IMAGE SENSOR. IMAGING DEVICE. MOBILE TERMINAL AND IMAGING
‘ METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[001]  This application claims priority to and the benefit of Chinese Patent Application
No. 201510963465.1, filed with the State Intellectual Property Office of P. R. China on December
18, 2015. The entire contents of the above-identified application are incorporated herein by

reference.

FIELD
[002]  The present disclosure relates to imaging technologies, and more particularly to
an image sensor, an imaging device, a mobile terminal, and an imaging method of the image

Sensor.

BACKGROUND

[003]  In the related art, the imaging sensor of the imaging device may have a problem

of larger noise and lower resolution in an image generated in low light.

SUMMARY

[004]  The present disclosure aims to solve at least one of the problems existing in the
related art to at least some extent.

[005] In order to achieve the above purposes, embodiments of a first aspect of the
present disclosure provide an image sensor. The image sensor includes: a photosensitive pixel
array and a filter arranged on the photosensitive pixel array. The filter comprises a filter unit array
having a plurality of filter units, wherein each filter unit covers N photosensitive pixels, some of
the filter units at least include white filter areas. The white filter areas cover at least one of the N
photosensitive pixels. A merged pixel is formed by the N photosensitive pixels covered by the
same filter unit, wherein N is a positive integer.

[006] According to the image sensor provided in embodiments of the present
disclosure, the amount of light entering into the image sensor can be increased through
embedding the white filter areas into some of the filter units, so that a higher signal to noise ratio,

higher brightness, higher sharpness and less noise image can be obtained in low light.
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[007] According to some embodiments of the present disclosure, the filter unit array
includes R filter units, G filter units, and B filter unitsﬁ, wherein the G filter units at least include
the white filter areas, and the white filter areas cover at least one of the N photosensitive pixels
covered by the G filter units.

[008] According to some embodiments of the present disclosure, each filter unit
includes 2*2 photosensitive pixels, wherein the white filter areas cover one photosensitive pixel
covered by the G ﬁ'lter unit, and the G filter unit further includes green filter areas, wherein the
green filter areas cover the other three photosensitive pixels. Or the white filter areas cover two
photosensitive pixels covered by the G filter unit, and the G filter unit further includes green filter
areas, wherein the green filter areas cover the other two photosensitive pixels. Or the white filter
areas cover three photosensitive pixels covered by the G filter unit, and the G filter unit further
includes green filter areas, wherein the green filter areas cover the other one photosensitive pixel.
Or the white filter areas cover all of the four photosensitive pixels covered by the G filter unit.

[009] According to some embodiments of the present disclosure, the image sensor
further includes a control module, which is configured to control the photosensitive pixel array to
be exposed by row.

[010]  According to some embodiments of the present disclosure, the image sensor
further includes a register. The control module is configured to collect outputs of the
photosensitive pixels of row k and row k+1 in turn which have been exposed and to store the
outputs into the register, wherein k=2n-1, n is a positive integer, and k+1 is less than or equal to
the amount of the rows of the photosensitive pixel array.

[011]  According to some embodiments of the present disclosure, the image sensor
further includes an ADC (Analog-to-digital converter) array which includes a plurality of ADCs,
wherein each of the ADCs connects to one photosensitive pixel.

[012] According to some embodiments of the present- disclosure, the image sensor
further includes a micro-lens array, each micro-lens corresponds to one photosensitive pixel.

[013] In order to achieve the above purposes, embodiments of a second aspect of the
present disclosure provide an imaging device including the image sensor. The imaging device
including the image sensor according to embodiments of the the present disclosure includes the
above-identified image sensor and an image signal processor, wherein the image signal processor
is configured to read and to process the outputs of the photosensitive pixel array of the image

sensor in order to obtain the pixel value of the merged pixels and further to obtain merged
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images.

[014] - With the imaging device provided in embodiments of the present disclosure, the
amount of light entering into the image sensor can be increased by the provided image sensor
mentioned above, so that a higher signal to noise ratio, higher brightness, higher sharpness and
less noise image can be obtained in low light.

[015]  According to some embodiments of the present disclosure, when the filter units
only include white filter areas or non-white filter areas, the image signal processor is further
configured to add the outputs of the N photosensitive pixels corresponding to the same merged
pixel together and to make the result as the pixel value of the merged pixel.

[016]  According to some embodiments of the present disclosure, when the filter units
include the white filter areas and the non-white filter areas, the image signal processor is further
configured to add the outputs of the photosensitive pixels corresponding to the white filter areas
together to obtain a first pixel value of the merged pixel, and to add the outputs of the
photosensitive pixels corresponding to the non-white filter areas together to obtain a second pixel
value of the merged pixel.

[017] As the noise of merged pixels is less than the sum of noise of all the
photosensitive pixels before being merged, it could improve the signal to noise ratio, brightness,
and sharpness, and reduce noise of an image in low light via the merged pixels.

[018] In order to achieve the above purposes, embodiments of a third aspect of the
present disclosure provide a mobile terminal. The mobile terminal, according to embodiments of
the present disclosure, includes the above-identified imaging device for a mobile terminal.

[019]  With the mobile terminal provided in embodiments of the present disclosure, the
amount of light entering into the imaging device can be increased by the provided imaging device
mentioned above, so that a higher signal to noise ratio, higher brightness, higher sharpness and
less noise image can be obtained in low light, and further, as the noise of merged pixels is less
than the sum of noise of all the photosensitive pixels, it could improve the signal to noise ratio,
brightness, and sharpness, and reduce noise of an image in low light via the merged pixels.

[020] According to some embodiments of the present disclosure, the mobile terminal
includes a cell phone.

[021]  According to some embodiments of the present disclosure, the imaging device
includes front cameras.

[022]  According to some embodiments of the present disclosure, the mobile terminal
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further comprises a CPU and an external memory, which are connected with the imaging device
separately, wherein the CPU is configured to control the external memory to store the merged
images.

[023]  According to some embodiments of the present disclosure, the mobile terminal
further includes a display device, which is connected with the imaging device, wherein the CPU
is configured to control the display device to display the merged images.

[024] In order to achieve the above purposes, embodiments of a fourth aspect of the
present disclosure provide an imaging method of the image sensor. The imaging method,
according to embodiments of the present disclosure, includes: reading outputs of the
photosensitive unit array; calculating pixel value of the merged pixel according to the outputs of
the photosensitive pixels of the same merged pixel to obtain a merged image.

[025]  According to the imaging method provided in embodiments of the present
disclosure, the amount of light entering into the imaging device can be increased by the provided
image sensor mentioned above, so that a higher signal to noise ratio, higher brightness, higher
sharpness and less noise image can be obtained in low light.

[026]  According to some embodiments of the present disclosure, each filter unit
includes 2*2 photosensitive pixels. The step of calculating pixel value of the merged pixel
according to the outputs of the photosensitive pixels of the same merged pixel further comprises:
collecting and storing the outputs of the photosensitive pixels of row k and row k+1 into the
register, wherein k=2n-1, n is a positive integer, and k+1 is less than or equal to the amount of the
rows of the photosensitive pixel array; and extracting the outputs of the photosensitive pixels of
row k and row k+1 from the register to obtain the pixel value of the merged pixels.

[027]  According to some embodiments of the present disclosure, when the filter units
only include the white filter areas or the non-white filter areas, the step of calculating pixel value
of the merged pixel according to the outputs of the photosensitive pixels of the same merged
pixel further comprises: adding the outputs of the N photosensitive pixels corresponding to the
same merged pixel together and making the result as the pixel value of the merged pixel.

[028]  According to some embodiments of the present disclosure, when the filter units
include the white filter areas and the non-white filter areas, the pixel value of the merged pixel
includes a first pixel value corresponding to the white filter areas and a second pixel value
corresponding to the non-white filter areas. The step of calculating pixel value of the merged

pixel according to the outputs of the photosensitive pixels of the same merged pixel further
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comprises: adding the outputs of the photosensitive pixels corresponding to the white filter areas
together to obtain the first pixel value of the merged pixel; and adding the outputs of the
photosensitive pixels corresponding to the non-white filter areas together to obtain the second
pixel value of the merged pixel.

[029] As the noise of merged pixels is less than the sum of noise of all the
photosensitive pixels, it could improve the signal to noise ratio, brightness, and sharpness, and
reduce noise of an image in low light via the merged pixels.

[030] According to some embodiments of the present disclosure, each ADC connects
to one photosensitive pixel, the imaging method further includes: converting analog signal
outputs of the photosensitive pixel into digital signal outputs; and calculating the pixel value of
the merged pixel according to the digital signal outputs of the photosensitive pixels of the same
merged pixel.

[031] Additional aspects and advantages of embodiments of the present disclosure will
be given in part in the following descriptions, become apparent in part from the following

descriptions, or be learned from the practice of the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[032] These and other aspects and advantages of embodiments of the present
disclosure will become apparent and more readily appreciated from the following descriptions
made with reference to the accompanying drawings, in which:

[033] Fig. 1 is a schematic side view of an exemplary image sensor according to an
embodiment of the present disclosure;

[034] Fig. 2a-2d are schematic views of an exemplary filter units of the image sensor
according to an émbodiment of the present disclosure;

[035] Fig. 3 is a schematic view of an exemplary Bayer Color Filter Array according
to an embodiment of the present disclosure;

[036] Fig. 4a-4d are schematic views of an exemplary filter unit array of the image
sensor according to an embodiment of the present disclosure;

[037]  Fig. 5a-5d are schematic views of structure of an exemplary image sensor
according to an embodiment of the present disclosure;

[038]  Fig. 6 is a schematic block diagram of an exemplary image sensor according to

an embodiment of the present disclosure;
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[039] Fig. 7 is a schematic circuit diagram of an exemplary photosensitive pixel of the
>image sensor according to an embodiment of the present disclosure;

[040] - Fig. 8 is a schematic block diagram of an exemplary image sensor according to
an embodiment of the present disclosure;

[041]  Fig. 9 is a schematic view of structure of an exemplary image sensor according
to an embodiment of the present disclosure;

[042] Fig. 10 is a schematic block diagram of an exemplary imaging device according
to an embodiment of the present disclosure;

[043]  Fig. 11 is a schematic block diagram of an exemplary mobile terminal according
to an embodiment of the present disclosure;

[044]  Fig. 12 is a schematic block diagram of an exemplary mobile terminal according
to an embodiment of the present disclosure;

[045]  Fig. 13 is a schematic flow chart of an exemplary imaging method according to
an embodiment of the present disclosure;

[046] Fig. 14 is a schematic flow chart of an exemplary reading step of the imaging
method according to an embodiment of the present disclosure; and

[047]  Fig. 15 is a schematic flow chart of an exemplary imaging method according to

an embodiment of the present disclosure.

DETAILED DESCRIPTION

[048] Reference will be made in detail to embodiments of the present disclosure.
Embodiments of the present disclosure will be shown in drawings, in which the same or similar
elements and the elements having same or similar functions are denoted by like reference
numerals throughout the descriptions. The embodiments described herein according to drawings
are explanatory and illustrative, not construed to limit the present disclosure.

[049]  Various embodiments and examples are provided in the following description to
implement different structures of the present disclosure. In order to simplify the present
disclosure, certain elements and settings will be described. However, these elements and settings
are only by way of example and are not intended to limit the present disclosure. In addition,
reference numerals may be repeated in different examples in the present disclosure. This
repeating is for the purpose of simplification and clarity and does not refer to relations between

different embodiments and/or settings. Furthermore, examples of different processes and
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materials are provided in the present disclosure. However, it would be appreciated by those
skilled in the art that other processes and/or materials may be also applied. Moreover, a structure
in which a first feature is “on” a second feature may include an embodiment in which the first
feature directly contacts the second feature, and may also include an embodiment in which an
additional feature is formed between the first feature and the second feature so that the first
feature does not directly contact the second feature.

[050] In the description of the present disclosure, it should be noted that, unless
specified or limited otherwise, the terms “mounted,” “connected,” and “coupled” and variations
thereof are used broadly and encompass such as mechanical or electrical mountings, connections
and couplings, also can be inner mountings, connections and couplings of two components, and
further can be direct and indirect mountings, connections, and couplings, which can be
understood by those skilled in the art according to the detail embodiment of the present
disclosure.

[051] An image sensor, an imaging device, a mobile terminal and an imaging method,
according to embodiments of the present disclosure, may be described below with reference to
Figs. 1-15.

[052] In some embodiments, as shown in Fig. 1 and Figs. 2a-2d, the image sensor 10
includes a photosensitive pixel array 11 and a filter 13.

[053] Wherein, the filter 13 is arranged on the photosensitive pixel array 11 and
includes a filter unit array 131. The filter unit array 131 includes a plurality of filter units 1311.
Each filter unit 1311 covers N photosensitive pixels 111. Some of the filter units 1311 at least
include a white filter area 1313. The white filter area 1313 covers at least one of the N
photosensitive pixel 111. The N photosensitive pixels 111 covered by the same filter unit 1311
forms a merged pixel, and N is a positive integer. External light illuminates the photosensitive
part 1111 of a photosensitive pixel 111 to generate electric signal, which‘ is the output of a
photosensitive pixel 111.

[054] It should be noted that, the white filter areas 1313 is configured to allow the light
pass through instead of being filtered. Such that, the white filter areas 1313 may refers to either
the areas covered by the transparent filters or the areas with no filters, the areas with no filters is
the hollow of the filter 13.

[055] It should be further noted that, the other filter units 1311 except the filter units

1311 with the white filter area 1313 include non-white filter areas, such as green filter area, red
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filter area or blue filter area. When the number of the photosensitive pixels covered by the white
filter area 1313 is less than N, the filter units 1311 with white filter area 1313 further include the
non-white ﬁlter area. In other words, some filter units 1311 consist of the white filter area and the
non-white filter area at the same time. The two areaé cover N photosensitive pixels together.
Wherein, the non-white filter area is configured to obtain color information of the merged pixels,
and the white filter area is configured to obtain white light information. In other words, the white
filter area may allow the light pass through. Such that, the brightness is higher which is outputted
by the photosensitive with the better effect of light transmission of the white filter area. White
filter area is further configured to obtain the brightness information of the merged pixels in low
light, and the noise of the brightness information is less.

[056]  With the image sensor provided in embodiments of the present disclosure, the
amount of light entering into the image sensor can be increased through embedding the white
filter areas into some of the filter units, so that a higher signal to noise ratio, higher brightness,
higher sharpness and less noise image can be obtained in low light.

[057] In some embodiments, the filter unit array shown in Fig. 3 is arranged according
to the Bayer Color Filter Array (Bayer Pattern). Wherein, the Bayer pattern includes a filter
structure 1317, and each filter structure 1317 includes filter units 1311 2 by 2, which are green,
red, blue and green filter units.

[058]  With the Bayer pattern, algorithm for the traditional Bayer pattern can be used to
process the image signal instead of changing the structure of hardware.

[059] In some embodiments, as shown in Figs. 4a-4d, the filter unit array 131 includes
R (red) filter units 1311, G (green) filter units 1311 and B (Blue) filter units 1311, wherein, the G
filter units 1311 at least include the white filter areas 1313. The white filter areas cover at least
one of the N photosensitive pixel 111 covered by the G filter units.

[060]  Specifically, in traditional filter unit array structure, one photosensitive pixel
corresponds to one filter unit. In some embodiments of the present disclosure, the filter unit array
131 may configure to use Bayer pattern, which includes the filter structure 1317. Each filter
structure 1317 includes G R, B and G filter units 1311. In this embodiment, one filter unit 1311
corresponds to N photosensitive pixels, which is different from the traditional structure.

[061]  Wherein, each G filter unit 1311 includes a white filter area 1313 which is
corresponding to at least one of the N photosensitive pixels 111. When the number of

photosensitive pixels 111 covered by the white filter area 1313 is less than N, the G filter unit
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1311 further includes a green filter area 1315, wherein the green filter area 1315 corresponds to
the other photosensitive pixels of N. Furthermore, the R filter units 1311 only include the red
filter area. In other words, one red filter unit 1311 cover 4 photosensitive pixels corresponding to
one R filter unit 1311. Similarly, the B filter units 1311 only include the blue filter area. In other
words, one blue filter unit 1311 cover 4 photosensitive pixels corresponding to one B filter unit
1311.

[062] As shown in Figs. 4a-4d and Figs 5a-5d, each filter unit 1311 includes 2*2
photosensitive pixels, in other words, each filter unit 1311 covers 2*2 photosensitive pixels to
form a merged pixel.

[063] In some embodiments, concerning the the structure of the merged pixel, in
addition to the structure of 2*2, there may be the structure of 3*3, 4*4, and any n*m (n and m are
the positive integer respectively). It is to be understood that, since the number of the
photosensitive pixels 111 arranged on the photosensitive pixel array 11 is limited, if each merged
pixel includes too many photosensitive pixels, the resolution of the imége is limited. For example,
when the pixel value of the photosensitive pixel array 11 is 16M (mega), if the structure of 2*2
photosensitive pixels is used, a 4M-resolution image will be obtained, and if the structure of 4*4
is used, a 1M-resolution image will be obtained. Therefore, the structure of 2*2 photosensitive
pixels is a better arrangement, which can enhance brightness and sharpness of the image under
the premise of sacrificing less resolution as possible. At the same time, it is easy to realize to
merge the photosensitive pixels and to read out the outputs of the photosensitive pixels in
hardware aspect with the structure of 2*2 photosensitive pixels.

[064] As shown in Figs. 4a and Sa, a white filter area 1313 covers one photosensitive
pixel covered by the G filter unit 1311, wherein, the G filter unit 1311 further includes a green
filter area 1315 and the green filter area 1315 covers the other 3 of 4 photosensitive pixels. Or as
shown in Figs. 4b and 5b, a white filter area 1313 covers 2 photosensitive pixels covered by the
G filter unit 1311, wherein, the G filter unit 1311 further includes a green filter area 1315 and the
green filter area 1315 covers the other 2 of 4 photosensitive pixels. Or as shown in Figs. 4c and
5¢, a white filter area 1313 covers 3 photosensitive pixels covered by the G filter unit 1311,
wherein, the G filter unit 1311 further includes a green filter area 1315 and the green filter area
1315 covers the other 1 of 4 photosensitive pixels. Or as shown in Figs. 4d and 5d, a white filter
area 1313 covers 4 photosensitive pixels covered by the G filter unit 1311.

[065]  Such that, in a G filter unit 1311, N photosensitive pixels 111 of a merged pixel
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can be covered by the non-white filter area 1315 which is the green filter area and the white filter
area 1313 together, or N photosensitive pixels 111 of a merged pixel can be only covered by the
white filter area 1313. In some embodiments, in a R filter unit 1311, N photosensitive pixels 111
of a merged pixel can be only covered by the non-white filter area 1315, which is the red filter
area. In some embodiments, in a B filter unit 1311, N photosensitive pixels 111 of a merged pixel
can be only covered by the non-white filter area 1315, which is the blue filter area.

[066] In some embodiment, as shown in Fig. 6, the image sensor further includes a
control module 17, which is configured to control the photosensitive pixel array 11 to expose by
row. In detail, the control module 17 is connected with a row selection logic unit 171 and a
column selection logic unit 173, such that the control module 17 is configured to process the
outputs of the photosensitive pixels 111 by row.

[067]  Exposing and outputting by row can be realized easier in hardware aspect.

[068]  Further, as shown in Fig. 6, the image sensor includes a register 19, The control
module 17 is configured to collect outputs of the photosensitive pixels 111 of row k and row k+1
in turn which have been exposed and to store the outputs into the register 19, wherein k=2n-1, n
is a positive integer, and k+1 is less than or equal to the amount of the rows of the photosensitive
pixel array 11.

[069]  Such that, reading outputs, buffering and merging the photosensitive units can be
realized by adopting the register. Reading outputs, buffering and merging the photosensitive units
can be realized easier and processed faster by hardware.

[070] In detail as shown in Figs. 6 and 7, the image sensor 10 includes a row selection
logic unit 171 and a column selection logic unit 173, wherein the control module 17 is connected
- with a row selection logic unit 171 and a column selection logic unit 173, row selection logic unit
171 and the column selection logic unit 173 connects with each time gate 1115 corresponding to
the photosensitive pixel 111. The control module 17 is configured to control the row selection
logic unit 171 and the column selectioh logic unit 173 to conduct thg time gate 1115 of the
photosensitive pixel 111 in specific position.

[071]  The control module 17 is configured to collect outputs of the first and the second
row the photosensitive pixels and to store the outputs into the register 19. The circuit of the image
sensor is configured to process the outputs of the four photosensitive pixels in position 1-1, 1-2,
2-1 and 2-2 and to obtain the pixel value of the merged pixel, wherein the number in the left of

the position means the row of the photosensitive pixels and the number in the right means the
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column.

[072]  Then, the circuit of the image sensor is configured to process the outputs of the 4
photosensitive pixels in position 1-3, 1-4, 2-3 and 2-4 to obtain the pixel value of the
corresponding merged pixel.

[073]  And also, the outputs of the third and the fourth row and the fifth and the sixth
row of the photosensitive pixels will be processed in the way which is mentioned above, and the
processing will not be accomplished until outputs of all photosensitive pixels have been
processed.

[074] In some embodiments, as shown in Figs. 7 and §, the image sensor 10 further
includes ADCs 21, wherein each ADC 21 is configured to connect to one photosensitive 111 and
to convert analog signal outputs of the photosensitive 111 to digital signal outputs.

[075] In some embodiments, as shown in Fig. 7, a photosensitive pixel 111 includes a
photodiode 1113. The photodiode 1113 is configured to convert the light to charge, and the charge
is proportional to light intensity. The time gate 1115 is configured to conduct the circuit according
to the control signals of the row selection logic unit 171 and the column selection logic unit 173.
When the circuit is conducted, the source follower 1117 is configured to convert a charge signal
generated by exposure of the photodiode 1113 to a voltage signal. The ADC 211 is configured to
convert the voltage to a digital signal so that to transmit the digital to following circuit to process.

[076]  The processing way mentioned above converts the outputs of the photosensitive
pixels to the digital signal, so that the digital signal can be processed in the following digital
circuit or by the program in a chip. The output information of every photosensitive pixel can be
conserved. In one embodiment, for an image sensor with 16M pixels, the imaging method of the
present disclosure, the information of the 16M pixels which means the image before being
merged can be conserved, and then a 4M pixels merged image or other solution images can be
obtained by processing on basis of the 16M pixels information. The probability of defective
pixels in the generated image is lower. Furthermore, the noise of output of the processing way
mentioned above is smaller, and signal to noise ratio is higher.

[077] In some embodiment, as shown in Fig. 9, the image sensor 10 includes a
micro-lens array 23 which is arranged on the filter 13, wherein each micro-lens is configured to
correspond to a photosensitive pixel 111.

[078]  In detail, each micro-lens 231 corresponds to a photosensitive pixel 111, which

means to correspond with the size and the position. In some embodiments, each filter unit 1311
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corresponds to 2*2 photosensitive pixels 111 and 2*2 micro-lenses 191. With the development of
technology, in order to obtain a higher resolution image, the number of the photosensitive pixels
111 becomes more and more, and the density of arrangement of the photosensitive pixels is
higher. The photosensitive pixel 111 is getting smaller and smaller and its light reception
capability will be affected. And the area of photosensitive part 1111 of the photosensitive pixel
111 is limited. The micro-lens 191 can gather light together on the photosensitive part 1111, so
that the light reception capability of the photosensitive pixel 111 and tﬁe quality of images can be
promoted.

[079] In summary, according to the image sensor in the embodiments of the present
disclosure, embedding the white filter areas into some of the filter units, so that the brightness
information of the merged pixels can be obtained in low light, and the noise of the brightness
information is less. The pixel value of a merged image generated by the merged pixels includes
both color information and less noisé brightness information. Both of the brightness and the
sharpness of the merged image are better and the noise of the image is less.

[080] Embodiments of the present disclosure provide an imaging device 100.

[081] In some embodiments, as shown in Fig. 10, an imaging device 100 including the
image sensor 10 according to embodiments of the present disclosure includes the above-identified
image sensor 10 and an image signal processor 50 connected with the image sensor 10, wherein
the image signal processor 50 is configured to read and to process the outputs of the
photosensitive pixel array 11 to obtain the pixel value of the merged pixels and further obtain the
merged images.

[082] In detail, the image sensor 10 may include the control module 17, the row
selection logic unit 171, the column selection logic unit 173, the ADC array 21 and the register 19.
The ADC array 21 is configured to convert the outputs of the photosensitive pixel array 11 to
digital signals. The digital signals are being stored into the register 19 by row and transmitted to
the image signal processor 50 to process. A merged image can be generated by processing the
outputs of all the photosensitive pixels.

[083]  Such that, the image signal processor 50 is configured to calculate the pixel
value of merged pixels according to the output of the photosensitive pixels of the same merged
pixel in order to generate the merged image.

[084] In detail, in some embodiments, when the filter units only include the white

filter area or the non-white filter area, the image signal process 50 is further configured to add

12



together outputs of N photosensitive pixels of the same merged pixel and to take the result as the
pixel value of the merged pixel.

[085]  And also, when the filter units include both of the white filter areas and the
non-white filter areas, the image signal processor 50 is further configured to add the outputs of
the photosensitive pixels corresponding to the white filter areas together to obtain a first pixel
value of the merged pixel, and to add the outputs of the photosensitive pixels corresponding to
the non-white filter areas together to obtain a second pixel value of the merged pixel.

[086] In other words, pixel value can be obtained by adding the outputs of the
photosensitive pixels covered by the same color filter in every filter unit. As shown in Fig. 4b, in
each filter structure, the first pixel value of the merged pixel can be obtained by adding the
outputs of the 2 photosensitive pixels covered by the white filter area together, which are in the
position of upper left corner and bottom right corner of a G filter unit. And the second pixel value
of the merged pixel can be obtained by adding together the outputs of the 2 photosensitive pixels
covered by the green filter area. In the B filter unit on the bottom left corner, the pixel value of
the merged pixel can be obtained by adding together the 4 photosensitive pixels covered by the
blue filter area. In the R filter unit on the upper right corner, the pixel value of the merged pixel
can be obtained by adding together the 4 photosensitive pixels covered by the red filter area.

[087] The image signal processor 50 is configured to generated a merged image
according to the first pixel value of the merged pixel of G filter unit, the second pixel value of the
merged pixel of the G filter unit, the pixel value of the merged pixel of B filter unit and the pixel
value of the merged pixel of the R filter unit. Such that, adding together the outputs of a plurality
of photosensitive pixels can make signal to noise ratio of the merged pixel higher. For example,
in an embodiment of the present disclosure, assuming that the output of each photosensitive pixel
is S, the noise of each photosensitive pixel is Ns, the merged pixel includes N photosensitive

pixels, such that the pixel value of the merged pixel is N*S, and the noise of the merged pixel is
M‘I\y]:]\fsz, wherein, N is a positive integer which is greater than or equal to 1. It is known that,
when N is greater than 1, the noise of merged pixel is less than the sum of the noise of
photosensitive pixels before being merged. For example, in an embodiment of the present
disclosure, when N equals to 4, the noise of the merged pixel equals to Ns/2, and less than the
sum of the noise of the 4 photosensitive pixels 4*Ns. In another hand, the output of the merged

pixel equals to the sum of outputs of the 4 photosensitive. Such that, the signal to noise ratio of

~

13



the merged image has been improved and the noise of the merged image has been reduced and
the sharpness of the merged image has been improved in the meantime. In summary, the imaging
device according to the embodiments of the present disclosure, embedding the white filter areas
into some of the filter units, so that the brightness information of the merged pixels can be
obtained in lower light, and the noise of the brightness information is lower. The pixel value of a
merged image generated by the merged pixels includes both color information and lower noise
brightness information. Both of the brightness and the sharpness of the merged image are better
and the noise of the image is less. In the meanwhile, signal to noise ratio and brightness of
images in low light can be improved and the noise of the image can be reduced through merging
pixels by the image signal processor because of the noise of the merged pixel is less than the sum
of the noise of the photosensitive pixels before being merged.

[088] A mobile terminal applies an imaging device is further provided in the present
disclosure.

[089] In an embodiment of the present disclosure, the mobile terminal includes the
imaging device according to embodiments of the present disclosure. Such that, the mobile
terminal is configured to take photos and to generate a merged image with integrity of the color,
higher signal to noise ratio and higher sharpness in low light.

[090] The mobile terminal may be a cell phone.

[091] In an embodiment of the present disclosure, the imaging device may be a front
camera of a cell phone. The front camera is often used for taking self-portrait, and the
requirement of the self-portrait with higher sharpness and normal solution can be satisified with
the mobile terminal of the present disclosure.

[092]  Further, as shown in Fig. 11, the mobile terminal 200 includes a CPU 81 and an
external memory 83, which are connected with the imaging device 100 separately, wherein the
CPU 81 is configured to control the external memory 83 to store the merged images.

[093] Such that, the merged images can be stored for later viewing, using or
transferring. The external memory 83 includes a SM (Smart Media) card and a CF (Compact
Flash) card.

[094]  Further, as shown in Fig. 12, the mobile terminal 200 includes a display device
85, which is connected with the imaging device 100, wherein the CPU 81 is configured to control
the display device 85 to display the merged images. Such that, the images taken by the mobile

terminal 200 can be displayed on the display device for viewing by users. The display device may
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be a LED monitor.

[095] In summary, the mobile of the present disclosure, the mobile terminal is
configured to take photos and to generate a merged image with complete color, higher signal to
noise ratio and higher sharpness in low light. Particularly, when the imaging device is used as the
front camera, a higher brightness and sharpness and less noise self-portrait image can be
generated.

[096] An imaging method of the image sensor is further provided in the present
disclosure.

[097]  Asshown in Fig. 13, the imaging method of the present disclosure includes:

[098]  Sl1: Reading outputs of the photosensitive pixel array of the image sensor.

[099] Wherein, the image sensor includes a photosensitive pixel array and a filter
arranged on the array. The filter includes a filter unit array. The filter unit array includes a
plurality of filter units, wherein each unit covers N photosensitive pixels. Some of the filter units
include white filter areas, wherein the whiter filter areas cover at least one of the N photosensitive
pixels. A merged pixel can be formed by the N photosensitive pixels corved by the same filter
unit, wherein N is positive integer. External light illuminates the photosensitive part of a
photosensitive pixel to generate electric signal, which is the output of a photosensitive pixel.

[0100] Such that, embedding the white filter areas into some of the filter units, so that
the brightness information of the merged pixels can be obtained in lower light, and the noise of
the brightness information is less. The pixel value of a merged image generated by the merged
pixels includes both color information and lower noise brightness information. Both of the
brightness and the sharpness of the merged image are better and the noise of the image is less.

[0101] S2: Calculating pixel value of the merged pixel according to the outputs of the
photosensitive pixels of the same merged pixel to obtain a merged image.

[0102] In detail, in some embodiments, when the filter units only include white filter
area or the non-white filter area, S2 further includes: adding the outputs of the N photosensitive
pixels corresponding to the same merged pixel together and making the result as the pixel value
of the merged pixel.

[0103] Further, in some embodiments of the present disclosure, when the filter units
include the white filter areas and the non-white filter areas, the pixel value of the merged pixel
includes a first pixel value corresponding to the white filter areas and a second pixel value

corresponding to the non-white filter areas. S2 further includes:
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[0104] Adding the outputs of the photosensitive pixels corresponding to the white filter
areas together to obtain the first pixel value of the merged pixel; and adding the outputs of the
photosensitive pixels corresponding to the non-white filter areas together to obtain the second
pixel value of the merged pixel.

[0105] With the sum of noise of merged pixels is less than that of photosensitive pixels
before being merged, an image with higher signal to noise ratio, brightness, and sharpness, and
less noise can be obtained in low light via the merged pixels.

[0106] Further, in an embodiment of the present disclosure, as shown in Fig. 14, S2
includes:

[0107] S21: Collecting the outputs of the photosensitive pixels of row k and row k+1,
and storing them into the register, wherein k=2n-1, n is a positive integer, and k+1 is less than or
equal to the amount of the rows of the photosensitive pixel array; and

[0108] S22: Extracting the outputs of the photosensitive pixels of row k and row k+1
from the register to obtain the pixel value of the merged pixels. A

[0109] Such that, reading outputs, buffering and merging the photosensitive units can be
realized by adopting the register. Reading outputs, buffering and merging the photosensitive units
can be realized easier in hardware and processed faster.

[0110] Further, in an embodiment of the present disclosure, as shown in Fig. 15, each
ADC connects to one photosensitive pixel, the imaging method further includes:

[0111] S31: Converting analog signal outputs of the photosensitive pixel into digital
signal outputs; and

[0112] S32: Calculating the pixel value of the merged pixel according to the digital
signal outputs of the photosensitive pixels of the same merged pixel.

[0113] Such that, firstly, the image signal process which is a digital signal process (DSP)
can process the output of the image sensor directly, and secondly, the information of the image
can be conserved better than the circuit processes the analog signal outputs of the image sensor.
For example, in an embodiment of the present disclosure, for an image sensor with 16M pixel
value, the imaging method of the present disclosure can conserve the information of 16 M pixel,
and then obtain merged images with 4M pixel or other resolutions by processing the 16M pixel.

[0114] In summary, the imaging method as the present disclosure, embedding the white
filter areas into some of the filter units, so that the brightness information of the merged pixels

can be obtained in lower light, and the noise of the brightness information is lower. The pixel
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value of a merged image generated by the merged pixels includes both color information and
lower noise brightness information. Both of the brightness and the sharpness of the merged image
are better and the noise of the image is less. Further, Since the noise of the merged pixel is less
than the sum of noise of the photosensitive pixels before being merged, the signal to noise ratio
and brightness of images in low light can be improved and the noise of the image can be reduced
through merging pixels by the image signal processor

[0115] The unexpanded portion of the imaging method and the the mobile terminal of
the embodiment of the present disclosure can be referred to the corresponding portion of the
image sensor or the imaging device of the mentioned above, and will not be expanded in detail
here.

[0116] It should be noted that the relational terms herein, such as “first” and “second”,
are used only for differentiating one entity or operation, from another entity or operation, which,
however do not necessarily require or imply that there should be any real relationship or sequence.
Moreover, the terms “comprise”, “include™ or any other variations thereof are meant to cover
non-exclusive including, so that the process, method, article or device comprising a series of
elements do not only comprise those elements, but also comprise other elements that are not
explicitly listed or also comprise the inherent elements of the process, method, article or device.
In the case that there are no more restrictions, an element qualified by the statement “comprises
a .. .” does not exclude the presence of additional identical elements in the process, method,
article or device that comprises the said element.

[0117] The logic and/or steps described in other manners herein or shown in the flow
chart, for example, a particular sequence table of executable instructions for realizing the logical
function, may be specifically achieved in any computer readable medium to be used by the
instruction execution system, device or equipment (such as the system based on computers, the
system comprising processors or other systems capable of obtaining the instruction from the
instruction execution system, device and equipment and executing the instruction), or to be used
in combination with the instruction execution system, device and equipment. As to the
specification, “the computer readable medium” may be any device adaptive for including, storing,
communicating, propagating or transferring programs to be used by or in combination with the
instruction execution system, device or equipment. More specific examples of the computer
readable medium comprise but are not limited to: an electronic connection (an electronic device)

with one or more wires, a portable computer enclosure (a magnetic device), a random-access
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memory (RAM), a read only memory (ROM), an erasable programmable read-only memory
(EPROM or a flash memory), an optical fiber device and a portable compact disk read-only
memory (CDROM). In addition, the computer readable medium may even be a paper or other
appropriate medium capable of printing programs thereon, this is because, for example, the paper
or other appropriate medium may be optically scanned and then edited, decrypted or processed
with other appropriate methods when necessary to obtain the programs in an electric manner, and
then the programs may be stored in the computer memories.

[0118] 1t should be understood that each part of the present disclosure may be realized
by the hardware, software, firmware or their combination. In the above embodiments, a plurality
of steps or methods may be realized by the software or firmware stored in the memory and
executed by the appropriate instruction execution system. For example, if it is realized by the
hardware, likewise in another embodiment, the steps or methods may be realized by one or a
combination of the following techniques known in the art: a discrete logic circuit having a logic
gate circuit for realizing a logic function of a data signal, an application-specific integrated circuit
having an appropriate combination logic gate circuit, a programmable gate array (PGA), a field
programmable gate array (FPGA), etc.

[0119] Those skilled in the art shall understand that all or parts of the steps in the above
exemplifying method of the present disclosure may be achieved by commanding the related
hardware with programs. The programs may be stored in a computer readable storage medium,
and the programs comprise one or a combination of the steps in the method embodiments of the
present disclosure when run on a computer.

[0120] In addition, each function cell of the embodiments of the present disclosure may
be integrated in a processing module, or these cells may be separate physical existence, or two or
more cells are integrated in a processing module. The integrated module may be realized in a
form of hardware or in a form of software function modules. When the integrated module is
realized in a form of software function module and is sold or used as a standalone product, the
integrated module may be stored in a computer readable storage medium.

[0121] The storage medium mentioned above may be read-only memories, magnetic
disks or CD, etc.

[0122] Reference throughout this specification to “an embodiment,” “some

EEEN1Y 2%

embodiments,” “one embodiment”, “another example,” “an example,” “a specific example,” or

“some examples,” means that a particular feature, structure, material, or characteristic described
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in connection with the embodiment or example is included in at least one embodiment or
example of the present disclosure. Thus, the appearances of the phrases such as “in some
embodiments,” “in one embodiment”, “in an embodiment”, “in another example,” “in an
example,” “in a specific example,” or “in some examples,” in various places throughout this
specification are not necessarily referring to the same embodiment or example of the present
disclosure. Furthermore, the particular features, structures, materials, or characteristics may be
combined in any suitable manner in one or more embodiments or examples.

[0123] Although explanatory embodiments have been shown and described, it would be
appreciated by those skilled in the aﬁ that the above embodiments cannot be construed to limit

the present disclosure, and changes, alternatives, and modifications can be made in the

embodiments without departing from scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. An image sensor, comprising:

a photosensitive pixel array; and

a filter arranged on the photosensitive array, wherein the filter comprises a filter unit array
comprised a plurality of filter units; wherein each filter unit covers N photosensitive pixels, and
some of the filter units comprise white filter areas, wherein the white filter areas cover at least
one of the N photosensitive pixels, wherein a merged pixel is formed by the N photosensitive

pixels covered by the same filter unit, wherein N is a positive integer.

2. The image sensor of claim 1, wherein the filter unit array comprises R filter units, G filter units
and B filter units, wherein the G filter units comprise white filter areas, and a white filter area

covers at least one of the N photosensitive pixels covered by a G filter unit.

3. The image sensor of claim 2, wherein each filter unit comprises 2*2 photosensitive pixels,
wherein each G filter unit comprises 2*2 photosensitive pixels, wherein the G filter unit
comprises a white filter area and a green filter area; wherein the white filter area covers one of the
four photosensitive pixels of the G filter unit and the green filter area covers the other three; or
wherein the white filter area covers two of the four photosensitive pixels and the green filter area
covers the other two; or

wherein the white filter area covers three of the four photosensitive pixels and the green filter
area covers the other one; or

wherein the white filter area covers all of the four photosensitive pixels.

4. The image sensor of any one of claims 1-3, wherein the image sensor further comprises a
control module, and wherein the control module is configured to control the photosensitive pixel

array to be exposed by row.

5. The image sensor of claim 4, wherein the image sensor further comprises a register; wherein
the control module is configured to collect outputs of the photosensitive pixels of row k and row
k+1 in turn which have been exposed and to store the outputs into the register, wherein k=2n-1, n
is a positive integer, and k+1 is less than or equal to the amount of the rows of the photosensitive

pixel array.



6. The image sensor of any one of claims 1-5, wherein the image sensor further comprises an
ADC array which comprises a plurality of ADCs; and wherein each of the ADCs connects to one

photosensitive pixel.

7. The image sensor of any one of claims 1-6, wherein the image sensor further comprises a
micro-lens array; wherein the micro-lens array comprises a plurality of micro-lens and wherein

each micro-lens corresponds to one photosensitive pixel.

8. An imaging device, comprising:

the image sensor of any one of claims 1-7; and

an image signal processor, wherein the image signal processor is configured to read and to
process outputs of the photosensitive pixel array of the image sensor to obtain pixel values of

merged pixels and further to obtain merged images.

9. The imaging device of claim 8, wherein when the filter units only comprise white filter areas
or only comprise non-white filter areas, the image signal processor is further configured to add
outputs of the N photosensitive pixels corresponding to the same merged pixel together and to

make the result as a pixel value of the merged pixel.

10. The imaging device of claim 8 or claim 9, wherein the filter units comprise white filter areas
and non-white filter areas, the image signal processor is further configured to add the outputs of
the photosensitive pixels corresponding to the white filter areas together to obtain first pixel
values of merged pixels, and to add the outputs of the photosensitive pixels corresponding to the

non-white filter areas together to obtain second pixel values of merged pixels.
11. A mobile terminal, comprising: the imaging device of any one of claims §-10.
12. The mobile terminal of claim 11, wherein the mobile terminal may be a cell phone.

13. The mobile terminal of claim 12, wherein the imaging device may be a front camera of the

mobile terminal.



14. The mobile terminal of any one of claims 11-13, wherein further comprising a CPU and an
external memory, wherein the CPU is configured to control the external memory to store the

merged images.

15. The mobile terminal of any one of claims 11-14, further comprising a display device,

wherein the CPU is configured to control the display device to display the merged images.

16. An imaging method of the image sensor of any one of claims 1-7, comprising:
reading outputs of the photosensitive unit array; and
calculating pixel values of merged pixels according to the outputs of the photosensitive pixels of

the merged pixel in order to obtain a merged image.

17. The imaging method of claim 16, wherein each filter unit comprises 2*2 photosensitive pixels;
wherein the step of calculating pixel values of merged pixels according to the outputs of the
photosensitive pixels of the merged pixel in order to obtain a merged image further comprises:
collecting and storing the outputs of the photosensitive pixels of row k and row k+1 into the
register, wherein k=2n-1, n is a positive integer, and k+1 is less than or equal to the amount of the
rows of the photosensitive pixel array; and

extracting the outputs of the photosensitive pixels of row k and row k+1 from the register to

obtain pixel values of merged pixels.

18. The imaging method of claim 16 or claim 17, wherein when the filter units only comprise
white filter areas or non-white filter areas, step of calculating pixel values of merged pixels
according to the outputs of the photosensitive pixels of the merged pixel in order to obtain a
merged image further comprises:

adding the outputs of the N photosensitive pixels corresponding to the same merged pixel

together and making the result as the pixel value of merged pixel.

19. The imaging method of any one of claims 16-18, wherein when the filter units comprise white
filter areas and non-white filter areas, the pixel values of merged pixels comprise first pixel

values corresponding to white filter areas and second pixel values corresponding to non-white
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filter areas, the step of calculating pixel values of merged pixels according to the outputs of the
photosensitive pixels of the merged pixel in order to obtain a merged image further comprises:
adding the outputs of the photosensitive pixels corresponding to white filter areas together to
obtain first pixel values of merged pixels; and

adding the outputs of the photosensitive pixels corresponding to non-white filter areas together to

obtain second pixel values of merged pixels.

20. The imaging method of any one of claims 16-19, wherein each ADC connects to one
photosensitive pixel, the imaging method further comprises:

converting analog signal outputs of the photosensitive pixel into digital signal outputs; and
calculating the pixel value of the merged pixel according to the digital signal outputs of the

photosensitive pixels of the same merged pixel.
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