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Description

TECHNICAL FIELD

[0001] This disclosure relates generally to imaging
systems, and in particular but not exclusively, relates to
visible light and infrared light imaging systems.

BACKGROUND INFORMATION

[0002] Surveillance cameras are commonly used for
monitoring an area under surveillance, which may be in
a remote location. The still or video images captured by
a surveillance camera may be monitored in real-time,
recorded for later inspection, or both. A surveillance cam-
era may be placed outdoor and operate 24 hours a day.
During daytime, sunlight is the primary illumination
source providing visible light. During nighttime, illumina-
tion is often provided by a manmade infrared light source.
Accordingly, a surveillance system should be sensitive
to visible light during the day and infrared light during the
night.
[0003] However, sunlight contains both infrared radia-
tion as well as visible light. Thus the captured images
may contain both visible light images and infrared imag-
es, which may not be identical. During the day time, vis-
ible light only images are desirable. The captured infrared
images, which interfere with visible light images, often
introduce faulty color reproduction to visible light images
and may reduce the clarity and quality of visible light im-
ages. During the night time, since only infrared light is
present, which is provided by an infrared light source,
only infrared images are captured. No visible light images
are captured that may dramatically reduce the signal-to-
noise ratio of the captured images.
[0004] One conventional approach to address the
above problems of image degradation uses two dedicat-
ed cameras-one for capturing visible light images and
the other for capturing infrared images. The visible light
camera is provided with an optical filter for blocking in-
frared light while the infrared camera is provided with an
optical filter for blocking visible light. The expense and
complexity associated with two cameras is a disadvan-
tage.
[0005] Another approach uses only one camera having
a mechanical switch to select one of two optical filters.
During the daytime, an optical filter blocking infrared light
is moved into the optical path while an optical filter block-
ing visible light is removed from the optical path. During
nighttime, the optical filter blocking infrared light is re-
moved from the optical path and the optical filter blocking
visible light is moved into the optical path. A disadvantage
is that an expensive and failure prone mechanical switch
is required to move optical filters.
[0006] US 2007/0272836 discloses a photoelectric
conversion apparatus including a plurality of pixels, color
filters disposed on a light-receiving surface of at least
part of the plurality of pixels, infrared filters disposed on

a light receiving surface of the rest of the plurality of pixels
and a cutoff filter on the light-receiving surface of the
plurality of pixels. Each pixel includes a photoelectric con-
version element having photoelectric conversion sensi-
tivity in a wavelength range including a visible light region
and an infrared light region. Each color filter transmits
visible light. Each infrared filter transmits infrared light.
The cutoff filter shield light components in a wavelength
range of approximately 650nm to approximately 750nm.
[0007] US 6,642,955 discloses a camera system which
switches electronically between infrared radiation sens-
ing and visible light sensing depending on ambient con-
ditions, to optimize visible picture quality for surveillance.
An electronic CCD camera has an optical bandpass filter
having a stop band between the infrared radiation spec-
trum and the visible light spectrum to provide high quality
visible light images when not in the infrared mode and
high quality mono infrared images when not in the visible
light mode.
[0008] US 7,375,803 discloses a filter system for use
with an imaging system. The filter system provides a pre-
cise narrow band pass for infrared to near-infrared wave-
lengths, while also providing individual dye-type filters
that can be disposed above individual RGB pixels to cre-
ate dedicates red, green and blue pixel responses. An
interference dichotic filter provides a non-critical first pass
band that adequately encompassed RGB wavelengths,
and provides a more critical infrared to near-infrared pass
band for Z-pixels. The individual dye-type filters have in-
dividual R, G, B pass band shapes that fall within the
interference filter. Preferably a dye -type near-infrared to
infrared filter is also in a common optical path with the
other filters to contribut to the overall filtering.
[0009] JP2006-010764 discloses an optical filter suit-
able for an imaging apparatus capable of photographing
in both of a visible light band and an infrared band.
[0010] The present invention provides an apparatus
according to claim 1. Further aspects of the present in-
vention are set out in the remaining claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Non-limiting and non-exhaustive embodiments
of the invention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to
like parts throughout the various views unless otherwise
specified.

FIG. 1 is a functional block diagram illustrating a vis-
ible and infrared dual mode imaging system, in ac-
cordance with an embodiment of the invention.
FIG. 2 is a chart illustrating a transmission spectrum
of an optical filter, in accordance with an embodiment
of the invention.
FIG. 3 is a functional block diagram illustrating a vis-
ible and infrared dual mode imaging system includ-
ing an infrared light source, in accordance with an
embodiment of the invention.
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FIG. 4 is a chart illustrating a spectral emission of an
infrared light source for a dual mode imaging system,
in accordance with an embodiment of the invention.
FIG. 5A is a functional block diagram of an image
sensor, in accordance with an embodiment.
FIG. 5B is a block diagram illustrating a conventional
Bayer pattern macropixel group of a pixel array.
FIG 6 is a block diagram illustrating a macropixel
group including color pixels and an infrared pixel, in
accordance with an embodiment of the invention.
FIG. 7 is a perspective view of an image sensor in-
cluding a multi-layered optical filter array, in accord-
ance with an embodiment of the invention.
FIG. 8 is a cross-sectional view of an image sensor
including a multi-layered optical filter array, in ac-
cordance with an embodiment of the invention.

DETAILED DESCRIPTION

[0012] Embodiments of a system and method of oper-
ation for a visible and infrared dual mode imaging system
are described herein. In the following description numer-
ous specific details are set forth to provide a thorough
understanding of the embodiments. One skilled in the
relevant art will recognize, however, that the techniques
described herein can be practiced without one or more
of the specific details, or with other methods, compo-
nents, materials, etc. In other instances, well-known
structures, materials, or operations are not shown or de-
scribed in detail to avoid obscuring certain aspects.
[0013] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, the appearanc-
es of the phrases "in one embodiment" or "in an embod-
iment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or char-
acteristics may be combined in any suitable manner in
one or more embodiments.
[0014] Before entering Earth’s atmosphere, the spec-
trum of sunlight resembles a 5250°C blackbody spectrum
covering wavelengths from approximately 200 to 2500
nm. As light passes through the atmosphere, some is
absorbed by gases with specific absorption bands. Light
at approximately 950 nm is absorbed by water in the at-
mosphere. Thus sunlight on the Earth’s surface contains
little or no light having wavelength’s around 950 nm rel-
ative to the intensity of visible light present. The band-
width of this water absorption band is approximately 50
nm substantially centered around the 950 nm wave-
length.
[0015] Image sensors, based on silicon photodetec-
tors such as complementary metal-oxide semiconductor
("CMOS") image sensors or charged-coupled devices
("CCD") image sensors, are sensitive to light having
wavelengths starting from approximately 200 nm up to

approximately 1100 nm. Accordingly, in sunlight a CMOS
or CCD based image sensor, without any color or infrared
filters ("IR") filters may detect images formed by light hav-
ing wavelengths from 200 to 1100 nm.
[0016] A color image sensor comprises an array of
photodetectors. Each photodetector is covered by a color
filter. For example, the color filter may be one from a set
of blue, green, and red color filters. In another example,
the color filter set may be cyan, magenta, and yellow.
These color filters are typically absorption filters having
a pigment or dye. In addition to a specific color (e.g., blue,
green, or red), an absorption filter is also transparent or
partially transparent to infrared light having wavelengths
longer than 700 nm. In many commercial and/or consum-
er video cameras, an additional infrared cut filter that
blocks light having wavelengths larger than 700 nm is
positioned in front of the image sensor such that the cap-
ture of infrared image data is prevented.
[0017] FIG. 1 is a functional block diagram illustrating
a visible and infrared dual mode imaging system 100, in
accordance with an embodiment of the invention. The
illustrated embodiment of imaging system 100 includes
an aperture 101, a lens 102, an optical filter 104, and an
image sensor 106. Image sensor 106 may be a CMOS
or CCD type image sensor. Image sensor 106 may be a
color image sensor having a color filter array ("CFA") of
absorption type color filters. Lens 102 focuses or other-
wise directs an image onto image sensor 106. During
operation, sunlight 110 illuminates object 112, which is
reflected as incident light 108 through aperture 101. Lens
102 directs incident light 108 through optical filter 104
onto image sensor 106. Optical filter 104 may be a sep-
arate distinct element from image sensor 106 or disposed
on or integrated with image sensor 106. In either config-
uration, optical filter 104 is positioned such that incident
light 108 passes through it before impinging on image
sensor 106. For example, optical filter 104 may even be
placed in front of or disposed on lens 102.
[0018] FIG. 2 is a chart illustrating a transmission spec-
trum 200 of optical filter 104, in accordance with an em-
bodiment of the invention. Transmission spectrum 200
of optical filter 104 is a function of the wavelength of in-
cident light 108. Transmission spectrum 200 includes two
transmission windows 202 and 204. The first transmis-
sion window 202 includes a pass band defined between
wavelengths A and B, which in one embodiment sub-
stantially corresponds to the visible spectrum. Wave-
length A may range between 300 and 400 nm while wave-
length B may range between 700 and 800 nm. The sec-
ond transmission window 204 includes a pass band over-
lapping with an absorption band of infrared light in Earth’s
atmosphere. In one embodiment, transmission window
204 is centered approximately at 950 nm and has a band-
width of C. In one embodiment, bandwidth C is equal to
or less than the width of the absorption band of infrared
light in Earth’s atmosphere. For example, C may be ap-
proximately 50 nm. In some instances, bandwidth C may
be larger than 50 nm depending on the application re-
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quirements. In the illustrated embodiment, transmission
windows 202 and 204 are non-overlapping pass bands,
while light outside of these pass bands is substantially
attenuated.
[0019] Optical filter 104 may be implemented as inter-
ference filter having multiple thin films with varying re-
fractive indices. Interference filters are typically con-
structed by depositing thin layers of specialized materials
onto flat substrates. The basic structure of an interfer-
ence filter often features alternating layers of high and
low refractive index materials. For example, zinc sulfide
(ZnS) having refractive index of 2.35 may be the high
refractive index material and cryolite (Na3AlF6) having
refractive index of 1.35 may be the low refractive index
material. Some multi-layer thin film interference filter may
include more than two types of materials. For example,
other materials include: silicon oxide (SiO2, n=1.46), alu-
minum oxide (Al2O3, n=1.77), silicon nitride (Si3N4,
n=2.02), tantalum pentoxide (Ta2O5, n=2.14), zirconium
dioxide (ZrO2, n= 2.22), yttrium oxide (Y2O3, n=1.93),
etc. By careful selection of thickness and refractive index
values for the various layers, controlled interference of
light waves reflected at each layer interface can be uti-
lized to enable the filter to reflect specific wavelengths
while transmitting others. Although the layers are them-
selves colorless, the constructive and destructive inter-
ference as a function of wavelength results in the desired
spectral transmission of the filter (such as transmission
spectrum 200). The design and simulated performance
of an interference filter are often performed using thin
film design and simulation software. Commercially avail-
able software packages for designing interference filters
include: Essential Macleod, TFCalc, OptiLayer, and Film-
Star.
[0020] In visible mode (or daytime mode), imaging sys-
tem 100 operates using sunlight. Visible light included
within sunlight passes through optical filter 104 and is
incident onto image sensor 106. If image sensor 106 is
a color image sensor, a color image is captured. Infrared
light having wavelengths larger than B is blocked or sub-
stantially attenuated by optical filter 104, except for the
wavelengths falling within the second transmission win-
dow 204. However, as previously discussed, sunlight at
the Earth’s surface is relative devoid of these infrared
wavelengths due to absorption by water vapor in the at-
mosphere. Thus, the visible spectrum is the overwhelm-
ing contributor to the image data relative to the infrared
spectrum.
[0021] FIG. 3 is a functional block diagram illustrating
a visible and infrared dual mode imaging system 300, in
accordance with an embodiment of the invention. The
illustrated embodiment of imaging system 300 includes
aperture 101, lens 102, optical filter 104, image sensor
106, infrared light source 302, logic unit 303, day light
sensor 304, and output port 305.
[0022] During daytime, infrared light source 302 is dis-
abled and image sensor 106 collects visible spectrum
image data as discussed above in connection with im-

aging system 100. During nighttime, infrared light source
302 is enabled to provide infrared illumination 310. In one
embodiment, logic unit 303 uses a daylight sensor 304
to determine the luminance of the environment. Based
on this luminance reading, logic unit 303 enables infrared
light source 302 if it is determined to be nighttime and
disables infrared light source 302 if sufficient daylight is
determined. Infrared light source 302 may include a light
emitting diode ("LED"), a group of LEDs, or other kinds
of suitable light sources.
[0023] Infrared illumination light 310 illuminates object
112. An infrared incident light 308 is reflected from object
112 and enters imaging system 300 through aperture
101. Lens 102 directs incident infrared light 308 through
optical filter 104 onto image sensor 106. As discussed
below, infrared light source 302 generates infrared light
that at least falls within the second transmission window
204 of optical filter 104. As such, this light is capable of
passing through optical filter 104 to be captured by image
sensor 106 as infrared image data. The infrared or visible
image data may be output from the imaging system 300
via output port 305.
[0024] FIG. 4 is a chart illustrating a spectral emission
400 of infrared light source 302 for dual mode imaging
system 300, in accordance with an embodiment of the
invention. In the illustrated embodiment, spectral emis-
sion 400 is centered about the 950 nm wavelength and
has a bandwidth of D. D depends upon the type of LED
employed in light source 302. For example, D may be
approximately 50 nm. In other embodiments, spectral
emission 400 may also emit longer infrared wavelengths
that extend beyond the second transmission window 204,
though these wavelengths will be attenuated by optical
filter 104. However, infrared incident light 308 reflected
from objects 112 under infrared illumination 310 and
which falls within the second transmission window 204
will pass through optical filter 106. Since color filters of
image sensor 106 are substantially transparent to infra-
red incident light 308, the captured infrared image data
may appear as a black-and-white or grey scale image.
[0025] In one embodiment, bandwidth D of infrared
light source 302 is equal or less than bandwidth C of
second transmission window 204 of optical filter 104. Al-
though C is normally equal or larger than 50 nm and D
is also normally equal or larger than 50 nm, in some in-
stances, D may be less than 50 nm, and accordingly C
may also be less than 50 nm.
[0026] Imaging system 300 is well suited for operation
as a 24 hour surveillance camera. During daytime, its
spectral sensitivity is dominated by the first transmission
window 202. During nighttime, its spectral sensitivity is
dominated by the second transmission window 204. The
first transmission window is defined from A to B, which
is a visible light band. Wavelength A may be a wavelength
between 300 and 400 nm and wavelength B may be a
wavelength between 700 and 800 nm. The second win-
dow 204 may be centered at approximately 950 nm hav-
ing a bandwidth of C. C may be approximately 50 nm.
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[0027] FIG. 5A is a block diagram illustrating an image
sensor 500, in accordance with an embodiment of the
invention. Image sensor 500 is one example implemen-
tation of image sensor 104. The illustrated embodiment
of image sensor 500 includes a pixel array 505, readout
circuitry 510, function logic 515, and control circuitry 520.
[0028] Pixel array 505 is a two-dimensional ("2D") ar-
ray of an image sensor or pixels (e.g., pixels PI, P2 ...,
Pn). Each pixel may be a CMOS pixel or a CCD pixel.
As illustrated, each pixel is arranged into a row (e.g., rows
Rl to Ry) and a column (e.g., column C1 to Cx) to acquire
image data of a person, place, or object, which can then
be used to render a 2D image of the person, place, or
object. In one embodiment, pixel array 505 is a backside
illuminated ("BSI") image sensor. In one embodiment,
pixel array 505 is a frontside illuminated ("FSI") image
sensor. In one embodiment, pixel array 505 includes a
color filter array ("CFA") disposed over the light incident
side of the array, such as a Bayer pattern, a mosaic se-
quential pattern, or otherwise. The Bayer filter pattern is
ordered with successive rows that alternate red and
green filters, then green and blue filters-the Bayer filter
pattern has twice as many green filters as red or blue
filters.
[0029] After each pixel has acquired its image data or
image charge, the image data is readout by readout cir-
cuitry 510 and transferred to function logic 515. Readout
circuitry 510 may include amplification circuitry, analog-
to-digital ("ADC") conversion circuitry, or otherwise.
Function logic 515 may simply store the image data or
even manipulate the image data by applying post image
effects (e.g., crop, rotate, remove red eye, adjust bright-
ness, adjust contrast, or otherwise). In one embodiment,
readout circuitry 510 may readout a row of image data
at a time along readout column lines (illustrated) or may
readout the image data using a variety of other tech-
niques (not illustrated), such as a serial readout or a full
parallel readout of all pixels simultaneously.
[0030] Control circuitry 520 is coupled to pixel array
505 to control operational characteristic of pixel array
505. For example, control circuitry 520 may generate a
shutter signal for controlling image acquisition. In one
embodiment, the shutter signal is a global shutter signal
for simultaneously enabling all pixels within pixel array
505 to simultaneously capture their respective image da-
ta during a single acquisition window. In an alternative
embodiment, the shutter signal is a rolling shutter signal
whereby each row, column, or group of pixels is sequen-
tially enabled during consecutive acquisition windows.
[0031] FIG. 5B is a block diagram illustrating a conven-
tional Bayer pattern macropixel group 540. As illustrated
in FIG. 5A, macropixel groups 535 are repeated in a pat-
tern over pixel array 505 and macropixel group 540 is
one possible implementation of macropixel groups 535.
Macropixel group 540 includes four pixel cells 502, 508,
504, and 506 corresponding to: a R pixel, a B pixel, and
two G pixels. A single macropixel group produces a R
signal, a G signal (the two G signals are typically com-

bined), and a B signal. Each macropixel group 535 within
pixel array 505 may be considered the smallest element
of a color image produced by the color image sensor,
where each macropixel group 535 corresponds to a sin-
gle image pixel in the output image data. In other words,
the resolution of the output image directly corresponds
to the linear density of macropixel groups 535. The R, G,
and B signals output by the individual pixel cells of a
single macropixel group 535 are combined to form an
individual color image pixel in the output color image data.
It should be appreciated that other image sensors 500
may be overlaid by other types of CFAs that use a re-
peating pattern of macropixels composed of other color
filter elements (e.g., cyan, magenta, yellow, etc.).
[0032] FIG 6 is a block diagram illustrating a macropix-
el group 600 including color pixels for capturing a visible
spectrum image and an infrared pixel for capturing an
infrared spectrum image, in accordance with another em-
bodiment of the invention. Macropixel group 600 is a pos-
sible implementation of macropixel groups 535 of image
sensor 500. However, macropixel group 600 integrates
the dual window transmission spectrum feature of optical
filter 104 into the CFA macropixels themselves. As such,
an imaging system having a CFA implemented using
macropixel group 600 need not also use optical filter 104.
[0033] The illustrated embodiment of macropixel group
600 includes an R (red) pixel 602, a G (green) pixel 604,
a B (blue) pixel 608, and an IR (infrared) pixel 606. R
pixel 602 is provided with a red color filter that passes
red visible light. G pixel 604 is provided with a green color
filter that passes green visible light. B pixel 608 is pro-
vided with a blue color filter that passes blue visible light.
IR pixel 606 is provided with an element that passes in-
frared light. Macropixel group 600 includes a multi-layer
optical filter that includes an infrared filter layer for filtering
infrared light and a CFA layer including the repeating
pattern of color filter elements for filtering different colors
of visible light. The multi-layer optical filter is disposed
over the light incident side of pixel array 505. In some
embodiments, the CFA layer may be replaced with a
black-and-white visible spectrum filter layer.
[0034] In a first embodiment (FIG. 7A), the infrared filter
layer is a blanket filter layer 705 overlaying pixel array
710 including the photodetectors (e.g., photodiodes PD)
and pixel circuitry (not illustrated). The blanket filter layer
705 covers both infrared pixels (IR) and color pixels (R,
G, B). However, blanket filter layer 705 has transmission
spectrum 200 with dual transmission windows. In one
embodiment, blanket filter layer 705 comprises a multi-
layer thin film interference filter. CFA layer 715 includes
a repeating pattern of absorption type color filter ele-
ments overlaying the color pixels (R, G, B) and a clear
or transparent planarization element overlaying the in-
frared pixels (IR).
[0035] In a second embodiment (FIG. 7B), an infrared
filter layer 720 overlays pixel array 710; however, infrared
filter layer 720 is not a solid blanket layer, as in FIG. 7A.
Rather, the portions 730 of infrared filter layer 720 aligned
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over the infrared pixels (IR) are transparent or clear
planarization elements that pass both infrared and visible
spectrum light. In some embodiments, portions 730 may
be band pass filters or cut filters that pass specific infrared
wavelengths. The remaining portions of infrared filter lay-
er 720 aligned over the color pixels (R, G, B) are individual
infrared cut filters that block all or substantially all infrared
wavelengths while passing all or substantially all visible
wavelengths. These infrared cut filters may be fabricated
of IR absorption type material.
[0036] During daytime, the visible image data from the
color pixels is used while the infrared image data from
the infrared pixels is ignored. During nighttime, the infra-
red image data from the infrared pixels is used while the
visible image data is ignored. Selectively parsing the pixel
data may be accomplished directly via appropriate as-
sertion of control signals by control circuitry 520 during
readout. Alternatively, the selective parsing may be ac-
complished subsequently after all image data is readout
from pixel array 505. In one embodiment, selective pars-
ing of the image data may be achieved in software via
function logic 515.
[0037] In the first embodiment of FIG. 7A, blanket filter
layer 720 blocks the infrared wavelengths during day-
time, except for the wavelengths falling within transmis-
sion window 204 (which are relatively insignificant due
to atmosphere attenuation). At nighttime, blanket filter
layer 720 permits infrared light emitted by infrared light
source 302 to pass to the IR pixels. In the second em-
bodiment of FIG. 7B, portions 730 of infrared filter layer
720 pass infrared light for nighttime vision, while the re-
maining portions block infrared light while passing visible
light through the CFA layer 715 to generate visible color
image data for daytime vision.
[0038] It should be appreciated that the order of the
infrared filter layer and the CFA filter layer can be
swapped. In some embodiments, CFA layer 715 is posi-
tioned below the infrared filter layer. Furthermore, em-
bodiments of the present invention may be implemented
with a variety of CFAs and is not limited to a Bayer pattern
type CFA. For example, the color filter elements may
include other colors such as magenta, cyan, yellow, or
otherwise.
[0039] FIG. 8 is a cross-sectional view of an image
sensor pixel 800 including a multi-layered optical filter
array 801, in accordance with an embodiment of the in-
vention. Image sensor pixel 800 represents one possible
implementation of a pixel cell within pixel array 505 or a
cross-sectional view along line Z-Z’ in FIG. 6. The illus-
trated embodiment of image sensor pixel 800 includes a
semiconductor substrate 805, a photodetector 810 dis-
posed within the semiconductor substrate 805, an infra-
red filter layer 810, a CFA layer 815, and a microlens
820. Together, infrared filter layer 810 and CFA layer 815
are referred to as multi-layer optical filter array 801. Var-
ious elements of a typical image sensor have been ex-
cluded from FIG. 8 so as not to clutter the drawings. For
example, FIG. 8 does not illustrate pixel circuitry (e.g.,

transfer transistor, etc.) coupled to photodetector 810,
metal layers, dielectric layers, insulating layers, etc. that
may be disposed above and/or below photodetector 810.
[0040] The above description of illustrated embodi-
ments of the invention, including what is described in the
Abstract, is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are de-
scribed herein for illustrative purposes, various modifica-
tions are possible within the scope of the invention, as
those skilled in the relevant art will recognize.
[0041] These modifications can be made to the inven-
tion in light of the above detailed description. The terms
used in the following claims should not be construed to
limit the invention to the specific embodiments disclosed
in the specification. Rather, the scope of the invention is
to be determined entirely by the following claims, which
are to be construed in accordance with established doc-
trines of claim interpretation.

Claims

1. An apparatus adapted to capture visible light images
during the day and infrared images during the night,
the apparatus comprising:

a pixel array (710) for capturing image data in
response to incident light, the pixel array includ-
ing a repeating pattern of macropixels (600),
wherein each macropixel includes multiple color
pixels for capturing a visible spectrum image and
an infrared pixel for capturing an infrared image;
and
a multi-layer optical filter array (104) disposed
over the pixel array, the multi-layer optical filter
array including:

an infrared filter layer (705) for filtering in-
frared light; and
a color filter array layer (715) including a
repeating pattern of color filter elements
overlaying the color pixels for filtering differ-
ent colors of visible light and clear or trans-
parent planarization elements overlaying
the infrared pixels;
wherein the infrared filter layer is a blanket
filter layer overlaying the pixel array and
covering both the color pixels and the infra-
red pixel of each macropixel, and wherein
the infrared filter layer includes:

a first transmission window (202) hav-
ing a first pass band aligned to pass
visible light; and
a second transmission window (204)
having a second pass band overlap-
ping with an absorption band of infrared

9 10 
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light in Earth’s atmosphere to permit
light falling with the absorption band of
infrared light in Earth’s atmosphere to
pass through the multi-layer optical fil-
ter array to the pixel array, wherein the
second pass band is centered at ap-
proximately 950nm and has a width of
approximately 50 nm,

wherein:

the infrared filter layer substantially attenu-
ates light outside of the first and second
transmission windows; and
the apparatus is a surveillance camera; and
the apparatus further comprises an infrared
light source adapted to generate infrared
light during night time having a wavelength
that falls within the second pass band of the
second transmission window.

2. The apparatus of claim 1, wherein the infrared filter
layer substantially blocks infrared light outside of the
second transmission window and wherein the sec-
ond transmission window is non-overlapping with the
first transmission window.

3. The apparatus of claim 1, wherein the infrared filter
layer comprises a multi-layer thin film interference
filter.

4. The apparatus of claim 1, further comprising:
a logic unit (303) coupled to the infrared light source
to enable the infrared light source during nighttime
and to disable the infrared light source during day-
time.

Patentansprüche

1. Vorrichtung, die konfiguriert ist, um Bilder bei sicht-
barem Licht am Tag sowie Infrarot-Bilder bei Nacht
zu erfassen, wobei die Vorrichtung Folgendes um-
fasst:

eine Pixelanordnung (710) zum Erfassen von
Bilddaten als Reaktion auf einfallendes Licht,
wobei die Pixelanordnung ein sich wiederholen-
des Muster von Makropixeln (600) umfasst, wo-
bei jeder Makropixel mehrere Farbpixel zum Er-
fassen eines Bildes im sichtbaren Spektrum so-
wie ein Infrarotpixel zum Erfassen eines Infrarot-
Bildes umfasst; und
eine mehrschichtige Optisches-Filter-Anord-
nung (104), die über der Pixelanordnung ange-
ordnet ist, wobei die mehrschichtige Optisches-
Filter-Anordnung Folgendes umfasst:

eine Infrarot-Filterschicht (705) zum Filtern
von Infrarotlicht; und
eine Farbfilteranordnungsschicht (715),
einschließlich eines sich wiederholenden
Musters von Farbfilterelementen, die über
den Farbpixeln liegen, zum Filtern unter-
schiedlicher Farben sichtbaren Lichts so-
wie klare oder transparente Planarisie-
rungselemente, die über den Infrarotpixeln
liegen;
wobei die Infrarotfilterschicht eine Decken-
filterschicht ist, die über der Pixelanordnung
liegt und sowohl die Farbpixel als auch den
Infrarotpixel jedes Makropixels bedeckt,
wobei die Infrarotfilterschicht Folgendes
umfasst:

ein erstes Transmissionsfenster (202)
mit einem ersten Durchlassbereich, der
angeordnet ist, um sichtbares Licht
durchzulassen; und
ein zweites Transmissionsfenster
(204) mit einem zweiten Durchlassbe-
reich, das mit einem Absorptionsbe-
reich von Infrarotlicht in der Erdatmos-
phäre überlappt, um zu ermöglichen,
dass Licht, das in den Absorptionsbe-
reich von Infrarotlicht in der Erdatmos-
phäre fällt, durch die mehrschichte Op-
tisches-Filter-Anordnung zur Pixelan-
ordnung durchgelassen wird, wobei
der zweite Durchlassbereich bei etwa
950 nm zentriert ist und eine Breite von
etwa 50 nm aufweist,

wobei

die Infrarotfilterschicht Licht außerhalb des
ersten und zweiten Transmissionsfensters
im Wesentlichen dämpft; und
die Vorrichtung eine Überwachungskamera
ist; und
die Vorrichtung ferner eine Infrarotlichtquel-
le umfasst, die konfiguriert ist, um bei Nacht
Infrarotlicht mit einer Wellenlänge im zwei-
ten Durchlassbereich des zweiten Trans-
missionsfensters zu erzeugen.

2. Vorrichtung nach Anspruch 1, wobei die Infrarotfil-
terschicht Licht außerhalb des zweiten Transmissi-
onsfensters im Wesentlichen blockiert und wobei
das zweite Transmissionsfenster nicht mit dem ers-
ten Transmissionsfenster überlappend ist.

3. Vorrichtung nach Anspruch 1, wobei die Infrarotfil-
terschicht einen mehrschichtigen Dünnfilm-Interfe-
renzfilter umfasst.
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4. Vorrichtung nach Anspruch 1, die ferner Folgendes
umfasst:
eine Logikeinheit (303), die mit der Infrarotlichtquelle
gekoppelt ist, um die Infrarotlichtquelle bei Nacht ein-
zuschalten und die Infrarotlichtquelle bei Tag abzu-
schalten.

Revendications

1. Appareil apte à capturer des images en lumière vi-
sible en période diurne et des images infrarouges
en période nocturne, l’appareil comprenant :

un réseau de pixels (710) pour capturer des don-
nées d’image en réponse à une lumière inciden-
te, le réseau de pixels comprenant un motif ré-
pétitif de macro-pixels (600), dans lequel cha-
que macro-pixel comprend de multiples pixels
de couleur pour capturer une image de spectre
visible, et un pixel infrarouge pour capturer une
image infrarouge ; et
un réseau de filtres optiques multicouches (104)
disposé au-dessus du réseau de pixels, le ré-
seau de filtres optiques multicouches incluant :

une couche de filtre infrarouge (705) pour
filtrer la lumière infrarouge ; et
une couche de réseau de filtres colorés
(715) incluant un motif répétitif d’éléments
de filtres colorés superposés aux pixels de
couleur pour filtrer différentes couleurs de
la lumière visible, et des éléments de pla-
narisation clairs ou transparents superpo-
sés aux pixels infrarouges ;
dans lequel la couche de filtre infrarouge
est une couche de filtre d’enveloppe super-
posée au réseau de pixels et recouvrant à
la fois les pixels de couleur et le pixel infra-
rouge de chaque macro-pixel, et dans le-
quel la couche de filtre infrarouge
comprend :

une première fenêtre de transmission
(202) présentant une première bande
passante alignée pour laisser passer la
lumière visible ; et
une seconde fenêtre de transmission
(204) présentant une seconde bande
passante chevauchant une bande
d’absorption de lumière infrarouge
dans l’atmosphère terrestre pour per-
mettre à de la lumière se situant dans
la bande d’absorption de lumière infra-
rouge dans l’atmosphère terrestre de
passer à travers le réseau de filtres op-
tiques multicouches vers le réseau de
pixels, dans lequel la seconde bande

passante est centrée à environ 950 nm
et présente une largeur d’environ 50
nm ;

dans lequel :

la couche de filtre infrarouge atténue
sensiblement la lumière en dehors des
première et seconde fenêtres de
transmission ; et
l’appareil est une caméra de
surveillance ; et
l’appareil comprend en outre une sour-
ce de lumière infrarouge apte à générer
une lumière infrarouge, en période noc-
turne, présentant une longueur d’onde
qui se situe dans la seconde bande
passante de la seconde fenêtre de
transmission.

2. Appareil selon la revendication 1, dans lequel la cou-
che de filtre infrarouge bloque sensiblement la lu-
mière infrarouge en dehors de la seconde fenêtre
de transmission, et dans lequel la seconde fenêtre
de transmission ne chevauche pas la première fe-
nêtre de transmission.

3. Appareil selon la revendication 1, dans lequel la cou-
che de filtre infrarouge comprend un filtre interféren-
tiel à film mince multicouche.

4. Appareil selon la revendication 1, comprenant en
outre :
une unité logique (303) couplée à la source de lu-
mière infrarouge pour activer la source de lumière
infrarouge en période nocturne et pour désactiver la
source de lumière infrarouge en période diurne.
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