a chip.

[0048] In order to attach silicon chip 304 to contact lens substrate 418, an assembly
bonding material (not shown) is applied to either the chip or the lens substrate 418. In
an aspect, the assembly bonding material includes an anisotropic conductive film (ACF)
or an anisotropic conductive paste (ACP). ACF and ACP are materials that establish a
conducting path when pressed between two metal pads, such as a lens contact pad and a
chip contact pad. According to this aspect, an ACF or ACP is applied over an entire
assembly site on the substrate 418 (and/or the chip) having lens (or chip) contact pads
therein so as to cover the contact pads and the arca between and around the contact
pads. With this aspect, assembly bonding material does not need to be applied to the
contact pads individually.

[0049] After application of the ACF or ACP, the silicon chip 304 is then flipped over,
following arrow 408, so that the surface 406 of the silicon chip 304 having the chip
contact pads (c.g. the surface having the metal lines 402) faces a surface of the contact
lens substrate 418 having the lens contact pads thereon. Dashed lines 402 presented on
flipped chip 304 are indicative of the metal lines 402 now on the underside 306 of the
chip. The chip 304 is then lowered onto the substrate 418 and the chip contact pads are
aligned with the lens contact pads. The chip 304 is then assembled onto the lens
substrate via pressing the chip 304 onto the ACF or ACP and heating the chip
304/substrate 418 assembly to cure or solidify the chip 304 connection with the
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substrate 418. In particular, the ACP or ACF is activated in order to secure chip 304 to
substrate 418 in part by the heating. For example, activation of an ACP or ACF can
include boiling a flux out of the ACP or ACF to create a conductive path between the
chip contact pads and lens contact pads and to create an adhesive (e.g. an underfill)
material that bonds chip 304 to substrate 418. In an aspect, heating of the of the chip
304/substrate 418 assembly is performed so that conduction results in a single direction
so that the contact pads do not short.

[0050] In another aspect, the assembly bonding material includes a solder solution or
solder paste. According to this aspect, solder solution or solder paste (not shown) is
applied to either the chip contact pads or the lens contact pads in a particular assembly
site. In an aspect, the solder solution/paste is applied to respective ones of either the chip
contact pads or the lens contact pads using a syringe. The silicon chip 304 is then
flipped over, following arrow 408, so that the surface 406 of the silicon chip 304 having
the chip contact pads (e.g. the surface having the metal lines 402) faces a surface of the
contact lens substrate 418 having the lens contact pads thereon. Dashed lines 402
presented on flipped chip 304 are indicative of the metal lines 402 now on the underside
306 of the chip. The chip 304 is then lowered onto the substrate 418 and the chip
contact pads are aligned with the lens contact pads. Head and pressure are then applied
to at least one of the chip 304 or the lens substrate 418 so that the solder solution is
flowed and solidified so as to bond the chip 304 to the lens substrate 418. Arrow 410
shows an example where the chip 304 is bonded to an assembly site on the substrate 418
that comprises metal squares as contact pads. Arrow 412 shows an example where the
chip 304 is bonded to an assembly site on the substrate 418 that comprises metal lines as
contact pads.

[0051] In some aspects, an underfill is applied to the lens substrate/chip complex in
order to hold the chip 304 onto the substrate 418. In particular, connections established
between the chip 304 and the substrate 418 can be relatively weak when using a solder
solution/paste as the assembly bonding material. Accordingly, an underfill material can
be applied between the chip 304 and the substrate so as to flow around the respective
solder pads and solidified solder material to further facilitate bonding of the chip 304 to
the substrate. The underfill can include a non-conductive or substantially non-

conductive material such as an epoxy or adhesive.
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[0052] In an aspect, flipping 408, alignment of chip 304 with contact pads on lens
substrate 418, and bonding is performed using a flip chip bonder. As used herein, the
term flip chip bonder refers to a tool that performs functions and features of traditional
flip chip bonding methods, including at least flipping of chip 304, alignment of chip 304
with substrate 418, and application of heat and pressure to chip 304 and substrate 418
such that the chip 304 and the substrate 418 bond via the solder solution provided there
between.

[0053] In an aspect, the assembly bonding material that is applied to the lens substrate
or chip is a low activation temperature material. For example, in some aspects, the
assembly bonding material includes an ACF or an ACP that has a low activation
temperature, such as below 200° C. In other aspects, the assembly bonding material
includes a solder material that has a low melting point, such as below 200° C. In
another aspect, the assembly bonding material can have an activation temperature or
boiling point less than 150° C. In another aspect, the assembly bonding material can
have an activation temperature or boiling point less than 100° C. In yet another aspect,
the assembly bonding material can have an activation temperature or boiling point less
less than 85° C. Still in yet another aspect, the assembly bonding material can have an
activation temperature or boiling point less than 65° C.

[0054] Some exemplary low temperature solder solutions/pastes that can be employed
as the assembly bonding material can include but are not limited to solutions or pastes
having varying ratios of indium, tin, and/or bismuth. For example, indium alloy number
19 from Indium Corp. can be employed as an exemplary solder solution and has a ration
of 51% In, 32.5% Bi, and 16.5 Sn with a melting temperature of about 60 ° C. In an
aspect, an employed solder solution/paste is lead-free so as not to disrupt an eye in
which a contact lens, having a chip 304 integrated therein, is worn. In some aspects, the
solder solution can also be mixed with a flux or acidic solution (such as HCL and water)
to prevent or reduce oxidation of the solder solution. Some exemplary fluxes can
include but are not limited to TACFlux® 020B and Indalloy Flux #4-OA from Indium
Corp. Additionally, a commercially available solder solution can be employed as the
assembly bonding material that is formed as a paste suspended in a solder solution, such
NC-SMQ®90 Solder Paste from Indium Corp.

[0055] Looking now to FIGs. SA-5SE, illustrated is an exemplary process 500 by which

a silicon chip is assembled onto a contact lens substrate 418 in accordance with aspects

13



WO 2014/052012 PCT/US2013/059256

described herein. In FIGs. SA-5SE, it should be appreciated that only a portion of contact
lens substrate 418 is presented for exemplary purposes. Process 500 follows in part,
arrow 410 of FIG. 4. In particular, process 500 present an embodiment where chip 304
is bonded to an assembly site on the substrate 418 that comprises metal squares 414 as
contact pads.

[0056] As seen in FIG. 5A, a contact lens substrate 418 is provided having a plurality of
metal square contact pads 414 created thereon. A chip 304 is assembled to substrate
418 using either solder solution according to FIG. 5B or a solder film or paste including
ACF or ACP respectively according to FIG. 5C. Accordingly, process 500 can proceed
with steps according to FIG. 5B or according to FIG. 5C.

[0057] In FIG. 5B, solder solution 502 is applied to each of the lens contact pads 414.
(The solder solution 502 is represented by the darkening of the lens contact pads 414 as
compared to the lens contact pads 414 of FIG. 5A). In an aspect, the solder solution 502
is selectively applied to each of the lens contact pads 414 using a syringe, pipette,
needle, or other precise applicator tool. Then a chip 304 having chip contact pads in the
form of metal lines 402 is flipped over and aligned with lens substrate 418. In
particular, the chip contact pads, (such as the intersection points of the metal lines 402),
are aligned with each of the lens contact pads 414 having solder solution 502 thereon.
[0058] In FIG. 5C, (the alternative to FIG. 5B), an ACF or ACP 506 is applied to the
lens substrate 418 so as to cover the lens contact pads 414 and the area around the
respective lens contact pads 414 in the assembly site. Then a chip 304 having chip
contact pads in the form of metal lines 402 is flipped over and aligned with lens
substrate 418. In particular, the chip contact pads, (such as the intersection points of the
metal lines 402), are aligned with each of the lens contact pads 414 having an ACF or
ACP thereon.

[0059] In FIG. 5D, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution or the ACF/ACP in response to the
application of pressure and/or heat. For example, a flip chip bonder can perform the
flipping, aligning and bonding aspects of method 500. In an aspect, heat is applied at a
temperature less than 200° C to substantially only the area of the substrate 418 where
the chip 304 is being assembled (e.g. the assembly sites) so as to cause no or limited
damage to the remaining area of the substrate. In FIG. 5SE, once the solder solution or

ACF/ACP has been solidified, hardened and/or cured, in an aspect, the chip 304 can be
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sealed onto the lens substrate 418 using a sealant 504. The sealant 504 can cover and/or
otherwise coat the chip 304 to hold the chip 304 in place on the lens substrate 418
and/or to make the lens substrate/chip complex biocompatible. In an aspect, (not
shown), the entire substrate/chip complex can be coated in a sealant 504. For example,
the entire substrate/chip complex can be dipped or rinsed with a sealant 504. In an
aspect, the sealant 504 is parylene or polyimide.

[0060] FIGs. 6A-6D, illustrate an alternative perspective of exemplary process 500 by
which a silicon chip is assembled onto a contact lens substrate 418 in accordance with
aspects described herein. In particular, FIGs. 6A-6D present cross-sectional views of
chip 304 and Iens 418 during process 500.

[0061] As seen in FIG. 6A, a contact lens substrate 418 is provided having a plurality of
metal square contact pads 414 created thereon. In FIG. 5B, solder solution 502 is
applied to each of the lens contact pads 414. In an aspect, the solder solution 502 is
selectively applied to each of the lens contact pads 414 using a syringe, pipette, needle,
or other precise applicator tool. Then a chip 304 having chip contact pads 402 is
aligned with lens substrate 418. In particular, the chip contact pads 402 are aligned with
each of the lens contact pads 414 having solder solution 502 thereon. In an aspect, the
chip contact pads 402 are the intersection points 404 of the metal lines 402 as presented
on chip 304 in FIG. 4.

[0062] In FIG. 6C, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution in response to the application of
pressure and/or heat. In an aspect, heat is applied at a temperature less than 200° C to
substantially only the area of the substrate 418 where the chip 304 is being assembled
(e.g. the assembly sites) so as to cause limited damage to the remaining area of the
substrate. For example, a flip chip bonder can perform the flipping, aligning and
bonding aspects of method 500. In an aspect, an underfill material (not shown) can be
applied between the lens substrate 418 and the chip 304 so as to fill in gaps between the
solidified solder material and further adhere the chip 304 to the substrate 418. In FIG.
6D, once the solder solution has been solidified, hardened and/or cured, in an aspect, the
chip 304 can be sealed onto the lens substrate 418 using a sealant 504. The sealant 504
can cover and/or otherwise coat the chip 304 to hold the chip 304 in place on the lens
substrate 418 and/or to make the lens substrate/chip complex biocompatible. In an

aspect, (not shown), the entire substrate/chip complex can be coated in a sealant 504.
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For example, the entire substrate/chip complex can be dipped or rinsed with a sealant
504.

[0063] Looking now to FIGs. 7A-7D, illustrated is another exemplary process 700 by
which a silicon chip is assembled onto a contact lens substrate 418 in accordance with
aspects described herein. In FIGs. 7A-7D, it should be appreciated that only a portion
of contact lens substrate 418 is presented for exemplary purposes. Process 700 follows
in part, arrow 412 of FIG. 4. In particular, process 700 present an embodiment where
chip 304 is bonded to an assembly site on the substrate 418 that comprises metal lines
416 as contact pads.

[0064] As seen in FIG. 7A, a contact lens substrate 418 is provided having a plurality of
metal lines 416 created thereon. The metal lines 416 serve as the lens contact pads. In
an aspect, the intersection point of the metal lines in particular serve as the lens contact
pads. According to this aspect, solder solution 502 is applied to the lens contact pads
416 at each metal line intersection point. In an aspect, the solder solution 502 is
selectively applied to each of the lens contact pads 416 using a syringe, pipette, needle,
or other precise applicator tool. In FIG. 7B, a chip 304 having chip contact pads in the
form of metal lines 402 is flipped over and aligned with lens substrate 418. In
particular, the chip contact pads, (such as the intersection points of the metal lines 402),
are aligned with each of the lens contact pads 416, the metal line 416 intersection points,
having solder solution 502 thereon.

[0065] In FIG. 7C, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution in response to the application of
pressure and/or heat. In an aspect, heat is applied at a temperature less than 200° C to
substantially only the area of the substrate 418 where the chip 304 is being assembled
(e.g. the assembly sites) so as to cause no or limited damage to the remaining area of the
substrate. For example, a flip chip bonder can perform the flipping, aligning and
bonding aspects of method 700. In an aspect, an underfill material (not shown) can be
applied between the lens substrate 418 and the chip 304 so as to fill in gaps between the
solidified solder material and further adhere the chip 304 to the substrate 418. In FIG.
7D, once the solder solution has been solidified, hardened and/or cured, in an aspect, the
chip 304 can be sealed onto the lens substrate 418 using a sealant 504. The sealant 504
can cover and/or otherwise coat the chip 304 to hold the chip 304 in place on the lens

substrate 418 and/or to make the lens substrate/chip complex biocompatible. In an
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aspect, (not shown), the entire substrate/chip complex can be coated in a sealant 504.
For example, the entire substrate/chip complex can be dipped or rinsed with a sealant
504.

[0066] FIGs. 8A-8D, illustrate an alternative perspective of exemplary process 700 by
which a silicon chip is assembled onto a contact lens substrate 418 in accordance with
aspects described herein. In particular, FIGs. 8A-8D present cross-sectional views of
chip 304 and Iens 418 during process 700.

[0067] As seen in FIG. 8A, a contact lens substrate 418 is provided having a plurality of
contact pads 416 created thereon. The contact pads 416 are formed from metal lines
such as metal lines 416 that have been patterned onto the lens substrate 418 via
photolithography. In an aspect, the contact pads 416 include intersection points of
metal lines 416 as depicted in FIG. 4. The contact pads 416 further have solder solution
502 applied thereto. In an aspect, the solder solution 502 is selectively applied to each
of the lens contact pads 416 using a syringe, pipette, needle, or other precise applicator
tool. In FIG. 8A, a chip 304 having chip contact pads 402 is aligned with lens substrate
418. In particular, the chip contact pads 402 are aligned with each of the lens contact
pads 416 having solder solution 502 thereon. In an aspect, the chip contact pads 402 are
similarly intersection points 404 of the metal lines 402 as presented on chip 304 in FIG.
4,

[0068] In FIG. 8C, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution in response to the application of
pressure and/or heat. In an aspect, heat is applied at a temperature less than 200° C to
substantially only the area of the substrate 418 where the chip 304 is being assembled
(e.g. the assembly sites) so as to cause no or limited damage to the remaining area of the
substrate. For example, a flip chip bonder can perform the flipping, aligning and
bonding aspects of method 700. In an aspect, an underfill material (not shown) can be
applied between the lens substrate 418 and the chip 304 so as to fill in gaps between the
solidified solder material and further adhere the chip 304 to the substrate 418. In FIG.
8D, once the solder solution has been solidified, hardened and/or cured, in an aspect, the
chip 304 can be sealed onto the lens substrate 418 using a sealant 504. The sealant 504
can cover and/or otherwise coat the chip 304 to hold the chip 304 in place on the lens
substrate 418 and/or to make the lens substrate/chip complex biocompatible. In an

aspect, (not shown), the entire substrate/chip complex can be coated in a sealant 504.
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For example, the entire substrate/chip complex can be dipped or rinsed with a sealant
504.

[0069] Looking now to FIGs. 9A-9D, illustrated is another exemplary process 900 by
which a silicon chip is assembled onto a contact lens substrate 418 in accordance with
aspects described herein. In FIGs. 9A-9B, it should be appreciated that only a portion
of contact lens substrate 418 is presented for exemplary purposes. Process 900 presents
an embodiment where chip 304 is bonded to an assembly site on the substrate 418 that
comprises metal square 414 as contact pads and where the bonding solution is applied to
the chip contact pads.

[0070] As seen in FIG. 9A, a silicon chip 304 is provided having a plurality of metal
lines 402 created thereon. The metal lines 402 serve as the chip contact pads. In an
aspect, the intersection points of the metal lines in particular serve as the chip contact
pads. According to this aspect, solder solution 502 is applied to the chip contact pads
402 at each metal line intersection point. In an aspect, the solder solution 502 is
selectively applied to each of the chip contact pads 402 using a syringe, pipette, needle,
or other precise applicator tool. The chip is 304 is further flipped over following arrow
408 so that the chip contact pads having the solder solution applied thereto can face a
surface of the lens substrate 418 having contact pads 414 thereon. The dashed lines on
flipped chip 304 are indicative of the chip contact pads now on the underside 406 of the
chip.

[0071] In FIG. 9B, the flipped chip 304 having the chip contact pads with solder applied
is aligned with Iens substrate 418. In particular, the chip contact pads, (such as the
intersection points of the metal lines 402), are aligned with each of the lens contact
pads 414. Lens substrate 418 is provided having contact pads 414 located thercon.
Although lens contact pads 414 are presented as metal squares, it should be appreciated
that the lens contact pads can be in the form of metal lines.

[0072] In FIG. 9C, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution in response to the application of
pressure and/or heat. In an aspect, heat is applied at a temperature less than 200° C to
substantially only the area of the substrate 418 where the chip 304 is being assembled
(e.g. the assembly sites) so as to cause no or limited damage to the remaining area of the
substrate. For example, a flip chip bonder can perform the flipping, aligning and

bonding aspects of method 900. In an aspect, an underfill material (not shown) can be
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applied between the lens substrate 418 and the chip 304 so as to fill in gaps between the
solidified solder material and further adhere the chip 304 to the substrate 418. In FIG.
9D, once the solder solution has been solidified, hardened and/or cured, in an aspect, the
chip 304 can be sealed onto the lens substrate 418 using a sealant 504. The sealant 504
can cover and/or otherwise coat the chip 304 to hold the chip 304 in place on the lens
substrate 418 and/or to make the lens substrate/chip complex biocompatible. In an
aspect, (not shown), the entire substrate/chip complex can be coated in a sealant 504.
For example, the entire substrate/chip complex can be dipped or rinsed with a sealant
504.

[0073] FIGs. 10A-10D, illustrate an alternative perspective of exemplary process 900
by which a silicon chip is assembled onto a contact lens substrate 418 in accordance
with aspects described herein. In particular, FIGs. 10A-10D present cross-sectional
views of chip 304 and lens 418 during process 900.

[0074] As seen in FIG. 10A, a silicon chip 304 is provided having a plurality of metal
lines 402 created thereon. The metal lines 402 serve as the chip contact pads. In an
aspect, the contact pads 402 are the intersection points of the metal lines 402 (point 404)
as presented in FIG. 4. According to this aspect, solder solution 502 is applied to the
chip contact pads 402 at each metal line intersection point. In an aspect, the solder
solution 502 is selectively applied to each of the chip contact pads 402 using a syringe,
pipette, needle, or other precise applicator tool. The chip is 304 is further flipped over
following arrow 408 so that the chip contact pads having the solder solution applied
thereto can face a surface of the lens substrate 418 having contact pads 414 thereon.
[0075] In FIG. 10B, the flipped chip 304 having the chip contact pads with solder
applied is aligned with lens substrate 418. In particular, the chip contact pads, (such as
the intersection points of the metal lines 402), are aligned with each of the lens contact
pads 414. Lens substrate 418 is provided having contact pads 414 located thercon.
Although lens contact pads 414 are presented as metal squares, it should be appreciated
that the lens contact pads can be in the form of metal lines.

[0076] In FIG. 10C, the chip 304 is lowered onto the lens substrate 418 and the chip is
bonded to the lens substrate via the solder solution in response to the application of
pressure and/or heat. In an aspect, heat is applied at a temperature less than 200° C to
substantially only the area of the substrate 418 where the chip 304 is being assembled

(e.g. the assembly sites) so as to cause no or limited damage to the remaining area of the
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substrate. For example, a flip chip bonder can perform the flipping, aligning and
bonding aspects of method 900. In an aspect, an underfill material (not shown) can be
applied between the lens substrate 418 and the chip 304 so as to fill in gaps between the
solidified solder material and further adhere the chip 304 to the substrate 418. In FIG.
10D, once the solder solution has been solidified, hardened and/or cured, in an aspect,
the chip 304 can be sealed onto the lens substrate 418 using a sealant 504. The sealant
504 can cover and/or otherwise coat the chip 304 to hold the chip 304 in place on the
lens substrate 418 and/or to make the lens substrate/chip complex biocompatible. In an
aspect, (not shown), the entire substrate/chip complex can be coated in a secalant 504.
For example, the entire substrate/chip complex can be dipped or rinsed with a sealant
504.

[0077] Referring now to FIGs. 11A-11C, illustrated is a process for employing a contact
lens substrate having a silicon chip bonded thereon to form a contact lens in accordance
with aspects described herein. As seen in FIG. 11A, a contact lens substrate 1102
having a silicon chip 1104 bonded thereon is provided. In various aspects, the contact
lens substrate 1102 and chip 1104 can include one or more of the structure and/or
functionality of contact lens substrate layer 214 and chip 206, and/or the contact lens
substrate 418 and chip 304 (and vice versa). In an aspect, the chip 1104 is sealed to the
contact lens substrate 1102 via a sealant (e.g. parylene).

[0078] The contact lens substrate 1102 is used to form a contact lens form 1112. In an
aspect, the contact lens substrate 1102 is molded into a shape of a contact lens form
1112. (e.g. a round and curved shape). In particular, the contact lens substrate 1102 is
molded to match the curvature of an eye in which the contact lens is to be worn. In
some aspects, in order to facilitate molding the contact lens substrate 1102, the contact
lens substrate 1102 is cut into a shape that can be formed into the shape of a contact
lens. For example, as seen in FIG. 11B, the contact lens substrate 1102 can be cut into a
circular shape or ring shape 1110. The cut substrate 1110 shown in FIG. 11B is cut out
of the contact lens substrate 1102 along dotted line pattern 1106. The cut substrate 1110
can include cut slits or incisions 1108 on inner and/or outer edges of the ring to facilitate
forming the cut substrate 1110 into a contact lens shape. The cut substrate 1110 is cut
out of the contact lens substrate 1102 so as to include the attached chip 1104.

[0079] FIG. 11C shows a two-dimensional view of a contact lens form 1112 formed out

of contact lens substrate 1102. Contact lens form 1112 includes chip 1104. In an
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aspect, contact lens form 1112 is formed by closing off the incisions 1108 of cut
substrate 1110. For example, the open edges of cut substrate 1110 can be bended and
brought together (e.g. following the dashed arrow of FIG. 11B) to form the contact lens
form 1112 of FIG. 11C.

[0080] FIG. 12A presents an alternative, three-dimensional view of contact lens form
1112.  In an aspect, contact lens form 1112 can be employed as a finished,
wearable/functional contact lens. Contact lens form matches the shape of a contact lens
and forms to the curvature of the eye in which it is to be worn. Contact lens form
further includes the chip 1104 integrated thereon. However, in another aspect, contact
lens form is further processed to form a finished, wearable/functional contact lens.
[0081] FIG. 12B depicts the final processing of contact lens form 1112 to form a
contact lens 1202. Contact lens 1202 comprises the contact lens 1112 form embedded
and/or coated on one or more sides with contact lens material 1204. In various aspects,
the contact lens material 1204 can include one or more of the structure and/or
functionality of lens material 216 (and vice versa). For example, in an aspect, the
contact lens material 1204 is hydrogel, such as silicone hydrogel. Contact lens 1202 can
also include one or more of the structure and/or functionality contact lenses 100, 200,
202, 204 (and vice versa). For example, contact lens 1202 can include contact lens form
1112 entirely embedded in contact lens material 1204 and/or partially covered with
contact lens material 1204. In an aspect, in order to form contact lens 1202, contact lens
form 1102 is dipped into a liquid contact lens material and then the contact lens material
is allowed to solidify.

[0082] FIGs. 13-15 illustrates methodologies or flow diagrams in accordance with
certain aspects of this disclosure. While, for purposes of simplicity of explanation, the
methodologies are shown and described as a series of acts, the disclosed subject matter
is not limited by the order of acts, as some acts may occur in different orders and/or
concurrently with other acts from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a methodology can alternatively be
represented as a series of interrelated states or events, such as in a state diagram.
Moreover, not all illustrated acts may be required to implement a methodology in
accordance with the disclosed subject matter. Additionally, it is to be appreciated that

the methodologies disclosed in this disclosure are capable of being stored on an article
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of manufacture to facilitate transporting and transferring such methodologies to
computers or other computing devices.

[0083] Referring now to FIG. 13, presented is a flow diagram of an example application
of systems and apparatuses disclosed in this description in accordance with an
embodiment. In an aspect, in exemplary methodology 1300, a contact lens is formed
having a silicon chip integrated therein. At 1310, a plurality of chip contact pads are
formed on a chip by forming a plurality of metal lines on a surface of the chip. (e.g.
using photolithography). At 1320, solder solution is applied to each of a plurality of
lens contact pads formed on a lens substrate (e.g. using a syringe). At 1330, the
plurality of chip contact pads are bonded to the plurality of lens contact pads via the
solder solution to bond the chip to the lens substrate (e.g. using a flip chip bonder).
Then at 1340, the lens substrate is embedded into a hydrogel to form a contact lens.
[0084] Referring now to FIG. 14, presented is a flow diagram of another example
application of systems and apparatuses disclosed in this description in accordance with
an embodiment. In an aspect, in exemplary methodology 1400, a contact lens is formed
having a silicon chip integrated therein. At 1410, a plurality of chip contact pads are
formed on a chip by forming a plurality of metal lines on a surface of the chip. (e.g.
using photolithography). At 1420, solder solution is applied to each of a plurality of
lens contact pads formed on a lens substrate (e.g. using a syringe). At 1430, the
plurality of chip contact pads are bonded to the plurality of lens contact pads via the
solder solution to bond the chip to the lens substrate (e.g. using a flip chip bonder). At
1450, the lens substrate is sealed onto the chip (e.g. using a sealant 1504). At 1460, the
lens substrate is cut into a ring shape and molded to match the curvature of an eye over
which a contact lens is to be worn. Then at 1340, the lens substrate is embedded into a
hydrogel to form the contact lens.

[0085] Referring now to FIG. 15, presented is a flow diagram of an example application
of systems and apparatuses disclosed in this description in accordance with an
embodiment. In an aspect, in exemplary methodology 1500, a contact lens is formed
having a silicon chip integrated therein. At 1510, a plurality of chip contact pads are
formed on a chip by forming a plurality of metal lines on a surface of the chip. (e.g.
using photolithography). At 1520, solder solution is applied to each of the plurality of
chip contact pads (e.g. using a syringe). At 1530, the plurality of chip contact pads are

bonded to a plurality of lens contact pads via the solder solution to bond the chip to the
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lens substrate (e.g. using a flip chip bonder). Then at 1540, the lens substrate is

embedded into a hydrogel to form a contact lens.
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CLAIMS

What is claimed is:

1. A method for manufacturing a contact lens having an integrated circuit,
comprising:

creating a plurality of chip contact pads on a chip by forming a plurality of metal
lines on a surface of the chip;

applying assembly bonding material to each of a plurality of lens contact pads
formed on a lens substrate;

bonding the plurality of chip contact pads to the plurality of lens contact pads via
the assembly bonding material to bond the chip to the lens substrate; and

embedding the lens substrate and the chip bonded thereon into a contact lens

material to form the contact lens.

2. The method of claim 1, wherein the forming the plurality of metal comprises

forming the plurality of metal lines using photolithography.

3. The method of claim 1, further comprising, prior to the embedding, sealing the

chip on the lens substrate.

4. The method of claim 1, further comprising, prior to the embedding, cutting the
lens substrate into a ring shape and molding the lens substrate to match a curvature of an

eye over which the contact lens is to be worn.

5. The method of claim 1, wherein the chip has a thickness of about 100 microns or

less and a length of about1.0 millimeter or less.

6. The method of claim 1, wherein the contact lens material includes at least one of

a hydrogel, a silicone hydrogel or a silicone elastomer.

7. The method of claim 1, wherein the bonding is performed employing a flip-chip

bonder.
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3. A contact lens having an integrated circuit disposed therecon or therein formed
by a process comprising the steps of:

creating a plurality of chip contact pads on a chip by forming a plurality of metal
lines on a surface of the chip;

applying assembly bonding material to each of the plurality of chip contact pads;

bonding the plurality of the chip contact pads to a plurality of lens contact pads
formed on a lens substrate via the assembly bonding material to bond the chip to the
lens substrate; and

embedding the lens substrate having the chip bonded thereon into a contact lens

material to form the contact lens.

9. The contact lens of claim 8, wherein the step of forming the plurality of metal

lines comprises forming the plurality of metal lines using photolithography.

10. The contact lens of claim 8, wherein the process further comprises the step of,

prior to the embedding, sealing the chip on the lens substrate.
11. The contact lens of claim 8, wherein the process further comprises the step of,
prior to the embedding, cutting the lens substrate into a ring shape and molding the lens

substrate to match a curvature of an eye over which the contact lens is to be worn.

12. The contact lens of claim 8, wherein the chip has a thickness of about 100

microns or less and a length of about1.0 millimeter or less.

13. The contact lens of claim 8, wherein the bonding is performed employing a flip-

chip bonder.

14. The contact lens of claim 8, wherein the contact lens material includes at least

one of a hydrogel, a silicone hydrogel or a silicone elastomer.
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15. A method for manufacturing a contact lens having an integrated circuit,
comprising:

creating a plurality of lens contact pads on a lens substrate;

creating a plurality of chip contact pads on a chip;

applying assembly bonding material to the each of the plurality of lens contact
pads or chip contact pads;

aligning the plurality of lens contact pads with the plurality of chip contact pads;

bonding the chip to the lens substrate via the assembly bonding material using
flip chip bonding; and

forming a contact lens with the lens substrate.

16. The method of claim 15, wherein the creating the plurality of the lens contact
pads comprises forming a plurality of metal lines on the lens substrate using

photolithography.

17. The method of claim 15, wherein the creating the plurality of the lens contact
pads comprises forming a plurality of metal squares having a length of about 100

microns or less.

18. The method of claim 15, wherein the creating the plurality of the chip contact

pads comprises forming a plurality of metal lines on the chip using photolithography.

19. The method of claim 15, wherein the forming the contact lens comprises:
sealing the chip on the lens substrate;
cutting the lens substrate into a ring shape and molding the lens substrate to
match a curvature of an eye over which the contact lens is to be worn; and

embedding the lens substrate into a hydrogel.

20. The method of claim 15, wherein the chip has a thickness of about 100 microns

or less and a length of about1.0 millimeter or less.
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21. The method of claim 15, wherein the bonding the chip to the lens substrate via
the assembly bonding material comprises employing pressure and heat at a temperature

0f 200° C or less.

22. A contact lens comprising:
a substrate; and
a silicon chip embedded within the substrate, the silicon chip having a thickness

of about 100 microns or less and a length of about1.0 millimeter or less.

23. The contact lens of claim 22, wherein the silicon chip has a thickness of about

50 microns or less and a length of about1.0 millimeter or less.

24, The contact lens of claim 22, wherein the substrate comprises at least one of a

hydrogel, a silicone hydrogel or a silicone elastomer.
25. The contact lens of claim 22, wherein the chip is bonded to a polymer material

embedded within the substrate and the chip is sealed on the polymer material with

parylene.
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