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METHOD AND DEVICE FOR 
OPTOELECTRONIC SENSORS WITH IR 

BLOCKING FILTER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/097,420, filed Apr. 29, 2011, entitled 
METHOD AND DEVICE FOR OPTOELECTRONIC SEN 
SORS WITH IR BLOCKING FILTER (Atty. Dkt. No. 
TAOS-30598), the specification of which is incorporated 
herein in its entirety. 

BACKGROUND 

0002 Integrated circuits (ICs) may include various com 
ponents for use in applications such as optical sensing appli 
cations. One such component is a silicon based optoelectronic 
sensor used to detect light. The optoelectronic sensor pro 
duces a representation (e.g., an electrical signal) of the 
detected light that may then be processed and used as desired. 
Due to limitations in current optoelectronic sensors, improve 
ments are needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 For a more complete understanding, reference is 
now made to the following description taken in conjunction 
with the accompanying Drawings in which: 
0004 FIG. 1 illustrates one embodiment of a semiconduc 
tor structure that may be used as an optoelectronic sensor. 
0005 FIG. 2 is a simplified diagram of an environment 
with sensors of FIG. 1 and a spectrally distorting medium 
positioned between the sensors and the environment. 
0006 FIG.3 illustrates one embodiment of a semiconduc 
tor device with two sensors of FIG. 1 and an infrared (IR) 
blocking filter positioned above both sensors. 
0007 FIG. 4 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 3 with a 
visible light filter positioned above one of the sensors. 
0008 FIG. 5 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 4 with a 
visible light filter positioned above each sensor. 
0009 FIG. 6 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 5 with a 
visible light filter positioned above both sensors. 
0010 FIG. 7 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 3 with a 
sensor that is not covered by the IR blocking filter. 
0.011 FIG. 8 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 7 with a 
visible light filter positioned above one sensor that is under 
the IR blocking filter. 
0012 FIG. 9 illustrates one embodiment of a semiconduc 
tor device such as the semiconductor device of FIG. 10 with 
a visible light filter positioned above both sensors that are 
under the IR blocking filter. 
0013 FIG. 10 illustrates one embodiment of a semicon 
ductor device such as the semiconductor device of FIG.8 with 
a visible light filter positioned above the sensor that is not 
under the IR blocking filter. 
0014 FIG. 11 illustrates one embodiment of a semicon 
ductor device such as the semiconductor device of FIG.8 with 
a visible light filter positioned above each of the sensors. 
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0015 FIG. 12 illustrates one embodiment of a semicon 
ductor device with a non-integrated IR filter positioned above 
visible light filters and sensors. 
0016 FIG. 13A is a simplified diagram of a top view of 
one embodiment of an integrated circuit (IC) having an emit 
ter and a sensor positioned thereon. 
0017 FIG. 13B is a side view of the IC of FIG. 13 A. 
0018 FIG. 13C is a simplified diagram of atop view of one 
embodiment of an IC having a sensor positioned thereon. 
0019 FIG.13D is a side view of the IC of FIG. 13C. 
0020 FIGS. 14A and 14B illustrate one embodiment of a 
semiconductor device having multiple filter arrays. 
0021 FIG. 14C illustrates one embodiment of a possible 
configuration of the semiconductor device of FIGS. 14A and 
14B. 

0022 FIG. 14D illustrates another embodiment of the 
semiconductor device of FIG. 14A. 
0023 FIG. 15 is a flow chart illustrating one embodiment 
of a method that may be used for filtering incoming light and 
performing post-detection compensation. 
0024 FIG. 16 is a flow chart illustrating one embodiment 
of a method that may be used for filtering incoming light and 
performing post-detection compensation. 

DETAILED DESCRIPTION 

0025. The present disclosure is directed to methods and 
semiconductor devices for light detection. It is understood 
that the following disclosure provides many different 
embodiments or examples. Specific examples of components 
and arrangements are described below to simplify the present 
disclosure. These are, of course, merely examples and are not 
intended to be limiting. In addition, the present disclosure 
may repeat reference numerals and/or letters in the various 
examples. This repetition is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between the 
various embodiments and/or configurations discussed. 
0026 Referring to FIG. 1, one embodiment of an opto 
electronic sensor 100 is provided as a semiconductor struc 
ture having a well 102 positioned on or within a substrate 104. 
The sensor 100 is configured to detect light (e.g., as a photo 
detector) and to generate a sensor response (e.g., a photocur 
rent) based on the detected light. The sensor 100 may detect 
light of varying wavelengths for many different applications, 
Such as presence detection, motion detection, color detection, 
and ambient light sensing (ALS) applications. For example, 
the sensor 100 may be configured to detect light in the visible 
light spectrum and/or the infrared (IR) spectrum, including 
light generated specifically for detection by the sensor 100 
(e.g., by a light emitting diode (LED) or another device) 
and/or light present in the environment (e.g., ambient light). 
0027. For purposes of illustration, the well 102 is formed 
in the substrate 104 using CMOS fabrication technology or 
any other appropriate technology. For example, the well 102 
may bean N-type well formed in a P-epitaxial (epi) layer that 
is itself formed on a P+ substrate. It is understood that many 
different configurations of wells, layers, and Substrates may 
be used to provide the sensor 100, and the different configu 
rations may have different doping types, well structures, and 
layers. Furthermore, it is understood that multiple wells 102 
may be present in embodiments where the sensor 100 repre 
sents multiple sensors. For example, if the sensor 100 repre 
sents two separate sensors, two wells 102 may be present, 
with one well 102 representing one sensor 100. 
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0028. Accordingly, the term “sensor is used in following 
embodiments to refer to a semiconductor structure designed 
to detect light and is not limited to a particular physical 
configuration. The spectral response of the silicon semicon 
ductor structure that may be used for the sensor 100 is a range 
of wavelengths from approximately 300 nanometers (nm) to 
1100 nm. The sensor 100 generates the sensor response when 
it detects light in its spectral response range. 
0029. In various applications, it is desirable to use the 
sensor 100 to mimic a photopic response, which is the human 
eye's response to light. For example, an ALS application 
frequently attempts to mimic the photopic response in order 
to make adjustments based on the amount of ambient light 
being received by the device on which the application is 
running. However, sensors that are silicon based (such as the 
sensor 100) are generally sensitive not only to the light visible 
to the human eye, but also to light of other wavelengths that 
are not detectable by the human eye. Such as infrared light. 
This complicates the problem of correctly identifying the 
photopic response because the output of the sensor 100 will 
reflect both the visible and non-visible components of light 
received by the sensor. 
0030. One approach used to mimic a photopic response is 
to use a compensation process that relies on multiple sensors, 
such as are detailed in U.S. Pat. No. 6,596,981, filed on Jan. 
14, 2002, and entitled METHOD AND APPARATUS FOR 
OPTICAL DETECTOR WITH SPECTRAL DISCRIMINA 
TION, and U.S. patent application Ser. No. 12/425,530, filed 
on Apr. 17, 2009, and entitled AMBIENT LIGHT SENSOR, 
both of which are incorporated herein by reference in their 
entirety. The approaches described therein use the separate 
responses of two or more sensors to compensate for non 
visible light when calculating the photopic response. 
0031 While post-detection compensation processes are 
effective in many different applications, certain limitations 
may apply. For example, because the sensor response is based 
on all detected light in the sensor's spectral response range, 
higher levels of IR light in the detected light will generate a 
larger sensor response than lower levels of IR light. In other 
words, the detection of IR light plus a fixed amount of visible 
light results in a larger sensor response than the detection of a 
lower amount of IR light plus the fixed amount of visible 
light. The larger response means that a compensation process 
must deal with a larger value for the detected light, and larger 
values generally have a greater margin of error in calculations 
than Smaller values. For example, if the compensation pro 
cess Subtracts one sensor response from another sensor 
response, the use of larger values in the Subtraction process 
will generally result in greater variation of the difference (due 
to system variables) compared to the subtraction of two 
Smaller values. Accordingly, higher levels of IR light in a 
sensor response may diminish the accuracy of post-detection 
compensation calculations due to the increased margin of 
error introduced by larger values. In addition, high levels of 
IR light may saturate the sensors 100 in some environments, 
making it more difficult to accurately calculate the photopic 
response. For example, a high level of IR light may push the 
sensor into Saturation, thereby limiting the sensor's dynamic 
range. 

0032 Referring to FIG. 2, in one embodiment, an environ 
ment 200 is illustrated in which sensors 100 are illustrated 
with a spectrally distorting medium 202 positioned between 
the sensors 100 and light 204 from the environment. The light 
204 from the environment passes through the spectrally dis 
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torting medium 202 before reaching the sensors 100 as spec 
trally distorted light 206. The spectrally distorting medium 
202 creates a spectral distortion in the light 206 that reaches 
the sensors 100 by blocking at least a portion of particular 
wavelengths of the incoming light 204 from reaching the 
sensors 100 but passing the remaining wavelengths of the 
light 206. For example, the spectrally distorting medium 202 
may attenuate light in the visible spectrum, but may pass light 
in the IR spectrum with little or no attenuation. 
0033. It is understood that the wavelengths of light that are 
attenuated by the spectrally distorting medium 202 depend on 
the characteristics of the material(s) forming the spectrally 
distorting medium 202. For example, the spectrally distorting 
medium 202 may be a cell phone faceplate or a television 
monitor bezel used for aesthetic and/or other purposes to 
block visible light (e.g., to hide the sensor from a user's view). 
However, the faceplate or bezel may be constructed to allow 
infrared light to pass through for purposes Such as signaling 
(e.g., a television remote control), proximity detection, 
motion detection, or simply because IRattenuation is not part 
of the design. The spectrally distorting medium 202 may be 
glass, plastic, or any other material or combination of mate 
rials, may be a single layer or multiple layers, and may be 
tinted or clear. In the present example, the spectrally distort 
ing medium 202 is not part of the sensors 100, but may be in 
Some embodiments. 

0034. In cases where the spectrally distorting medium 202 
attenuates at least some visible light wavelengths but not IR 
light wavelengths, the spectral distortion may complicate 
attempts to mimic a photopic response to the light 204. More 
specifically, in cases where the spectrally distorting medium 
202 is used, a relatively high percentage of the visible light 
component of the light 204 may be blocked and therefore not 
detected by the sensors 100, while a relatively high percent 
age of the infrared light component of the light 204 may reach 
the sensors 100. This increase in the percentage of IR light 
relative to visible light in the light 206 may negatively impact 
the accuracy of post-detection compensation calculations as 
described previously. 
0035. It is understood that the attenuation caused by the 
spectrally distorting medium 202 across the visible spectrum 
may not be uniform. For example, ninety percent of the vis 
ible light wavelengths in the blue color range may be attenu 
ated (i.e., ten percent may pass through to the sensor 100) 
while ninety-five percent of the visible light wavelengths in 
the green color range may be attenuated (i.e., five percent may 
pass through to the sensors 100). In Such an example, the 
spectrally distorting medium 202 may pass eighty-five per 
cent of the IR wavelengths. Another example may be a spec 
trally distorting medium 202 that is substantially transparent 
in infrared but blocks ninety-five percent or more of the 
visible spectrum. Accordingly, there are many different cases 
of spectral distortion that may be presented to the sensor 100. 
0036. With continued reference to FIG. 2, compensation 
circuitry 208 is coupled to the sensors 100 to perform one or 
more post-detection compensation processes. Although 
shown as separate from the sensors 100, the compensation 
circuitry 208 may be integral therewith in some embodi 
ments. For example, the compensation circuitry 208 may be 
formed with the sensors 100 on an integrated circuit (IC) 
during a manufacturing process. Alternatively, the compen 
sation circuitry may be partially or wholly separate (e.g., may 
be one or more separate ICs). In some embodiments, the 
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compensation circuitry 208 may include a controller that is 
configured to execute instructions. 
0037 Although it is understood that the compensation 
circuitry 208 may compensate for many different spectral 
distortion scenarios and is not limited to compensating for IR 
light, IR light is used for purposes of example. Accordingly, 
the compensation circuitry 208 uses sensor responses 
received from the sensors 100 and performs one or more 
calculations to minimize the IR component that remains in 
the detected light after IR filtering occurs. The compensation 
circuitry 208 may receive a single output from multiple sen 
sors 100 or may receive a single output that represents mul 
tiple sensor responses. The compensation circuitry 208 may 
be configured to perform subtraction and/or other relatively 
simple operations for compensation purposes (e.g., as 
described with respect to U.S. patent application Ser. No. 
12/425,530), or may include various components and per 
form more complicated compensation operations (e.g., as 
described with respect to U.S. Pat. No. 6,596.981). 
0038. While compensation processes performed by the 
compensation circuitry 208 may be generally effective for 
typical light sources such as incandescent, fluorescent, and 
halogen lamps that have variations in IR light content, the 
introduction of the spectrally distorting medium 202 may 
lessen the accuracy of Such processes. Furthermore, while 
increasing the sensitivity of the sensors 100 for a particular 
spectral distortion scenario might aid in approximating a 
photopic response, variations in manufacturing processes 
may make this difficult. These variations may be caused by 
sensitivity differences between individual sensors or batches 
of sensors created by Such processes. Furthermore, calibrat 
ing each sensor 100 or sensor array after manufacture is 
generally not desirable due to the time and cost of Such 
calibration procedures. 
0039. Accordingly, an IR blocking filter may be used in 
conjunction with a post-detection compensation process, 
Such as one of the approaches described in previously incor 
porated U.S. Pat. No. 6,596.981 and U.S. patent application 
Ser. No. 12/425,530. The IR blocking filter may be used to 
reduce the amount of IR light remaining after the light passes 
through the spectrally distorting medium 202. A compensa 
tion process may then be applied to account for IR light 
remaining in the detected light. It is understood that the com 
bination of an IR blocking filter and a post-detection com 
pensation process may also be used when there is no spec 
trally distorting medium 202. Furthermore, it is understood 
that many different compensation processes may be used and 
the present disclosure is not limited to the compensation 
processes referenced herein. 
0040. Referring to FIG. 3, one embodiment of a semicon 
ductor device 300 that may be used to detect the light 206 of 
FIG. 2 for later compensation processing is illustrated. The 
semiconductor device 300 includes sensors 100A and 100B 
in a substrate 302. The sensors 100A and 100B may be similar 
or identical to the sensor 100 of FIG. 1, and the substrate 302 
may be the substrate 104 of FIG. 1 or a different substrate. A 
semiconductor layer 304 (e.g., an oxide or nitride layer) may 
cover the sensors 100A and 100B. The layer 304 may not be 
present in all embodiments, and may represent multiple lay 
ers of the same or different materials. An IR blocking filter 
306 is positioned above the sensors 100A and 100B (e.g., 
between the sensors 100A/100B and the environment). In the 
present embodiment, the IR blocking filter 306 is integral and 
formed directly on the layer 304 above the sensors 100A/ 
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100B. In other embodiments, the IR blocking filter 306 may 
be separate and not integral to the device 300. 
0041. The IR blocking filter 306 may include approxi 
mately fifty different planar layers (not shown) that together 
form an IR blocking filter that is approximately four microns 
high. However, it is understood that different numbers of 
layers and thicknesses may be used for the IR blocking filter 
306. Furthermore, the IR blocking filter 306 may be of vary 
ing area sizes. For example, the IR blocking filter 306 may 
cover more or less area than the sensors 100A and 100B, or 
may cover an identical area. Although shown as a single IR 
blocking filter 306, it is understood that each sensor 100A and 
100B may be associated with its own IR blocking filter. 
0042. The IR blocking filter 306 may prevent a significant 
portion of the IR light from reaching the sensors 100A/100B, 
but may be unable to blockall of the IR light. For example, the 
IR blocking filter 306 may block fifty percent or more of the 
IR light. However, even if the IR blocking filter 306 blocks 
Substantially all (e.g., ninety-five percent) of the IR light, 
some IR light will reach the sensors 100A/100B. When com 
bined with the attenuated visible light reaching the sensors 
100A/100B due to the spectrally distorting medium 202 as 
illustrated in FIG. 2, the responses produced by the sensors 
100A/100B may be similar or identical to that of unfiltered 
sensors. For example, if the spectrally distorting medium 202 
blocks ninety-five percent of the visible light component of 
the light 204 (FIG. 2) and the IR blocking filter 306 blocks 
ninety-five percent of the IR light component of the light 206, 
the ratio of visible light and IR light reaching the sensors 
100A/100B in the light 206 will be substantially the same as 
if no blocking was occurring. In some embodiments, the IR 
blocking filter 306 may attenuate visible light as well as IR 
light. 
0043. A sealant layer 308 may be present above the IR 
blocking filter 306. The sealant layer 308, which is clear in the 
present example, may provide mechanical protection, chemi 
cal protection, and/or moisture protection for underlying lay 
ers. In other embodiments, the sealant layer 308 may provide 
additional or alternative functions. In the present example, the 
sealant layer 308 completely covers the IR blocking filter 306 
and contacts the layer 304 all around the IR blocking filter 
306, but in other embodiments one or more gaps may be 
present in the sealant layer 308. In the present example, the 
sealant layer 308 is formed of a material that allows visible 
and IR light to pass through with little or no attenuation. In 
other embodiments, the sealant layer 308 may be designed to 
attenuate selected wavelengths of light (e.g., as an IR filter or 
a visible light filter). 
0044) The layer 304 and/or sealant layer 308 may be 
present in all embodiments described in the present disclo 
Sure, but are omitted from many Figures for purposes of 
clarity. Accordingly, while the layer 304 and/or the sealant 
layer 308 may not be shown in a particular embodiment, it is 
understood that the layer 304 and/or the sealant layer 308 may 
be incorporated therein. In embodiments having a visible 
light filter (described below), the layer 304 and/or the sealant 
layer 308 may be positioned over or under the visible light 
filter. 

0045 Referring to FIG. 4, one embodiment of a semicon 
ductor device 400 is illustrated that may be similar or identi 
cal to the semiconductor device 300 of FIG. 3 with the addi 
tion of a visible light filter 402. The visible light filter 402 is 
designed to attenuate visible light based on the configuration 
of the visible light filter 402. For example, the visible light 
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filter 402 may be a color filter and may include one or more 
low pass, band pass, and high pass filters configured to attenu 
ate Some visible light wavelengths while passing other visible 
light wavelengths. As a color filter, visible light filter 402 may 
be configured as a single filter (e.g., a red filter layer) or may 
be configured as a stack of two or more filter layers (e.g., a red 
filter layer positioned under a blue filter layer). 
0046. The visible light filter 402 may include or beformed 
from a material Such as plastic that is capable of blocking 
ultraviolet (UV) wavelengths, and/or a material such as a 
metal that is capable of blocking IR wavelengths, and/or 
using photonic crystal structures. In some embodiments, the 
visible light filter 402 may be configured to block all visible 
light. When so configured, the visible light filter 402 may or 
may not block IR and/or UV light. For example, the visible 
light filter 402 may be a material as described with respect to 
previously incorporated U.S. Pat. No. 6,596,981. In such 
cases, the visible light filter 402 would be configured to filter 
all visible light wavelengths and the sensors 100A and 100B 
may be used as described in previously incorporated U.S. Pat. 
No. 6,596,981. Accordingly, the materials and structure of the 
visible light filter 402 may vary in order to accomplish a 
particular desired filtering result with visible light wave 
lengths. 
0047. As there is no visible light filter above the sensor 
100B, the sensor 100B may be a visible light sensor such as a 
clear color sensor used for sensing all incoming light (e.g., 
with no visible light blocking other than that provided by the 
spectrally distorting medium 202). Accordingly, sensor 100B 
may be used with the sensor 100A for compensation pro 
cesses based on the different responses of the two sensors. 
0048. Although the IR blocking filter 306 is described and 
illustrated in the present and following embodiments as being 
located under the visible light filter 402, it is understood that 
the IR blocking filter 306 may be located above the visible 
light filter 402 in any of the embodiments. The illustrated 
Vertical arrangement enables a single IR blocking filter to be 
deposited across multiple sensors and then individual visible 
light filters to be deposited for each sensor. Generally, the IR 
blocking filter 306 may be deposited on the layer 304 because 
it may be desirable that the layers forming the IR blocking 
filter 306 are flat and depositing these layers on the layer 304, 
rather than on multiple visible light filters, may be preferable 
given available manufacturing processes. However, the IR 
blocking filter 306 (or multiple IR blocking filters) may be 
positioned above the visible light filters to achieve the results 
described herein. Such variations in positioning may be cho 
sen based on available manufacturing processes, perfor 
mance testing, selected materials, and similar criteria. 
Accordingly, while not shown, it is understood that the IR 
blocking filter 306 may be positioned above the visible light 
filter 402, and that other layers may be present between the IR 
blocking filter 306 and the visible light filter 402. 
0049 Referring to FIG. 5, one embodiment of a semicon 
ductor device 500 is illustrated that may be similar or identi 
cal to the semiconductor device 400 of FIG. 4 with a visible 
light filter 502 positioned over the sensor 100B. More spe 
cifically, the visible light filter 402 is formed over the IR 
blocking filter 306 and sensor 100A, and the visible light filter 
502 is formed over the IR blocking filter 306 and the sensor 
100B. The visible light filter 502 may be similar or identical 
to the visible light filter 402, and may block the same, differ 
ent, or overlapping wavelengths of visible light. 
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0050. The sensor 100B may be a color sensor used for 
sensing particular wavelengths of incoming visible light (e.g., 
based on the properties of the visible light filter 502) and/or 
may be used for IR sensitive applications such as proximity or 
motion detection with the visible light filter 502 configured to 
improve the performance of IR detection. For example, the 
visible light filter 502 may be a red filter layer, a blue filter 
layer, or a stack containing both red and blue filter layers. The 
addition of a green filter layer in the visible light filter 502 
may negatively impact IR detection functionality of the sen 
sor 100B and so may be avoided in some embodiments. 
0051 Referring to FIG. 6, one embodiment of a semicon 
ductor device 600 is illustrated that may be similar or identi 
cal to the Semiconductor device 500 of FIG. 5 with a visible 
light filter 602 positioned over both the sensors 100A and 
100B. The visible light filter 602 may be a single filter layer 
that is formed over the IR blocking filter 306 and both of the 
sensors 100A/100B as shown. The visible light filter 602 may 
be similar or identical to the visible light filter 402, and may 
block the same, different, or overlapping wavelengths of vis 
ible light. In some embodiments, one of the visible light filters 
402 and 602 may be yellow or green, and the other may be red 
or amber as described in previously incorporated U.S. patent 
application Ser. No. 12/425,530. It is understood that any of 
the visible light filters described herein may beformed as one 
or more layers over multiple sensors, and may be positioned 
either under or above other visible light filters. 
0.052 Referring to FIG. 7, one embodiment of a semicon 
ductor device 700 is illustrated that may be similar or identi 
cal to the semiconductor device 300 of FIG. 3 with another 
sensor 100C. The IR blocking filter 306 does not cover the 
sensor 100C, and so light detected by the sensor 100C con 
tains more IR content than light detected by the sensors 100A/ 
1OOB. 

0053. The sensor 100C may be used for an application 
Such as proximity sensing or motion detection. For example, 
an LED emitter (not shown) may be used to emit an IR signal 
that is reflected off a subject in the environment and detected 
by the sensor 100C. Filtering of the IR signal by the IR 
blocking filter 306 reduces the incoming IR signal and there 
fore negatively affects the detection of IR light needed for 
proximity sensing, motion detection, or other IR sensitive 
applications. By positioning the IR blocking filter 306 above 
the sensors 100A/100B but not the sensor 100C, applications 
(e.g., color sensing or photopic response applications) using 
the sensors 100A/100B can benefit from the reduced IR with 
out impacting the IR sensitive applications that may use the 
sensor 100C. Accordingly, in this and following embodi 
ments, sensors not covered by the IR blocking filter 306 may 
be used for applications that benefit from a higher level of 
incoming IR light than sensors covered by the IR blocking 
filter 306. Alternatively or additionally, the sensor 100C may 
be used to detect unfiltered IR light for use in post-detection 
IR compensation processes. 
0054 Referring to FIG. 8, one embodiment of a semicon 
ductor device 800 is illustrated that may be similar or identi 
cal to the Semiconductor device 700 of FIG. 7 with the visible 
light filter 402 positioned above the sensor 100A. The visible 
light filter 402 enables filtering of the visible light reaching 
the sensor 100A while not affecting the visible light detection 
of the Sensors 100B and 100C. 

0055 Referring to FIG.9, one embodiment of a semicon 
ductor device 900 is illustrated that may be similar or identi 
cal to the Semiconductor device 800 of FIG.8 with the visible 
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light filter 402 positioned above the sensor 100A and the 
visible light filter 502 positioned above the sensor 100B. 
There is no visible light filter positioned above the sensor 
1OOC. 

0056 Referring to FIG. 10, one embodiment of a semi 
conductor device 1000 is illustrated that may be similar or 
identical to the Semiconductor device 900 of FIG. 9 with the 
visible light filter 402 positioned above the sensor 100A and 
a visible light filter 1002 positioned above the sensor 100C. 
The visible light filter 1002 may be similar or identical to the 
visible light filter 402, and may block the same, different, or 
overlapping wavelengths of visible light. There is no visible 
light filter positioned above the sensor 100B. 
0057. In some embodiments, the visible light filter 402 as 
illustrated in FIG. 10 may be designed to block all visible 
light from the sensor 100A. For example, the visible light 
filter 402 may be a material as described with respect to 
previously incorporated U.S. Pat. No. 6,596,981. In such 
cases, the visible light filter 402 would be configured to filter 
all visible light wavelengths and the sensors 100A and 100B 
would be used as described in previously incorporated U.S. 
Pat. No. 6,596,981. 
0058. The sensor 100C may be a color sensor used for 
sensing particular wavelengths of incoming visible light (e.g., 
based on the properties of the visible light filter 1002) and/or 
may be used for IR sensitive applications such as proximity or 
motion detection with the visible light filter 1002 configured 
to improve the performance of IR detection. For example, the 
visible light filter 1002 may be a red filter layer, a blue filter 
layer, or a stack containing both red and blue filter layers. The 
addition of a green filter layer in the visible light filter 1002 
may negatively impact IR detection functionality of the sen 
sor 100C and so may be avoided in some embodiments. 
0059 Referring to FIG. 11, one embodiment of a semi 
conductor device 1100 is illustrated that may be similar or 
identical to the semiconductor device 1000 of FIG. 10 with 
the visible light filter 402 positioned above the sensor 100A, 
the visible light filter 502 positioned above the sensor 100B, 
and the visible light filter 1002 positioned above the sensor 
1OOC. 

0060 Referring to FIG. 12, one embodiment of a device 
1200 is illustrated that may have filtering and sensing char 
acteristics that are similar or identical to those of the semi 
conductor device 1100 of FIG. 11. However, in the device 
1200, the IR blocking filter 306 and/or one or more of the 
visible light filters 402, 502, and 1002 (if present) may be 
separate from the device. Furthermore, the IR blocking filter 
306 is illustrated as positioned above the visible light filters 
402, 502, and 1002. Accordingly, it is understood that many 
different configurations of IR blocking filters 306 and/or vis 
ible light filters 402, 502, and 1002 may be used to accom 
plish the filtering and sensing as described herein. 
0061 Referring to FIGS. 13A and 13B, one embodiment 
of an integrated circuit (IC) 1300 is illustrated that may incor 
porate one or more semiconductor devices such as one of the 
devices of FIGS. 3-11 and/or a similar device having a semi 
conductor sensor structure and an IR blocking filter. As used 
in the present disclosure, the term “IC may refer to a single 
silicon Substrate or multiple silicon Substrates, and/or may 
include one or more chips (e.g., may be a packaged single 
chip or multi-chip module). The IC 1300 may also include 
compensation circuitry in some embodiments. The IC 1300 
includes an emitter 1302 such as a light emitting diode (LED) 
and the sensor 100 of FIG.1. It is understood that the emitter 
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1302 may be any type of emitter capable of producing a signal 
of any wavelength. The sensor 100 may include one or more 
sensors capable of sensing the signal produced by the emitter 
1302. The LED 1302 and sensor 100 may be positioned 
within, on, or otherwise located relative to a substrate 1304. 
For example, one or both of the LED 1302 and sensor 100 
may be manufactured separately from the substrate 1302 and 
later attached thereto if the substrate is a circuit board. In 
another example, one or both of the LED 1302 and sensor 100 
may be created within the substrate 1304. 
0062. The LED 1302 may be any LED capable of produc 
ing visible or non-visible light of a desired wavelength, Such 
as wavelengths in the visible spectrum in the range of 
approximately 400 nm to 700 nm or in the IR spectrum in the 
range of approximately 700 nm to 1100 nm. It is understood 
that the wavelength range of the LED 1302 may vary depend 
ing on the particular application for which it is to be used. For 
example, the LED 1302 may be configured to emit light in the 
IR spectrum for a proximity sensing application, but may be 
configured to emit light in the visible light spectrum for a 
reflective color sensing application. The LED 1302 may be 
fabricated directly onto the IC 1300 or may be an IC chip or 
other modular component that is added to the IC 1300 during 
or after fabrication of the IC 1300. The LED 1302 may be a 
single LED or may represent an LED array having LEDs 
configured to emit light of the same or different wavelengths. 
0063. The sensor 100 may be configured to detect light of 
the wavelength produced by the LED 1302 (e.g., in the visible 
light spectrum and/or the IR spectrum) and/or light present in 
the environment (e.g., ambient light). The sensor 100 may be 
a single sensor or may represent a sensor array. In some 
embodiments, the sensor 100 may represent multiple sensors, 
with one or more sensors configured to detect light emitted by 
the LED 1302, and one or more other sensors configured to 
detect light present in the environment. The sensor 100 may 
be fabricated directly onto the IC 1300 or may be an IC chip 
or other modular component that is added to the IC 1300 
during or after fabrication of the IC 1300. 
0064. The substrate 1304 provides a structure upon which 
the LED 1302 and sensor 100 may be mounted or within 
which they may be formed. The substrate 1304 may be pro 
vided by any suitable material, such as a printed circuit board, 
a metal lead frame, a ceramic structure, and/or other materi 
als. Although not shown, it is understood that one or more 
layers or other components may be positioned between the 
substrate 1304 and the LED 1302 and sensor 100, and that the 
LED 1302 and sensor 100 may not be directly coupled to the 
Substrate 1304. 

0065 Referring to FIGS. 13C and 13D, one embodiment 
of an IC 1306 is illustrated with the Sensor 100 of FIG. 1 and 
a substrate 1308. The IC 1306 may include any of the semi 
conductor device embodiments described herein, as well as 
the compensation circuitry in Some embodiments. In embodi 
ments such as that illustrated in FIGS. 13C and 13D, the 
emitter 1302 of FIG. 13A is not present as the sensor 100 may 
not require an artificial light source but may operate solely on 
light present in the environment. In other embodiments, the 
sensor 100 may be manufactured separately from the emitter 
1302 and later combined with the emitter on a circuitboard or 
other base layer. It is understood that the sensor 100 may be a 
single sensor or a sensor array. 
0.066 Referring to FIGS. 14A-14C, one embodiment of a 
device 1400 is illustrated in a perspective view (FIG. 14A) 
and top views (FIGS. 14B and 14C). The device 1400 may be 
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an embodiment of the sensor(s) 100 of FIG. 1 or the IC 
1300/1306 of FIGS. 13A and 13C. The device 1400 is illus 
trated with a substrate 1410, which may be the substrate 102. 
302, 1304, or 1308. A first sensor array (not shown) is posi 
tioned in or on the substrate 1410 as described previously. The 
first sensor array includes sensors 100 and may be configured 
as an array that is four sensors high and three sensors wide 
(i.e., a 4x3 array). A second sensor array (not shown) includes 
sensors 100 and may be configured as a 4x1 array. 
0067. The first sensor array is associated with a filter array 
1402 as illustrated. As shown in FIG. 14B, the filter array 
1402 includes filter positions 1406A-1406L, although it is 
understood that the filter positions may be clear. For example, 
each filter position 1406A-1406L represents a position over a 
sensor that contains a visible light filter, a clear layer, or no 
layer at all, depending on the manufacturing process used to 
create the device 1400 and the desired configuration of the 
device 1400. The previously described IR blocking filter 306 
is positioned under the filter array 1402. The second sensor 
array is associated with a filter array 1404, which includes 
filter positions 1408A-1408D. As with the filter array 1402, 
each filter 1408A-1408D of the filter array 1404 represents a 
position overa sensor that contains a visible light filter, a clear 
layer, or no layer at all. The filter array 1404 does not have a 
corresponding IR blocking filter 306. 
0068 Referring specifically to FIG. 14C, a specific 
embodiment of the filter arrays 1402 and 1404 of the device 
1400 is illustrated. In the present example, the filter positions 
1406A-1406L are associated with a color, with “G” indicat 
ing a green filter, “B” indicating a blue filter, “R” indicating a 
red filter, and “C” representing a position that is clear. It is 
understood that the illustrated arrangement and color selec 
tions are for purposes of example only and may be rearranged 
in many different ways. Furthermore, one or more of the filter 
positions 1406A-1406L may represent a filter stack having 
multiple filters arranged vertically. 
0069. The filter positions 1408A-1408D are associated 
with “C/VL' which represents that the position is either clear 
or has a visible light filter associated therewith. The underly 
ing sensors may be used for IR detection applications, such as 
proximity sensing or motion detection. Because the IR block 
ing filter 1504 does not cover the filter array 1404, the under 
lying sensors may receive more IR light than those underlying 
the filter array 1402. 
0070 Referring to FIG. 14D, one embodiment of a semi 
conductor device 1412 is illustrated in a perspective view. The 
device 1412 may be an alternate embodiment of the device 
1400 of FIG. 14A. In the present example, the IR blocking 
filter 306 is positioned over the filter array 1402, rather than 
under the filter array as illustrated in FIG. 14A. 
0071. It is understood that additional layers may be 
present on the devices 1400 and/or 1412, such as the layer 304 
and/or sealant layer 308 of FIG. 3. Furthermore, various 
metal traces and other components may be present that are not 
shown. In some embodiments, circuitry may be present for 
performing compensation processes such as those described 
in previously incorporated U.S. Pat. No. 6,596,981 and U.S. 
patent application Ser. No. 12/425,530. 
0072 Referring to FIG. 15, one embodiment of a method 
1500 is illustrated that may be used to combine IR filtering 
with post-detection compensation. The method 1500 may be 
used with the various embodiments of semiconductor devices 
and/or ICs described previously, as well as other embodi 
ments not explicitly described herein. For example, the 
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method 1500 may be used with any light detecting device 
having IR filtering and post-detection compensation capabili 
ties. The post-detection compensation process may be used 
for many different purposes, such as compensation for an IR 
light component that was not entirely filtered out prior to 
detection in order to more accurately identify an approximate 
photopic response. 
0073. In step 1502, a semiconductor device having first 
and second optoelectronic sensors (e.g., the sensors 100) 
receives light having an IR light component and a visible light 
component. For example, the receiving may occur when the 
light Strikes an outer Surface of an upper filter layer or another 
part of the semiconductor device. It is understood that the 
sensors may also detect other wavelengths (e.g., UV light) 
that form part of the received light, but these additional wave 
lengths are ignored in the present example. In other embodi 
ments, the method 1500 may account for UV wavelengths 
through filtering to remove some or all of the UV light and/or 
through post-detection compensation. 
0074. In step 1504, the received light passes through an IR 
blocking filter (e.g., the IR blocking filter 306). The IR block 
ing filter filters a portion of the IR light component from the 
received light. This excludes the filtered portion of the IR 
light from detection by the first and second optoelectronic 
sensors. In step 506, the received light passes through a vis 
ible light filter (e.g., the visible light filter 402) either before 
or after it passes through the IR blocking filter. The visible 
light filter filters a portion of the visible light component to 
exclude a first set of visible light wavelengths from detection 
by the first optoelectronic sensor. The first set of visible light 
wavelengths is not filtered for the second optoelectronic sen 
SO 

0075. In step 1508, first and second sensor responses are 
generated by the first and second optoelectronic sensors. The 
first and second sensor responses represent the received light 
detected by the first and second optoelectronic sensors after 
the IR light portion and the first set of visible light wave 
lengths are filtered. For example, each of the first and second 
responses may be a photocurrent generated by wells forming 
the first and second optoelectronic sensors. In step 510, at 
least one calculation is performed based on the first and 
second sensorresponses to compensate for IR light remaining 
after filtering the IR light portion. For example, the compen 
sation calculation may be performed as described in previ 
ously incorporated U.S. Pat. No. 6,596.981 and/or U.S. patent 
application Ser. No. 12/425,530. 
0076. In other embodiments, a third sensor may be used to 
detect the received light without IR filtering. Such a sensor 
may be used to generate a response for purposes such as IR 
compensation, proximity sensing, motion detection, and/or 
other applications that may benefit from receiving a stronger 
IR light component than the first and second sensors. 
(0077 Referring to FIG. 16, one embodiment of a method 
1600 is illustrated that may be used to combine IR filtering 
with post-detection compensation. The method 1600 may be 
used with the various embodiments of semiconductor devices 
and/or ICs described previously, as well as other embodi 
ments not explicitly described herein. For example, the 
method 1600 may be used with any device having IR filtering 
and post-detection compensation capabilities. The post-de 
tection compensation process may be used for many different 
purposes, such as compensation for an IR light component 
that was not filtered out prior to detection in order to more 
accurately identify an approximate photopic response. 
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0078. In step 1602, an IR blocking filter (e.g., the IR block 
ing filter 306) may be provided. The IR blocking filter is 
configured to block a first portion of IR light and to let a 
second portion of the IR light pass through. The IR blocking 
filter is positioned over first and second optoelectronic sen 
sors to block the first portion of IR light from reaching the first 
and second optoelectronic sensors. In step 1604, a visible 
light filter (e.g., the visible light filter 402) may be provided. 
The visible light filter is configured to block a first portion of 
visible light and to let a second portion of the visible light pass 
through. The visible light filter is positioned over the first 
optoelectronic sensor to block the first portion of visible light 
from reaching the first optoelectronic sensor and is not posi 
tioned over the second optoelectronic sensor. 
0079. In step 1606, a first response is obtained from the 

first optoelectronic sensor. The first response represents at 
least part of the second portion of the visible light and at least 
part of the second portion of the IR light detected by the first 
optoelectronic sensor. In step 1608, a second response is 
obtained from the second optoelectronic sensor. The second 
response represents at least part of the first and second por 
tions of the visible light and at least part of the second portion 
of the IR light detected by the second optoelectronic sensor. 
In step 1610, compensation is performed for the IR light in the 
first and second responses to approximate a photopic 
response. 
0080. It will be appreciated by those skilled in the art 
having the benefit of this disclosure that this method and 
device for an optoelectronic sensor with an IR blocking filter 
with compensation processing provides improved detection 
functionality. It should be understood that the drawings and 
detailed description herein are to be regarded in an illustrative 
rather than a restrictive manner, and are not intended to be 
limiting to the particular forms and examples disclosed. On 
the contrary, included are any further modifications, changes, 
rearrangements, Substitutions, alternatives, design choices, 
and embodiments apparent to those of ordinary skill in the art, 
without departing from the spirit and scope hereof, as defined 
by the following claims. Thus, it is intended that the following 
claims be interpreted to embrace all such further modifica 
tions, changes, rearrangements, Substitutions, alternatives, 
design choices, and embodiments. 

What is claimed is: 
1. A method comprising: 
receiving, by a semiconductor device having first and sec 
ond optoelectronic sensors formed therein, light having 
an infrared (IR) light component and a visible light 
component; 

filtering a portion of the IR light component from the 
received light using an IR blocking filter to exclude the 
filtered portion of the IR light from detection by the first 
and second optoelectronic sensors; 

filtering a portion of the visible light component using a 
first visible light filter to exclude a first set of visible light 
wavelengths from detection by the first optoelectronic 
sensor, wherein the first set of visible light wavelengths 
is not filtered for the second optoelectronic sensor; 

generating first and second sensor responses by the first 
and second optoelectronic sensors, respectively, 
wherein the first and second sensor responses represent 
the received light detected by the first and second opto 
electronic sensors after filtering the IR light portion and 
the first set of visible light wavelengths; and 
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performing at least one calculation based on the first and 
second sensor responses to compensate for IR light 
remaining after filtering the IR light portion. 

2. The method of claim 1 further comprising filtering a 
second set of visible light wavelengths from the received 
visible light using a second visible light filter to exclude the 
second set of visible light wavelengths from detection by both 
the first and second optoelectronic sensors. 

3. The method of claim 2 wherein the compensating 
includes determining a difference between the first and sec 
ond sensor responses. 

4. The method of claim 1 further comprising filtering a 
second set of visible light wavelengths from the received 
visible light using a second visible light filter to exclude the 
second set of visible light wavelengths from detection by one 
of the first and second optoelectronic sensors, wherein the 
first set of visible light wavelengths is not filtered for the other 
of the first and second optoelectronic sensors. 

5. The method of claim 1 further comprising generating a 
third sensor response by a third sensor of the semiconductor 
device, wherein the third response represents the IR light 
component without filtering by the IR blocking filter. 

6. The method of claim 5 further comprising filtering a 
portion of the visible light using a second visible light filter to 
exclude a second set of visible light wavelengths from detec 
tion by the third optoelectronic sensor. 

7. The method of claim 1 wherein excluding the first set of 
visible light wavelengths includes blocking all visible light 
from an upper surface of the first optoelectronic sensor facing 
the first visible light filter. 

8. The method of claim 7 wherein the compensating is 
based on the first sensor response representing only a first 
detectable set of wavelengths of the IR light received by the 
first optoelectronic sensor due to wavelength dependent 
absorption of the IR light, and on the second sensor response 
representing a second detectable set of wavelengths that is 
larger than the first detectable set of wavelengths and includes 
the first detectable set of wavelengths, and wherein the first 
detectable set of wavelengths is biased to longer wavelengths 
than the remainder of the second detectable set of wave 
lengths. 

9. A method comprising: 
providing a first IR blocking filter configured to block a 

first portion of IR light and to let a second portion of the 
IR light pass through, wherein the first IR blocking filter 
is positioned over first and second optoelectronic sen 
sors to block the first portion of IR light from reaching 
the first and second optoelectronic sensors; 

providing a first visible light filter configured to block a 
first portion of visible light and to let a second portion of 
the visible light pass through, wherein the first visible 
light filter is positioned over the first optoelectronic sen 
sor to block the first portion of visible light from reach 
ing the first optoelectronic sensor and is not positioned 
over the second optoelectronic sensor; 

obtaining a first response from the first optoelectronic sen 
Sor representing at least part of the second portion of the 
visible light and at least part of the second portion of the 
IR light detected by the first optoelectronic sensor; 

obtaining a second response from the second optoelec 
tronic sensor representing at least part of the first and 
second portions of the visible light and at least part of the 
second portion of the IR light detected by the second 
optoelectronic sensor; and 
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compensating for the IR light in the first and second 
responses to approximate a photopic response. 

10. The method of claim 9 further comprising providing a 
second visible light filter configured to block part of the 
second portion of visible light and to let a third portion of the 
visible light pass through, wherein the second visible light 
filter is positioned over the first and second optoelectronic 
SSOS. 

11. The method of claim 10 wherein compensating for the 
IR light includes determining a difference between the first 
and second sensor responses. 

12. The method of claim9 wherein compensating for the IR 
light includes determining a ratio between the first and second 
responses, wherein the ratio represents a spectral response. 

13. The method of claim 9 further comprising providing a 
second visible light filter configured to block part of the 
second portion of visible light and to let a third portion of the 
visible light pass through, wherein the second visible light 
filter is positioned over the second optoelectronic sensor and 
not the first optoelectronic sensor. 

14. The method of claim 9 further comprising obtaining a 
third response from a third optoelectronic sensor of the semi 
conductor device having no IR blocking filter associated 
therewith. 

15. The method of claim 14 further comprising providing a 
second visible light filter positioned over the third optoelec 
tronic sensor and not over the first and second optoelectronic 
sensors, wherein the second visible light filter is configured to 
exclude a portion of the visible light from detection by the 
third optoelectronic sensor. 

16. A device comprising: 
a first semiconductor layer having first and second opto 

electronic sensors formed therein; 
a second semiconductor layer formed over the first semi 

conductor layer and positioned above the first and sec 
ond optoelectronic sensors; and 

an infrared (IR) blocking filter formed directly on the sec 
ond layer and positioned above the first and second 
optoelectronic sensors. 

17. The device of claim 16 further comprising a third 
optoelectronic sensor formed in the first semiconductor layer, 
wherein the IR blocking filter is not positioned above the third 
optoelectronic sensor. 

18. The device of claim 17 further comprising a visible 
light filter formed over at least one of the first and second 
SSOS. 

19. The device of claim 18 further comprising a visible 
light filter formed over the third sensor. 

20. The device of claim 17 further comprising a visible 
light filter formed over the third sensor. 

21. A device comprising: 
a first optoelectronic sensor configured to detect electro 

magnetic radiation in the visible light spectrum and the 
infrared (IR) spectrum and to generate a first response 
representing a spectral content of the detected electro 
magnetic radiation; 

a second optoelectronic sensor configured to detect elec 
tromagnetic radiation in the visible light spectrum and 
the IR spectrum and to generate a second response rep 
resenting a spectral content of the detected electromag 
netic radiation; 

an IR blocking filter integral to the device and positioned 
above the first and second optoelectronic sensors, 
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wherein the IR blocking filter is configured to attenuate 
electromagnetic radiation in the IR spectrum; and 

a visible light filter integral to the device and positioned 
above the first optoelectronic sensor, wherein the visible 
light filter is configured to attenuate electromagnetic 
radiation forming a first portion of the visible light spec 
trum. 

22. The device of claim 21 further comprising a second 
visible light filter integral to the device and positioned above 
the first and second optoelectronic sensors, wherein the sec 
ond visible light filter is configured to attenuate electromag 
netic radiation forming a second portion of the visible light 
spectrum. 

23. The device of claim 22 further comprising circuitry for 
generating a differential response by determining a difference 
between the first and second responses, wherein the differen 
tial response represents a photopic response. 

24. The device of claim 21 further comprising a third 
optoelectronic sensor configured to detect electromagnetic 
radiation in the visible light spectrum and the IR spectrum and 
to generate a third response representing a spectral content of 
the detected electromagnetic radiation, wherein the third 
optoelectronic sensor is not associated with an IR blocking 
filter. 

25. The device of claim 24 further comprising a second 
visible light filter positioned above the third optoelectronic 
sensor, wherein the second visible light filter is configured to 
attenuate electromagnetic radiation forming a third portion of 
the visible light spectrum. 

26. The device of claim 25 wherein the third portion of the 
visible light spectrum overlaps at least one of the first and 
second portions of the visible light spectrum. 

27. The device of claim 21 wherein the visible light filter is 
configured to block all visible light and wherein the device 
further comprises circuitry for determining a ratio between 
the first and second responses, wherein the ratio represents a 
spectral response. 

28. The device of claim 27 wherein the second response 
represents a plurality of wavelengths, and wherein the first 
response represents only longer wavelengths present in the 
second response. 

29. The device of claim 27 further comprising a third 
optoelectronic sensor configured to detect electromagnetic 
radiation in the visible light spectrum and the IR spectrum and 
to generate a third response representing a spectral content of 
the detected electromagnetic radiation, wherein the third 
optoelectronic sensor is not associated with an IR blocking 
filter. 

30. The device of claim 29 further comprising a second 
visible light filter integral to the device and positioned above 
the third optoelectronic sensor, wherein the second visible 
light filter is configured to attenuate electromagnetic radia 
tion forming a third portion of the visible light spectrum. 

31. The device of claim 30 wherein the third portion of the 
visible light spectrum overlaps at least one of the first and 
second portions of the visible light spectrum. 

32. The device of claim 21 wherein a semiconductor layer 
overlays the first and second optoelectronic sensors, and 
wherein the IR blocking filter directly overlays the semicon 
ductor layer. 


