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(54) IMAGE SENSOR, MOBILE TERMINAL, AND PHOTOGRAPHING METHOD

(57) An image sensor, a mobile terminal and a pho-
tographing method are provided. The image sensor in-
cludes: a pixel array, where the pixel array includes a
preset quantity of pixel units arranged in a predetermined
manner, the pixel unit includes a first pixel and a second
pixel adjacent to the first pixel, the first pixel includes a
red subpixel, a green subpixel, and a blue subpixel, the

second pixel includes a red subpixel, a green subpixel,
and an infrared subpixel, and both the first pixel and the
second pixel are dual photodiode pixels, where a location
of the blue subpixel in the first pixel is the same as that
of the infrared subpixel in the second pixel, and each of
the first pixel and the second pixel includes four dual pho-
todiode subpixels.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Pat-
ent Application No. 201810797261.9 filed on July 19,
2018 in China, which is incorporated herein by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
communications technologies, and in particular, to an im-
age sensor, a mobile terminal, and a photographing
method.

BACKGROUND

[0003] At present, intelligent electronic products have
gradually become a necessity in people’s lives, and the
photographing function as an important configuration of
electronic products is also gradually developed. Howev-
er, as the photographing function is promoted and pop-
ularized, people are no longer satisfied with the existing
photographing function of cameras in intelligent electron-
ic products, and desire for diverse photographing effects,
entertainment manners, and functions.
[0004] Currently, in the market, the Bayer pixel array
layout of red (R) green (G) blue (B) is most commonly
used for an image sensor based on a complementary
metal oxide semiconductor (Complementary Metal Ox-
ide Semiconductor, CMOS), as shown in FIG. 1a. How-
ever, in this layout, an object distance cannot be detect-
ed, only natural light can be received, and an image is
taken and recorded under normal illumination.
[0005] The pixel array layout of the dual photodiode
(Dual PhotoDiode, 2PD) technology is shown in FIG. 1b
and FIG. 1c. In this layout, similarly, only natural light can
be received for photographing and recording an image.
However, compared with the technical solution of phase
detection auto focus (Phase Detection Auto Focus,
PDAF), this technology can increase the distance from
a detected object and can complete a focusing operation
more quickly.
[0006] The principle of the 2PD phase detection tech-
nology is described as follows: As can be seen from FIG.
1b and FIG. 1c, some R, G, and B subpixels in the pixel
array are divided into two parts. Light energy obtained
from different incident directions is different. Therefore,
the left subpixel and the right subpixel constitute a phase
detection pair. When luminance values of the left subpixel
and the right subpixel both reach a relative peak value,
the image is comparatively clearest, that is, focusing is
implemented. Then, the object distance is calculated by
using an algorithm, to achieve quick focusing.
[0007] To sum up, in the pixel array layout of the CMOS
image sensor, an object distance cannot be detected and
only natural light can be received. Although an object

distance can be detected in the pixel array layout of the
2PD technology, only natural light can be received.
Therefore, the pixel array layout of the image sensor in
the related art has the following problems: photographing
scenarios are limited, and focusing is so slow that user’s
photographing experience is affected.

SUMMARY

[0008] Embodiments of the present disclosure provide
an image sensor, a mobile terminal, and a photographing
method, to resolve the following related-art problems in
photographing: photographing scenarios are limited, and
focusing is so slow that user’s photographing experience
is affected.
[0009] To resolve the foregoing problems, the embod-
iments of the present disclosure provide the following
implementations:
[0010] According to a first aspect, an embodiment of
the present disclosure provides an image sensor, includ-
ing:

a pixel array, where the pixel array includes a preset
quantity of pixel units arranged in a predetermined
manner, the pixel unit includes a first pixel and a
second pixel adjacent to the first pixel, the first pixel
includes a red subpixel, a green subpixel, and a blue
subpixel, the second pixel includes a red subpixel,
a green subpixel, and an infrared subpixel, and both
the first pixel and the second pixel are dual photodi-
ode pixels, where
a location of the blue subpixel in the first pixel is the
same as that of the infrared subpixel in the second
pixel, and each of the first pixel and the second pixel
includes four dual photodiode subpixels.

[0011] According to a second aspect, an embodiment
of the present disclosure further provides a mobile ter-
minal, including an imaging system and an infrared trans-
mitting module, where the imaging system includes the
foregoing image sensor, and further includes:

a lens module;
a driver module configured to drive the lens module
to move;
a filtering module disposed between the lens module
and the image sensor;
an image data processing module connected to the
image sensor; and
a display module connected to the image data
processing module.

[0012] According to a third aspect, an embodiment of
the present disclosure further provides a photographing
method, applied to a mobile terminal, where the mobile
terminal includes the foregoing image sensor and further
includes an infrared transmitting module, and the method
includes:
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emitting infrared light by using the infrared transmit-
ting module;

obtaining a distance between each infrared light re-
flection point of a to-be-photographed object and the
mobile terminal according to infrared light reflected
by the to-be-photographed object; and

obtaining three-dimensional information of the to-be-
photographed object according to the distance be-
tween each infrared light reflection point of the to-
be-photographed object and the mobile terminal.

[0013] In the technical solutions of the present disclo-
sure, the pixel array layout of the image sensor is im-
proved to replace the RGB pixel array layout with the
RGB-IR pixel array layout of 2PD. In this way, the dis-
tance between the to-be-photographed object and the
mobile terminal can be detected while the infrared light
is received for photographing and recording an image.
Quick focusing and bokeh are implemented to improve
an imaging effect of an image. A related application func-
tion of three-dimensional photographing and dark-state
imaging are implemented. Features of the mobile termi-
nal are improved while user photographing experience
is ensured.

BRIEF DESCRIPTION OF DRAWINGS

[0014] The following clearly and completely describes
the technical solutions in the embodiments of the present
disclosure with reference to the accompanying drawings
in the embodiments of the present disclosure. Apparent-
ly, the described embodiments are some but not all of
the embodiments of the present disclosure. All other em-
bodiments obtained by a person of ordinary skill in the
art based on the embodiments of the present disclosure
without creative efforts shall fall within the protection
scope of the present disclosure.

FIG. 1a is a schematic diagram of a conventional
RGB layout in the related art;
FIG. 1b is a diagram of a pixel array layout of 2PD;
FIG. 1c is a cross-sectional diagram of pixels of 2PD;
FIG. 2a is a first schematic diagram of a pixel array
layout according to an embodiment of the present
disclosure;
FIG. 2b is a cross-sectional diagram of pixels ac-
cording to an embodiment of the present disclosure;
FIG. 3a is a first schematic diagram of a pixel unit
according to an embodiment of the present disclo-
sure;
FIG. 3b is a second schematic diagram of a pixel
unit according to an embodiment of the present dis-
closure;
FIG. 3c is a third schematic diagram of a pixel unit
according to an embodiment of the present disclo-
sure;

FIG. 3d is a second schematic diagram of a pixel
array layout according to an embodiment of the
present disclosure;
FIG. 4a is a fourth schematic diagram of a pixel unit
according to an embodiment of the present disclo-
sure;
FIG. 4b is a fifth schematic diagram of a pixel unit
according to an embodiment of the present disclo-
sure;
FIG. 4c is a sixth schematic diagram of a pixel unit
according to an embodiment of the present disclo-
sure;
FIG. 4d is a seventh schematic diagram of a pixel
unit according to an embodiment of the present dis-
closure;
FIG. 4e is a third schematic diagram of a pixel array
layout according to an embodiment of the present
disclosure;
FIG. 5a is a schematic diagram of a mobile terminal
according to an embodiment of the present disclo-
sure;
FIG. 5b is a schematic diagram of an imaging system
according to an embodiment of the present disclo-
sure;
FIG. 6 is a schematic diagram of a photographing
method according to an embodiment of the present
disclosure; and
FIG. 7 is a schematic diagram of a hardware struc-
ture of a mobile terminal according to an embodiment
of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0015] The following clearly and completely describes
the technical solutions in the embodiments of the present
disclosure with reference to the accompanying drawings
in the embodiments of the present disclosure. Apparent-
ly, the described embodiments are some rather than all
of the embodiments of the present disclosure. All other
embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present disclo-
sure without creative efforts shall fall within the protection
scope of the present disclosure.
[0016] The embodiments of the present disclosure pro-
vide an image sensor. As shown in FIG. 2a, FIG. 3a to
FIG. 3d, and FIG. 4a to FIG. 4e, the image sensor in-
cludes:
a pixel array, where the pixel array includes a preset
quantity of pixel units arranged in a predetermined man-
ner, the pixel unit includes a first pixel and a second pixel
adjacent to the first pixel, the first pixel includes a red
subpixel, a green subpixel, and a blue subpixel, the sec-
ond pixel includes a red subpixel, a green subpixel, and
an infrared subpixel, and both the first pixel and the sec-
ond pixel are dual photodiode pixels, where a location of
the blue subpixel in the first pixel is the same as that of
the infrared subpixel in the second pixel, and each of the
first pixel and the second pixel includes four dual photo-
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diode subpixels.
[0017] The pixel array included in the image sensor
provided in the embodiments of the present disclosure
includes the preset quantity of pixel units. The preset
quantity of pixel units are arranged in the predetermined
manner. The preset quantity of pixel units all include the
first pixel and the second pixel adjacent to the first pixel.
Subpixels of the first pixel are different from those of the
second pixel. The first pixel includes the red subpixel (R),
the green subpixel (G), and the blue subpixel (B). The
second pixel includes the red subpixel, the green sub-
pixel, and the infrared subpixel (Infrared Radiation, IR).
The infrared subpixel is disposed in the second pixel, so
that the infrared light can be received for photographing
an image. In this way, dark-state imaging is implemented
and user photographing experience is ensured.
[0018] In the embodiments of the present disclosure,
both the first pixel and the second pixel are dual photo-
diode (2PD) pixels. The 2PD pixels are used so that an
object distance can be detected and a focusing operation
can be performed more quickly. Each of the first pixel
and the second pixel includes four subpixels, and all the
four subpixels are 2PD subpixels.
[0019] A location of the blue subpixel in the first pixel
is the same as that of the infrared subpixel in the second
pixel. The following describes specific forms of the first
pixel and the second pixel.
[0020] The red subpixel, the green subpixel, and the
blue subpixel of the first pixel are arranged in a particular
manner. The first pixel includes one red subpixel, one
blue subpixel, and two green subpixels. For ease of dis-
tinguishing herein, the two green subpixels are separate-
ly referred to as a first green subpixel and a second green
subpixel, and the first green subpixel and the second
green subpixel are the same. The red subpixel is adjacent
to the first green subpixel, the second green subpixel is
below the red subpixel, the blue subpixel is below the
first green subpixel, and the second green subpixel is
adjacent to the blue subpixel.
[0021] The red subpixel, the green subpixel, and the
infrared subpixel of the second pixel are arranged in a
particular manner. The second pixel includes one red
subpixel, one infrared subpixel, and two green subpixels.
For ease of distinguishing herein, the two green subpixels
are separately referred to as a first green subpixel and a
second green subpixel, and the first green subpixel and
the second green subpixel are the same. The red sub-
pixel is adjacent to the first green subpixel, the second
green subpixel is below the red subpixel, the infrared
subpixel is below the first green subpixel, and the second
green subpixel is adjacent to the infrared subpixel.
[0022] In the embodiments of the present disclosure,
the RGB pixel array layout is improved to replace the
RGB pixel array layout with the red green blue infrared
(Red Green Blue Infrared Radiation, RGB-IR) pixel array
layout, so that the mobile terminal can receive the infrared
light for photographing an image. In this way, dark-state
imaging is implemented and user photographing experi-

ence is ensured.
[0023] In addition, the image sensor in the embodi-
ments of the present disclosure can detect the distance
between the to-be-photographed object and the mobile
terminal. Quick focusing and bokeh are implemented,
and an imaging effect of an image can be improved
through cooperation with the infrared transmitting mod-
ule. A related application function of three-dimensional
photographing is implemented. Features of the mobile
terminal are improved while user photographing experi-
ence is ensured.
[0024] In the embodiments of the present disclosure,
as shown in FIG. 2a, FIG. 3a to FIG. 3d, and FIG. 4a to
FIG. 4e, the pixel unit includes one second pixel and at
least one first pixel.
[0025] In the pixel array provided in the embodiments
of the present disclosure, each pixel unit includes one
second pixel and at least one first pixel. The following
describes examples of specific forms of the first pixel and
the second pixel included in the pixel unit.
[0026] As shown in FIG. 2a, when the pixel unit in-
cludes one first pixel and one second pixel, the density
of the infrared subpixel in the pixel unit is 1/8. The pixel
array shown in FIG. 2a includes 8 pixel units, and each
pixel unit includes one first pixel and one second pixel.
In this case, the second pixel includes two green subpix-
els, one red subpixel, and one infrared subpixel, that is,
the infrared subpixel replaces the blue subpixel of the
first pixel.
[0027] A location of the infrared subpixel (a location of
the second pixel) in the pixel unit is not specifically limited.
In the pixel unit, the first pixel and the second pixel may
be sequentially arranged, or the second pixel and the
first pixel may be sequentially arranged. The first pixel
and the second pixel form the pixel unit, and the formed
pixel units are combined to form the pixel array shown in
FIG. 2a. In the pixel array shown in FIG. 2a, the first pixel
and the second pixel in the pixel unit may be arranged
in different manners, that is, locations of the second pixels
may be different. The pixel array shown in FIG. 2a is only
an example for illustration, and a person skilled in the art
can further make appropriate changes.
[0028] In the current state, the pixel unit corresponds
to two types: a first pixel unit and a second pixel unit. In
the first pixel unit, the first pixel and the second pixel are
arranged along a first direction. In the second pixel unit,
the second pixel and the first pixel are arranged along
the first direction.
[0029] Two first pixel units that are completely the
same are arranged along the first direction, two second
pixel units that are completely the same are arranged
along the first direction, and the first pixel unit, the second
pixel unit, the first pixel unit, and the second pixel unit
are sequentially arranged along a second direction, to
form the pixel array shown in FIG. 2a. The first direction
is perpendicular to the second direction.
[0030] As shown in FIG. 3a to FIG. 3c, when the pixel
unit includes two first pixels and one second pixel, the
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density of the infrared subpixel in the pixel unit is 1/12.
A location of the infrared subpixel (a location of the sec-
ond pixel) in the pixel unit is not specifically limited. In
FIG. 3a, two first pixels and one second pixel are sequen-
tially arranged, and the second pixel is located on the
right side of the pixel unit. In FIG. 3b, the first pixel, the
second pixel, and the first pixel are sequentially arranged,
and the second pixel is located in the middle of the pixel
unit. In FIG. 3c, the second pixel and two first pixels are
sequentially arranged, and the second pixel is located
on the left side of the pixel unit. The pixel units shown in
FIG. 3a, FIG. 3b, and FIG. 3c may be combined to form
the pixel array.
[0031] In the current state, the pixel unit shown in FIG.
3a is a third pixel unit, the pixel unit shown in FIG. 3b is
a fourth pixel unit, and the pixel unit shown in FIG. 3c is
a fifth pixel unit.
[0032] The pixel array shown in FIG. 3d includes 8 pixel
units. Two third pixel units that are completely the same
are arranged along the first direction, two fifth pixel units
that are completely the same are arranged along the first
direction, and the third pixel unit, the fifth pixel unit, the
third pixel unit, and the fifth pixel unit are sequentially
arranged along a second direction. The first direction is
perpendicular to the second direction. The pixel array
layout shown in FIG. 3d is only an example for illustration.
When the pixel unit includes two first pixels and one sec-
ond pixel, the present disclosure further includes a plu-
rality of pixel array layouts, which are not listed herein
one by one.
[0033] As shown in FIG. 4a, when the pixel unit in-
cludes three first pixels and one second pixel, the density
of the infrared subpixel in the pixel unit is 1/16. A location
of the infrared subpixel (a location of the second pixel)
in the pixel unit is not limited. In this case, in FIG. 4a, two
first pixels are sequentially arranged at an upper layer,
and the remaining first pixel and one second pixel are
sequentially arranged at a lower layer, where the second
pixel is located at a lower right position of the pixel unit.
In FIG. 4b, the first pixel and the second pixel are se-
quentially arranged at an upper layer, and two first pixels
are sequentially arranged at a lower layer, where the sec-
ond pixel is located at an upper right position of the pixel
unit. In FIG. 4c, two first pixels are sequentially arranged
at an upper layer, and the second pixel and one first pixel
are sequentially arranged at a lower layer, where the sec-
ond pixel is located at a lower left position of the pixel
unit. In FIG. 4d, the second pixel and the first pixel are
sequentially arranged at an upper layer, and two first pix-
els are sequentially arranged at a lower layer, where the
second pixel is located at an upper left position of the
pixel unit.
[0034] In the current state, the pixel unit corresponds
to four types: a sixth pixel unit, a seventh pixel unit, an
eighth pixel unit, and a ninth pixel unit. FIG. 4a shows
the sixth pixel unit, FIG. 4b shows the seventh pixel unit,
FIG. 4c shows the eighth pixel unit, and FIG. 4d shows
the ninth pixel unit.

[0035] The pixel array shown in FIG. 4e includes 6 pixel
units. The sixth pixel unit, the seventh pixel unit, and the
sixth pixel unit are arranged along the first direction, the
eighth pixel unit, the ninth pixel unit, and the eighth pixel
unit are arranged along the first direction, the eighth pixel
unit is below the sixth pixel unit, and the ninth pixel unit
is below the seventh pixel unit. The pixel array layout
shown in FIG. 4e is only an example for illustration. When
the pixel unit includes three first pixels and one second
pixel, the present disclosure further includes a plurality
of pixel array layouts, which are not listed herein one by
one.
[0036] In the embodiments of the present disclosure,
the pixel unit is not limited to this form, and the location
of the infrared subpixel (the location of the second pixel)
in the pixel unit is not limited herein. The density of the
infrared subpixel in the pixel unit is 1/4n, where n is an
integer greater than or equal to 2. The pixel array may
be formed as follows: using an RGB+IR pixel unit with
the density of 1/8, an RGB+IR pixel unit with the density
of 1/12, or an RGB+IR pixel unit with the density of 1/16
as a pixel unit array, and periodically arranging pixel unit
arrays to form the pixel array. Certainly, the pixel array
may also be in another form. Examples are not listed
herein, In addition, the size of the pixel array to which the
infrared subpixel is applied is not limited.
[0037] In the embodiments of the present disclosure,
the red subpixel includes a semiconductor layer, a metal
layer, a photodiode, a red light filter, and a micromirror
that are sequentially stacked; the green subpixel includes
a semiconductor layer, a metal layer, a photodiode, a
green light filter, and a micromirror that are sequentially
stacked; the blue subpixel includes a semiconductor lay-
er, a metal layer, a photodiode, a blue light filter, and a
micromirror that are sequentially stacked; and the infra-
red subpixel includes a semiconductor layer, a metal lay-
er, a photodiode, an infrared cut-off filter, and a micro-
mirror that are sequentially stacked.
[0038] The semiconductor layer, the metal layer, the
photodiode, the red light filter, and the micromirror includ-
ed in the red subpixel are sequentially arranged from
bottom to top. Correspondingly, the semiconductor layer,
the metal layer, the photodiode, the green light filter, and
the micromirror included in the green subpixel are se-
quentially arranged from bottom to top. The semiconduc-
tor layer, the metal layer, the photodiode, the blue light
filter, and the micromirror included in the blue subpixel
are sequentially arranged from bottom to top. The sem-
iconductor layer herein may be a silicon substrate, but is
not limited thereto. Structural forms of the green subpixel
and the infrared subpixel may be shown in FIG. 2b. The
difference between structural forms of the subpixels is
that the light filters are different. As shown in FIG. 2b, the
green light filter may be replaced by the red light filter or
the blue light filter to obtain the structure of the red sub-
pixel and the blue subpixel.
[0039] The red light filter, the green light filter, and the
blue light filter are used to obtain color information of
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pixels in a composite image, and block the entry of an
infrared ray, for example, allow only visible light with a
wavelength from 380nm to 700nm to enter. An image
with complete and vivid colors can be directly generated
under high luminance.
[0040] The semiconductor layer, the metal layer, the
photodiode, the infrared cut-off filter, and the micromirror
included in the infrared subpixel are sequentially ar-
ranged from bottom to top. A photosensitive bandwidth
of the infrared subpixel is from 750nm to 1100nm. In this
case, a formed infrared filter area may allow an infrared
band to pass through. This can not only improve the dark-
state imaging effect, but also implement an infrared rang-
ing function.
[0041] As can be seen from the foregoing descriptions,
the RGB subpixels are light receiving elements corre-
sponding to wavelength light of RGB colors, and the IR
subpixel is a light receiving element corresponding to in-
frared light.
[0042] In the embodiments of the present disclosure,
the image sensor is a complementary metal oxide sem-
iconductor CMOS image sensor, a charge coupled de-
vice (Charge Coupled Device, CCD) image sensor, or a
quantum thin-film image sensor.
[0043] In the present disclosure, types of image sen-
sors to which the RGB-IR pixel array layout is applied
are not limited, and may be a CMOS-based image sen-
sor, a CCD-based image sensor, or an image sensor
based on a quantum thin-film, and certainly may also be
other types of image sensors. In addition, the image sen-
sor in the embodiments of the present disclosure may be
applied to any electronic product including a camera
module.
[0044] In the image sensor provided in the embodi-
ments of the present disclosure, the pixel array layout of
the image sensor is improved to replace the RGB pixel
array layout with the RGB-IR pixel array layout of 2PD.
In this way, the distance between the to-be-photo-
graphed object and the mobile terminal can be detected
while the infrared light is received for photographing and
recording an image. Quick focusing and bokeh are im-
plemented to improve an imaging effect of an image. A
related application function of three-dimensional photo-
graphing and dark-state imaging are implemented. Fea-
tures of the mobile terminal are improved while user pho-
tographing experience is ensured.
[0045] The embodiments of the present disclosure fur-
ther provide a mobile terminal, as shown in FIG. 5a and
FIG. 5b, including an imaging system 51 and an infrared
transmitting module 52. The imaging system 51 includes
an image sensor 511, and further includes: a lens module
512, a driver module 513 configured to drive the lens
module 512 to move, a filtering module 514 disposed
between the lens module 512 and the image sensor 511,
an image data processing module 515 connected to the
image sensor 511, and a display module 516 connected
to the image data processing module 515.
[0046] In the embodiments of the present disclosure,

the mobile terminal 5 includes the imaging system 51,
and further includes the infrared transmitting module 52.
The imaging system 51 includes the image sensor 511,
and further includes the lens module 512 configured to
converge light rays. The lens module 512 is connected
to the driver module 513, and the driver module 513 is
configured to adjust a location of the lens module 512
depending on a distance from the to-be-photographed
object.
[0047] The filtering module 514 is disposed between
the lens module 512 and the image sensor 511. After
being converged by the lens module 512 and passing
through the filtering module 514, light rays may be con-
verged on the pixel array of the image sensor 511. The
image sensor 511 is connected to the image data
processing module 515, and the image data processing
module 515 is connected to the display module 516. After
the light rays are converged on the pixel array of the
image sensor 511, the image sensor 511 performs opti-
cal-to-electrical conversion, and then transmits data to
the image data processing module 515. The image data
processing module 515 processes the data and then dis-
plays the processed data in an image form on the display
module 516.
[0048] After the driver module 513 adjusts the location
of the lens module 512, a 2PD pixel in the image sensor
511 may be used to obtain a phase difference, to obtain
a distance between an object and an imaging surface,
thereby implementing quick focusing.
[0049] In addition, the RGB + IR pixel array layout
based on the 2PD image sensor in the present disclosure
can cooperate with the infrared transmitting module 52
to implement a related three-dimensional function, for
example, face recognition unlocking, secure payment,
three-dimensional imaging, and other terminal applica-
tions, to improve features of the mobile terminal while
ensuring imaging.
[0050] The filtering module 514 in the embodiments of
the present disclosure may allow an optical wavelength
from 380nm to 1100nm to pass through. In this case,
after being converged by the lens module 512, light rays
may be filtered by the filtering module 514. The filtering
module 514 may allow natural light and infrared light to
pass through, and can be used to ensure the imaging
effect of the imaging system 51.
[0051] The infrared transmitting module 52 of the mo-
bile terminal is disposed on the periphery of the lens mod-
ule 512. The infrared transmitting module 52 emits an
infrared ray. The infrared ray is reflected after encoun-
tering an obstacle. After the imaging system 51 captures
the reflected infrared lay, the infrared subpixel is used to
perform optical-to-electrical conversion, to obtain a time
difference between sending the infrared ray and receiv-
ing the infrared ray. Because a propagation speed of light
is fixed, the distance between the obstacle and the mobile
terminal can be calculated. Finally, the distance between
each tiny unit on the obstacle and the mobile terminal
can be obtained, to implement a stereoscopic imaging
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recording function. Certainly, the distance between each
infrared light reflection point of the obstacle and the mo-
bile terminal may be alternatively obtained by obtaining
a phase difference of the infrared light.
[0052] In the mobile terminal in the embodiments of
the present disclosure, the pixel array layout of the image
sensor is improved to replace the RGB pixel array layout
with the RGB-IR pixel array layout of 2PD. In this way,
the distance between the to-be-photographed object and
the mobile terminal can be detected while the infrared
light is received for photographing and recording an im-
age. Quick focusing and bokeh are implemented to im-
prove an imaging effect of an image. A related application
function of three-dimensional photographing and dark-
state imaging are implemented. Diverse features of the
mobile terminal are ensured while user photographing
experience is ensured.
[0053] An embodiment of the present disclosure fur-
ther provides a photographing method, applied to a mo-
bile terminal. The mobile terminal includes the foregoing
image sensor and further includes an infrared transmit-
ting module. As shown in FIG. 6, the method includes:
Step 601: Emit infrared light by using the infrared trans-
mitting module.
[0054] The infrared transmitting module on the mobile
terminal can emit an infrared ray. The infrared ray is re-
flected when encountering a to-be-photographed object,
and the reflected infrared light is received by the imaging
system of the mobile terminal. Because the image sensor
of the mobile terminal forms the RGB-IR pixel array, the
infrared subpixel may be used to perform optical-to-elec-
trical conversion.
[0055] Step 602: Obtain a distance between each in-
frared light reflection point of a to-be-photographed ob-
ject and the mobile terminal according to infrared light
reflected by the to-be-photographed object.
[0056] In obtaining the distance between the to-be-
photographed object and the mobile terminal, the dis-
tance between the to-be-photographed object and an im-
aging surface is actually obtained. A process of obtaining
the distance between each infrared light reflection point
of the to-be-photographed object and the mobile terminal
is: receiving, by using the pixel array including the second
pixel, infrared light reflected by each infrared light reflec-
tion point of the to-be-photographed object; and obtaining
the distance between each infrared light reflection point
of the to-be-photographed object and the mobile terminal
according to a time difference between sending the in-
frared light and receiving the infrared light and a propa-
gation speed of the infrared light or an obtained phase
difference of the infrared light.
[0057] After the reflected infrared lay is captured, the
infrared subpixel is used to perform optical-to-electrical
conversion, to obtain a time difference between sending
the infrared ray and receiving the infrared ray. Because
a propagation speed of light is fixed, the distance be-
tween the obstacle and the mobile terminal can be cal-
culated based on half the product of the time difference

and the propagation speed. Time points at which the mo-
bile terminal receives the infrared light reflected by infra-
red light reflection points are different. A distance can be
correspondingly calculated for each infrared light reflec-
tion point, and then the distance between each infrared
light reflection point and the mobile terminal can be ob-
tained. The distance between each infrared light reflec-
tion point and the mobile terminal can be alternatively
obtained by obtaining the phase difference of the infrared
light. In obtaining the distance between each infrared light
reflection point and the mobile terminal by obtaining the
phase difference of the infrared light, refer to the time of
flight (Time Of Flight, TOF) technology. Details are not
described herein.
[0058] The pixel array of the image sensor in the em-
bodiments of the present disclosure includes a preset
quantity of pixel units arranged in a predetermined man-
ner, the pixel unit includes a first pixel and a second pixel
adjacent to the first pixel, the first pixel includes a red
subpixel, a green subpixel, and a blue subpixel, the sec-
ond pixel includes a red subpixel, a green subpixel, and
an infrared subpixel, and both the first pixel and the sec-
ond pixel are dual photodiode pixels, where a location of
the blue subpixel in the first pixel is the same as that of
the infrared subpixel in the second pixel, and each of the
first pixel and the second pixel includes four dual photo-
diode subpixels.
[0059] Step 603: Obtain three-dimensional information
of the to-be-photographed object according to the dis-
tance between each infrared light reflection point of the
to-be-photographed object and the mobile terminal.
[0060] In obtaining the distance between the to-be-
photographed object and the mobile terminal, the dis-
tance between each tiny unit of the to-be-photographed
object and the mobile terminal is specifically obtained,
and then the process of photographing the to-be-photo-
graphed object is performed to implement the stereo-
scopic imaging recording function.
[0061] In the photographing method in the embodi-
ments of the present disclosure, the pixel array layout of
the image sensor may be improved to replace the RGB
pixel array layout with the RGB-IR pixel array layout of
2PD. In this way, the distance between the to-be-photo-
graphed object and the mobile terminal can be detected
while the infrared light is received for photographing and
recording an image. Quick focusing and bokeh are im-
plemented to improve an imaging effect of an image. A
related application function of three-dimensional photo-
graphing and dark-state imaging are implemented. Fea-
tures of the mobile terminal are improved while user pho-
tographing experience is ensured.
[0062] FIG. 7 is a schematic diagram of a hardware
structure of a mobile terminal implementing embodi-
ments of the present disclosure. The mobile terminal 700
includes, but is not limited to, a radio frequency unit 701,
a network module 702, an audio output unit 703, an input
unit 704, a sensor 705, a display unit 706, a user input
unit 707, an interface unit 708, a memory 709, a proces-
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sor 710, a power supply 711, and other components.
[0063] The mobile terminal 700 further includes an im-
aging system and an infrared transmitting module. The
imaging system includes an image sensor, a lens mod-
ule, a driver module configured to drive the lens module
to move, a filtering module disposed between the lens
module and the image sensor, an image data processing
module connected to the image sensor, and a display
module connected to the image data processing module.
[0064] The filtering module may allow an optical wave-
length from 380nm to 1100nm to pass through. The in-
frared transmitting module is disposed on the periphery
of the lens module.
[0065] The image sensor includes: a pixel array, where
the pixel array includes a preset quantity of pixel units
arranged in a predetermined manner, the pixel unit in-
cludes a first pixel and a second pixel adjacent to the first
pixel, the first pixel includes a red subpixel, a green sub-
pixel, and a blue subpixel, the second pixel includes a
red subpixel, a green subpixel, and an infrared subpixel,
and both the first pixel and the second pixel are dual
photodiode pixels, where a location of the blue subpixel
in the first pixel is the same as that of the infrared subpixel
in the second pixel, and each of the first pixel and the
second pixel includes four dual photodiode subpixels.
[0066] The pixel unit includes one second pixel and at
least one first pixel.
[0067] The red subpixel includes a semiconductor lay-
er, a metal layer, a photodiode, a red light filter, and a
micromirror that are sequentially stacked; the green sub-
pixel includes a semiconductor layer, a metal layer, a
photodiode, a green light filter, and a micromirror that are
sequentially stacked; the blue subpixel includes a sem-
iconductor layer, a metal layer, a photodiode, a blue light
filter, and a micromirror that are sequentially stacked;
and the infrared subpixel includes a semiconductor layer,
a metal layer, a photodiode, an infrared cut-off filter, and
a micromirror that are sequentially stacked.
[0068] The image sensor is a complementary metal
oxide semiconductor CMOS image sensor, a charge cou-
pled device CCD image sensor, or a quantum thin-film
image sensor.
[0069] A person skilled in the art may understand that
a structure of the mobile terminal shown in FIG. 7 con-
stitutes no limitation on the mobile terminal, and the mo-
bile terminal may include more or fewer components than
those shown in the figure, or combine some components,
or have different component arrangements. In the em-
bodiments of the present disclosure, the mobile terminal
includes, but is not limited to, a mobile phone, a tablet
computer, a laptop computer, a palmtop computer, an
in-vehicle terminal, a wearable device, a pedometer, and
the like.
[0070] The processor 710 is configured to: emit infra-
red light by using the infrared transmitting module; obtain
a distance between each infrared light reflection point of
a to-be-photographed object and the mobile terminal ac-
cording to infrared light reflected by a to-be-photo-

graphed object; and obtain three-dimensional informa-
tion of the to-be-photographed object according to the
distance between each infrared light reflection point of
the to-be-photographed object and the mobile terminal.
[0071] When obtaining the distance between each in-
frared light reflection point of the to-be-photographed ob-
ject and the mobile terminal according to the infrared light
reflected by the to-be-photographed object, the proces-
sor 710 is configured to: receive, by using the pixel array
including the second pixel, infrared light reflected by each
infrared light reflection point of the to-be-photographed
object; and obtain the distance between each infrared
light reflection point of the to-be-photographed object and
the mobile terminal according to a time difference be-
tween sending the infrared light and receiving the infrared
light and a propagation speed of the infrared light or an
obtained phase difference of the infrared light.
[0072] In this way, the pixel array layout of the image
sensor is improved to replace the RGB pixel array layout
with the RGB-IR pixel array layout of 2PD. In this way,
the distance between the to-be-photographed object and
the mobile terminal can be detected while the infrared
light is received for photographing and recording an im-
age. Quick focusing and bokeh are implemented to im-
prove an imaging effect of an image. A related application
function of three-dimensional photographing and dark-
state imaging are implemented. Features of the mobile
terminal are improved while user photographing experi-
ence is ensured.
[0073] It should be understood that in the embodiments
of the present disclosure, the radio frequency unit 701
may be configured to receive and send signals in a proc-
ess of receiving and sending information or calling. Spe-
cifically, the radio frequency unit 701 receives downlink
data from a base station for processing by the processor
710, and sends uplink data to the base station. Generally,
the radio frequency unit 701 includes, but is not limited
to, an antenna, at least one amplifier, a transceiver, a
coupler, a low noise amplifier, a duplexer, and the like.
In addition, the radio frequency unit 701 may also com-
municate with another device through a wireless com-
munications system and network.
[0074] The mobile terminal provides wireless broad-
band Internet access for a user by using the network
module 702, for example, helps the user send and re-
ceive an email, browse a web page, and access stream-
ing media.
[0075] The audio output unit 703 may convert audio
data received by the radio frequency unit 701 or the net-
work module 702 or stored in the memory 709 into an
audio signal and output the audio signal as sound. More-
over, the audio output unit 703 may further provide audio
output (for example, call signal receiving sound and mes-
sage receiving sound) related to a specific function per-
formed by the mobile terminal 700. The audio output unit
703 includes a speaker, a buzzer, a telephone receiver,
and the like.
[0076] The input unit 704 is configured to receive an
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audio signal or a video signal. The input unit 704 may
include a graphics processing unit (Graphics Processing
Unit, GPU) 7041 and a microphone 7042. The graphics
processing unit 7041 processes image data of a static
picture or a video obtained by an image capturing appa-
ratus (for example, a camera) in a video capturing mode
or an image capturing mode. A processed image frame
can be displayed on the display unit 706. The display unit
herein is the foregoing display module. The image frame
processed by the graphics processing unit 7041 can be
stored in the memory 709 (or another storage medium)
or sent by the radio frequency unit 701 or the network
module 702. The graphics processing unit 7041 is the
image data processing module. The microphone 7042
may receive sound and can process such sound into au-
dio data. The processed audio data can be converted, in
a telephone call mode, into a format that can be sent by
the radio frequency unit 701 to a mobile communications
base station for output.
[0077] The mobile terminal 700 further includes at least
one sensor 705, such as a light sensor and a motion
sensor. Specifically, the light sensor includes an ambient
light sensor and a proximity sensor. The ambient light
sensor may adjust luminance of the display panel 7061
based on brightness of ambient light, and the proximity
sensor may turn off the display panel 7061 and/or back-
light when the mobile terminal 700 approaches an ear.
As a type of motion sensor, an accelerometer sensor
may detect magnitude of an acceleration in each direc-
tion (generally three axes), and may detect magnitude
and a direction of gravity when being static. The accel-
erometer sensor may be configured to recognize a mo-
bile terminal gesture (for example, switching between a
portrait mode and a landscape mode, a related game, or
magnetometer posture calibration), perform a function
related to vibration recognition (for example, a pedometer
or a strike), or the like. The sensor 705 may further include
a fingerprint sensor, a pressure sensor, an iris sensor, a
molecular sensor, a gyroscope, a barometer, a hygrom-
eter, a thermometer, an infrared sensor, and the like. This
is not described herein again.
[0078] The display unit 706 is configured to display in-
formation entered by the user or information provided for
the user. The display unit 706 may include the display
panel 7061, and the display panel 7061 may be config-
ured in a form of a liquid crystal display (Liquid Crystal
Display, LCD), an organic light-emitting diode (Organic
Light-Emitting Diode, OLED), or the like.
[0079] The user input unit 707 may be configured to
receive inputted digit or character information and gen-
erate key signal input related to user setting and function
control of the mobile terminal. Specifically, the user input
unit 707 includes a touch panel 7071 and another input
device 7072. The touch panel 7071, also referred to as
a touch screen, may collect a touch operation of the user
on or near the touch panel 7071 (for example, an oper-
ation performed by the user with any suitable object or
accessory such as a finger or a stylus on or near the

touch panel 7071). The touch panel 7071 may include
two parts: a touch detection apparatus and a touch con-
troller. The touch detection apparatus detects a touch
position of the user, detects a signal brought by the touch
operation, and sends the signal to the touch controller.
The touch controller receives touch information from the
touch detection apparatus, converts the touch informa-
tion into touch point coordinates, sends the touch point
coordinates to a processor 710, and receives and exe-
cutes a command sent by the processor 710. In addition,
the touch panel 7071 may be implemented by using a
plurality of types such as a resistive type, a capacitive
type, an infrared ray, and a surface acoustic wave. In
addition to the touch panel 7071, the user input unit 707
may further include the another input device 7072. Spe-
cifically, the another input device 7072 may include, but
is not limited to, a physical keyboard, a function key (such
as a volume control key or an on/off key), a trackball, a
mouse, and a joystick. Details are not described herein
again.
[0080] Further, the touch panel 7071 may cover the
display panel 7061. When the touch panel 7071 detects
a touch operation on or near the touch panel 7071, the
touch operation is transmitted to the processor 710 to
determine a type of a touch event, and then the processor
710 provides corresponding visual output on the display
panel 7061 according to the type of the touch event. In
FIG. 7, the touch panel 7071 and the display panel 7061
are used as two independent components to implement
input and output functions of the mobile terminal. How-
ever, in some embodiments, the touch panel 7071 and
the display panel 7061 may be integrated to implement
the input and output functions of the mobile terminal. This
is not specifically limited herein.
[0081] The interface unit 708 is an interface connecting
an external apparatus to the mobile terminal 700. For
example, the external apparatus may include a wired or
wireless headphone port, an external power supply (or
a battery charger) port, a wired or wireless data port, a
storage card port, a port used to connect to an apparatus
having an identification module, an audio input/output
(Input/Output, I/O) port, a video I/O port, and an earphone
port. The interface unit 708 may be configured to receive
input (for example, data information and power) from the
external apparatus and transmit the received input to one
or more elements in the mobile terminal 700, or may be
configured to transmit data between the mobile terminal
700 and the external apparatus.
[0082] The memory 709 may be configured to store a
software program and various data. The memory 709
may mainly include a program storage area and a data
storage area. The program storage area may store an
operating system, an application program required by at
least one function (such as a sound play function or an
image display function), and the like. The data storage
area may store data (such as audio data or an address
book) created based on use of the mobile phone, and
the like. In addition, the memory 709 may include a high-
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speed random access memory, and may further include
a non-volatile memory such as at least one magnetic disk
storage component, a flash memory component, or an-
other volatile solid-state storage component.
[0083] The processor 710 is a control center of the mo-
bile terminal, and is connected to all parts of the entire
mobile terminal by using various interfaces and lines, and
performs various functions of the mobile terminal and
processes data by running or executing the software pro-
gram and/or the module that are stored in the memory
709 and invoking the data stored in the memory 709, to
implement overall monitoring on the mobile terminal. The
processor 710 may include one or more processing units.
Optionally, the processor 710 may integrate an applica-
tion processor and a modem processor. The application
processor mainly deals with an operating system, a user
interface, and an application program. The modem proc-
essor mainly deals with wireless communication. It may
be understood that the modem processor may not be
integrated into the processor 710.
[0084] The mobile terminal 700 may further include a
power supply 711 (such as a battery) that supplies power
to each component. Optionally, the power supply 711
may be logically connected to the processor 710 by using
a power supply management system, to implement func-
tions such as charging, discharging, and power con-
sumption management by using the power supply man-
agement system.
[0085] In addition, the mobile terminal 700 includes
some functional modules not shown, and details are not
described herein again.
[0086] It should be noted that in this specification, the
term "include", or any other variant thereof is intended to
cover non-exclusive inclusion, so that a process, method,
article, or apparatus that includes a series of elements
includes not only those elements but also other elements
that are not explicitly listed, or includes elements inherent
to such a process, method, article, or apparatus. In the
absence of more restrictions, an element defined by the
statement "including a..." does not exclude presence of
another identical element in a process, method, article,
or apparatus that includes the element.
[0087] According to the foregoing descriptions of the
implementations, a person skilled in the art may clearly
understand that the foregoing methods in the embodi-
ments may be implemented by using software and a re-
quired universal hardware platform, or certainly may be
implemented by using hardware. However, in many cas-
es, the former is a better implementation. Based on such
an understanding, the technical solutions of the present
disclosure essentially or the part contributing to related
technologies may be implemented in a form of a software
product. The computer software product is stored in a
storage medium (such as a read-only memory (Read-
only Memory, ROM)/random access memory (Random
Access Memory, RAM), a magnetic disk, or an optical
disc), and includes several instructions for instructing a
terminal (which may be a mobile phone, a computer, a

server, an air conditioner, or a network device) to execute
the methods described in the embodiments of the present
disclosure.
[0088] A person skilled in the art can clearly under-
stand that for ease of descriptions, for a specific working
process of the system, apparatus, and unit described
above, refer to the corresponding process in the forego-
ing method embodiments. Details are not described
herein again.
[0089] In the embodiments provided in this application,
it should be understood that the disclosed apparatuses
and methods may be implemented in other ways. For
example, the apparatus embodiments described above
are only an example. For example, the division of the
units is only logical function division. There may be other
division manners in actual implementation, for example,
multiple units or components may be combined or inte-
grated into another system, or some features may be
ignored or not implemented. In addition, the mutual cou-
pling, direct coupling, or communication connection
shown or discussed may be indirect coupling or commu-
nication connection through some interfaces, apparatus-
es, or units, and may be in electrical, mechanical, or other
forms.
[0090] The units described as separate components
may be or may not be physically separated, and the com-
ponents displayed as units may be or may not be physical
units, that is, may be located in one place or distributed
on a plurality of network units. Some or all of the units
may be selected according to actual needs to achieve
the objective of the solutions of the embodiments.
[0091] In addition, functional units in each embodiment
of the present disclosure may be integrated into one
processing unit, or each unit may have separate physical
existence, or two or more units may be integrated in one
unit.
[0092] The embodiments of the present disclosure are
described above with reference to the accompanying
drawings, but the present disclosure is not limited to the
foregoing specific implementations. The foregoing spe-
cific implementations are merely illustrative instead of
restrictive. Under enlightenment of the present disclo-
sure, a person of ordinary skill in the art may make many
forms without departing from the aims of the present dis-
closure and the protection scope of claims, all of which
fall within the protection of the present disclosure.

Claims

1. An image sensor, comprising:

a pixel array, wherein the pixel array comprises
a preset quantity of pixel units arranged in a pre-
determined manner, the pixel unit comprises a
first pixel and a second pixel adjacent to the first
pixel, the first pixel comprises a red subpixel, a
green subpixel, and a blue subpixel, the second
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pixel comprises a red subpixel, a green subpixel,
and an infrared subpixel, and both the first pixel
and the second pixel are dual photodiode pixels,
wherein
a location of the blue subpixel in the first pixel is
the same as that of the infrared subpixel in the
second pixel, and each of the first pixel and the
second pixel comprises four dual photodiode
subpixels.

2. The image sensor according to claim 1, wherein the
pixel unit comprises one second pixel and at least
one first pixel.

3. The image sensor according to claim 1, wherein the
red subpixel comprises a semiconductor layer, a
metal layer, a photodiode, a red light filter, and a
micromirror that are sequentially stacked;
the green subpixel comprises a semiconductor layer,
a metal layer, a photodiode, a green light filter, and
a micromirror that are sequentially stacked;
the blue subpixel comprises a semiconductor layer,
a metal layer, a photodiode, a blue light filter, and a
micromirror that are sequentially stacked; and
the infrared subpixel comprises a semiconductor lay-
er, a metal layer, a photodiode, an infrared cut-off
filter, and a micromirror that are sequentially stacked.

4. The image sensor according to claim 1, wherein the
image sensor is a complementary metal oxide sem-
iconductor (Complementary Metal Oxide Semicon-
ductor, CMOS) image sensor, a charge coupled de-
vice (Charge Coupled Device,CCD) image sensor,
or a quantum thin-film image sensor.

5. A mobile terminal, comprising an imaging system
and an infrared transmitting module, wherein the im-
aging system comprises the image sensor according
to any one of claims 1 to 4, and further comprises:

a lens module;
a driver module configured to drive the lens mod-
ule to move;
a filtering module disposed between the lens
module and the image sensor;
an image data processing module connected to
the image sensor; and
a display module connected to the image data
processing module.

6. The mobile terminal according to claim 5, wherein
the filtering module may allow an optical wavelength
from 380nm to 1 100nm to pass through.

7. The mobile terminal according to claim 5, wherein
the infrared transmitting module is disposed on the
periphery of the lens module.

8. A photographing method, applied to a mobile termi-
nal, wherein the mobile terminal comprises the im-
age sensor according to claim 1 and further compris-
es an infrared transmitting module, and the method
comprises:

emitting infrared light by using the infrared trans-
mitting module;
obtaining a distance between each infrared light
reflection point of a to-be-photographed object
and the mobile terminal according to infrared
light reflected by a to-be-photographed object;
and
obtaining three-dimensional information of the
to-be-photographed object according to the dis-
tance between each infrared light reflection
point of the to-be-photographed object and the
mobile terminal.

9. The photographing method according to claim 8,
wherein the step of obtaining a distance between
each infrared light reflection point of a to-be-photo-
graphed object and the mobile terminal according to
infrared light reflected by the to-be-photographed
object comprises:

receiving, by using the pixel array comprising
the second pixel, infrared light reflected by each
infrared light reflection point of the to-be-photo-
graphed object; and
obtaining the distance between each infrared
light reflection point of the to-be-photographed
object and the mobile terminal according to a
time difference between sending the infrared
light and receiving the infrared light and a prop-
agation speed of the infrared light or an obtained
phase difference of the infrared light.
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