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at least one of a horizontal direction, a vertical direction, and/or a diagonal direction, with an arrangement of the two pixels being
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WO 2016/115338 PCT/US2016/013397

PHASE-DETECT AUTOFOCUS

PRIORITY CLAIM

[0001] The present application claims the benefit of priority of U.S. Provisional
Patent Application Serial No. 62/103,235, filed January 14, 2015, and entitled
“DEVICES, SYSTEMS, AND METHODS FOR PHASE-DETECT AUTOFOCUS,”

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] The present application relates generally to the field of optical and
electronic systems and methods, and more specifically to devices employing phase-

detect autofocus systems.

BACKGROUND

[0003] Camera systems require autofocus (AF) in many applications to ensure
that relevant portions of scenes, of varying distances from the camera, are acquired as
in-focus image planes. As shown in FIG. 1, focus is achieved at an optimum distance
of the sensor from the lens. The goal of an auto-focus system in a camera is to predict
this optimum distance based on image information, and utilize on-board mechanics to

achieve the optimum distance.

[0004] Image sensors have been developed that enable the acquisition of
information with reference to the extent of focus of an image using dual pixel
autofocus. Certain implementations of dual pixel AF employ phase-detection, wherein
a region the size of a standard pixel in an image sensor array is divided into two sub-
pixels. By comparing the outputs of the divided sub-pixels, phase-difference
autofocus allows an estimation of whether the image is in focus, and provides

information to a feedback system to enable rapid convergence to a focused image.

[0005] Dividing certain pixels into sub-pixels can lead to imaging artifacts, such
as the creation of a defect pixel in the location in which a split-pixel was employed as

shown in FIG. 2.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 shows an example of a simple lens with light rays focused on an
image sensor (in-focus position) and out-of-focus positions ahead of and behind the

position of the image sensor;

[0007] FIG. 2 shows an example of dividing certain pixels into sub-pixels that can

lead to imaging artifacts;

[0008] FIG. 3 shows an example of a phase-detect autofocus pixel (PDAF pixel)

that comprises two pixel regions, a left pixel region and a right pixel region;

[0009] FIG. 4 shows an example of a pair of PDAF pixel regions in a part of an

image sensor pixel array; and

[00010] FIG. 5 shows an example of when a given area of the image sensor is
chosen for focusing, two sets of sub-images are analyzed by an auto-focus system;
one sub-image comprises pixels on one side of the two-pixel-wide micro-lenses and

the other sub-image comprises pixels on the other side.

SUMMARY

[00011] The disclosed subject matter describes various means of providing
information using an image sensor that is an input to an autofocus system. In
embodiments, the disclosed subject matter includes utilizing a first standard-sized
pixel as one component of a phase-detect system, and a second standard-sized pixel,

adjacent to the first pixel, as a second component of a phase-detect system.

[00012] Inembodiments, a first color filter covers a first standard-sized pixel, and a

second and distinct color filter covers a second standard-sized pixel.

[00013] Inembodiments, the disclosed subject matter provides defect-less

autofocus.

[00014] In embodiments, the disclosed subject matter provides low-defect
autofocus. For example, the pixels utilized for autofocus provide only a modest
modification to response and image quality associated with the means by which they

provide autofocus information.
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[00015] In embodiments, a single two-pixel-wide micro-lens is used to provide
local direction of incident light onto a pair of adjacent pixels used in the defect-less

autofocus solution described herein.

DETAILED DESCRIPTION

[00016] Referring now to FIG. 3, embodiments of the disclosed subject matter
include a phase-detect autofocus pixel (PDAF pixel) that comprises two pixel regions,
a left pixel region and a right pixel region. In one example, one of the pixel regions
may be covered using a red color filter, and the other pixel region may be covered
using a green color filter. As seen in FIG. 3, multiple PDAF pixel regions may be
included in a given image sensor. Also, the multiple PDAF pixel regions may be
arranged in differing orientations (e.g., horizontally, vertically, diagonally, and in

combinations thereof). The orientations are discussed in detail, below.

[00017] In embodiments, adjacent pixels covered with other color filters, such as

blue (B), clear, red (R), green (G), etc., may be used.

[00018] In embodiments, certain pixels designated for this PDAF purpose may also
be fitted with a color filter of choice, which is different from the regular color filter

pattern from the rest of the image sensor array.

[00019] Inembodiments of this described strategy, these pixels may be corrected,
or partially corrected, since their response is modified relative to standard (non-

PDAF-enabling) pixels.

[00020] A variety of color filter pattern options can be utilized in a similar manner
to enable a PDAF on a sensor. In various embodiments, a standard pattern, such as a
Bayer pattern, may be used. In embodiments, an RGB (IR) pattern may be employed.

In various embodiments, other patterns may be employed.

[00021] Referring to FIG. 4, a pair of PDAF pixel regions are shown, in a part of
the image sensor pixel array. In this example embodiment, the choice of color filters
may be mirror-image-chosen relative to one another. For example, in the left region
the pixel-pair includes a green pixel on the left and a red pixel on the right, while in

the right region the pixel-pair includes a red pixel on the left and a green pixel on the
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right. In the image, a microlens spanning the two constituent pixels of the PDAF pixel

region is shown.

[00022] In various embodiments, a series of two-pixel-wide microlenses may be
placed in different locations across the image sensor array. This placement allows for
sufficient samples in order to detect a best-focus distance based on a selected area on
the image, as is common in “Live-View” mode on, for example, digital single-lens
reflex cameras (DSLRs) where the user chooses an area of the image on which to
focus. In embodiments, a close proximity can be maintained between a two-pixel-
wide micro-lens spanning two colors and its mirror pattern, so that a high correlation

can be expected between them.

[00023] The placement of the two-pixel-wide micro-lenses should provide
sufficient sampling of an image region in the horizontal and vertical dimensions of the
array. In various embodiments, it may also be desirable to implement certain
irregularities in the sampling, to overcome, for example, aliasing effects introduced by
a very regular sampling. Therefore, in some embodiments, an arrangement of the two
pixels may be replicated in intervals of regular intervals and/or irregular intervals

across the sensor.

[00024] Referring to FIG. 5, when a given area of the image sensor is chosen for
focusing, two sets of sub-images are analyzed by the auto-focus system. One sub-
image comprises pixels on one side of the two-pixel-wide micro-lenses and the other

sub-image comprises pixels on the other side of the micro-lenses.

[00025] In the case of an out-of-focus image region, the spatial frequency
information from the scene is mapped differently (with a different phase) onto the
“left-pixel” sub-image and the “right-pixel” sub-image. This difference is used as a
basis for determining the change in lens-to-imager-distance required. In-focus is
achieved in the region of interest when the image based on the “left-pixel” sub-image
and the “right-pixel” sub-image are at the highest correlation possible (are in phase).
This implies that, when in focus, spatial frequency information in the image mapped
to the “left-pixel” and “right-pixel” sub-images is synced in phase and amplitude,

yielding a maximum correlation.
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[00026] One advantage of the subject matter disclosed herein, and in the examples
shown, is that, for example, the pixels under the red color filter, or the pixels under
the green color filter, or both, can be used by an AF system. For example, in imaging
conditions favoring red or infrared (IR) light in mobile phone cameras, the AF system
could use just the information from the red pixels, and in normal brightly lit

conditions, the green pixels could be favored.

[00027] In various embodiments, a large number of AF pixels is potentially
required in the image array, to allow the user to select a region (or a combination of
regions) to focus. It is desirable that these pixels not reduce image information when
they are not being used for auto-focus. If these pixels perform in a very different way
than the other pixels, they may need to be replaced by a defect pixel correction
algorithm which is likely to reduce image information as such replacement is typically

prone to uncertainties.

[00028] Under the disclosed subject matter, it is expected that the pixels under two-
pixel-wide micro-lenses behave, in terms of intensity, in a predictably different way
compared to a pixel under a single micro-lens. Thus, correcting the intensity of these
pixels for final image output would be a trivial operation on pixel intensity, which can
be performed by, for example, an Image Signal Processor (ISP) since the locations of
such pixels are known beforehand. In a scenario where this would not be possible, the
regularity of the color filters in the array would allow a defect pixel correction
algorithm to interpolate the pixel value from neighbor pixels under the same color

filter.

[00029] In embodiments, a micro-lens spanning two or more pixels horizontally,

with each of the pixels covered by any available color filter, may be employed.

[00030] Inembodiments, a micro-lens spanning two or more pixels diagonally,

with each of the pixels covered by any available color filter, may be employed.

[00031] Inembodiments, a micro-lens spanning two or more pixels vertically, with

each of the pixels covered by any available color filter, may be employed.
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[00032] In embodiments, a micro-lens spanning two or more pixels horizontally
may intersect with another micro-lens spanning two or more pixels vertically. Each of

the pixels under the micro-lenses may be covered by any available color filter.

[00033] In embodiments, the photodetector may employ CMOS silicon (e.g.,
employing either frontside illumination (FSI) and/or backside illumination (BSI)).

[00034] In embodiments, an optically sensitive layer may be employed in light
absorption and photodetection. This may include a continuous optically sensitive

layer.

[00035] In embodiments, a thin and highly absorbing optically sensitive layer may
be employed to minimize or reduce optical crosstalk among the pixels making up the
PDAF. In embodiments, this may lead to more precise resolving of the extent of

focus/out-of-focus.

[00036] In embodiments, infrared light may be used as a basis for autofocus. In
embodiments, an optically sensitive layer responsive to infrared light may be

employed.

[00037] In various embodiments, a phase-detect system is disclosed that
includes a first pixel as a first component of the phase-detect system with a first
color filter formed over the first pixel. A second pixel is formed adjacent to the first
pixel, the second pixel being a second component of the phase-detect system. A
second color filter is formed over the second pixel where the second color filter has a
color different from a color of the first color filter. A micro-lens spans the first pixel
and the second pixel with the combination of components being configured to
capture a phase difference in spatial frequency information present in an imaged
scene. The first pixel and the second pixel are placed adjacent to each other in at least
one direction including a horizontal direction, a vertical direction, and/or a diagonal
direction. An arrangement of the two pixels is replicated across the sensor in regular

intervals and/or irregular intervals across the sensor.

[00038] In embodiments, the first color filter of the phase-detect system
substantially passes red light and substantially blocks blue light and green light, and
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the second color filter of the phase-detect system substantially passes green light and

substantially blocks blue light and red light.

[00039] In embodiments, the first color filter and the second color filter of the
phase-detect system employ at least one material that simultaneously blocks certain

wavelengths of light and passes certain wavelengths of light.

[00040] In embodiments, the first color filter and the second color filter of the
phase-detect system are each separately configured to selectively pass at least one
wavelength of light chosen from wavelengths of light corresponding to red, green,

blue, and infrared light.

[00041] In embodiments, the first color filter and the second color filter of the
phase-detect system are each separately configured to selectively block at least one
wavelength of light chosen from wavelengths of light corresponding to red, green,

blue, and infrared light.

[00042] In embodiments, the sensor of the phase-detect system incorporates a
standard Bayer RGB color filter pattern across the sensor on all pixels, and a plurality

of the pixels comprise phase-detect autofocus pixels having specific color filters.

[00043] In embodiments, the phase-detect system further includes an optically

sensitive layer under the specific color filters for light absorption and photo-detection.

[00044] In embodiments, the sensor of the phase-detect system incorporates an
RGB-IR color filter pattern across the sensor on all pixels, wherein a plurality of the

pixels comprise phase-detect autofocus pixels having specific color filters.

[00045] In embodiments, the phase-detect system further includes an optically
sensitive layer that is sensitive to visible and infrared light under the specific color

filters for light absorption and photo-detection.

[00046] In embodiments, when under a first set of light conditions, the phase-
detect autofocus pixels under a green color filter array are to be used by an auto-focus
system, and, when under a second set of light conditions, the phase-detect autofocus

pixels under a second color filter are to be used by the auto-focus system. The second
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color filter includes one color filter selected from color filters including blue, red, and

infrared color filters.

[00047] In embodiments, a standard Bayer RGB color filter pattern or an RGB-IR
color filter pattern is employed across the sensor on all pixels, with phase-detect

autofocus pixels employing specific color filters.

[00048] In embodiments, the sensor of the phase-detect system includes a silicon-
based CMOS sensor employing frontside illumination (FSI) is to be used for light

absorption and photo-detection.

[00049] In embodiments, the sensor of the phase-detect system includes a silicon-
based CMOS sensor employing backside illumination (BSI) is to be used for light

absorption and photo-detection.

[00050] In embodiments, only an infrared-passing color filter is employed across
the sensor of the phase-detect system on all pixels, including phase-detect autofocus
pixels, and an optically sensitive layer that is sensitive to infrared light is employed

under the infrared-passing color filter for light absorption and photo-detection.

[00051] In various embodiments, an image sensor includes multiple phase-detect
autofocus regions, with each of the multiple phase-detect autofocus regions having a
first pixel, a first color filter formed over the first pixel and a second pixel, with the
second pixel being adjacent to the first pixel. A second color filter is formed over the
second pixel, where the second color filter has a color different from a color of the

first color filter.

[00052] In embodiments, data acquired from the multiple phase-detect autofocus
regions are corrected to equalize a signal, in a given color, relative to that acquired for
the same incident intensity and color when acquired over non-phase-detect-autofocus-

region pixels.

[00053] In embodiments, the image sensor includes regions of a Bayer pattern

RGGB color filter array layout.

[00054] In embodiments, the image sensor includes regions of R, G, B, and IR

color filters.
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[00055] The various illustrations of the methods and apparatuses provided herein
are intended to provide a general understanding of the structure of various
embodiments and are not intended to provide a complete description of all the
elements and features of the apparatuses and methods that might make use of the
structures, features, and materials described herein. Also, a person of ordinary skill in
the art will understand that various ones of the described embodiments may be

combined in various ways or used selectively.

[00056] A person of ordinary skill in the art will further appreciate that, for this and
other methods and techniques disclosed herein, the activities forming part of various
methods and techniques may, in certain cases, be implemented in a differing order, as
well as repeated, executed simultaneously, or substituted one for another. Further, the
outlined acts, operations, techniques, and structures are only provided as examples,
and some of the acts, operations, techniques, and structures may be optional,
combined into fewer acts, operations, techniques, and structures, or expanded into
additional acts, operations, techniques, and structures without detracting from the
essence of the disclosed embodiments. Moreover, as used herein, the term “or” may

be construed in either an inclusive or exclusive sense.

[00057] The present disclosure is therefore not to be limited in terms of the
particular embodiments described in this application, which are intended as
illustrations of various aspects. Many modifications and variations can be made, as
will be apparent to the person of ordinary skill in the art upon reading and
understanding the disclosure provided herein. Functionally equivalent methods and
apparatuses within the scope of the disclosure, in addition to those enumerated herein,
will be apparent to the person of ordinary skill in the art from reading and
understanding the foregoing descriptions. Portions and features of some embodiments
may be included in, or substituted for, those of others. Many other embodiments will
be apparent to those of ordinary skill in the art upon reading and understanding the
description provided herein. Such modifications and variations are intended to fall
within a scope of the appended claims. The present disclosure is to be limited only by
the terms of the appended claims, along with the full scope of equivalents to which

such claims are entitled. It is also to be understood that the terminology used herein is
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for the purpose of describing particular embodiments only and is not intended to be

limiting.

[00058] In addition, in the foregoing Detailed Description, it may be seen that
various features are grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not to be interpreted as
limiting the claims. Thus, the following claims are hereby incorporated into the

Detailed Description, with each claim standing on its own as a separate embodiment.

10
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CLAIMS
What is Claimed Is:

1. A phase-detect system, comprising:

a first pixel as a first component of the phase-detect system;

a first color filter formed over the first pixel,

a second pixel as a second component of the phase-detect system, the second pixel
being adjacent to the first pixel;

a second color filter formed over the second pixel, the second color filter having a
color different from a color of the first color filter; and

a micro-lens spanning the first pixel and the second pixel, configured to capture a
phase difference in spatial frequency information present in an imaged scene,
the first pixel and the second pixel being placed adjacent to each other in at
least one direction selected from directions including a horizontal direction, a
vertical direction, and a diagonal direction, an arrangement of the two pixels
being replicated in at least one interval including intervals of regular intervals

and irregular intervals across the sensor.

2. The phase-detect system of claim 1, wherein the first color filter substantially
passes red light and substantially blocks blue light and green light, and
wherein the second color filter substantially passes green light and

substantially blocks blue light and red light.

3. The phase-detect system of claim 1, wherein the first color filter and the second
color filter employ at least one material that simultaneously blocks certain

wavelengths of light and passes certain wavelengths of light.

4. The phase-detect system of claim 1, wherein the first color filter and the second
color filter are each separately configured to selectively pass at least one
wavelength of light chosen from wavelengths of light corresponding to red,

green, blue, and infrared light.

11
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5. The phase-detect system of claim 1, wherein the first color filter and the second
color filter are each separately configured to selectively block at least one
wavelength of light chosen from wavelengths of light corresponding to red,

green, blue, and infrared light.

6. The phase-detect system of claim 1, wherein the sensor incorporates a standard
Bayer RGB color filter pattern across the sensor on all pixels, and wherein a
plurality of the pixels comprise phase-detect autofocus pixels having specific

color filters.

7. The phase-detect system of claim 6, further comprising an optically sensitive layer

under the specific color filters for light absorption and photo-detection.

8. The phase-detect system of claim 1, wherein the sensor incorporates an RGB-IR
color filter pattern across the sensor on all pixels, wherein a plurality of the

pixels comprise phase-detect autofocus pixels having specific color filters.

9. The phase-detect system of claim 8, further comprising an optically sensitive layer
that 1s sensitive to visible and infrared light under the specific color filters for

light absorption and photo-detection.

10. The phase-detect system of claim 1, wherein, under a first set of light conditions,
the phase-detect autofocus pixels under a green color filter array are to be used
by an auto-focus system, and wherein, under a second set of light conditions,
the phase-detect autofocus pixels under a second color filter are to be used by
the auto-focus system, wherein the second color filter includes one color filter

selected from color filters including blue, red, and infrared color filters.
11. The phase-detect system of claim 1, wherein a standard Bayer RGB color filter

pattern or an RGB-IR color filter pattern is employed across the sensor on all

pixels, with phase-detect autofocus pixels employing specific color filters.

12
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12. The phase-detect system of claim 11, wherein the sensor comprises a silicon-
based CMOS sensor employing frontside illumination (FSI) is to be used for
light absorption and photo-detection.

13. The phase-detect system of claim 11, wherein the sensor comprises a silicon-
based CMOS sensor employing backside illumination (BSI) is to be used for
light absorption and photo-detection.

14. The phase-detect system of claim 11, wherein, under a first set of light conditions,
the phase-detect autofocus pixels under a green color filter array are to be used
by the auto-focus system, and wherein, under a second set of light conditions,
the phase-detect autofocus pixels under a second color filter are to be used by
the auto-focus system, wherein the second color filter includes one color filter

selected from color filters including blue, red, and infrared color filters.

15. The phase-detect system of claim 1, wherein only an infrared-passing color filter
is employed across the sensor on all pixels, including phase-detect autofocus
pixels, and an optically sensitive layer that is sensitive to infrared light is
employed under the infrared-passing color filter for light absorption and

photo-detection.

16. An image sensor comprising multiple phase-detect autofocus regions, each of the
multiple phase-detect autofocus regions comprising:

a first pixel;

a first color filter formed over the first pixel,

a second pixel, the second pixel being adjacent to the first pixel; and

a second color filter formed over the second pixel, the second color filter having a

color different from a color of the first color filter.

17. The image sensor of claim 16, wherein data acquired from the multiple phase-
detect autofocus regions are corrected to equalize a signal, in a given color,
relative to that acquired for the same incident intensity and color when

acquired over non-phase-detect-autofocus-region pixels.

13
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18. The image sensor of claim 16, wherein the image sensor includes regions of a

Bayer pattern RGGB color filter array layout.

19. The image sensor of claim 16, wherein the image sensor includes regions of R, G,

B, and IR color filters.

14
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