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A three-dimensional (3D) image sensor includes a plurality
of color pixels, and a plurality of distance measuring pixels.
Where the plurality of color pixels and the plurality of dis-
tance measuring pixels are arranged in an array, and a group
of distance measuring pixels, from among the plurality of
distance measuring pixels, are disposed so that a corner of
each distance measuring pixel in the group of distance-mea-
suring pixels is adjacent to a corner of an adjacent distance-
measuring pixel in the group of distance-measuring pixels.
The group of distance measuring pixels is capable of jointly
outputting one distance measurement signal.

ABSTRACT

20 Claims, 8 Drawing Sheets
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1
THREE DIMENSIONAL IMAGE SENSOR

BACKGROUND

1. Field

Example embodiments are directed to a three-dimensional
(3D) image sensor, and more particularly, to a 3D image
sensor providing a piece of selective distance measuring
information by arranging a plurality of distance measurement
pixels to be adjacent to each other.

2. Description of the Related Art

Three-dimensional (3D) sensors are for three-dimension-
ally reproducing objects by recording color images of the
objects and measuring distances among the objects. In order
to reproduce the objects, the 3D image sensor may include a
combination of color image pixels and distance measuring
pixels. The color image pixels may further include red pixels,
green pixels, and blue pixels. The color image pixels and the
distance measuring pixels may be arranged in arrays.

The distance measuring pixels that measure intensity of
infrared (IR) light may have lower sensitivity to light than the
color pixels. Therefore, a distance measuring pixel may have
a larger area than a color pixel in order to compensate for the
lower sensitivity to light. However, the resolution of the color
pixel may be degraded as the area of the distance measuring
pixel increases.

Moreover, when the size of the distance measuring pixel is
reduced, a signal-to-noise ratio may also be reduced. This
reduction in the signal-to-noise ratio may make it difficult to
obtain accurate information relating to the distance of the
objects. In addition, as an illuminance of the object is
reduced, the sensitivity of the distance measuring pixels may
not be sufficient. This may also make it difficult to obtain
accurate distance information regarding the objects.

SUMMARY

Example embodiments are directed to a three-dimensional
image sensor selectively using a plurality of distance measur-
ing pixels as one distance measuring pixel according to an
illuminance of an object, which substantially overcome one
or more of the problems due to the limitations and disadvan-
tages of the related art.

It is another feature of an exemplary embodiment to pro-
vide a three-dimensional image sensing system that provides
a means for selectively using a plurality of distance measur-
ing pixels as one distance measuring pixel based on an illu-
minance of an object, which also substantially overcomes one
or more of the problems due to the limitations and disadvan-
tages of the related art.

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion. Additional aspects of the 3D image sensor and sensing
system may also be learned by practice.

At least one of the above and other features and advantages
may be realized by providing a three-dimensional (3D) image
sensor that includes a plurality of color pixels and a plurality
of'distance measuring pixels. The plurality of color pixels and
the plurality of distance measuring pixels may be arranged in
an array, and a group of distance measuring pixels, from
among the plurality of distance measuring pixels, may be
disposed so that a corner of each distance measuring pixel in
the group of distance measuring pixels is adjacent to a corner
of an adjacent distance measuring pixel in the group of dis-
tance-measuring pixels, and the group of distance measuring
pixels may be capable of jointly outputting one distance mea-
surement signal.
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The 3D image sensor may have the color pixels arranged so
a corner of each color pixel is adjacent to a corner of an
adjacent color pixel. Moreover, each distance measuring
pixel may be the same size as each color pixel. Furthermore,
the group of distance measuring pixels may have four dis-
tance measuring pixels including a first distance measuring
pixel having a first corner adjacent with a corner of a second
distance measuring pixel, a second corner adjacent with a
corner of a third distance measuring pixel, and a third corner
adjacent with a corner of a fourth distance measuring pixel.

The group of distance measuring pixels in the 3D image
sensor may include a first integrated output line connected to
first signal output lines, connected in parallel to each other, of
the group of distance measuring pixels, a second integrated
output line connected to second signal output lines, connected
in parallel to each other, of the group of distance measuring
pixels, and a switching device installed between each first
signal output line and the first integrated output line, and
between each second signal output line and the second inte-
grated output line. Where the switching devices may each
selectively connect the corresponding first and second signal
output lines to the respective first and second integrated out-
put lines. Furthermore, the switching devices may be selec-
tion transistors.

The 3D image sensor may further include a signal control-
ler connected to the first and the second integrated output
lines. Where, when an output signal from the first or the
second integrated output line is equal to or below a first value,
the signal controller outputs one integrated signal as a signal
for each group of distance measuring pixels by turning on the
switching devices connected to the first integrated output line
simultaneously and by turning on the second integrated out-
put line simultaneously in phase difference to the switching
devices connected to the first integrated output line. More-
over, when the output signal is above the first value, the signal
controller sequentially outputs signals for each of the plural-
ity of distance measuring pixels by sequentially turning on the
switching devices for each of the plurality of distance mea-
suring pixels, in phase difference.

The 3D image sensor may further include an illuminometer
that measures intensity of illuminance of an object, and a
signal controller connected to the first and the second inte-
grated output lines. Where, when the intensity of the illumi-
nance is equal to or below a first value, the signal controller
outputs one integrated signal as a signal for each group of
distance measuring pixels by turning on the switching devices
connected to the first integrated output line simultaneously
and by turning on the second integrated output line simulta-
neously in phase difference to the switching devices con-
nected to the first integrated output line. Moreover, when the
intensity of the illuminance is above the first value, the signal
controller sequentially outputs signals for each of the plural-
ity of distance measuring pixels by sequentially turning on the
switching devices for each of the plurality of distance mea-
suring pixels, in phase difference.

The 3D image sensor may also include a color pixel row
driver and a distance measuring pixel row driver. Where the
color pixel row driver and the distance measuring pixel row
driver may be disposed on opposing sides of the array. More-
over, a first analog signal processor may be connected to
column output lines of the color pixels and a second analog
signal processor connected to column output lines of the
distance measuring pixels. Where the first and second analog
signal processors may be disposed on opposing sides of the
array.

Each group of the distance measuring pixels of the 3D
image sensor may include a first transfer transistor and a
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second transfer transistor, where a first end of the first transfer
transistor is connected to a first side of a corresponding pho-
todiode, and a first end of the second transfer transistor is
connected to a second side of the corresponding photodiode.
Furthermore, the group of distance measuring pixels may
include a first floating diffusion region and a second floating
diffusion region that are connected to second ends of the first
and second transfer transistors, which are arranged in paral-
lel, and first switching devices disposed between the first
floating diffusion region and the corresponding photodiode,
and second switching devices disposed between the second
floating diffusion region and the corresponding photodiode.
Where the first and second switching devices may select
transfer of a signal from the photodiodes to the first or the
second floating diffusion region according to an operation of
the respective first or the second transfer transistor. Moreover,
the first floating diffusion region may be connected to a first
reset transistor and to a gate of a first drive transistor, the
second floating diffusion region may be connected to a sec-
ond reset transistor and to a gate of a second drive transistor,
and the first and second drive transistors may transmit signals
from the first and second floating diffusion regions to first and
second integrated output lines via first and second selection
transistors, respectively.

Each color pixel of the plurality of the color pixels may
include at least two different pixels selected from a red pixel,
a green pixel, a blue pixel, a magenta pixel, a cyan pixel, a
yellow pixel, and a white pixel.

At least one of the above and other features and advantages
may also be realized by providing a three-dimensional (3D)
imaging sensing system that includes a plurality of color
pixels and a plurality of distance measuring pixels arranged in
an array. The system may include a group of distance mea-
suring pixels, from among the plurality of distance measuring
pixels, jointly outputting one distance measurement signal.
The group of distance measuring pixels may ve disposed so
that a corner of each distance measuring pixel in the group of
distance measuring pixels is adjacent to a corner of an adja-
cent distance-measuring pixel in the group of distance-mea-
suring pixels.

At least one of the above and other features and advantages
may also be realized by providing a three-dimensional (3D)
imaging sensing system that includes a plurality of color
pixels and a plurality of distance measuring pixels arranged in
an array. The system also may include a group of distance
measuring pixels, from among the plurality of distance mea-
suring pixels, jointly outputting one distance measurement
signal. The group of distance measuring pixels may be dis-
posed so that a corner of each distance measuring pixel in the
group of distance measuring pixels is adjacent to a corner of
an adjacent distance-measuring pixel in the group of dis-
tance-measuring pixels. The system also may include switch-
ing devices selectively connecting corresponding first and
second signal output lines to respective first and second inte-
grated output lines of the group of distance measuring pixels.
The first integrated output line may be connected to first
signal output lines, which are connected in parallel to each
other, and the second integrated output line may be connected
to second signal output lines, which are connected in parallel
to each other. When an output signal from the first or the
second integrated output lines is equal to or below a first
value, switching devices connected to the first integrated out-
put line are simultaneously turned on to output one integrated
signal as a signal for each group of distance measuring pixels
and switching devices connected to the second integrated
output line are simultaneously turned on in phase difference
with the switching devices connected to the first integrated
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output line, and when the output signal is above the first value,
switching devices are sequentially turned on to output signals
for each of the plurality of distance measuring pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, in which:

FIG. 1 illustrates a plan view of arrays in a 3D image sensor
according to an exemplary embodiment;

FIG. 2 illustrates a plan view of a configuration of a struc-
ture of a 3D image sensor according to an exemplary embodi-
ment;

FIG. 3 illustrates a circuit diagram of a distance measuring
pixel according to an exemplary embodiment;

FIG. 4 illustrates a block diagram of a 3D image sensor
including the distance measuring pixel shown in FIG. 3
according to an exemplary embodiment;

FIG. 5 illustrates a circuit diagram of a distance measuring
pixel in a 3D image sensor according to an exemplary
embodiment;

FIG. 6 illustrates a block diagram of a 3D image sensor
relating to the distance measuring pixel shown in FIG. §
according to an exemplary embodiment;

FIG. 7 illustrates a block diagram of a 3D image sensor
according to an exemplary embodiment; and

FIG. 8 illustrates a block diagram of a 3D image sensor
according to an exemplary embodiment.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2008-0094265, filed on
Sep. 25, 2008, in the Korean Intellectual Property Office, and
entitled: “Three Dimensional Image Sensor,” is incorporated
by reference herein in its entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the
art.

It will be understood that when an element or layer is
referred to as being “on,” “connected to,” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

As used herein, the expressions “at least one,” “one or
more,” and “and/or” are open-ended expressions that are both
conjunctive and disjunctive in operation. For example, each
of'the expressions “at least one of A, B, and C,” “at least one
of A, B, or C,” “one or more of A, B, and C,” “one or more of
A, B, or C” and “A, B, and/or C” includes the following
meanings: A alone; B alone; C alone; both A and B together;
both A and C together; both B and C together; and all three of
A, B, and C together. Further, these expressions are open-
ended, unless expressly designated to the contrary by their
combination with the term “consisting of.”” For example, the
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expression “at least one of A, B, and C” may also include an
nth member, where n is greater than 3, whereas the expression
“at least one selected from the group consisting of A, B, and
C” does not.

Asused herein, the expression “or” is not an “exclusive or”
unless it is used in conjunction with the term “either”” For
example, the expression “A, B, or C” includes A alone; B
alone; C alone; both A and B together; both A and C together;
both B and C together; and all three of A, B, and C together,
whereas the expression “either A, B, or C” means one of A
alone, B alone, and C alone, and does not mean any of both A
and B together; both A and C together; both B and C together;
and all three of A, B, and C together.

FIG. 1 illustrates a plan view of arrays in a 3D image sensor
100 according to an exemplary embodiment. Referring to
FIG. 1, the 3D image sensor 100 may include distance mea-
suring pixels Z and color pixels C disposed in an array. As
shown in FIG. 1, the color pixels C in the 3D image sensor 100
may include the red pixels R, the green pixels G, and the blue
pixels B, but example embodiments are not limited thereto.
For example, the color pixels C may include at least two
pixels among a red pixel R, a green pixel G, a blue pixel B, a
magenta pixel Mg, a cyan pixel Cy, a yellow pixel Y, and a
white pixel W. Further, the color pixel C may include more
than one of the same pixel type associated therewith, e.g., two
green pixels G, as illustrated in FIG. 1. Alternatively, when
three different colors are used, a fourth pixel may be a white
pixel. As a further alternative, each color pixel C may include
four different pixels, e.g., a green pixel G, a magenta pixel
Mg, a cyan pixel Cy, and a yellow pixel Y.

Each of the distance measuring pixels Z and each of the
color pixels C may be roughly the same size as each other.
Moreover, as shown in FIG. 1, the distance measuring pixels
Z and the color pixels C may be alternately arranged in the
array. The distance measuring pixels Z may be arranged so
that at least one corner of each measuring pixel Z contacts a
corner of another distance measuring pixel Z. In addition, the
color pixels C may also be arranged so that at least one corner
of'each color pixel C contacts the corner of another color pixel
C.

Additionally, four adjacent distance measuring pixels Z
may together form a pixel, for example, a super pixel. The
super pixel is shown in FIG. 1, as denoted by solid black lines
that connect a center distance measuring pixel Z to three
separate surrounding distance measuring pixels Z. Each of
the plurality of adjacent distance measuring pixels Z may be
capable of providing distance measurement information.
Additionally, a group of adjacent distance measuring pixels
Z, for example the four adjacent pixels shown in FIG. 1, may
be capable of jointly providing one distance measuring infor-
mation by measuring the intensity of infrared (IR ) light at four
adjacent distance measuring pixels Z. The connection of the
plurality of distance measuring pixels Z, for selectively per-
forming distance measurements individually or as a group, is
described in further detail below.

FIG. 1 illustrates four adjacent pixels that together may
form the super-pixel; however, example embodiments are not
limited to this configuration. For example, two, three, or five
distance measuring pixels may together form one super-pixel.

Additionally, a filter that selectively transmits a light of a
predetermined wavelength, may be positioned on the color
pixels C and the distance measuring pixels Z. Moreover, a
micro-lens for focusing the light may further be installed on
each filter. Furthermore, a photodiode that is capable of mea-
suring the intensity of light passing the filter may be formed
under the filter. The exemplary structures of the filter, micro-
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6

lens, and photodiode may be regarded as generally well
known in the art. Thus, detailed descriptions of these struc-
tures are omitted herein.

FIG. 2 illustrates a plan view showing a configuration of a
3D image sensor 200 according to an exemplary embodi-
ment. Referring to FIG. 2, the 3D image sensor 200 includes
an array 210 that may include color pixels C and distance
measuring pixels Z. Signal input lines 201, as shown in FIG.
2, may be connected to row driver 211 of the color pixels C
and row driver 212 of the distance measuring pixels Z. Row
drivers 211 and 212 may be separate structures that are
arranged at opposite or along different sides of the array 210.
For example, as shown in FIG. 2, the row driver 211 of the
color pixels C may be disposed on a left side of the array 210,
and the row driver 212 of the distance measuring pixel Z may
be disposed on a right side of the array 210. Moreover, the
color pixel row driver 211 may operate at a frequency of 60
Hz, and the distance measuring pixel row driver 212 may
operate at a frequency of 20 MHz.

The 3D image sensor 200 may also include column output
lines 202 that are connected to analog signal processor 221 of
the color pixel C and analog signal processor 222 of the
distance measuring pixel Z. Analog signal processors 221 and
222 may be separate structures that are arranged at opposite or
along different sides of the array 210. For example, as shown
in FIG. 2, the analog signal processor 222, to which the
column output lines 202 of the distance measuring pixel Z
may be connected, and an analog-digital converter 232, to
which the signal from the analog signal processor 222 may be
input, may be disposed on an upper portion of the array 210.
The analog signal processor 221, to which the column output
lines 202 of the color pixel C may be connected, and an
analog-digital converter 231, to which the signal from the
analog signal processor 221 may be input, may be disposed
on a lower portion the array 210.

In exemplary operating conditions, the color pixel row
driver 211 may operate at a frequency of 60 Hz, and the
distance measuring pixel row driver 212 may operate at a
frequency of 20 MHz. Moreover, digital signals from each of
the analog-digital converters 231 and 232 may be input to an
image signal processor (not shown). Moreover, in regard to
the exemplary embodiment illustrated in FIG. 2, since the
signal lines 201 and 202 are separately disposed on both sides
of'the array 210 (including the color pixel C and the distance
measuring pixel Z), a signal-to-noise ratio may be reduced,
and a layout of the image sensor may be designed in an easy
way.

FIG. 3 illustrates an equivalent circuit diagram of the dis-
tance measuring pixel according to an exemplary embodi-
ment. Like reference numerals denote the same elements
throughout the exemplary embodiments, and detailed
descriptions may not be repeated for each and every figure.

FIG. 3 illustrates four distance measuring pixels Z1 to 74,
corners of which are adjacent to each other. Each of the four
distance measuring pixels Z1 to Z4 may include a photodiode
PD, afirst circuit and a second circuit, where charges from the
photodiode PD having phase differences may be transferred
to the first and second circuits.

As shown in FIG. 3, the first circuit may include a transfer
transistor TRF1, a reset transistor RST1, a drive transistor
DRV1, a selection transistor SEL.1, and an output line OUT1.
The second circuit may include a transfer transistor TRF2, a
reset transistor RST2, a drive transistor DRV2, a selection
transistor SEL.2, and an output line OUT2. Output lines
OUT1 of each of the first to fourth distance measuring pixels
71 to 74 may be connected in parallel to a first integrated
output line 291, and output lines OUT?2 of each of the first to
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fourth distance measuring pixels Z1-74 may be connected in
parallel to a second integrated output line 292. The first and
second integrated output lines 291 and 292 may correspond to
the column output lines 202 of the distance measuring pixel as
shown in FIG. 2. Moreover, the signal input line 201 shown in
FIG. 2 may be connected to the selection transistors SEL.1 and
SEL2 of FIG. 3.

In FIG. 3, some components of the second to fourth dis-
tance measuring pixels Z2 to 74 are omitted. However, the
components of distance measuring pixels Z2 to Z4 corre-
spond with the components of distance measuring pixel Z1.
These components include first and second floating diffusion
regions FD1 and FD2 that may be connected to respective
gates of the drive transistors DRV1 and DRV2 and the reset
transistors RST1 and RST2. Moreover, the drive transistors
DRV1 and DRV2 may output the signals from the first and
second floating diffusion regions FD1 and FD2 to the firstand
second integrated output lines 291 and 292 through the selec-
tion transistors SEL1 and SEL.2, respectively.

Based on the illuminance of an object, each of the distance
measuring pixels Z1 to Z4 may be used as a single pixel or as
the group of distance measuring pixels that form a super-
pixel. That is, when the illuminance of the object is high, the
intensity of IR light is high. Therefore, the light intensity may
be measured accurately using one distance measuring pixel Z.
In contrast, when the illuminance of the object is low, the
group of distance measuring pixels Z1 to Z4 may collect the
IR light and measure the distance more accurately than a
single distance measuring pixel Z. In order to accomplish this,
an illuminance determining unit may be required.

The illuminance of the object may be measured from the
intensity of the light emitted from the first integrated output
line 291 or the second integrated output line 292. According
to the measured illuminance, it may be determined whether
the a group, i.e. four, distance measuring pixels 71 to 74 will
be used as one super-pixel or each of the distance measuring
pixels Z1 to 74 will be used separately to measure the dis-
tance.

Additionally, a photo gate may be further disposed
between the photodiode PD and the transfer transistors TRF1
and TRF2, respectively. The exemplary structure of the photo
gate may be regarded as generally well known in the art. Thus,
a detailed description of this structure is omitted herein.

FIG. 4 illustrates a block diagram of a 3D image sensor
including the distance measuring pixels Z1 to Z4 shown in
FIG. 3 according to an exemplary embodiment. Referring to
FIG. 4, to group of the distance measuring pixels 71 to 74,
which may form one super-pixel, includes switching devices
SW1 to SW4 and amplifiers AMP connected to the first circuit
of FIG. 3. The signals output from the amplifiers AMP may be
integrated in an integrator INT. Moreover, switching devices
SW5 to SW8and amplifiers AMP' of each distance measuring
pixels Z1to Z4 may be connected to the second circuit of FIG.
3. The signals output from the amplifiers AMP' may be inte-
grated in an integrator INT".

A signal output from the integrator INT may be input to a
first pass gate 261 and a second pass gate 262. A signal output
from the integrator INT' may be input to a third pass gate 263
and a fourth pass gate 264. Signals output from the first to
fourth pass gates 261 to 264 may be input into an analog
signal processor 270, an analog-digital converter 280, and an
image processor 290.

The first to fourth switching devices SW1 to SW4 may be
the selection transistors SEL1 of the first to fourth distance
measuring pixels Z1 to Z4, and the fifth to eighth switching
devices SW5 to SW8 may be second selection transistors
SEL2 of the first to fourth distance measuring pixels Z1 to 74.
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8
Otherwise, the first to eighth switching devices SW1 to SW8
may be additional switches (not shown) respectively installed
between the selection transistors SEL1 and SEL.2 and the first
and second integrated output lines 291 and 292.

The integrators INT and INT' shown in FIG. 4 may be the
first and second integrated output lines 291 and 292, respec-
tively. The amplifiers AMP and AMP' of FIG. 4 may be
composed of corresponding the drive transistors DRV1 and
DRV2 and the corresponding selection transistors SEL.1 and
SEL2, respectively.

The illuminance determining unit may be formed on the
first integrated output line, as an example. Referring to F1G. 4,
when the switching devices SW1 to SW4 are turned on, the
signals output from the distance measuring pixels Z1 to 74
are integrated to the integrator INT. A signal output from the
integrator INT may be input into a comparator 250, and a
signal output from the comparator 250 may be input into a
determiner 260. The comparator 250 and the determiner 260
may together form a signal controller 269, and the signal
controller 269 may select a signal that will be input into the
analog signal processor 270 according to the illuminance of
the object.

In order to select the signal according to the illuminance of
the object, the comparator 250 may compare the input signal
with a reference value V ;. When the input signal is less
than or equal to the reference value V ,,,, the comparator 250
may output a signal “1”’to the determiner 260. When the input
signal is not less than the reference value V,,,, the compara-
tor 250 may output a signal “0” to the determiner 260. Fur-
thermore, in an exemplary embodiment shown in FIG. 4, the
determiner 260 opens the first pass gate 261 and the third pass
gate 263 when the input signal is “1”, and opens the second
pass gate 262 and the fourth pass gate 264 when the input
signal is “0”.

Referring to the exemplary embodiment shown in FIG. 4,
when the signal is “1”, the illuminance of the object may be
comparatively low. Therefore, an integrated analog signal
may be input into the first pass gate 261 from the integrator
INT, and then input into the analog signal processor 270. An
integrated analog signal may be input into the third pass gate
263 from the integrator INT', and then, input into the analog
signal processor 270. According to this embodiment, the first
to fourth switching devices SW1 to SW4 may be simulta-
neously turned on, and the fifth to eighth switching devices
SW5 to SW8 may be simultaneously turned on in a phase
difference with the first to fourth switching devices SW1 to
SW4. Accordingly, two signals having a phase difference
therebetween may be input into the analog signal processor
270 from the first to fourth distance measuring pixels Z1 to
74.

When the signal is “0”, the illuminance of the object may
be comparatively high. Therefore, as shown in FIG. 4, the
second pass gate 262 and the fourth pass gate 264 are opened
by the determiner 260. The first to fourth switching devices
SW1 to SW4 may be sequentially opened and closed so that
the signals from the first to fourth distance measuring pixels
71 to 74 may be sequentially input into the integrator INT.
The fifth to eighth switching devices SW5 to SW8 may be
sequentially opened and closed so that the signals from the
first to fourth distance measuring pixels Z1 to Z4 are sequen-
tially input into the integrator INT'. The fifth to eighth switch-
ing devices SW5 to SW8 may have phase differences with
corresponding first to fourth switching devices SW1 to SW4,
respectively. Accordingly, two signals having a phase differ-
ence output from the integrators INT and INT' may be
sequentially input into the analog signal processor 270.
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The signals input to the analog signal processor 270 may be
converted to digital signals in the analog-digital converter
280. Furthermore, the converted digital signals may then be
input into the image signal processor 290. Moreover, a logic
for measuring the distance to the object using the signals
having phase difference may be considered generally well
known in the art. Thus, a detailed description of the logic is
omitted herein.

FIG. 5 illustrates an equivalent circuit diagram of distance
measuring pixels Z in a 3D image sensor according to an
exemplary embodiment. Furthermore, FIG. 6 illustrates a
block diagram of a 3D image sensor including the distance
measuring pixels Z1 to Z4 shown in FIG. 5. Like reference
numerals denote the same elements throughout the exem-
plary embodiments, and detailed descriptions may not be
included for each and every figure. Moreover, the group of
distance measuring pixels Z1 to Z4 may share components of
the first and second circuits of FIG. 3, except the transfer
transistors.

Referring to FIGS. 5 and 6, each ofthe four shown adjacent
distance measuring pixels Z1 to Z4 may include a corre-
sponding photodiode PD1 to PD4, and first and second trans-
fer transistors TRF1 and TRF2. Charges from the correspond-
ing photodiode PD1 to PD4 may be shifted by the phase
differences to first and second transfer transistors TRF1 and
TRF2. The first transfer transistors TRF1 of the distance
measuring pixels Z1 to Z4 may be connected in parallel to a
first floating diffusion region FD1, and the second transfer
transistors TRF2 of the distance measuring pixels 71 to 74
may be connected in parallel to a second floating diffusion
region FD2.

The group of four adjacent distance measuring pixels Z1 to
74 may further include reset transistor RST1 connected to the
first floating diffusion region FD1, drive transistor DRV1
having a gate connected to the first floating diffusion region
FD1, selection transistor SEL1, reset transistor RST2 con-
nected to the second floating diffusion region FD2, drive
transistor DRV2 having a gate connected to the second float-
ing diffusion region FD2, and selection transistor SEL.2.

Additionally, photo gates (not shown) may be further dis-
posed between the photodiodes PD1 to PD4 and the corre-
sponding transfer transistors TRF1 and TRF2. The exemplary
structure of the photo gate may be regarded as generally well
known in the art. Thus, a detailed description of this structure
is omitted herein.

Referring to FIG. 6, the switching devices SW1 to SW4,
the integrator INT, and the amplifier AMP may be connected
to the first circuit of the group of the four adjacent distance
measuring pixels Z1 to Z4. In addition, the switching devices
SW5 to SW8, the integrator INT", and the amplifier AMP'
may be connected to the second circuit of the group of the four
adjacent distance measuring pixels Z1 to Z4. Signals output
from the first circuit may be integrated to the integrator INT
and then input into the amplifier AMP, and signals output
from the second circuit may be integrated to the integrator
INT" and input into the amplifier AMP'. Therefore, the num-
ber of amplifiers is reduced when compared with the number
of amplifiers shown in FIG. 4.

The signal output from the integrator INT, through the
amplifier AMP, may be input into the first pass gate 261 and
the second pass gate 262. The signal output from the integra-
tor INT", through the amplifier AMP', may be input into the
third pass gate 263 and the fourth pass gate 264. Moreover,
signals output from the first to fourth pass gates 261 to 264
may be input into the analog signal processor 270, pass
through the analog-digital converter 280, and pass through
the image signal processor 290.
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In order to measure the illuminance of the object, the
integrator INT or INT' may be used, and in FIG. 6, the illu-
minance of the object may be determined using the signal
from the integrator INT. It may be determined, according to
the determination of illuminance, whether the four distance
measuring pixels Z1 to Z4 will be used as one super-pixel or
each of the four distance measuring pixels 71 to Z4 will be
used separately.

The first to fourth switching devices SW1 to SW4 shown in
FIG. 6 may be the first transfer transistors TRF1 of the first to
fourth pixels Z1 to Z4, and the fifth to eighth switching
devices SW5 to SW8 may be the second transfer transistors
TRF2 ofthe firstto fourth pixels Z1 to Z4. In addition, the first
to eighth switching devices SW1 to SW8 may be switches
(not shown) installed between the transfer transistors TRF1
and TRF2 and the corresponding first and second floating
diffusion regions FD1 and FD2. Moreover, each of the ampli-
fiers AMP and AMP' in FIG. 6 may include the corresponding
drive transistor DRV1 or DRV2 and the corresponding selec-
tion transistor SEL1 or SEL2 of the corresponding pixel.

Inorderto integrate the signals of the first to fourth distance
measuring pixels Z1 to Z4, the first to fourth switching
devices SW1 to SW4 may be simultaneously turned on, and
then the fifth to eighth switching devices SW5 to SW8 may be
simultaneously turned on to have a predetermined phase dif-
ference with the first to fourth switching devices SW1 to
SW4. In addition, in order to obtain the signals from each of
the distance measuring pixels Z1 to Z4, the first to fourth
switching devices SW1 to SW4 may be sequentially turned
on, and the fifth to eighth switching devices SW5 to SW8 may
be sequentially turned on to have phase differences with the
corresponding first to fourth switching devices SW1 to SW4.

Additionally, time divider 295 may be included to control
the first to eight switching devices SW1 to SW8. The time
divider 295 may receive output from the determiner 260, and
may control the first to eight switching devices SW1 to SW8
in accordance with an output from the determiner 260. More-
over, the time divider 295 may transmit a synchronization
signal to the analog signal processor 270. The synchroniza-
tion signal may include information about distance measur-
ing pixels Z1 through 74 from which each signal is transmit-
ted to the analog signal processor 270.

FIG. 7 illustrates a block diagram of a 3D image sensor
according to an exemplary embodiment. The 3D image sen-
sor of FIG. 7 as compared to the 3D image sensor in FIG. 4
may further include an illuminometer 300 for measuring illu-
minance of an object instead of the comparator 250, the time
divider 295, and a determiner 360 instead of determiner 260.
The illuminometer 300 may receive the light from the object
and output an electric signal to the determiner 360. When the
input signal to the determiner 360 is less than or equal to a
predetermined value, the determiner 360 opens the first pass
gate 261 and the third pass gate 263.

The 3D image sensor shown in FIG. 7 may further include
the time divider 295, which may turn on the first to fourth
switching devices SW1 to SW4 simultaneously and turn on
the fifth to eighth switching devices SW5 to SW8 simulta-
neously to have predetermined phase difference with the first
to fourth switching devices SW1 to SW4. The time divider
295 may receive output from the determiner 360, and may
control the first to eight switching devices SW1 to SW8 in
accordance with an output from the determiner 360. Inte-
grated analog signals output from the integrators INT and
INT' may be input into the first pass gate 261 and the third
pass gate 263, and then, input into the signal processor 270.

Referring to FIG. 7, when it is determined that the input
signal to the determiner 360 is greater than a predetermined
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value, the determiner 360 opens the second pass gate 262 and
the fourth pass gate 264. When the second and fourth pass
gates 262 and 264 are opened, the time divider 295 may
sequentially turn on the first to fourth switching devices SW1
to SW4, and sequentially turn on the fifth to eighth switching
devices SW5 to SW8 having phase differences with the cor-
responding first to fourth switching devices SW1to SW4. The
electric signals of the first to fourth distance measuring pixels
71 to 74 may then be sequentially input into the integrators
INT and INT'". Thereafter, the signals output from the inte-
grators INT and INT' may be sequentially input into the
analog signal processor 270.

Additionally, the time divider 295 may transmit a synchro-
nization signal to the analog signal processor 270. The syn-
chronization signal may include information about distance
measuring pixels Z1 through Z4 from which each signal is
transmitted to the analog signal processor 270.

Moreover, the signal output from the analog signal proces-
sor 270 may be converted to the digital signal in the analog-
digital converter 280. Furthermore, the converted digital sig-
nal may be input into the image signal processor 290.

FIG. 8 illustrates a block diagram of a 3D image sensor
according to an exemplary embodiment. Compared to the 3D
image sensor shown in FIG. 6, the 3D image sensor shown in
FIG. 8 may further include the illuminometer 300 instead of
comparator 250, and the determiner 360 instead of determiner
260. The illuminometer 300 may receive the light from the
object and output the electric signal to the determiner 360.

Referring to FIG. 8, when the input signal to the determiner
360 is less than or equal to a predetermined value, the deter-
miner 360 may open the first pass gate 261 and the third pass
gate 263. In addition, the time divider 295 may turn on the first
to fourth switching devices SW1 to SW4 simultaneously and
turn on the fifth to eighth switching devices SW5 to SW8
simultaneously to have predetermined phase differences with
the first to fourth switching devices SW1 to SW4. The time
divider 295 may receive output from the determiner 360, and
may control the first to eight switching devices SW1 to SW8
in accordance with an output from the determiner 360. Inte-
grated analog signals from the integrators INT and INT' may
be input into the first pass gate 261 and the third pass gate 263,
and then input into the signal processor 270.

When it is determined that the input signal to the deter-
miner 360 is greater than a predetermined value, the deter-
miner 360 may open the second pass gate 262 and the fourth
pass gate 264. When the second and fourth pass gates 262 and
264 are opened, the time divider 295 may sequentially turn on
the first to fourth switching devices SW1to SW4, and sequen-
tially turn on the fifth to eighth switching devices SWS5 to
SW8 having phase differences with the corresponding first to
fourth switching devices SW1 to SW4. The electric signals of
the first to fourth distance measuring pixels Z1 to Z4 may be
sequentially input into the integrators INT and INT". There-
after, the signals output from the integrators INT and INT'
may be sequentially input into the analog signal processor
270.

The time divider 295 may transmit the synchronization
signal to the analog signal processor 270. The synchroniza-
tion signal may include information about distance measur-
ing pixels Z1 through Z4 from which each signal is transmit-
ted to the analog signal processor 270.

Moreover, the signal output from the analog signal proces-
sor 270 may be converted to the digital signal in the analog-
digital converter 280. Furthermore, the converted digital sig-
nal may be input into the image signal processor 290.

According to the 3D image sensor of example embodi-
ments, based on the illuminance of the object, the distance to
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the object may be measured using each of the plurality of
distance measuring pixels separately or using the group of
distance measuring pixels together as one super-pixel. There-
fore, the sensitivity of distance measuring pixels may be
improved even when the illuminance of the object is low,
which may result in a more accurate distance measurement.
Exemplary embodiments of the present invention have
been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a generic
and descriptive sense only and not for purpose of limitation.
Accordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
present invention as set forth in the following claims.

What is claimed is:

1. A three-dimensional (3D) image sensor comprising:

a plurality of groups of color pixels, each of the groups of
color pixels including a plurality of pixels; and

a plurality of distance measuring pixels, wherein:

the plurality of groups of color pixels and the plurality of
distance measuring pixels are alternately arranged in an
array so that all corners of at least one of the plurality of
distance measuring pixels are arranged adjacent to cor-
ners of others of the plurality of distance measuring
pixels,

a group of distance measuring pixels, from among the
plurality of distance measuring pixels, are arranged so
that one corner of each distance measuring pixel in the
group of distance measuring pixels is adjacent to another
corner of an adjacent distance measuring pixel in the
group of distance-measuring pixels, and

the group of distance measuring pixels is capable of jointly
outputting one distance measurement signal.

2. The 3D image sensor as claimed in claim 1, wherein the
plurality of pixels in each group of color pixels are arranged
so0 a corner of one of the pixels therein is adjacent to corners
of the other pixels therein, each group of color pixels being
adjacent to more than one of the distance measuring pixels in
the group of distance measuring pixels.

3.The 3D image sensor as claimed in claim 1, wherein each
distance measuring pixel is the same size as each group of
color pixels.

4. The 3D image sensor as claimed in claim 1, wherein the
group of distance measuring pixels includes four distance
measuring pixels including a first distance measuring pixel
having a first corner adjacent with a corner of a second dis-
tance measuring pixel, a second corner adjacent with a corner
of'athird distance measuring pixel, and a third corner adjacent
with a corner of a fourth distance measuring pixel, the first
corner being spaced apart from the third and fourth distance
measuring pixels, the second corner being spaced apart from
the second and fourth distance measuring pixels, and the third
corner being spaced apart from the second and third distance
measuring pixels.

5. The 3D image sensor as claimed in claim 1, wherein the
group of distance measuring pixels includes:

a first integrated output line connected to first signal output
lines that are connected in parallel to each other, each
distance measuring pixel in the group of distance mea-
suring pixels corresponding to one of the first signal
output lines;

a second integrated output line connected to second signal
output lines that are connected in parallel to each other,
each distance measuring pixel in the group of distance
measuring pixels corresponding to one of the second
signal output lines;
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afirst switching device between each first signal output line
and the first integrated output line; and

a second switching device between each second signal
output line and the second integrated output line, the first
and second switching devices selectively connecting the
corresponding first and second signal output lines to the
respective first and second integrated output lines.

6. The 3D image sensor as claimed in claim 5, wherein the
first and second switching devices are selection transistors for
each distance measuring pixel in the group of distance mea-
suring pixels.

7. The 3D image sensor as claimed in claim 5, further
comprising:

a signal controller connected to the first and the second

integrated output lines, wherein,

when an output signal from the first integrated output line
is equal to or below a first value, the signal controller
outputs one integrated signal as a signal for each group
of distance measuring pixels by turning on the first
switching device connected to the first integrated output
line simultaneously and by turning on the second
switching device connected to the second integrated out-
put line simultaneously in phase difference to the first
switching device, and

when the output signal is above the first value, the signal
controller sequentially outputs signals for each of the
plurality of distance measuring pixels by sequentially
turning on the first and second switching devices for
each of the plurality of distance measuring pixels, in
phase difference.

8. The 3D image sensor as claimed in claim 5, further

comprising:

an illuminometer that measures intensity of illuminance of
an object; and

a signal controller connected to the first and the second
integrated output lines, wherein,

when the intensity of the illuminance is equal to or below a
first value, the signal controller outputs one integrated
signal as a signal for each group of distance measuring
pixels by turning on the first switching device connected
to the first integrated output line simultaneously and by
turning on the second switching device connected to the
second integrated output line simultaneously in phase
difference to the first switching device, and

when the intensity of the illuminance is above the first
value, the signal controller sequentially outputs signals
for each of the plurality of distance measuring pixels by
sequentially turning on the first and second switching
devices for each of the plurality of distance measuring
pixels, in phase difference.

9. The 3D image sensor as claimed in claim 1, further

comprising:

acolor pixel row driver and a distance measuring pixel row
driver,

wherein the color pixel row driver and the distance mea-
suring pixel row driver are disposed on opposing sides of
the array.

10. The 3D image sensor as claimed in claim 9, further

comprising:

a first analog signal processor connected to column output
lines of the groups of color pixels and a second analog
signal processor connected to column output lines of the
distance measuring pixels,

wherein the first and second analog signal processors are
disposed on opposing sides of the array.

11. The 3D image sensor as claimed in claim 10, wherein

the group of distance measuring pixels includes:
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a first integrated output line connected to first signal output
lines that are connected in parallel to each other, each
distance measuring pixel in the group of distance mea-
suring pixels corresponding to one of the first signal
output lines;

a second integrated output line connected to second signal
output lines that are connected in parallel to each other,
each distance measuring pixel in the group of distance
measuring pixels corresponding to one of the second
signal output lines; and

a switching device installed between each first signal out-
put line and the first integrated output line, and between
each second signal output line and the second integrated
output line, the switching devices selectively connecting
the corresponding first and second signal output lines to
the respective first and second integrated output lines.

12. The 3D image sensor as claimed in claim 11, wherein

the switching devices are selection transistors.

13. The 3D image sensor as claimed in claim 11, further

comprising:

a signal controller connected to the first and the second
integrated output lines, wherein,

when an output signal from the first integrated output line
is equal to or below a first value, the signal controller
outputs one integrated signal as a signal for each group
of distance measuring pixels by turning on the switching
devices connected to the first integrated output line
simultaneously and by turning on the second integrated
output line simultaneously in phase difference to the
switching devices connected to the first integrated out-
put line, and

when the output signal is above the first value, the signal
controller sequentially outputs signals for each of the
plurality of distance measuring pixels by sequentially
turning on the switching devices for each of the plurality
of distance measuring pixels, in phase difference.

14. The 3D image sensor as claimed in claim 11, further

comprising:

an illuminometer that measures intensity of illuminance of
an object; and

a signal controller connected to the first and the second
integrated output lines, wherein,

when the intensity of the illuminance is equal to or below a
first value, the signal controller outputs one integrated
signal as a signal for each group of distance measuring
pixels by turning on the switching devices connected to
the first integrated output line simultaneously and by
turning on the second integrated output line simulta-
neously in phase difference to the switching devices
connected to the first integrated output line, and

when the intensity of the illuminance is above the first
value, the signal controller sequentially outputs signals
for each of the plurality of distance measuring pixels by
sequentially turning on the switching devices for each of
the plurality of distance measuring pixels, in phase dif-
ference.

15. The 3D image sensor as claimed in claim 5,

wherein each distance measuring pixels-pixel includes:

a first transfer transistor and a second transfer transistor,
wherein a first end of the first transfer transistor is con-
nected to a first side of a corresponding photodiode, and
a first end of the second transfer transistor is connected
to a second side of the corresponding photodiode; and

wherein the group of distance measuring pixels includes:
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a first floating diffusion region and a second floating dif-
fusion region that are connected to second ends of the
first and second transfer transistors, which are arranged
in parallel; and

first switching devices disposed between the first floating
diffusion region and the corresponding photodiode, and
second switching devices disposed between the second
floating diffusion region and the corresponding photo-
diode, the first and second switching devices selecting

w

16

18. The 3D image sensor as claimed in claim 15, further
comprising:

an illuminometer that measures intensity of illuminance of
an object; and

a signal controller connected to the first and the second
integrated output lines, wherein,

when the intensity of the illuminance is equal to or below a
first value, the signal controller outputs one integrated
signal as a signal for each group of distance measuring

transfer of a signal from the photodiodes to the first or 10 pixels by turning on switching units connected to the
the second floating diffusion region according to an first integrated output line simultaneously and by turn-
operation of the respective first or the second transfer ing on the second integrated output line simultaneously
transistor, in phase difference to the switching units connected to
wherein the first floating diftusion region is connected to a the first integrated output line, and
firstreset transistor and to a gate of a first drive transistor, 15  when the intensity of the illuminance is above the first
the second floating diffusion region is connected to a value, the signal controller sequentially outputs signals
second reset transistor and to a gate of a second drive for each of the plurality of distance measuring pixels by
transistor, and the first and second drive transistors trans- sequentially turning on the switching units of each of the
mit signals from the first and second floating diffusion plurality of distance measuring pixels, in phase differ-
regions to the first and second integrated output lines via 20 ence.

first and second select transistors, respectively.

19. The 3D image sensor as claimed in claim 3, wherein

16. The 3D image sensor as claimed in claim 15, wherein
the first and second switching devices are selection transistors
for each distance measuring pixel.
17. The 3D image sensor as claimed in claim 15, further 25
comprising:
a signal controller connected to the first and the second
integrated output lines, wherein,
when an output signal from the first or the second inte-
grated output line is equal to or below a first value, the 30
signal controller outputs one integrated signal as a signal
for each group of distance measuring pixels by turning
on switching units connected to the first integrated out-
put line simultaneously and by turning on the second
integrated output line simultaneously in phase differ- 35

each group of color includes at least four pixels, the four
pixels include at least two different pixels selected from a red
pixel, a green pixel, ablue pixel, a magenta pixel, a cyan pixel,
a yellow pixel, and a white pixel.
20. The 3D image sensor as claimed in claim 19, wherein:
the groups of color pixels only include pixels for recording
an image and the plurality of groups of distance measur-
ing pixels only include pixels for measuring distances,
the groups of color pixels and the plurality of distance
measuring pixels are alternately arranged in a plurality
of columns and a plurality of rows in the array,
the group of distance measuring pixels is one of a plurality
of groups of distance measuring pixels, and
each group of distance measuring pixels includes ones of

ence to the switching units connected to the first inte-
grated output line, and

when the output signal is above the first value, the signal
controller sequentially outputs signals for each of the
plurality of distance measuring pixels by sequentially
turning on the switching units for each of the plurality of
distance measuring pixels, in phase difference.

40

the distance measuring pixels arranged in different col-
umns of the plurality of columns and different rows of
the plurality of rows, the ones of the distance measuring
pixels being adjacent to each other in the array.



