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(57) ABSTRACT 

Techniques are described to furnish an IR suppression filter, 
or any other interference based filter, that is formed on a 
transparent Substrate to a light sensor. In one or more 
implementations, a light sensor includes a Substrate having 
a surface. One or more photodetectors are formed in the 
substrate. The photodetectors are configured to detect light 
and provide a signal in response thereto. An IR Suppression 
filter configured to block infrared light from reaching the 
Surface is formed on a transparent Substrate. The light sensor 
may also include a plurality of color pass filters disposed 
over the surface. The color pass filters are configured to filter 
visible light to pass light in a limited spectrum of wave 
lengths to the one or more photodetectors. A buffer layer is 
disposed over the Surface and configured to encapsulate the 
plurality of color pass filters and adhesion layer. 
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LIGHT SENSOR HAVING A CONTIGUOUS 
IR SUPPRESSION FILTER AND 
TRANSPARENT SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation under 35 U.S.C. 
S120 of U.S. patent application Ser. No. 13/337,855, filed 
Dec. 27, 2011, entitled “LIGHT SENSOR HAVING IR 
SUPPRESSION FILTER AND TRANSPARENT SUB 
STRATE.” which is hereby incorporated by reference in its 
entirety. 

BACKGROUND 

Electronic devices, such as Smartphones, tablet comput 
ers, digital media players, and so forth, increasingly employ 
light sensors to control the manipulation of a variety of 
functions provided by the device. For example, light sensors 
are commonly used by electronic devices to detect ambient 
lighting conditions in order to control the brightness of the 
device's display Screen. Typical light sensors employ pho 
todetectors such as photodiodes, phototransistors, or the 
like, which convert received light into an electrical signal 
(e.g., a current or Voltage). 

Light sensors are commonly used in gesture sensing 
devices. Gesture sensing devices enable the detection of 
physical movement (e.g., "gestures') without the user actu 
ally touching the device within which the gesture sensing 
device resides. The detected movements can be subse 
quently used as input commands for the device. In imple 
mentations, the electronic device is programmed to recog 
nize distinct non-contact hand motions, such as left-to-right, 
right-to-left, up-to-down, down-to-up, in-to-out, out-to-in, 
and so forth. Gesture sensing devices have found popular 
use in handheld electronic devices, such as tablet computing 
devices and Smart phones, as well as other portable elec 
tronic devices, such as laptop computers, video game con 
soles, and so forth. 

SUMMARY 

A light sensor is described that includes an IR Suppression 
filter (e.g., any type IR interference based filter) and at least 
one photodetector integrated on-chip (i.e., integrated on the 
die of the light sensor) with a transparent Substrate. In one 
or more implementations, the light sensor comprises a 
semiconductor device (e.g., a die) that includes a semicon 
ductor Substrate. Photodetectors (e.g., photodiodes, pho 
totransistors, etc.) are formed in the Substrate proximate to 
the surface of the substrate. A IR suppression filter is 
positioned over the photodetectors. The IR suppression filter 
is configured to filter infrared light from light incident on the 
light sensor to at least substantially block infrared light from 
reaching the photodetectors. A buffer layer is formed over 
the Surface of the Substrate. In an implementation, a trans 
parent substrate is coupled to the IR suppression filter to 
provide support to the IR suppression filter. In another 
implementation, the transparent Substrate may be attached to 
the wafer (e.g., substrate wafer) with another buffer (e.g., 
adhesion) layer. In yet another implementation, the IR 
suppression filter may be positioned over the surface of the 
substrate so that the buffer layer is between the glass wafer 
and the substrate wafer. The photodetectors may also com 
prise one or more clear photodetectors configured to detect 
the ambient light environment. 
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2 
This Summary is provided to introduce a selection of 

concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed Subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed Subject matter. 

DRAWINGS 

The detailed description is described with reference to the 
accompanying figures. The use of the same reference num 
bers in different instances in the description and the figures 
may indicate similar or identical items. 

FIG. 1A is a diagrammatic partial cross-sectional side 
view illustrating a light sensor having an IR Suppression 
filter formed on a transparent substrate, a plurality of color 
pass filters, and a buffer layer in accordance with an example 
implementation of the present disclosure. 

FIG. 1B is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 1A, wherein the IR suppression filter is 
disposed above the plurality of color pass filters. 

FIG. 1C is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 1A, wherein the light sensor further 
includes a through-Substrate via. 

FIG. 1D is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 1B, wherein the light sensor further 
includes a dark edge disposed over the IR Suppression filter. 

FIG. 2A is a diagrammatic partial cross-sectional side 
view illustrating an implementation of the light sensor 
depicted in FIG. 1A, where the light sensor also includes a 
dark current sensor. 

FIG. 2B is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 2A, wherein the IR suppression filter is 
disposed above the plurality of color pass filters. 

FIG. 2C is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 2A, wherein the light sensor further 
includes a through-Substrate via. 

FIG. 2D is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 2C, wherein the light sensor includes a 
plurality of color pass filters and a plurality of photodetec 
tOrS. 

FIG. 2E is a diagrammatic partial cross-sectional side 
view illustrating another implementation of light sensor 
illustrated in FIG. 2D, wherein the light sensor includes a 
dark edge and an IR Suppression filter disposed over the 
color pass filters. 

FIG. 3 is a diagrammatic top plan view of multiple light 
sensors depicted in FIGS. 1 and 2, formed in a wafer. 

FIG. 4 is a diagrammatic partial cross-sectional side view 
illustrating a light sensor comprised of a semiconductor 
device having a photodetector, a plurality of color filters, and 
a transparent Substrate having a lens in accordance with an 
example implementation of the present disclosure. 

FIG. 5 is a diagrammatic partial cross-sectional view 
illustrating a light sensor in accordance with another 
example implementation of the present disclosure, where the 
light sensor illustrated in FIG. 4 further includes a IR 
Suppression filter. 

FIG. 6 is a diagrammatic partial cross-sectional view 
illustrating a light sensor in accordance with another 
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example implementation of the present disclosure, wherein 
the light sensor illustrated in FIG. 4 is configured for 
backside illumination. 

FIG. 7 is a flow diagram illustrating an example process 
in an example implementation for fabricating light sensors 
with an IR Suppression filter and a transparent Substrate, 
such as the sensor shown in FIG. 1A. 

FIGS. 8 through 10 are diagrammatic partial cross-sec 
tional side illustrating example fabrication steps of the light 
sensor illustrated in FIG. 1 in accordance with the tech 
niques illustrated in FIG. 4, wherein FIG. 5 illustrates the 
photodetectors and a bond pad formed in the substrate: FIG. 
6 illustrates color pass filters formed over the photo detec 
tors; and FIG. 7 illustrates a buffer layer formed over the 
color pass filters and the IR suppression filter formed on a 
transparent Substrate. 

FIG. 11 is a flow diagram illustrating an example process 
in an example implementation for fabricating light sensors 
with an IR Suppression filter and a transparent Substrate, 
wherein the light sensors include the IR suppression filter 
positioned over a buffer layer that encapsulates the plurality 
of color pass filters. 

FIG. 12 is a flow diagram illustrating a process in an 
example implementation for fabricating light sensors, such 
as the sensor shown in FIG. 4. 

FIGS. 13 through 27 are diagrammatic partial cross 
sectional side elevation views illustrating the fabrication of 
a light sensor. Such as the sensor shown in FIG. 4, in 
accordance with the process shown in FIG. 12. 

DETAILED DESCRIPTION 

Overview 
To filter infrared light, light sensors may employ infrared 

blocking filters to reduce the transmission of infrared light, 
while passing visible light to the photodetector array of the 
light sensor. Such IR blocking filters are comprised of IR 
Suppressing material applied externally to the light sensor 
package following fabrication of the package or included in 
the component during packaging. This configuration effec 
tively blocks infrared light from reaching the photodiodes, 
but also substantially reduces the amount of infrared light 
that reaches the infrared photodetectors of the light sensor. 
Consequently, the sensitivity of the resulting light sensor to 
infrared light is reduced. Additionally, visible light sensors 
may employ Subtraction techniques (i.e., Subtraction cir 
cuits) to remove infrared light at the wafer level. However, 
spacing constraints restrict die area available for color pass 
filters, photodetectors, and Subtraction circuits to continue to 
be utilized on the same chip as more photo detectors are 
required to detect light in a limited spectrum of wavelengths 
(e.g., “blue light, “green” light, “red light, etc.). 

Accordingly, a light sensor is described that includes an 
IR suppression filter and at least one color pass filter 
integrated on-chip (i.e., integrated on the die of the light 
sensor). In one or more implementations, the IR Suppression 
filter may be an IR cut filter, a notch interference filter, an 
absorption based filter, or a diffraction based filter. In one or 
more implementations, the light sensor is fabricated as a 
semiconductor device that comprises a die having a Sub 
strate. Photodetectors such as photodiodes, phototransistors, 
or the like, are formed in the substrate proximate to the 
surface of the substrate. One or more color pass filters are 
provided over the photodetectors. The color pass filters are 
configured to filter visible light received by the light sensor 
to pass light in a limited spectrum of wavelengths (e.g., light 
having wavelengths between a first wavelength and a second 
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4 
wavelength) to at least one of the photodetectors. For 
example, color pass filters (e.g., red, green, blue filters) may 
be formed on the surface of the substrate and aligned over 
the one or more photodetectors. 
An IR Suppression filter is positioned over the color pass 

filters. The IR suppression filter is configured to filter 
infrared light from light received by the light sensor to at 
least substantially block infrared light from reaching the 
photodetectors. However, the IR suppression filter may be 
selectively positioned so that it does not block infrared light 
to infrared photodetectors of the light sensor. During fabri 
cation, a buffer layer is formed on the surface of the substrate 
at wafer level to at least Substantially encapsulate and 
enclose the color pass filters to protect the filters during 
further processing steps and to planarize the wafer. The IR 
Suppression filter is formed on a transparent Substrate, and 
positioned proximate to the surface of the buffer layer over 
the photodetectors. The transparent Substrate is configured 
to facilitate formation of the IR suppression filter, and to 
provide support to the IR suppression filter during fabrica 
tion of the light sensor. In another implementation, the IR 
suppression filter may be formed over the color pass filters, 
which are formed over the buffer layer. In this implemen 
tation, an adhesion layer is formed over the buffer layer and 
functions to bond the transparent substrate to the wafer 
substrate. 
The photodetectors may also comprise one or more clear 

photodetectors configured to receive light that is not filtered 
by a color pass filter, thereby allowing the clear photode 
tector to detect the ambient light environment. 

In the following discussion, example implementations of 
light sensors are first described. Example procedures are 
then discussed that may be employed to fabricate the 
example light sensor. 
Example Implementations 
FIGS. 1A through 3 illustrate light sensors 100 in accor 

dance with an example implementation of the present dis 
closure. As shown, the light sensors 100 comprise semicon 
ductor devices that include a die having a substrate 102. The 
substrate 102 furnishes a base material utilized to form one 
or more electronic devices through various fabrication tech 
niques such as photolithography, ion implantation, deposi 
tion, etching, and so forth. The Substrate 102 may comprise 
n-type silicon (e.g., a silicon doped with a group carrier 
element, such as a group V element (e.g., phosphorus, 
arsenic, antimony, etc.), to furnish n-type charge carrier 
elements to the silicon) or p-type silicon (e.g., silicon doped 
with a group carrier element. Such as a group IIIA element 
(e.g., boron, etc.), to furnish p-type charge carrier elements 
to the silicon, or other group elements to furnish p-type 
charge carrier elements). The substrate 102 may further be 
comprised of one or more insulating layers 104 and may 
include a silicon dioxide layer 104A and a silicon nitride 
layer 104B. While a silicon substrate is described, it is 
understood that other types of substrates may be utilized 
without departing from the scope of this disclosure. For 
example, the substrate 102 may be comprised of silicon 
germanium, gallium-arsenide, or the like. 
The substrate 102 is illustrated as having a surface 106. 

An array of photodetectors (photodetectors 108, 120, 122 
are shown) is formed in the substrate 102 proximate to the 
surface 106. The photodetectors 108, 120, 122 within the 
array may be configured in a variety of ways. For example, 
the photodetectors 108, 120, 122 may be comprised of a 
photo sensor diode, a phototransistor, or the like. In an 
implementation, the photodetectors 108, 120, 122 are 
capable of detecting light and providing a signal in response 
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thereto. The photodetectors 108, 120, 122 may provide a 
signal by converting light into current or Voltage based upon 
the intensity of the detected light. Thus, once a photodetector 
108, 120, 122 is exposed to light, multiple free electrons 
may be generated to create a current. The photodetectors 
108, 120, 122 are configured to detect light in both the 
visible light spectrum and the infrared light spectrum. As 
used herein, the term light is contemplated to encompass 
electromagnetic radiation occurring in the visible light spec 
trum and the infrared light spectrum. The visible light 
spectrum (visible light) includes electromagnetic radiation 
occurring in the range of wavelengths from approximately 
three hundred and ninety (390) nanometers to approximately 
seven hundred and fifty (750) nanometers. Similarly, the 
infrared light spectrum (infrared light) includes electromag 
netic radiation that ranges in wavelength from approxi 
mately seven hundred (700) nanometers to approximately 
three hundred thousand (300,000) nanometers. In an imple 
mentation, complementary metal-oxide-semiconductor 
(CMOS) fabrication techniques may be utilized to form the 
photodetectors 108, 120, 122. In another implementation, 
bipolar fabrication techniques may be utilized to form the 
photodetectors 108, 120, 122. In yet another implementa 
tion, BiCMOS fabrication techniques may be utilized to 
form the photodetectors 108, 120, 122. 

Color pass filters 110 are illustrated proximate to the 
surface 106. The color pass filters 110 are configured to filter 
visible light received by the light sensor 100 to pass light in 
a limited spectrum of wavelengths (e.g., light having wave 
lengths between a first wavelength and a second wave 
length) to at least one of the photodetectors 108. In an 
implementation, the color pass filters 110 may comprise 
absorption filters that allow visible light in a limited spec 
trum of wavelengths to pass through the filter, while block 
ing (e.g., absorbing or reflecting) visible light within a 
second spectrum of wavelengths. Thus, the color pass filter 
110 may be substantially transparent for visible light within 
a first spectrum of wavelengths, and Substantially opaque 
within a second spectrum of wavelengths. In another imple 
mentation, the color pass filter 110 may comprise an inter 
ference filter that allows visible light to pass in a specified 
range of wavelengths. 
A plurality of color pass filters 110 may be provided. For 

example, the light sensor 100 may comprise a first color pass 
filter 110A configured to filter visible light and to pass light 
having a first limited spectrum of wavelengths (e.g., wave 
lengths between a first wavelength and a second wave 
length), a second color pass filter 110B configured to filter 
visible light and pass light having a second limited spectrum 
of wavelengths (e.g., wavelengths between a third wave 
length and a fourth wavelength), and a third color pass filter 
110C configured to filter visible light and pass light having 
a third spectrum of wavelengths (e.g., wavelengths between 
a fifth wavelength and a sixth wavelength), and so forth. In 
the example illustrated, the light sensor 100 is comprised of 
an array of three different color pass filters 110: a first (blue) 
color pass filter 110A configured to transmit a “blue' visible 
light (i.e., visible light with a wavelength between approxi 
mately four hundred fifty (450) nanometers and approxi 
mately four hundred seventy-five (475) nanometers); a sec 
ond (green) color pass filter 110B configured to transmit a 
“green visible light (i.e., visible light with a wavelength 
between approximately four hundred ninety-five (495) 
nanometers and approximately five hundred and seventy 
(570) nanometers); and a third (red) color pass filter 110C 
configured to transmit a “red visible light (i.e., visible light 
with a wavelength between approximately six hundred and 
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6 
twenty (620) nanometers and approximately seven hundred 
and fifty (750) nanometers). It is contemplated that other 
visible light color pass filters 110 may be employed. The 
color pass filters 110 are combined with the IR suppression 
filter 116 since the color pass filters 110 may pass infrared 
light as well. For instance, color pass filters 110 configured 
to transmit visible light having limited spectrums of wave 
lengths typically associated with the colors of cyan, 
magenta, yellow, and so forth may be utilized. The color 
pass filters 110 are selectively arrayed over the photodetec 
tors 108 to allow visible light in a desired limited spectrum 
of wavelengths to pass through the color pass filter 110 to the 
photodetector 108. For example, as shown in FIGS. 1A 
through 2B, the first color pass filter 110A is positioned over 
a first photodetector 108A, the second color pass filter 110B 
is positioned over a second photodetector 108B, and the 
third filter 110C is positioned over a third photo detector 
108C. 

In the implementations illustrated in FIGS. 1A through 
2B, the color pass filters 110 are formed over the surface 106 
using Suitable deposition techniques such as spin coating 
and/or photo patterning (for absorption filter 110 formation). 
Likewise, Suitable sputtering and plating techniques may be 
utilized for color interference filter 110 formation. In an 
example implementation, the color pass filters 110 have a 
thickness of approximately one (1) micron. However, it is 
contemplated that color pass filters 110 having lesser or 
greater thicknesses are possible. The color pass filters 110 
may be formed on an adhesion layer 112 to hold the color 
pass filters 110 in position upon completion of the deposition 
techniques. 

In one or more implementations, the color pass filters 110 
may employ one or more color pass filters to further filter 
light (e.g., infrared light, etc.). In an implementation, a 
single color pass filter 110 (e.g., color pass filter 110A) may 
include a first color pass filter configured to filter visible 
light and to pass light having a first limited spectrum of 
wavelengths and a second color pass filter positioned over 
the first color pass filter that is configured to filter visible 
light and to pass light having a second limited spectrum of 
wavelengths. For example, a single color pass filter 110 may 
include a “blue” color pass filter positioned over a “red 
color pass filter to further filter light. However, it is con 
templated that other colors may be utilized (e.g., red over 
green color pass filter configuration, blue over green color 
pass filter configuration, etc.). 
A buffer layer 114 is formed over the surface 106 of the 

substrate 102 to encapsulate and provide protection to the 
color pass filters 110. In the implementation shown in FIGS. 
1A through 2B, the color pass filters 110 are formed on the 
surface 106 of the substrate 102. For instance, the color pass 
filters 110 are formed on the adhesion layer 112, which is 
formed on the surface 106. The buffer layer 114 is then 
applied to the surface 106 of the substrate 102 over the color 
pass filters 110. In this implementation, the buffer layer 114 
at least Substantially encapsulates, or encloses, the color pass 
filters 110 to protect the filters during further processing 
steps. The buffer layer 114 may be comprised of a polymer 
material such as Benzocyclobutene (BCB) polymer, or the 
like. However, it is contemplated that other buffer material 
may be used. 
An IR suppression filter 116 is illustrated as positioned 

over the photodetectors 108 on the top surface 106 of the 
substrate 102. The IR suppression filter 116 is configured to 
filter infrared light from light received by the light sensor to 
at least substantially block infrared light from reaching the 
photodetectors 108, 122. For instance, in one or more 
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specific implementations, an IR Suppression filter 116 may 
be provided that is capable of blocking approximately fifty 
(50) to one hundred (100) percent of infrared light (i.e., light 
in the infrared spectrum) incident on the photodetectors 108, 
122 while at least Substantially passing (e.g., passing 
approximately greater than fifty (50) percent) visible light 
(i.e., light in the visible spectrum) to the photodetectors 108, 
122. However, the aforementioned values (e.g., percentage 
values representing the proportion of infrared light blocked 
and/or passed by the IR suppression filter 116) may depend 
on particular application requirements of the light sensor 
100. Thus, IR suppression filters 116 that are capable of 
blocking a higher or lower proportion of infrared light 
and/or of transmitting a higher or lower proportion of visible 
light are contemplated. 
The IR suppression filter 116 may be configured in a 

variety of ways. For example, the IR suppression filter 116 
may be comprised of a number of layers and/or a number of 
materials to at least partially Suppress infrared light. It is 
contemplated that a various number of layers and/or mate 
rials may be utilized depending upon the amount of IR 
suppression desired in the light sensor 100. For example, in 
an implementation, the IR Suppression filter 116 may com 
prise a multi-layer structure that includes at least two (2) 
different materials that comprise different refractive indices. 
The IR suppression filter 116 may be approximately one (1) 
to approximately fifteen (15) microns thick and/or approxi 
mately ten (10) to approximately one hundred and twenty 
(120) layers thick. In a specific implementation, the IR 
suppression filter 116 may be approximately ten (10) 
microns thick. However, it is contemplated that the IR 
suppression filter 116 may have other constructions and/or 
thicknesses. 

In an implementation, a transparent Substrate 118 is 
provided over the IR suppression filter 116 as illustrated in 
FIGS. 1A through 2B to facilitate formation of the IR 
suppression filter 116 and to furnish support to the IR 
suppression filter 116 during fabrication of the light sensor 
100. In another implementation, the IR suppression filter 116 
may be attached to the transparent substrate 118 and posi 
tioned over the light sensor 100. While the transparent 
substrate 118 (and the IR suppression filter 116 in FIG. 1A) 
is illustrated as being flush (e.g., even) with the adhesion 
layer 112 (see FIG. 1A) and with the buffer layer 114A (see 
FIG. 1B), it is contemplated that the transparent substrate 
118 (and the IR suppression filter 116) may not necessarily 
be flush with (e.g., the transparent substrate 118 extends 
past) the adhesion layer 112 or the buffer layer 114A (e.g., 
due to processing variations, etc.). The transparent Substrate 
118 is configured to be transparent to light occurring within 
wavelengths of interest. For example, the transparent Sub 
strate 118 may be at least substantially transparent to light 
occurring within a limited spectrum of wavelengths (e.g., 
transparent to light occurring within the infrared wavelength 
spectrum and not transparent to light occurring within the 
visible wavelength spectrum, or vice versa). The transparent 
substrate 118 may be configured in a variety of ways. For 
example, the transparent Substrate 118 may be a glass 
Substrate. Thus, the glass Substrate may have an anti-reflec 
tion coating that is at least Substantially transparent (i.e., a 
low refractive index) to allow the light incident on the glass 
Substrate to Substantially pass through (i.e., low reflective 
metric) to the IR suppression filter 116. The IR suppression 
filter 116 may be formed on the transparent substrate 118 at 
wafer level using a Suitable deposition technique. In Such 
implementations, the transparent Substrate 118 may be used 
to pattern the IR suppression filter 116. For example, the 
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8 
transparent Substrate 118 may include one or more apertures 
formed therein. When the IR suppression filter 116 is formed 
on the transparent substrate 118, the IR suppression filter 116 
may include one or more apertures aligned with the aper 
tures of transparent substrate 118. In another implementa 
tion, which is shown in FIGS. 1B and 2B, the color pass 
filters 110 are formed over the surface 106 and then a first 
buffer layer 114A is then formed over the color filters 110. 
The IR suppression filter 116 is then formed over the first 
buffer layer 114A. A second buffer layer 114B (e.g., an 
insulating layer) is then formed over the substrate 102. 

In one or more implementations, the light sensor 100 may 
be configured to include one or more infrared photodetectors 
120 (i.e., photodetectors 108 that are configured to detect 
light in the infrared spectrum formed in the substrate 102 of 
the light sensor 100 die). These photodetectors 120 detect 
infrared light (i.e., light in the infrared spectrum) that may, 
for example, be transmitted by an infrared transmitter (e.g., 
an infrared light emitting diode (LED)) as part of a proX 
imity sensor implemented in the electronic device. Accord 
ingly, the IR suppression filter 116 may be patterned so that 
it does not block the reception of infrared light (i.e., light in 
the infrared spectrum) by the infrared photodetectors 120, 
thereby increasing the sensitivity of the light sensor to 
infrared light and improving the performance of devices that 
employ the light sensor 100 (e.g., the proximity sensor in an 
electronic device). 
The array of photodetectors 108 may further include one 

or more clear photodetectors 122 configured to receive light 
that is not filtered by a color pass filter 110. As illustrated, 
the clear photodetectors 122 may be positioned in the 
substrate 102 so that they are positioned under the IR 
suppression filter 116 but are not located below a color pass 
filter 110. Thus, the clear photodetectors 122 detect light 
within a spectrum of wavelengths corresponding to several 
visible colors (i.e., light from the visible spectrum). In this 
manner, the clear photodetectors 122 may be used to detect 
visible ambient lighting conditions absent infrared interfer 
CCC. 

The clear photodetectors 122 may be configured in a 
variety of ways. For example, like the other photodetectors 
108 within the array, the clear photodetector(s) 122 may 
comprise a photodiode, a phototransistor, or the like, that is 
capable of detecting light by converting light into current or 
Voltage. In an implementation, the signal (e.g., current or 
voltage) produced by the clear photodetectors 122 is based 
upon (e.g., proportional to) the detected intensity of visible 
light received. Thus, the clear photodetectors 122 may be 
used to detect the intensity of the ambient light level outside 
of a portable electronic device in which the light sensor 100 
is integrated. The resulting measure of ambient light inten 
sity may be utilized by various applications running in the 
portable electronic device. For example, an application of 
the portable electronic device may control the brightness of 
a display Screen based upon the ambient light intensity. 
As shown in FIGS. 2A and 2B, the light sensor 100 may 

also include a dark current sensor 124, which may be formed 
in the substrate 102 and proximate to the insulation layer 
104. The dark current sensor 124 may be comprised of a 
dark photodiode, a dark phototransistor, or the like, that is 
configured to provide dark current (i.e., current generated by 
a photodiode when the photodiode is exposed to total 
darkness) to light sensor 100. The dark current sensor 124 
may be configured in a variety of ways. For example, in one 
implementation, the dark current sensor 124 may be fabri 
cated from a photodiode that includes a metal covering. In 
another implementation, the dark current sensor 124 may be 
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fabricated from a photodiode having a filter that is config 
ured to at least substantially block light. However, other 
implementations are possible. 
As shown in FIGS. 1A through 2B, the light sensor 100 

also includes a bond pad 126 to provide connectivity to light 
sensor 100. In an implementation, the bond pad 126 may be 
comprised of an electrically conductive area formed proxi 
mate to surface 104. For instance, the bond pad 126 may be 
comprised of a metal pad, a polycrystalline silicon (poly 
silicon) pad, or the like. The bond pad 126 may provide 
connectivity functionality between various electronic cir 
cuits (not shown) residing in light sensor 100 and package 
pins of a package (not shown) that encloses the light sensor 
1OO. 

In another implementation, as shown in FIGS. 1C, 1D, 
2C, 2D and 2E the light sensors 100 may employ a Redis 
tribution Layer (RDL) configuration. The RDL configura 
tion employs a redistribution structure 132 comprised of a 
thin-film metal (e.g., aluminum, copper, etc.) rerouting and 
interconnection system that redistributes conductive layers 
134 to an area array of bump interfaces 136 (e.g., UBM 
pads) that may be more evenly deployed over the surface of 
the sensor 100. The bump interface 136 is configured to 
provide a reliable interconnect boundary between the con 
ductive layers 134 and solder bumps 135. The bump inter 
face 136 comprises under-bump metallization (UBM) 138 
applied to the conductive layers 134 of the light sensor 100. 
The UBM 138 may have a variety of compositions. For 
example, the UBM 138 may include multiple layers of 
different metals (e.g., aluminum Al, nickel Ni, copper 
Cu, etc.) that function as an adhesion layer, a diffusion 
barrier layer, a solderable layer, an oxidation barrier layer, 
and so forth. However, other UBM structures are possible. 

In an implementation, as shown in FIGS. 1C, 2C, 2D, and 
2E, the IR suppression filter 116 and the transparent sub 
strate 118 may extend over the sensor 100. For instance, in 
a specific example, the IR suppression filter 116 and the 
transparent substrate 118 extend over the entire buffer layer 
114. 
As described above, the transparent substrate 118 and the 

IR suppression filter 116 include apertures such that the 
transparent substrate 118 does not extend over the infrared 
photodetectors 120, the dark current sensor 124, or the bond 
pad 126 when the IR suppression filter 116 and the trans 
parent substrate 118 are positioned over the buffer layer 114 
as shown in FIGS. 1 and 2. However, in other implemen 
tations, it is contemplated that the IR suppression filter 116 
can extend over the dark current sensor 124. FIG. 3 illus 
trates multiple light sensors 100 fabricated on a wafer 144 
and the transparent substrate 118 positioned over the wafer 
144. The transparent substrate 118 includes multiple aper 
tures (represented as the space enclosed by rectangle 128) 
positioned over infrared photodetectors 120 and bond pad 
126. Thus, the IR suppression filter 116 also includes aper 
tures aligned with the transparent substrate 118's apertures 
such that the IR suppression filter 116 does not cover (i.e., 
allows visible light and infrared light to pass unfiltered) 
infrared photodetectors 120 or the bond pad 126. 
An insulating material 130 may be applied over the 

surface 106 of the substrate 102 to provide encapsulation 
and protection to the various structures of sensor 100 (e.g., 
the photodetectors 108, the color pass filters 110, the buffer 
material 114, the IR suppression filter 116, and so forth). In 
one or more implementations, the insulating material 130 is 
an epoxy material. However, other insulating materials may 
be used and are contemplated. The insulating material 130 
may be selectively removed (e.g., etched) to provide access 
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to the bond pad 126, and so on. Furthermore, as shown in 
FIGS. 1C and 2C, an insulating material 130 may be applied 
proximate to the redistribution structure 132 to provide 
further insulation and encapsulation to the photodetectors 
108, 122. However, with the implementation shown in 
FIGS. 1C, 2C, 2D, and 2E, it is contemplated that an opening 
may be provided to the pad 126 from the front side. 
The sensor 100 may also include a dark edge 140 con 

figured to at least Substantially eliminate impingement of 
light that does not pass through the IR suppression filter 116 
to the photodetectors 108, 122 (see FIGS. 1D and 2E). The 
dark edge 140 is formed of an opaque material that does not 
transmit light (visible light and infrared light). The dark edge 
140 may be configured in a variety of ways. For instance, in 
a specific example, the dark edge 140 may be positioned 
over select portions (e.g., not directly over the color pass 
filters 110) of the buffer layer 114. In another example, the 
dark edge may be positioned over select portions (e.g., not 
directly over the color pass filters 110) of the transparent 
substrate 118, positioned over the side of the buffer layer 116 
and the transparent substrate 118, combinations thereof, or 
the like. However, it is contemplated that the dark edge 140 
may have a variety of patterns depending on application 
requirements. 

In various implementations, the light sensors 100 
described herein may be configured to detect a Surrounding 
light environment and/or to provide infrared light detection 
(e.g., for use as a proximity sensor). The color pass filters 
110 are configured to filter visible light and pass light in a 
limited spectrum of wavelengths to the respective photode 
tectors 108. The photodetectors 108 generate a signal (e.g., 
current value) based upon the intensity of the light. The IR 
suppression filter 116 is configured to filter infrared light to 
substantially block infrared light from reaching the photo 
detectors 108, 122. The clear photodetector(s) 122 detect 
ambient lighting conditions absent color filtration and gen 
erate a signal (e.g., a current value) based upon the intensity 
of visible light detected. The signal generated by the pho 
todetectors 108 and the clear photodetector(s) 122 may be 
utilized by other circuit devices and/or applications to con 
trol various aspects of a portable electronic device (e.g., 
control the brightness of the device's display screen, to turn 
off backlighting to conserving battery life, and so forth). 
Infrared photodetectors 120 detect infrared light (e.g., light 
in the infrared spectrum) and generate a signal (e.g., a 
current value) based upon the intensity of the infrared light 
detected. The signal generated by the infrared photodetec 
tors 120 may be utilized by other circuit devices and/or 
applications to control various aspects of a portable elec 
tronic device. For example, infrared light may be transmitted 
by an infrared transmitter (e.g., an infrared light emitting 
diode (LED)) and detected by the infrared photodetectors 
120 of the light sensor 100 as part of an infrared image 
sensor or a proximity sensor implemented in an electronic 
device. The IR suppression filter 116 may be positioned so 
that it does not block the reception of infrared light by the 
infrared photodetectors 120, thereby increasing the sensitiv 
ity of the light sensor 100 to infrared light and improving the 
performance of devices that employ the light sensor 100. 

FIGS. 4 through 6 illustrate light sensors in accordance 
with further example implementations of the present disclo 
sure. As shown, the light sensors 200 further include color 
filters 202 (e.g., such as the color pass filters 110 described 
above). The color filters 202 are configured to pass light in 
a limited spectrum of wavelengths (e.g., light having wave 
lengths between a first wavelength and a second wave 
length) to the photodetector 108. For example, the color 
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filters 202 may be configured to pass light generated by the 
illumination source and to block light having wavelengths 
that are different than the illumination source (e.g., light 
occurring in a second wavelength). It is contemplated that 
the color filters 202 may comprise absorption filters. In one 
implementation, the color filters 202 allow light in a limited 
spectrum of wavelengths to pass through the filter, while 
blocking (e.g., reflecting or absorbing) light within a second 
spectrum of wavelengths. Thus, the color filters 202 may be 
substantially transparent for light within a first spectrum of 
wavelengths, and Substantially opaque for light within a 
second spectrum of wavelengths. In implementations, the 
color filters 202 may comprise multilayer structures having 
varied thicknesses and/or numbers of layers, which may 
have differing thicknesses and/or refractive indices. More 
over, the color filters 202 may include a diffractive grading 
that allows for light within the first spectrum of wavelengths 
to at least Substantially pass through. 
As shown in FIG. 4, a plurality of color filters 202 may be 

employed. For example, the light sensor 200 may comprise 
a first color interference filter 202A configured to filter light 
and pass light having a first limited spectrum of wavelengths 
(e.g., wavelengths between a first wavelength and a second 
wavelength), and a second color interference filter 202B 
configured to filter light and pass light having a second 
limited spectrum of wavelengths (e.g., wavelengths between 
a third wavelength and a fourth wavelength), and so forth. In 
the example illustrated, the light sensor 200 is comprised of 
an array of three different color filters 202: a first (blue) color 
filter 202A configured to transmit a “blue' visible light (i.e., 
visible light with a wavelength between approximately four 
hundred fifty (450) nanometers and approximately four 
hundred seventy-five (475) nanometers); and a second 
(green) color filter 202B configured to transmit a “green” 
visible light (i.e., visible light with a wavelength between 
approximately four hundred ninety-five (495) nanometers 
and approximately five hundred and seventy (570) nanome 
ters). It is contemplated that other visible light color filters 
202 may be employed. For instance, color filters 202 con 
figured to transmit visible light having limited spectrums of 
wavelengths typically associated with the colors of cyan, 
magenta, yellow, and so forth, may be utilized. The color 
filters 202 are selectively positioned over the photodetector 
108 to allow light in a desired limited spectrum of wave 
lengths to be passed to the photodetector 108. Moreover, as 
shown in FIG. 4, the color filters 202A, 202B are shown in 
a stacked configuration (e.g., filter 202A is stacked over filter 
202B) to allow for further filtering of light. For example, a 
color filter 202 may employ a first color filter configured to 
filter visible light and to pass light having a first limited 
spectrum of wavelengths and a second color pass filter 
positioned over the first color pass filter that is configured to 
filter visible light and to pass light having a second limited 
spectrum of wavelengths For example, a single color pass 
filter 202 may include a “blue' color pass filter positioned 
over a “red color pass filter to further filter light. However, 
it is contemplated that other colors may be utilized (e.g., red 
over green color pass filter configuration, blue over green 
color pass filter configuration, etc.). A Suitable adhesive 
(e.g., bonding) material 112 is utilized to at least Substan 
tially hold the color filters 202A, 202B over the photode 
tector(s) 108. While only one stacked configuration is 
shown, it is contemplated that other stacked configurations 
may be employed. For example, the color filters 202A, 202B 
may employ a non-stacked configuration. 
As shown in FIG. 5, the light sensor 200 may further 

include an infrared (IR) suppression filter 116. The IR 
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Suppression filter 116 may be configured to pass light in a 
limited spectrum (e.g., a fourth spectrum) of wavelengths. 
For example, the IR suppression filter may be configured to 
filter infrared light from light received by the light sensor 
100 to at least substantially block infrared light from reach 
ing the photodetector 108. For instance, in an example 
implementation, an IR Suppression filter 116 may be pro 
vided that is capable of blocking approximately fifty (50) to 
one hundred (100) percent of infrared light (i.e., light in the 
infrared spectrum) incident on the photodetector(s) 108 
while at least Substantially passing (e.g., passing approxi 
mately greater than fifty (50) percent) visible light (i.e., light 
in the visible spectrum) to the photodetector(s) 108. How 
ever, the aforementioned values (e.g., percentage values 
representing the proportion of infrared light blocked and/or 
passed by the IR suppression filter 116) may depend on 
particular application requirements of the light sensor 200. 
Thus, IR suppression filters 116 that are capable of blocking 
a higher or lower proportion of infrared light and/or of 
transmitting a higher or lower proportion of visible light are 
contemplated. 
The substrate 102 may also include one or more inte 

grated circuit devices formed therein through various fab 
rication techniques such as photolithography, ion implanta 
tion, deposition, etching, and so forth. The integrated 
circuits may be configured in a variety of ways. For 
example, the integrated circuits (not shown) may be digital 
integrated circuits, analog integrated circuits, mixed-signal 
circuits, and so forth. In one or more implementations, the 
integrated circuits may comprise digital logic devices, ana 
log devices (e.g., amplifiers, etc.), combinations thereof, and 
so forth. As described above, the integrated circuits may be 
fabricated utilizing various fabrication techniques. For 
example, the integrated circuits may be fabricated via one or 
more semiconductor fabrication techniques. For example, 
the integrated circuits may be fabricated via complementary 
metal-oxide-semiconductor (CMOS) techniques, bi-polar 
semiconductor techniques, and so on. 
As shown in FIGS. 4 through 6, sensor 200 includes one 

or more area arrays of conductive layers 134 to furnish 
electrical interconnection between various electrical com 
ponents (e.g., photodetector 108 and an integrated circuit) 
associated with the sensor 200. In implementations, the 
conductive layers 134 may comprise one or more conductive 
(e.g., contact) pads, redistribution structures, or the like. In 
a further implementation, the conductive layers 134 may 
comprise seed metal and/or barrier metal layers to allow for 
plated-line formation. The number and configuration of 
conductive layers 134 may vary depending on the complex 
ity and configuration of the integrated circuits, and so forth. 
The conductive layers 134 provide electrical contacts 
through which the integrated circuits are interconnected to 
other components, such as printed circuit boards (not 
shown), when the sensors 200 are configured as wafer-level 
packaging (WLP) devices or other integrated circuits dis 
posed within the sensor 200. In one or more implementa 
tions, the conductive layers 134 may comprise an electri 
cally conductive material. Such as a metal material (e.g., 
aluminum, copper, etc.), or the like. 
The conductive layer 134 may also provide electrical 

interconnection with one or more solder bumps. Solder 
bumps are provided to furnish mechanical and/or electrical 
interconnection between the conductive layers 134 and 
corresponding pads (not shown) formed on the Surface of a 
printed circuit board (not shown). In one or more imple 
mentations, the solder bumps may be fabricated of a lead 
free solder such as a Tin-Silver-Copper (Sn Ag Cu) alloy 
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solder (i.e., SAC), a Tin-Silver (Sn—Ag) alloy solder, a 
Tin-Copper (Sn Cu) alloy solder, and so on. However, it is 
contemplated that Tin-Lead (PbSn) or Nickel-Aluminum 
(NiAu) solders may be used. 
Bump interfaces 136 may be applied to the conductive 

layers 134 to provide a reliable interconnect boundary 
between the conductive layers 134 and the solder bumps. 
For instance, in the sensor 200 shown in FIGS. 4 and 5, the 
bump interface 136 comprises under-bump metallization 
(UBM) 138 applied to the conductive layers 134 of the light 
sensor 100. The UBM 138 may have a variety of compo 
sitions. For example, the UBM 138 may include multiple 
layers of different metals (e.g., aluminum All, nickel Ni. 
copper Cu, etc.) that function as an adhesion layer, a 
diffusion barrier layer, a solderable layer, an oxidation 
barrier layer, and so forth. However, other UBM structures 
are possible. 

In one or more implementations, the sensor 200 may 
employ a Redistribution Layer (RDL) configuration. The 
RDL configuration employs a redistribution structure 132 
comprised of a thin-film metal (e.g., aluminum, copper, etc.) 
rerouting and interconnection system that redistributes the 
conductive layers 134 to an area array of bump interfaces 
208 (e.g., UBM pads) that may be more evenly deployed 
over the surface of the sensor 200. 
As shown in FIGS. 1C, 2C, 2D, 2E, 4, and 5, the sensors 

100, 200 may further include a through-substrate via 142 
(TSV) that extends through the substrate 102. The TSV 142 
is configured to furnish an electrical interconnection 
between a first conductive landing (e.g., layer) 134A (e.g., 
the UBM 138) and a second conductive landing (e.g., layer) 
134B (e.g., a bond pad, such as bond pad 126, proximate to 
the photodetector 108) of the sensor 200 when the TSV 142 
is filled with a conductive material 134. In one or more 
implementations, the conductive material 134 may comprise 
a metal such as copper, or the like. The light sensor 200 may 
employ TSVS 142 of varying dimensions depending on the 
requirements of the light sensor 200. 
As illustrated in FIGS. 4 through 6, a transparent substrate 

118 is positioned over the first surface 104 of the substrate 
102. In one or more implementations, the transparent Sub 
strate 118 may be formed from a glass wafer, or the like, as 
discussed herein. The transparent substrate 118 is configured 
to at least Substantially allow for the passage of light through 
the transparent substrate 118. In an implementation, the 
transparent substrate 118 is configured to allow for sufficient 
passage of light through the transparent Substrate 118. In one 
example, the transparent Substrate 118 is configured to at 
least Substantially allow for the passage of at least ninety 
(90) percent of light through the transparent substrate 118. 
However, other percentages are contemplated. For example, 
the transparent Substrate 118 may at least Substantially pass 
through light that is reflected from an object proximate (e.g., 
above) to the sensor 200. The transparent substrate 118 also 
includes a lens 204 to focus and to transmit light incident 
upon the transparent substrate 118. As shown in FIGS. 4 
through 6, the lens 204 is positioned over the color filters 
202. It is contemplated that the lens 204 is configured to 
focus and to transmit light incident upon the transparent 
substrate 118 from multiple angles. The lens 204 may be 
configured as a Fresnel lens, a ball lens, a diffractive lens, a 
diffractive optics element (DOE) lens, another type of lens, 
or the like, that is configured to collimate the light incident 
on the lens 204. In an implementation, the lens 204 may be 
indented. In another implementation, depending upon the 
configuration of the sensor 200, the lens 204 may be on 
either side of the transparent substrate 118. Moreover, the 
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light sensor 200 may include a diffuser 206 next to or in 
place of the lens 204. The lens 204 may take in light from 
multiple angles and collimate that light so that the colli 
mated light at least Substantially passes through the Substrate 
118 to the color filters 202 and eventually to the photode 
tector 108. In one or more implementations, a width (W) of 
the lens 204 may be approximately 0.52 millimeters (mm). 
However, the width of the lens may vary depending on 
various design configurations of the sensor 200. 

It is also contemplated that the light sensor 200 may be 
configured in a variety of ways. For example, the light 
sensor 200 may employ no lens 204 and instead employ a 
diffuser 206 and/or an IR suppression filter 116. The diffuser 
206 and/or the IR suppression filter 116 may be configured 
to also pass through light (in a limited spectrum of wave 
lengths to the color filters 202). In another implementation, 
as shown in FIG. 5, the light sensor 200 may employ both 
a lens 204 and an IR suppression filter 116 (e.g., an IR 
interference filter or other type of filter). As shown, the IR 
suppression filter 116 is disposed between the transparent 
substrate 118 and the substrate 102. However, it is under 
stood that other IR suppression filter 116 configurations are 
possible. The lens 204 is configured to first take in light from 
multiple angles and collimate that light so that the colli 
mated light at least Substantially passes through the trans 
parent substrate 118 to the IR suppression filter 116, which 
passes light in a limited spectrum of wavelengths (e.g., at 
least substantially filters IR light and at least substantially 
passes visible light). The filtered light is then passed to the 
color filters 202 to further filter the light. The further filtered 
light from the color filters 202 is then passed to the photo 
detector(s) 108 for detection. In the implementation shown 
in FIG. 2, the IR suppression filter 116 may be deposited 
over the transparent substrate 118 and then positioned over 
the surface 104, or the IR suppression filter 116. In another 
implementation, the IR suppression filter 116 and/or the 
diffuser 206 may be integral with the transparent substrate 
124 (e.g., the IR suppression filter 116 and/or the diffuser 
206 is manufactured with the transparent substrate 124). 
The transparent substrate 118 may be positioned over the 

substrate 102 with the assistance of one or more alignment 
marks 208. Once the transparent substrate 118 is properly 
positioned over the substrate 102, the transparent substrate 
118 may be bonded to the substrate 102 with a suitable 
adhesive material 210. In one or more implementations, the 
suitable adhesive material 210 may be a benzocyclobutene 
(BCB) material, an epoxy material, or the like. The adhesive 
material 210 is also configured to at least Substantially pass 
through light incident on the material 210. 

In an aspect of the present disclosure, the light sensors 
200 described herein may be configured for use as or as part 
of a gesture sensing device. For example an illumination 
Source. Such as a light emitting diode (LED), generates light 
(e.g., infrared and/or or visible light) that is reflected off an 
object proximate to the sensor 200. In one or more imple 
mentations, the light sensor 200 may employ only a single 
illumination Source. However, multiple illumination sources 
are also contemplated. The lens 204 focuses (e.g., colli 
mates) and transmits the reflected light incident on the lens 
204 so that the light is passed through the color filters 202 
and detected by photodetector 108. As described above, lens 
204 may focus and transmit light incident from multiple 
angles. The photodetector 108 is configured to generate a 
signal in response thereto and may provide the signal to one 
or more integrated circuits formed in the substrate 102. The 
signals may provide a basis for gesture based programming 
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including, but not limited to: executing one or more com 
puter programs, executing an application (e.g., an app), flick 
scrolling, and so forth. 

While FIGS. 4 and 5 illustrate a light sensor 200 that 
employs a Redistribution Layer (RDL) configuration, it is 
contemplated that the sensor 200 illustrated and described 
herein may also employ a Bump-On-Pad (BOP) configura 
tion as shown in FIG. 6. The BOP configuration may employ 
a conductive bond pad 126 disposed under the bump inter 
face 136 (e.g., UBM pads). 

Example Fabrication Process 
The following discussion describes example techniques 

for fabricating a light sensor that includes at least one color 
pass filter integrated on-chip (i.e., integrated on the die of the 
light sensor) and an IR Suppression filter bonded to a 
transparent Substrate. In the implementation described 
below, the light sensors are fabricated utilizing complemen 
tary metal-oxide-semiconductor (CMOS) processing and 
packaging techniques. However, it is contemplated that light 
sensors in accordance with the present disclosure may be 
fabricated using other semiconductor chip fabrication/pack 
aging technologies, such as wafer-level packaging (WLP). 

FIG. 7 depicts a process 300, in an example implemen 
tation, for fabricating a light sensor, such as the example 
light sensors 100 illustrated in FIGS. 1A and 2A. In the 
process 300 illustrated, one or more photodetectors are 
formed in a substrate of a wafer (Block 302). As shown in 
FIGS. 8 through 10, the substrate 402 of the wafer may 
comprise n-type silicon (e.g., silicon doped with a group V 
element (e.g., phosphorus, arsenic, antimony, etc.) to furnish 
n-type charge carrier elements to the silicon) or p-type 
silicon (e.g., silicon doped with a group IIIA element (e.g., 
boron, etc.) to furnish p-type charge carrier elements to the 
silicon). Thus, the substrate 402 furnishes a base material 
utilized to form the photodetectors 408, the infrared photo 
detector 420, the clear photodetector 422, the dark current 
sensor (not shown in FIGS. 8 through 10), and the bond pad 
426. The photodetectors 408 may comprise photodiodes, 
phototransistors, or the like, formed in the substrate of the 
wafer using Suitable fabrication techniques such as photo 
lithography, ion implantation, deposition, etching, and so 
forth. 
One or more color pass filters are formed over a surface 

of the substrate (Block 304). The one or more color pass 
filters are configured to filter visible light to pass light in a 
limited spectrum of wavelengths to the one or more photo 
detectors. In various implementations, the color pass filters 
may be formed over an adhesion layer that is configured to 
adhere the color pass filters to the surface on which they are 
formed (Block 306). In implementation, the color pass filters 
410 may be aligned with a respective photodetector 408 to 
filter light received by that color pass filter 410 as illustrated 
in FIG.9. When formed, the color pass filters 410 may have 
a thickness of approximately one (1) micron. However, it is 
contemplated that color pass filters 410 having lesser or 
greater thicknesses are possible. 
A buffer layer is formed over the color pass filters (Block 

308). In an implementation, as illustrated in FIG. 10, the 
buffer layer is formed such that the buffer layer at least 
substantially encloses the color pass filters (Block 310) 
using a suitable deposition technique. In an implementation, 
the buffer layer 414 may be comprised of a polymer layer 
(e.g., a BCB polymer, or the like) and is configured to at 
least substantially encapsulate the color pass filters 410. 

In an implementation, IR Suppression filter is formed on 
a transparent substrate (Block 312) that is configured to 
facilitate formation of the IR suppression filter as well as 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
furnishing support to the IR suppression filter. The IR 
Suppression filter may be deposited over the transparent 
substrate (Block 314). In an example implementation, the IR 
Suppression filter may comprise a multi-layer structure that 
includes at least two (2) different materials that comprise 
different refractive indices. In such implementations, the 
various materials of the IR suppression filter 416 may be 
formed on the transparent substrate 418 via various depo 
sition techniques (e.g., sputtering) as shown in FIG. 10. 
However, it is contemplated that other techniques may be 
employed, including, but not limited to: chemical vapor 
deposition (CVD), electrochemical deposition (ECD), 
molecular beam epitaxy (MBE), and atomic layer deposition 
(ALD). When formed, the IR suppression filter 416 may be 
approximately one (1) to approximately fifteen (15) microns 
thick and/or approximately ten (10) to approximately one 
hundred and twenty (120) layers thick. However, it is 
contemplated that the IR suppression filter 416 may have 
other constructions and/or thicknesses. In an implementa 
tion, the transparent substrate 418 includes one or more 
apertures such that when the IR suppression filter 416 is 
formed on the transparent substrate 418, and the IR Sup 
pression filter 416 includes one or more apertures aligned 
with the apertures of the transparent substrate 418. The 
sensor 400 may also include dark edges (as described above 
and shown in FIG. 1D). In one or more implementations, the 
dark edges may be formed over the buffer layer 414, over the 
IR suppression filter 416, or over the transparent substrate 
418 to at least Substantially eliminate impingement of light 
that does not pass through the IR suppression filter 416. 
Once the IR suppression filter is formed on the transparent 

substrate, the IR suppression filter and the transparent sub 
strate are positioned over the buffer layer (Block 316). Once 
positioned, the IR suppression filter is bonded to the buffer 
layer (Block 318) which is used to adhere the transparent 
substrate and the silicon substrate together and to hold the 
transparent Substrate in the desired position. The transparent 
substrate 418 and the IR suppression filter 416 are posi 
tioned over the buffer layer 414 such that the transparent 
substrate 418 and the IR suppression filter 416 at least 
substantially cover the color pass filters 410 and the photo 
detectors 408, 422. 

FIG. 11 depicts a process 500, in an example implemen 
tation, for fabricating a light sensor, such as the example 
light sensors 100 illustrated in FIGS. 1B and 2B. As illus 
trated, one or more photodetectors are formed in a substrate 
of a wafer (Block 502). Then, one or more color pass filters 
are formed over a surface of the substrate (Block 504). As 
illustrated in FIGS. 1B and 2B, the color pass filters 110 are 
aligned with a respective photodetector 108. A first buffer 
layer is then formed over the color pass filters (Block 506). 
An IR suppression filter is formed over the first buffer layer 
(Block 508), and then a second buffer layer is formed over 
the IR suppression filter (Block 510). Next, a third buffer 
layer is formed over a transparent substrate (Block 512). The 
transparent Substrate is positioned over the IR Suppression 
filter so that the transparent substrate can be bonded to the 
substrate with the third buffer layer (Block 514). The third 
buffer layer may be utilized to adhere the transparent sub 
strate to the silicon Substrate (e.g., the wafer). For example, 
the third buffer layer is bonded to the second buffer layer that 
is formed over the IR suppression filter. 

FIG. 12 illustrates an example process 600 for fabricating 
the light sensors, such as the light sensor 200 shown in FIG. 
12. FIGS. 13 through 27 illustrate sections of example 
Substrates (e.g., wafer sections) that may be utilized to 
fabricate light sensors 700 (such as sensor 200) shown in 
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FIG. 4. A wafer, such as the silicon wafer 702 shown in FIG. 
13, includes a first surface 704 and a second surface 706. 
One or more integrated circuits (not shown) and one or more 
photodetectors 708 are formed in the wafer 702 proximate to 
the first surface 704. The integrated circuits are configured 
to perform multiple functions based upon the input (e.g., 
signals) to the circuits. The photodetector(s) 708 is config 
ured to detect light (e.g., visible and infrared) and generate 
a signal in response thereto. The photodetector 708 may be 
implemented as a photo sensor diode, a phototransistor, and 
so forth. 
As shown in FIG. 14, an interlayer-dielectric (ILD) layer 

is formed over the wafer (Block 602). For example, an 
interlayer-dielectric layer 709 may be deposited over the 
first surface 704 with one or more suitable deposition 
techniques. The interlayer-dielectric material 709 may be a 
low-k material, and so forth. In one or more implementa 
tions, the material 709 may be about 1 micron to about 1.3 
microns in thickness. A metal layer is then formed over the 
interlayer-dielectric layer (Block 604). The metal layer 710 
illustrated in FIG. 14 may be a metal one layer (e.g., 
aluminum), or the like. Forming of the metal layer may 
include depositing the metal layer 710 over the layer 709 
with Suitable deposition techniques and then patterning the 
metal layer 710 to form one or more conductive layers 712, 
as well as alignment marks 714. A passivation layer is then 
formed (e.g., deposited) over the patterned metal layers and 
the ILD layer(s) (Block 606). The passivation layer 716 
illustrated in FIG. 15 may be an oxide layer, or the like. In 
one or more implementations, the passivation layer 716 may 
insulate the metal layers 710 (e.g., conductive layers 712, 
alignment marks 714) from later fabrication steps. 
As shown in FIG. 15, an edge trim region 717 is formed 

about the edge 715 of the wafer 702 through suitable etching 
techniques. The edge trim region 717 may be comprised of 
various dimensions depending upon the requirements of the 
wafer 702 (e.g., attaching the transparent Substrate). In a 
specific example, the edge trim region 717 may have a depth 
("ED") of about one hundred and fifty microns (150 um) and 
a width of approximately five millimeters (5 mm). However, 
the edge trim region 717 may have other dimensions 
depending upon the fabrication requirements of the wafer 
702. For example, the depth of the edge trim region 717 may 
be less than one hundred and fifty microns (150 um) in some 
implementations or greater than one hundred and fifty 
microns (150 um) in other implementations. In another 
example, the width of the edge trim region 717 may be less 
than five millimeters (5 mm) in Some implementations or 
greater than five millimeters (5 mm) in other implementa 
tions. One or more color filters are then formed over the 
passivation layer and over the adhesion layer (Block 608). 
As described above, the color filters 718 allow light in a 
limited spectrum of wavelengths to pass through the filter, 
while blocking (e.g., reflecting or absorbing) light within a 
second spectrum of wavelengths. In one or more implemen 
tations, the color filters 718 are configured as absorption 
filters. As shown in FIG. 16, the color filters may be a red 
color filter 718A or agreen color filter 718B formed over the 
photodetector 708. The color filters 718 are held at least 
Substantially in position with a suitable adhesive (e.g., 
bonding) material 719. While FIG. 16 only illustrates red 
and green color filters, it is contemplated that other color 
filters may be employed (e.g., blue, magenta, cyan, etc.) 
depending on the requirements of the sensors 700. More 
over, while the color filters 718A and 718B are shown 
stacked upon each other, it is understood that individual 
color filters 718 may be deployed over the passivation layer 
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716 and over individual photodetectors 708 (e.g., a single 
color filter 718 deployed over a single photodetector 708) in 
a non-stacked configuration. 
An adhesive material is then formed over the passivation 

layer, the adhesion layer, and the color filters (Block 610) for 
permanent bonding. The adhesive material 720 shown in 
FIG. 17 may be a benzocyclobutene (BCB) material, an 
epoxy material, or the like. In one or more implementations, 
the adhesive material 720 is configured to at least substan 
tially pass light through the material 720. A transparent 
substrate is then bonded to the wafer with the adhesive 
material (Block 612). In one or more implementations, the 
transparent substrate 722 (see FIG. 18) may be a glass wafer, 
or the like. The transparent substrate 722 may include a 
protective layer 724 to protect the transparent substrate 722 
from later fabrication steps. Moreover, the transparent sub 
strate 722 may further include a standoff layer (not shown) 
that is configured to protect a lens (described herein) from 
pressure exerted on a transparent substrate 722 surface 
proximate to the lens. The substrate 722 is also configured 
to at least Substantially pass light incident upon the Substrate 
722. As shown in FIG. 12, the silicon wafer is subjected to 
a backgrinding process and then re-oriented (Block 614). 
The second surface 706 of the wafer 702 is subjected to a 
backgrinding process (see FIG. 19) with any suitable back 
grinding techniques (e.g., chemical-mechanical planariza 
tion, etc.). The alignment marks 714 may be used to properly 
align the wafer 702 with the transparent substrate 722 
through one or more Suitable alignment techniques. The 
sensor 700 is re-oriented so that the transparent substrate 
722 is oriented to the bottom with respect to the wafer 702 
for further fabrication steps. Once the silicon wafer is 
re-oriented, an oxide layer is deposited over the second 
surface (Block 616). In one or more implementations, the 
oxide layer 726 may be a silicon dioxide layer, or the like, 
that forms a hardmask region (see FIG. 20). 
A through-substrate via (TSV) is then formed in the wafer 

(Block 616). As shown in FIG. 20, a photoresist layer 728 
is first deposited over the oxide layer 726 to allow for 
patterning of the TSV 730. A selected region of the photo 
resist layer 728 is patterned to allow for etching of the TSV 
730. The selected region is then etched through the silicon 
region 732 to form the TSV 730. As described above with 
respect to FIG. 4, the TSV 730 allows for electrical inter 
connects to be formed in the light sensor 700. The photo 
resist layer 728 is then removed through one or more 
suitable stripping techniques. Once the photoresist layer 728 
is removed, a liner material 734 may be deposited over the 
light sensor 700 and in the TSV 730 (see FIG. 21). In one 
or more implementations, the liner material 734 may be a 
Suitable liner material. Such as a silicon dioxide material, a 
nitride passivation material, or an organic polymer. A spacer 
etch may be performed to etch any unwanted liner material 
734. For example, the spacer etch may remove liner material 
734 to at least partially expose the conductive layer 712A 
(e.g., contact pad). As shown in FIG. 12, an isolation 
material is then deposited in the through-Substrate via 
(Block 618). 
A conductive material is then deposited in the TSV (Block 

620) to form an electrical interconnect. For example, as 
shown in FIG. 22, a barrier and seed metal 736 is deposited 
in the TSV 730 and over the Sensor 700. The barrier and seed 
metal 736 may then be patterned through photolithography, 
or the like. A conductive material 738 is then plated over the 
seed metal 736 to form the electrical interconnections in the 
TSV 730 (see FIG. 24). In one or more implementations, the 
conductive material 738 may be copper, or the like. More 
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over, the conductive material 738 may have a thickness of 
approximately six (6) microns. As shown in FIGS. 23 and 
24, a resist mask 740 is also formed (e.g., deposited) to 
prevent formation of the conductive material 738 in the 
mask 740 regions. In one or more implementations, the 
resist mask 740 may be comprised of a negative resist 
material, or the like. 
The under-bump metallization region is then formed over 

the wafer (Block 620). Referring to FIGS. 25 and 26, the 
mask 740 and the seed metal 736 under the mask 740 are 
stripped away. The seed metal 736 and the mask region 740 
may be stripped away with one or more Suitable etching 
techniques. For example, the etching techniques may 
include a wet etch, or the like. A passivation layer 742 may 
then be formed over the wafer 702 (e.g., over the conductive 
material 738) to insulate the conductive material 738 from 
the later fabrication steps. The passivation layer 742 may be 
comprised of a BCB material, a polyimide layer, or the like. 
As shown in FIG. 27, the UBM region 744 is formed over 
the conductive material 738. For example, the passivation 
layer 742 is selectively etched and then a UBM conductive 
material 746 is deposited over the recently etched passiva 
tion layer 742 area for formation of the UMB region 744. A 
solder bump is subjected to a reflow process to the UBM 
region 744 to provide an electrical interconnect between the 
sensor 700 and a corresponding PCB pad. It is further 
contemplated that the transparent substrate 722 includes a 
lens as described above and shown in FIGS. 4 through 6. 
The lens may be a Fresnel lens, a ball lens, a diffractive lens, 
or another type of lens that may be pre-formed in the 
transparent substrate 724 or formed after formation of the 
UBM region 744. Moreover, the transparent substrate 724 
may include a diffuser in addition to or in place of the lens. 
Suitable wafer-level packaging processes may be utilized to 
segment and package the wafer 702 into individual die. 

CONCLUSION 

Although the subject matter has been described in lan 
guage specific to structural features and/or process opera 
tions, it is to be understood that the subject matter defined in 
the appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 
and acts described above are disclosed as example forms of 
implementing the claims. 
What is claimed is: 
1. A light sensor comprising: 
a Substrate having a surface; 
one or more photodetectors formed in the substrate, the 

one or more photodetectors configured to detect light 
and provide a signal in response thereto; 

one or more color pass filters positioned over the Surface 
and configured to filter visible light to pass light in a 
limited spectrum of wavelengths to the one or more 
photodetectors; 

an IR suppression filter positioned over the surface and 
configured to filter infrared light to at least substantially 
block infrared light from reaching the one or more 
photodetectors; and 

a transparent Substrate positioned over the IR Suppression 
filter, 

wherein the IR Suppression filter comprises a contiguous 
IR suppression filter disposed continuously over the 
one or more color pass filters and the one or more 
photodetectors. 

2. The light sensor as recited in claim 1, further compris 
ing a buffer layer positioned over the surface of the substrate 
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to furnish insulation to the one or more color pass filters; and 
an adhesion layer positioned over the Surface for holding the 
one or more color pass filters in position, wherein the one or 
more color pass filters are formed proximate to the IR 
Suppression filter. 

3. The light sensor as recited in claim 2, wherein the one 
or more color filters is formed on the adhesion layer, the 
buffer layer is formed over the surface such that the buffer 
layer Substantially encapsulates the one or more color pass 
filters. 

4. The light sensor as recited in claim 2, wherein the one 
or more photodetectors comprises a clear photodetector, the 
clear photodetector configured to receive light unfiltered by 
a color pass filter to detect an ambient light environment. 

5. The light sensor as recited in claim 1, wherein the one 
or more photodetectors comprise at least one of photodiodes 
or phototransistors. 

6. The light sensor as recited in claim 1, further compris 
ing a dark current sensor configured to provide dark current. 

7. A light sensor comprising: 
a Substrate having a surface; 
a plurality of photodetectors formed in the substrate and 

configured to detect light and to provide a signal in 
response thereto; 

a plurality of color pass filters positioned over the surface 
and configured to filter visible light to pass light in a 
limited spectrum of wavelengths to the plurality of 
photodetectors; 

a buffer layer positioned over the surface such that the 
buffer layer at least substantially encapsulates the plu 
rality of color pass filters: 

an IR suppression filter disposed over the buffer layer and 
configured to filter infrared light to at least substantially 
block infrared light from reaching the plurality of 
photodetectors; and 

a transparent substrate positioned over the second buffer 
layer, 

wherein the IR Suppression filter comprises a contiguous 
IR suppression filter disposed continuously over the 
plurality of color pass filters and the plurality of pho 
todetectors. 

8. The light sensor as recited in claim 7, wherein the buffer 
layer comprises a Benzocyclobutene (BCB) polymer. 

9. The light sensor as recited in claim 7, further compris 
ing a clear photodetector, the clear photodetector configured 
to receive light unfiltered by the one or more color pass 
filters to detect an ambient light environment. 

10. The light sensor as recited in claim 7, wherein the 
transparent substrate is bonded to IR suppression filter with 
a second buffer layer. 

11. The light sensor as recited in claim 7, further com 
prising an adhesion layer disposed between the Surface and 
the plurality of color pass filters. 

12. The light sensor as recited in claim 7, further com 
prising: 

an insulation layer disposed over the Surface Such that the 
insulation layer Substantially encapsulates the plurality 
of color filters, the buffer layer, and the IR suppression 
filter. 

13. The light sensor as recited in claim 7, further com 
prising a dark current sensor configured to provide dark 
Current. 

14. A process comprising: 
forming one or more photodetectors in a substrate, the one 

or more photodetectors configured to detect light and to 
provide a signal in response thereto; 
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forming one or more color pass filters over a surface of the 
Substrate, the one or more color pass filters configured 
to filter visible light to pass light in a limited spectrum 
of wavelengths to the one or more photodetectors; and 

forming an IR Suppression filter on a transparent Sub 
strate, the IR Suppression filter configured to at least 
substantially block infrared light from reaching the 
Surface and the transparent Substrate configured to 
facilitate formation of the IR suppression filter, 

wherein the IR Suppression filter comprises a contiguous 
IR suppression filter disposed continuously over the 
one or more color pass filters and the one or more 
photodetectors. 

15. The process as recited in claim 14, further comprising 
forming a buffer layer over the one or more color pass filters: 
and positioning the IR Suppression filter and the transparent 
substrate over the buffer layer and bonding the IR suppres 
sion filter to the buffer layer. 

16. The process as recited in claim 14, wherein forming 
the one or more color pass filters further comprises: 
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forming an adhesion layer over the Surface, the adhesion 

layer configured to hold the one or more color pass 
filters in position; and 

forming the one or more color pass filters on the adhesion 
layer. 

17. The process as recited in claim 14, further comprising 
forming an edge trim region about an edge of the Substrate. 

18. The process as recited in claim 14, wherein the buffer 
layer is a Benzocyclobutene (BCB) based polymer. 

19. The process as recited in claim 15, wherein the buffer 
layer at Substantially encapsulates the color pass filters. 

20. The process as recited in claim 14, wherein the one or 
more photodetectors and the one or more color pass filters 
are formed at wafer level, and wherein the wafer is thereafter 
diced into one or more dies, at least one of the dies being 
packaged individually to form a light sensor. 

21. The process as recited in claim 14, wherein the one or 
more photodetectors and the one or more color pass filters 
are formed at wafer level, and wherein the wafer is further 
processed using wafer level packaging (WLP) and diced to 

20 form one or more light sensors. 
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