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SENSOR SYSTEM

BACKGROUND
[0001] A sensor system, for example a biosensor system, may include a flow cell
disposed on a top layer of a passivation stack of layers (herein the “passivation stack”)
of an image sensor structure, wherein the flow cell and the passivation stack form a
flow channel therebetween. Such sensor systems often utilize high density arrays of
nanowells disposed in the top layer of the passivation stack, and within the flow
channel of the flow cell, to perform controlled reaction protocols on analytes disposed

within the nanowells.

[0002] In an example of such a reaction protocol, analytes (such as clusters of DNA
segments, nucleic-acid molecular chains, or the like) that are disposed in a nanowell
array of an image sensor structure may be tagged with an identifiable label (such as a
fluorescently labeled molecule) that is delivered to the analytes via fluid flow through
the flow channel. One or more excitation lights can then be directed onto the labeled
analytes within the nanowells. The analytes may then emit photons of an emissive
light, which may be transmitted through the passivation stack and into light guides of
the image sensor structure that are associated (e.g., located directly below) with each

nanowell.

[0003] A top surface of each light guide is in direct contact with the bottom surface of
the passivation stack, wherein each light guide’s top surface receives a significant
portion of the emissive light photons transmitted from its associated nanowell. The
light guides direct the emissive light photons to light detectors disposed within the
image sensor structure and associated (e.g., located directly below) with the light
guides. The light detectors detect the emissive light photons. Device circuitry within
the image sensor structure then processes and transmits data signals using those
detected photons. The data signals may then be analyzed to reveal properties of the
analytes. Examples of such reaction protocols include high-throughput DNA

sequencing for the health and pharmaceutical industries and more.
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[0004] As the need for increasing the data throughput generated from such reaction
protocols continuously grows, so does the need to continuously reduce the size of
nanowells in nanowell arrays in an image sensor structure and increase the number of
nanowells in the nanowell arrays. Additionally, as the need to reduce the size and
increase the number of nanowells grows, it becomes increasingly more critical that
surface chemistry, required to prepare for and conduct such chemical reactions, be

compatible with electronic components (such as bond pads) within the sensor system.

BRIEF DESCRIPTION
[0005] The present disclosure offers advantages and alternatives over the prior art by
providing a sensor system, such as, for example, a biosensor system, including bond
pads disposed under a passivation stack of an image sensor system. Because the bond
pads are protected by the passivation stack, the flow channel area of the sensor system
is no longer restricted by the bond pads and may be enlarged such that it is disposed
over the bond pads as well as the nanowells. Accordingly, the number of nanowells
that can fit under the flow channel for an image sensor structure having a fixed

footprint can be increased.

[0006] A system in accordance with one or more aspects of the present disclosure
includes an image sensor structure and a flow cell. The image sensor structure
includes an image layer disposed over a base substrate. A device stack is disposed
over the image layer. A bond pad is disposed in the device stack. A passivation stack
is disposed over the device stack and the bond pad. An array of nanowells is disposed
in a top layer of the passivation stack. A through-silicon via (TSV) is in electrical
contact with the bond pad. The TSV extends through the base substrate. A
redistribution layer (RDL) is disposed on a bottom surface of the base substrate. The
RDL is in electrical contact with the TSV. The flow cell is disposed upon the top
layer of the passivation stack to form a flow channel therebetween. The flow channel

is disposed over the array of nanowells and the bond pad.

[0007] Another system in accordance with one or more aspects of the present

disclosure includes a flow cell and an image sensor structure. The image sensor
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structure includes an image layer disposed over a base substrate. The image layer
includes an array of light detectors disposed therein. A device stack is disposed over
the image layer. A plurality of bond pads is disposed in the device stack. An array of
light guides is disposed in the device stack. A passivation stack is disposed over the
device stack and the plurality of bond pads. An array of nanowells is disposed in a top
layer of the passivation stack. A through-silicon via (TSV) is in electrical contact with
the bond pads of the plurality of bond pads. The TSV extends through the base
substrate. A redistribution layer (RDL) is disposed on a bottom surface of the base
substrate. The RDL is in electrical contact with the TSV. A flow cell is disposed upon
the top layer of the passivation stack to form a flow channel therebetween. The flow

channel is disposed over the array of nanowells and the plurality of bond pads.

[0008] A method in accordance with one or more aspects of the present disclosure
includes disposing a device stack and an image layerover a base substrate layer. A
bond pad is disposed in the device stack. A passivation stack is disposed over the
device stack and the bond pad. An array of nanowells is formed in a top layer of the
passivation stack. A TSV is etched through a bottom surface of the base substrate.
The TSV extends to the bond pad. The TSV is plated to make electrical contact with
the bond pad. An RDL is disposed on the bottom surface of the base substrate. The
RDL is in electrical contact with the TSV. A flow cell is disposed upon the top layer
of the passivation stack to form a flow channel therebetween. The flow channel is

disposed over the array of nanowells and the bond pad.

DRAWINGS
[0009] The disclosure will be more fully understood from the following detailed

description taken in conjunction with the accompanying drawings, in which:

[0010] FIG. 1 is a simplified cross sectional side view of an example of one type of a
sensor system having a flow cell disposed on an image sensor structure to form a flow
channel therebetween, the image sensor structure having an array of nanowells
disposed within the flow channel, the image sensor structure also having bond pads

disposed external to the flow channel;
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[0011] FIG. 2 is a simplified cross sectional side view of a sensor system having a
flow cell disposed on an image sensor structure to form a flow channel therebetween,
the image sensor structure including an array of nanowells disposed within the flow
channel, the image sensor structure also including bond pads disposed within the flow

channel in accordance with one example disclosed herein;

[0012] FIG. 3 is a simplified cross sectional view of the sensor system of FIG. 2 at an
intermediate stage of manufacture, wherein the image sensor structure includes light
guides disposed in a device stack and the device stack disposed on a base substrate in

accordance with one example disclosed herein,;

[0013] FIG. 4 is a simplified cross sectional view of the sensor system of FIG. 3,
wherein the image sensor structure includes bond pads disposed in the device stack in

accordance with one example disclosed herein,;

[0014] FIG. 5 is a simplified cross sectional view of the sensor system of FIG. 4,
wherein the image sensor structure includes a passivation stack disposed over the

device stack and the bond pads in accordance with one example disclosed herein;

[0015] FIG. 6 is a simplified cross sectional view of the sensor system of FIG. 5,
wherein the image sensor structure includes nanowells disposed into a top layer of the

passivation stack in accordance with one example disclosed herein;

[0016] FIG. 7 is a simplified cross sectional view of the sensor system of FIG. 6,
wherein the image sensor structure includes a through-silicon via (TSV) extending
from a bottom surface of the base substrate to the bond pads in accordance with one

example disclosed herein;

[0017] FIG. 8 is a simplified cross sectional view of the sensor system of FIG. 7,

wherein the image sensor structure includes a redistribution layer (RDL) disposed on
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the bottom surface of the base substrate and in electrical contact with the TSV in

accordance with one example disclosed herein,;

[0018] FIG. 9 is a simplified cross sectional view of the sensor system of FIG. 8,
wherein the image sensor structure includes a first (15!) environmental protection layer
disposed over a 1% portion of the RDL in accordance with one example disclosed

herein;

[0019] FIG. 10 is a simplified cross sectional view of the sensor system of FIG. 9,
wherein the image sensor structure includes mechanical support structures bonded to
the 1% environmental protection layer and a temporary protection layer covering a

second (2°9) portion of the RDL in accordance with one example disclosed herein;

[0020] FIG. 11 is a simplified cross sectional view of the sensor system of FIG. 10,
wherein the image sensor structure includes a hydrogel layer disposed within the

nanowells in accordance with one example disclosed herein;

[0021] FIG. 12 is a simplified cross sectional view of the sensor system of FIG. 11,
wherein the flow cell is bonded to the image sensor structure in accordance with one

example disclosed herein;

[0022] FIG. 13 is a simplified cross sectional view of the sensor system of FIG. 12,
wherein wires are bonded to a 2% portion of the RDL in accordance with one example

disclosed herein; and

[0023] FIG. 14 is a simplified cross sectional view of the sensor system of FIG. 13,
wherein a 2" environmental protection layer is disposed over the 2™ portion of the
RDL and the bonded wires to complete the formation of the sensor system in

accordance with one example disclosed herein.
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DETAILED DESCRIPTION
[0024] Certain examples of will now be described to provide an overall understanding
of the principles of the structure, function, manufacture, and use of the methods,
systems, and devices disclosed herein. One or more examples are illustrated in the
accompanying drawings. Those skilled in the art will understand that the methods,
systems, and devices specifically described herein and illustrated in the accompanying
drawings are non-limiting examples and that the scope of the present disclosure is
defined solely by the claims. The features illustrated or described in connection with
one example may be combined with the features of other examples. Such
modifications and variations are intended to be included within the scope of the
present disclosure.

[0025] The terms "substantially", "approximately", "about", "relatively" or other such
similar terms that may be used throughout this disclosure, including the claims, are
used to describe and account for small fluctuations, such as due to variations in
processing. For example, they can refer to less than or equal to + 10%, such as less
than or equal to + 5%, such as less than or equal to = 2%, such as less than or equal to
+ 1%, such as less than or equal to £ 0.5%, such as less than or equal to + 0.2%, such

as less than or equal to + 0.1%, such as less than or equal to + 0.05%.

[0026] Examples provided herein relate to sensor systems and methods of making the
same. More specifically, examples provided herein relate to sensor systems having a

flow channel disposed over nanowells and bond pads.

[0027] FIG. 1 illustrates a prior art sensor system having nanowells disposed within a
flow channel and bond pads disposed external to the flow channel. FIG. 2 illustrates an
example of a sensor system having a flow channel disposed over nanowells and bond
pads in accordance with the present disclosure. FIGS. 3-14 illustrate various examples
of methods of making the sensor system of FIG. 2 in accordance with the present

disclosure.
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[0028] Referring to FIG. 1, an example of one type of a sensor system 10 (which, in
this example, is a biosensor system 10) includes a flow cell 12 bonded to an image
sensor structure 14. The flow cell 12 of the sensor system 10 includes a flow cell cover
16 affixed to flow cell sidewalls 18. The flow cell sidewalls 18 are bonded to a top
layer 22 of a passivation stack 24 of the image sensor structure 14 to form a flow

channel 20 therebetween.

[0029] The top layer 22 of the passivation stack 24 includes a large array of
nanowells 26 disposed therein. The nanowells 26 include a thin layer of hydrogel 27
which conforms to the inner surfaces of the nanowells 26. The hydrogel layer 27 is
used to aid in anchoring and functionalizing analytes 28 (such as DNA segments,
oligonucleotides, other nucleic-acid chains or the like), which may be disposed within

the nanowells 26.

[0030] The flow cell cover includes an inlet port 30 and an outlet port 32 that are
sized to allow fluid flow 34 into, through and out of the flow channels 20. The fluid
flow 34 may be utilized to perform a large number of various controlled reaction
protocols on the analytes 28 disposed within the nanowells 26. The fluid flow 34 may
also deliver an identifiable label 36 (such as a fluorescently labeled nucleotide

molecule or the like) that can be used to tag the analytes 28.

[0031] The image sensor structure 14 of the sensor system 10 includes an image layer
40 disposed over a base substrate 38. The image layer 38 may be a dielectric layer,
such as silicon nitride (SixNx) and may contain an array of light detectors 42 disposed
therein. A light detector 42 as used herein may be, for example, a semiconductor, such
as a photodiode, a complementary metal oxide semiconductor (CMOS) material, or
both. The light detectors 42 detect light photons of emissive light 44 that is emitted
from the fluorescent labels 36 attached to the analytes 28 in the nanowells 26. The

base substrate 38 may be glass, silicon or other like material.

[0032] A device stack 46 is disposed over the image layer 40. The device stack 44

may contain a plurality of dielectric layers (not shown) that contain various device



WO 2019/132857 PCT/US2017/068397

circuitry 48 which interfaces with the light detectors 42 and processes data signals

using the detected light photons of the emissive light 44.

[0033] Also disposed in the device stack 46 is an array of light guides 50. Each light
guide 50 is associated with at least one light detector 42 of the array of light detectors.
For example, the light guide 50 may be located directly over its associated light
detector 42. The light guides 50 direct photons of emissive light 44 from the
fluorescent labels 36 on the analytes 28 disposed in the nanowells 26 to their

associated light detectors 42.

[0034] Also disposed within the device stack 46, is a light shield layer 52, an anti-
reflective layer 54 and a protective liner layer 56. The protective liner layer 56, may
be composed of a silicon nitride (SiN) or silicon dioxide (Si02), and lines the inside
walls of the light guides 50. The light shield layer 52, may be composed of tungsten
(W) or Aluminum (Al) and attenuates emissive light 44 and excitation light 58
transmitted into the device stack 46. The anti-reflective layer 54, may be composed of
a tungsten nitride (WN) or silicon oxynitride (SiON) for photolithographic patterning

of a metal layer underneath.

[0035] The passivation stack 24 is disposed over the device stack 46. The passivation
stack 24 includes a bottom surface 60 that is in direct contact with a top surface 62 of
the light guides 50. The passivation stack 24, may include a passivation layer 64 and a
chemical protection layer 66 (which in this case is the top layer 22 of the passivation
stack 24). The passivation layer 64, may be composed of SiN and include the bottom
surface 60 of the passivation stack 24. The chemical protection layer 66, may be
composed of a tantalum pentoxide (Ta,0s) and be the top layer 22 of the passivation

stack 24.

[0036] The array of nanowells 26 is also disposed in the top layer 22 of the
passivation stack 24, wherein each nanowell 26 is associated with a light guide 50 of
the array of light guides. For example, each nanowell 26 may be located directly

above an associated light guide 50, such that most of the photons of emissive light 44
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that enter the top surface 62 of each light guide 50 are generated from within that light
guide’s associated nanowell 26. Additionally the array of nanowells 26 is disposed

within the flow channel 20.

[0037] A plurality of bond pads 70 is also disposed in the device stack 46. The bond
pads 70 may be composed of one or more layers of pad metals (not shown). The bond
pads interface with the device circuitry 48 to conduct the data signals, which were

processed using the detected light photons, to wires 72 bonded to the bond pads 70.

[0038] During operation, various types of excitation light 58 is radiated onto the
analytes 28 in the nanowells 26, causing the labeled molecules 36 to fluoresce
emissive light 44. The majority of photons of emissive light 44 may be transmitted
through the passivation stack 24 and enter the top surface 62 of its associate light
guide 50. The light guides 50 may filter out most of the excitation light 58 and direct
the emissive light 44 to an associated light detector 42 located directly below the light
guide 50.

[0039] The light detectors 42 detect the emissive light photons. The device circuitry
48 within the device stack 46 then processes and transmits data signals using those
detected photons. The data signals may then be transmitted through the bond pads 70

and analyzed to reveal properties of the analytes.

[0040] The bond pads 70 may be bonded to wires 72 through wire bonds 74 disposed
on the top layer 22 of the passivation stack 24 to enable transmission of the data
signals externally. This may be done by forming a eutectic metal bond through wire
bonding or solder bump bonding. Additionally, the surface of the nanowells 26 may
be chemically functionalized, as for example with the deposition of the hydrogel layer
27, in order to be able to receive the analytes 28 that may be disposed in the

nanowells 26.

[0041] However, the processes for preparing the bond pads 70 on the top layer 22 of

the passivation stack 24 for such wire bonding techniques may contaminate the
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surface functionalization of the nanowells. Further the chemical functionalization of
the nanowells may deposit residue on, and/or potentially corrode, the open bond pads.
Also, the fluid flow 34 through the flow channel 20 that is used during a variety of
controlled reaction protocols may potentially damage, and/or corrode, any bond pads
70 that are exposed to such fluid flow 34. Moreover, it may be difficult to electrically
connect the wires 72 to the bond pads 70 at the top layer 22 of the passivation stack
24, if the wires 70 had to extend into the flow channel 20.

[0042] For at least the above reasons, the bond pads 70 are disposed on the top layer
22 of the passivation stack 24 external to the flow channel 20 of the flow cell 12.
Accordingly, bonding wires or solder bumps to the bond pads 70 limit the size of the
flow channel 20, which also limits the amount of nanowells 26 that can be disposed

within the flow channel 20 for a sensor system 10 that has a fixed footprint.

[0043] The example sensor systems described herein differ from some pre-existing
sensor systems in several aspects. For example, that the bond pads 70 of some
examples herein are disposed within the flow channel 20. Additionally, the examples
herein provide extending the flow channel 20 over the bond pads 70 to cover a larger
surface area in the same biosensor footprint. Additionally, the examples herein
provide mechanisms to protect the bond pads 70 from being damaged, and/or

corroded, by exposure to fluid flow 34 through the flow channel 20.

[0044] Referring to FIG. 2, a cross sectional side view of an example of a sensor
system 100 having a flow cell 102 disposed on an image sensor structure 104 to form
a flow channel 106, which extends over an array of nanowells 108 and a plurality of
bond pads 110, is illustrated. The array of nanowells 108 is disposed in a top layer
112 of a passivation stack 114 of the image sensor structure 104. The plurality of
bond pads 110 is disposed under a bottom surface 116 of the passivation stack 114.
More specifically, the bond pads 110 are disposed in a device stack 118, wherein a
top surface 120 of the bond pads 110 is disposed below the bottom surface 116 of the

passivation stack.

10
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[0045] The flow cell 102 of the sensor system 100 includes a flow cell cover 122
affixed to flow cell sidewalls 124. The flow cell sidewalls 124 are bonded to the top
layer 112 of the passivation stack 114 of the image sensor structure 104 to form the

flow channel 106 therebetween.

[0046] The top layer 112 of the passivation stack 114 includes the large array of
nanowells 108 disposed therein. The nanowells 108 include a thin layer of hydrogel
126 within the nanowells 108. The hydrogel layer 126 is used to anchor and
functionalize analytes 128 (such as DNA segments, oligonucleotides, other nucleic-

acid chains or the like), which may be disposed within the nanowells 108.

[0047] The flow cell cover 122 includes an inlet port 130 and an outlet port 132 that
are sized to allow fluid flow 134 into, through and out of the flow channels 106. The
fluid flow 134 may be utilized to perform a large number of various controlled
reaction protocols on the analytes 128 disposed within the nanowells 106. The fluid
flow 134 may also deliver an identifiable label 136 (such as a fluorescently labeled
nucleotide molecule or the like) that can be used to tag the analytes 128. During
various controlled reaction protocols, an excitation light 138 may be directed upon the

fluorescent labels 136, which causes the labels 136 to fluoresce an emissive light 140.

[0048] The image sensor structure 104 of the sensor system 100 includes an image
layer 142 disposed over a base substrate 144. The image layer 142 may be a dielectric
layer, such as SiN and may contain an array of light detectors 146 disposed therein. A
light detector 146 as used herein may be, for example, a semiconductor, such as a
photodiode, a complementary metal oxide semiconductor (CMOS) material, or both.
The light detectors 146 detect light photons of the emissive light 140 that are emitted
from the fluorescent labels 136 attached to the analytes 128 in the nanowells 108. The

base substrate 144 may be glass, silicon or other like material.

[0049] The device stack 118 is disposed over the image layer 142. The device stack

118 may contain a plurality of dielectric layers (not shown) that contain various

11
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device circuitry 148 which interfaces with the light detectors 146 and processes data

signals using the detected light photons of the emissive light 140.

[0050] Also disposed in the device stack 118 is an array of light guides 150. Each
light guide 150 is associated with at least one light detector 146 of the array of light
detectors. For example, the light guide 150 may be located directly over its associated
light detector 146. The light guides 150 direct photons of emissive light 140 from the
fluorescent labels 136 on the analytes 128 disposed in the nanowells 108 to their

associated light detectors 146.

[0051] The light guide 150 may be an organic filter material that is capable of
filtering out the known wavelengths of excitation light 138 and transmitting through
known wavelengths of emissive light 140. The light guide material may be composed

of custom formulated dye molecules arranged in a high index polymer matrix.

[0052] Also disposed within the device stack 118, is a light shield layer 152, an anti-
reflective layer 154 and a protective liner layer 156. The protective liner layer 156,
may be composed of a dielectric material, such as silicon nitride (SiN) or other similar
materials, and lines the inside walls of the light guides 150. The light shield layer 152,
may be composed of a transition metal, such as tungsten (W) or other similar
materials, and attenuates emissive light 140 and excitation light 138 transmitted into
the device stack 118. The anti-reflective layer 154, may be composed of an anti-
reflective compound, such as tungsten nitride (WN) or silicon oxynitride (SiON), or
other similar materials, and be used for photolithographic patterning of a metal layer

underneath.

[0053] The passivation stack 114 is disposed over the device stack 118. The
passivation stack 114 includes the bottom surface 116 that is in direct contact with a
top surface 158 of the light guides 150 and that is over the top surface 120 of the bond
pads 110. The passivation stack also includes the top layer 112 into which the

nanowells 108 are disposed.

12
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[0054] The passivation stack 114, may include any number of layers. For example,
the passivation stack 114 may include a 1% passivation layer 160 that is disposed over
the device stack 118 and a 1% chemical protection layer 162 that is disposed over the
1% passivation layer 160. In this example, the top layer 112 of the passivation stack
114 is the 1% chemical protection layer 162, which includes the nanowells 108

disposed therein.

[0055] However, in the specific example illustrated in FIG. 2, the passivation stack
114 includes an additional 2™ passivation layer 164 disposed over the 15t chemical
layer 162 plus an additional 2™ chemical protection layer 166 disposed over the 2
passivation layer 164. In this specific FIG. 2 example, the top layer 112 of the
passivation stack 114 is the 2™ chemical protection layer 166, wherein the nanowells

108 are disposed in the 2™ chemical protection layer 166.

[0056] The passivation layers 160, 164, may be composed of SiN. The chemical
protection layers 162, 166, may be composed of a transition metal oxide, such as

tantalum pentoxide (Ta20s) or other similar materials.

[0057] Each nanowell 108, of the array of nanowells, is associated with a light guide
150 of the array of light guides. For example, each nanowell 108 may be located
directly above an associated light guide 150, such that most of the photons of
emissive light 140 that enters the top surface 158 of each light guide 150 is generated
from within that light guide’s associated nanowell 108. Additionally the array of

nanowells 108 is disposed within the flow channel 106.

[0058] The plurality of bond pads 110 is also disposed in the device stack 118.
Though only two bond pads 110 are illustrated in FIG. 2, there can be any number of
bond pads 110, from one bond pad to hundreds of bond pads and more. The bond
pads 110 may be composed of one or more layers (not shown) of pad metals, such as

any suitable metals, including tungsten, copper, or other similar materials.

13
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[0059] Through-silicon via (TSV) 168 are disposed in electrical contact with the bond
pads 110. The TSV 168 extend from the bond pads 110 through the base substrate 144
to a bottom surface 170 of the base substrate 144. The TSV may be composed of

transition metal, such as tungsten or other similar materials.

[0060] A redistribution layer (RDL) 172 is disposed on the bottom surface 170 of the
base substrate 144. The RDL 172 is in electrical contact with the TSV 168. The RDL
may be composed of a metal, such as tungsten, copper, gold,, nickel, or other similar

materials.

[0061] A 1% environmental protection layer 174 is disposed over a 1% portion 176 of

the RDL 172. The 1% environmental protection layer may be composed of polyimide.

[0062] Mechanical support structures 178 are disposed over the 15 environmental
protection layer 174. The mechanical support layers 178 may be composed of a wafer,

such as silicon wafer, glass wafer, or other similar materials.

[0063] Wires 180 are bonded in electrical contact to a 2™ portion 182 of the RDL 172
to form wire bonds 184. This may be done by forming a eutectic metal bond through
wire bonding, solder bump bonding or by utilizing other well-known wire connection
techniques. The wires 180 may comprise an electrically conductive material, such as

copper, or other similar materials.

[0064] A 2 environmental protection layer 186 is disposed over the 2™ portion 182
of the RDL 172, wherein the 1% and 2™ environmental protection layers 174, 186
cover the entire RDL 172. The 2™ environmental protection layer 186 may be
composed of a polymer, such as epoxy, UV curable polymer, or other similar

materials.
[0065] During operation of a controlled reaction protocol, nanowells 108 receive

analytes 128 that are tagged with a fluorescent molecular label 136. The fluorescent

labels 136 are delivered to the analytes via the fluid flow 134 through the flow

14
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channel 106. The fluorescent labels 136 generate emissive light 140 in response to an
excitation light 138. Photons of the emissive light 140 are transmitted from a
nanowell 108, through the passivation stack 114, and into the top surface 158 of an
associated light guide 150, which may be located directly below the nanowell 108.
The photons of emissive light 140 are then guided by the associated light guide 150 to
an associated light detector 146, which may be located directly below the light guide
150. The associated light detectors 146 detect the photons of emissive light 140.
Additionally, device circuitry 148 is integrated with the light detectors 146 to process
the detected emissive light photons and provide data signals using the detected
emissive light photons. The device circuitry 148 is also integrated with the bond pads
110 such that the data signals are transmitted through the bond pads 110, through the
TSV 168 and out the wires 180 located on the bottom surface 170 of the base

substrate 114, wherein those data signals can then be analyzed.

[0066] During many such controlled reaction protocols, the fluid flow 134 may be
damaging, and/or corrosive, to any exposed areas of the bond pads 110. However, the
bond pads 110 in this example of FIG. 2 are protected by the passivation stack 114,
which is disposed over the bond pads 110. Therefore, the flow channel 106 may be
disposed over the bond pads 110, since the passivation stack 114 is disposed between
the flow channel 106 and the bond pads 110. Additionally, the flow cell 102 area can
be expanded over the bond pads 110 to increase the number of nanowells 108
disposed within the flow channel 106 and to increase throughput of the sensor system

100 without increasing the footprint of the sensor system 100.

[0067] Referring to FIG. 3, a cross sectional side view of an example of sensor
system 100 at an intermediate stage of manufacture is illustrated. At this stage of the
process flow, the device stack 118 and image layer 142 are disposed respectively over

the base substrate layer 144.

[0068] The image layer includes the array of light detectors 146 disposed therein. The

image layer 142 can be disposed over the base substrate 144 using any one of several
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deposition techniques, such as chemical vapor deposition (CVD) or physical vapor

deposition (PVD).

[0069] The multiple dielectric layers (not shown) of the device stack 118, with its
associated device circuitry 148, can also be disposed over the image layer 142 using
deposition techniques. The light shield layer 152 and the anti-reflective layer 154 may
thereafter be disposed over the device stack 118 using any suitable deposition

techniques, such as CVD, PVD, atomic layer deposition (ALD) or electro-plating.

[0070] Thereafter in the process flow, an array of light guide apertures 188 are etched
into the device stack 118. This can be done using any suitable etching processes, such
as an anisotropic etching process, such as reactive ion etching (RIE). An etching

process in this disclosure may include patterning, such as lithographical patterning.

[0071] The protective liner layer 156 can then be disposed over the partially formed
image sensor structure 104, including the inner surfaces of the apertures 100. This can

be done using any suitable deposition techniques, such as CVD, PVD or ALD.

[0072] Thereafter in the process flow, a light guide layer (not shown) is disposed over
the entire structure 100 to fill the apertures 188. The light guide layer may be
composed of an organic filter material that is capable of filtering out the known
wavelengths of excitation light 138 and transmitting through known wavelengths of

emissive light 140.

[0073] The light guide layer is thereafter planarized down to complete the formation
of the array of light guides 150 in the light guide apertures 188. Each light guide 150
being associated with at least one light detector 146 of the array of light detectors.
This may be done using any suitable polishing techniques, such as a chemical

mechanical polishing process.

[0074] Referring to FIG. 4, the bond pads 110 are disposed into the device stack 118.
This may be done first by lithographically patterning and etching the device stack 118

16
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to form bond pad apertures 190 in the device stack118. Thereafter various layers of
bond pad metals (not shown) may be disposed in the bond pad apertures 190 using
any suitable disposing techniques, such as an ALD process, to form the bond pads

110.

[0075] Once the bond pad 110 is formed, its top surface 120 may be exposed for, and
accessible to, electrical probing. The electrical probing enables a series of acceptance

tests (such as continuity testing) on the sensor system 100.

[0076] Referring to FIG. 5, thereafter in the process flow, at least a portion of the
passivation stack 114 is disposed over the device stack 118 and the bond pads 110. In
the specific example illustrated in FIG. 5, 1% passivation layer 160 is disposed over
the array of light guides 150, such that the bottom surface 116 of the 1% passivation
layer 160 is in direct contact with the top surface 158 of the light guides 150. The 1%
chemical protection layer 162 can then be disposed over the 1% passivation layer 160.
The 2™ passivation layer 166 can then be disposed over the 1% chemical protection
layer 162. Each of these processes can be done by any suitable deposition processes,
such as CVD or PVD. The 1%t chemical protection layer 162 and 15t and 2"
passivation layers 160, 164 form at least a portion of the passivation stack 114. The

portion of the passivation stack 114 may then coat the bond pads 110.

[0077] Referring to FIG. 6, thereafter in the process flow, the array of nanowells 108
is formed in a top layer 112 of the passivation stack 114. Each nanowell 108 being

associated with a light guide 150 in the array of light guides.

[0078] In the specific example illustrated in FIG. 6, this is done by thereafter
lithographically patterning and etching the array of nanowells 108 in the 2™ chemical
protection layer 164. Then disposing a 2™ chemical protection layer 166 over the 2™
passivation layer 164. The 2™ chemical protection layer 166 may be disposed using

any suitable deposition processes, sucg as CVD, PVD or ALD.
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[0079] The 2™ chemical protection layer 166 is the top layer 112 of the passivation
stack 114. The 2™ chemical protection layer 166 conforms to the nanowells 108 that
have been etched into the 2% passivation layer 164 to form the nanowells 108 in the

top layer 112 of the passivation stack.114.

[0080] Referring to FIG. 7, thereafter in the process flow, the base substrate 144 is
thinned to a predetermined thickness. This may be done by any suitable polishing
processes, such as a chemical mechanical polishing (CMP) process or a grinding

process.

[0081] Once thinned, TSV 168 are etched through the bottom surface 170 of the base
substrate 144. The TSV 168 are etched to extend from the bottom surface 170 of the
base substrate 144 to the bond pads 110. This can be done by any suitable etching

processes, such as an RIE process.

[0082] The TSV 168 are then plated to make electrical contact with the bond pads
110. This may be done by any suitable plating processes, such as an electroplating

process.

[0083] Referring to FIG. 8, thereafter in the process flow, an RDL 172 is disposed on
the bottom surface 170 of the base substrate 144. This can be done by first disposing
the RDL 172 over the entire bottom surface 170, then lithographically patterning and
etching the RDL to a predetermined shape.

[0084] Referring to FIG. 9, thereafter in the process flow, a 1%t environmental
protection layer 174 is disposed over a 1 portion 176 of the RDL 172. This may be
done by any suitable deposition processes, such as CVD or PVD. A 2™ portion 182 of
the RDL 172 is left exposed as one or more bonding sites for wires 180 (best seen in

FIG. 13).

[0085] Referring to FIG. 10, thereafter in the process flow, mechanical support

structures 178 are bonded over the 1% environmental protection layers 174. This may
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be done by physical bonding, such as by adhesives or other mechanical bonding

processes.

[0086] Thereafter a temporary protective layer 194 is disposed over the exposed 2
portions 182 of the RDL 172 to protect these 2™ portions 182 during subsequent
processing of the sensor system 100. The temporary protective layer 194 may be
composed of a resist material. The temporary protective layer 194 may also be
disposed by utilizing several temporary processes including, but not limited to,
bonding a tape, a glass or a silicon wafer through a layer of pressure sensitive
adhesive that is removable. The temporary protection layer 194 may also come in the

form of solvent soluble wax coatings.

[0087] Referring to FIG. 11, thereafter in the process flow, a hydrogel layer 126 is
disposed in the nanowells 108. The hydrogel layer may be composed of any suitable
polymers, such as silane-free acrylamide (SFA) polymer, methacrylamide,
hydroxyethly methacrylate or N-vinyl pyrrolidinone. Several processes may be
utilized for this overall deposition process, including, but not limited to:

e spin coating the top layer 112 of the passivation stack 114 with hydrogel 126;

e curing the hydrogel 126; and

e CMP down the hydrogel 126 so that it is disposed at least substantially on the

inner surfaces of the nanowells 108.

[0088] Referring to FIG. 12, thereafter in the process flow, the flow cell 102 is
disposed upon the top layer 112 of the passivation stack 114 to form the flow channel
106 therebetween, such that the flow channel is disposed over the array of nanowells
108 and the bond pads 110. This can be done by any suitable bonding processes, such

as adhesive bonding or other bonding processes.
[0089] Referring to FIG. 13, thereafter in the process flow, the temporary protective

layer 194 can be removed to expose the 2™ portion 182 of the RDL 172. This can be

done by any suitable removal processes, such as resist stripping or wet or dry etching.
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[0090] Thereafter wires 180 may be bonded to the 2™ portion 182 of the RDL 172,
such that the bonded wires 180 are in electrical contact with the RDL 172 through
wire bonds 184. This may be done by forming a eutectic metal bond through wire
bonding, by solder bump bonding to form a solder bump wire bond 184 or by using

other wire bonding processes.

[0091] Referring to FIG. 14, thereafter in the process flow, the 2" environmental
protection layer 186 is disposed over the 2™ portion 182 of the RDL 172. The 2"
environmental protection layer 186 and the 1% environmental protection layer 174
entirely covering the RDL 174. This may be done by any suitable deposition
processes, such as CVD or PVD.

[0092] The 1% and 2™ environmental protection layer 174, 186 also stabilize and
protect the wires 180 and wire bonds 184 attached to the RDL 174. Additionally, the
deposition of the 2" environmental protection layer completes the formation of the

sensor system 100.

[0093] It should be appreciated that all combinations of the foregoing concepts
(provided such concepts are not mutually inconsistent) are contemplated as being part
of the inventive subject matter disclosed herein. In particular, all combinations of
claimed subject matter appearing at the end of this disclosure are contemplated as

being part of the inventive subject matter disclosed herein.

[0094] Although the foregoing examples have been described by reference to specific
examples, it should be understood that numerous changes may be made within the
spirit and scope of the inventive concepts described. Accordingly, it is intended that
the examples not be limited to the described examples, but that it have the full scope

defined by the language of the following claims.

20



CLAIMS
What is claimed is:
1. A system comprising:
an image sensor structure comprising:
an image layer disposed over a base substrate,
a device stack disposed over the image layer,
a bond pad disposed in the device stack,
a passivation stack disposed over the device stack and the bond pad,
an array of nanowells disposed in a top layer of the passivation stack,
a through-silicon via (TSV) in electrical contact with the bond pad, the
TSV extending through the base substrate, and
a redistribution layer (RDL) disposed on a bottom surface of the base
substrate, the RDL in electrical contact with the TSV; and
a flow cell disposed upon the top layer of the passivation stack to form a flow
channel therebetween;
wherein the flow channel is disposed over the array of nanowells and extends
over the bond pad;
wherein the passivation stack is disposed between the flow channel and the

bond pad.

2. The system of claim 1, comprising:

a first (1*) environmental protection layer disposed over a 1% portion of the
RDL;

mechanical support structures disposed over the 1% environmental protection
layer; and

wires bonded in electrical contact to a second (2" portion of the RDL.
3. The system of claim 2, comprising:

a 2" environmental protection layer disposed over the 2" portion of the RDL;

wherein the 1% and 2" environmental protection layers cover the entire RDL.
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4. The system of claim 1, wherein the bond pad is a plurality of bond pads over

which the flow channel is disposed.

5. The system of claim 1, wherein the passivation stack comprises:
a 1% passivation layer disposed over the device stack and the bond pad; and

a 1° chemical protection layer disposed over the 1% passivation layer.

6. The system of claim 5, wherein the passivation stack comprises:
a 2" passivation layer disposed over the 1% chemical protection layer; and

a 2" chemical protection layer disposed over the 2" passivation layer.

7. The system of claim 1, comprising:
an array of light detectors disposed in the image layer; and
an array of light guides disposed in the device stack, each light guide

associated with at least one light detector of the array of light detectors.

8. The system of claim 7, wherein the passivation stack comprises a bottom

surface in direct contact with a top surface of the light guides.

9. The system of claim 1, wherein the flow cell comprises:

a flow cell lid affixed to flow cell sidewalls, the flowcell sidewalls being
bonded to the top layer of the passivation stack;

wherein the flowcell channel is formed by the flow cell lid, flow cell sidewalls
and top layer of the passivation stack.

10.  The system of claim 1, comprising:
a light shield layer disposed between the device stack and the passivation
stack;

wherein, the bond pad extends through the light shield layer.

11. The system of claim 1, wherein a top surface of the bond pad is disposed

below a bottom surface of the passivation stack.
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12. A system comprising:

an image sensor structure comprising:
an image layer disposed over a base substrate, the image layer
comprising an array of light detectors disposed therein,
a device stack disposed over the image layer,
a plurality of bond pads disposed in the device stack,
an array of light guides disposed in the device stack,
a passivation stack disposed over the device stack and the plurality of
bond pads,
an array of nanowells disposed in a top layer of the passivation stack,
through-silicon via (TSV) in electrical contact with the bond pads of
the plurality of bond pads, the TSV extending through the base substrate, and
a redistribution layer (RDL) disposed on a bottom surface of the base
substrate, the RDL in electrical contact with the TSV; and
a flow cell disposed upon the top layer of the passivation stack to form a flow
channel therebetween;
wherein the flow channel is disposed over the array of nanowells and extends
over the plurality of bond pads;
wherein the passivation stack is disposed between the flow channel and the
plurality of bond pads.

13.  The system of claim 12, comprising:
a 1* environmental protection layer disposed over a 1% portion of the RDL;
mechanical support structures disposed over the 1% environmental protection
layer;
wires bonded in electrical contact to a 2" portion of the RDL; and
a 2" environmental protection layer disposed over the 2" portion of the RDL;

wherein the 1% and 2" environmental protection layers cover the entire RDL.
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14.  The system of claim 12, wherein the passivation stack comprises:

a 1% passivation layer disposed over the device stack and the plurality of bond
pads; and

a 1° chemical protection layer disposed over the 1% passivation layer.

15.  The system of claim 14, wherein the passivation stack comprises:
a 2" passivation layer disposed over the 1% chemical protection layer; and
a 2" chemical protection layer disposed over the 2" passivation layer.

16.  The system of claim 1, wherein a top surface of the bond pad is in direct

contact with a bottom surface of the passivation stack.

17.  The system of claim 1, wherein an entire top surface of the bond pad is in

direct contact with a bottom surface of the passivation stack.

18.  The system of claim 12, wherein a top surface of each bond pad of the
plurality of bond pads is in direct contact with a bottom surface of the passivation

stack.
19.  The system of claim 12, wherein an entire top surface of each bond pad of the

plurality of bond pads is in direct contact with a bottom surface of the passivation

stack.
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