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40 104 ements associated with respective ones of the photosensitive elements of a

40 corresponding one of the columns, and a horizontal CCD comprising hori-
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gion arranged between the vertical CCDs and the horizontal CCD. The
transition region is configured to separate each of a plurality of signal
channels provided by respective ones of the vertical CCDs into first and

m< second parallel signal channels and to controllably direct selected ones of
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IMAGE SENSOR
WITH VERTICAL BINNING OF PIXELS

FIELD OF THE INVENTION
The present invention relates generally to electronic image sensors
for use in digital cameras and other types of imaging devices, and more

particularly to charge-coupled device (CCD) image sensors.

BACKGROUND OF THE INVENTION

A typical electronic image sensor comprises a number of
photodiodes or other photosensitive elements arranged in a two-dimensional array.
These elements are also commonly referred to as picture elements or “pixels” and
the corresponding array is referred to as a pixel array.

In order to allow sucH an image sensor to produce a color image,
the image sensor is configured with color filter elements of a color filter array
(CFA) arranged over respective ones of the pixels. One commonly used type of
CFA pattern is the Bayer pattern, disclosed in U.S. Patent No. 3,971,065, entitled
“Color Imaging Array,” which is incorporated by reference herein. The Bayer
CFA pattern provides each pixel with a color photoresponse exhibiting a
predominant sensitivity to one of three designated portions of the visible
spectrum. The three designated portions may be, for example, red, green and
blue, or cyan, magenta and yellow. A given CFA pattern is generally
characterized by a minimal repeating unit in the form of a subarray of contiguous
pixels that acts as a basic building block for the pattern. Multiple copies of the
minimal repeating unit are juxtaposed to form the complete pattern.

An image captured using an image sensor with a Bayer CFA
pattern has only one color value at each pixel. Therefore, in order to produce a
full color image, the missing color values at each pixel are interpolated from the
color values of nearby pixels. Numerous such interpolation techniques are known
in the art. See, for example, U.S. Patent No. 5,652,621, entitled “Adaptive Color

Plane Interpolation in Single Sensor Color Electronic Camera,” which is
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incorporated by reference herein.

In a CCD image sensor, vertical and horizontal CCDs are used to
transfer collected charge from the photodiodes or other photosensitive elements of
the pixel array. The collected charge from one photosensitive element for a given
image capture period is often referred to as a charge packet. A typical CCD image
sensor configuration includes a separate vertical CCD (VCCD) for each column of
pixels, and at least one horizontal CCD (HCCD) coupled to outputs of the
VCCDs. Each VCCD is configured as a shift register having shift elements
associated with the respective photosensitive elements of its corresponding
column of the pixel array. Outputs of the VCCDs are coupled to respective shift
elements of the HCCD. Readout of the pixel array in this type of configuration
generally involves shifting charge packets vertically through the VCCDs and into
the HCCD, and then shifting the charge packets horizontally through the HCCD to
an output amplifier. Often, multi-phase CCD structures are used for the VCCDs
and HCCDs in a CCD image sensor. In such an arrangement, shift elements of
the VCCD or HCCD are each separated into multiple parts or “phases™ to
facilitate the transfer of charge packets through these structures.

It is known to combine charge packets from neighboring pixels
having the same color filter elements in order to reduce the total number of charge
packets. This “color binning” results in reduced image resolution but allows
faster image readout. Examples of color binning techniques are disclosed in U.S.
Patent Application Publication Nos. 2005/0243195, 2005/0280726,
2006/0044441, 2006/0125943, and 2007/0139545, all of which are commonly
assigned herewith and incorporated by reference herein.

Despite the considerable advances provided by the color binning
techniques described in the above-cited references, a need remains for further
improvements, particularly in terms of color binning for CCD image sensors

having Bayer CFA patterns or other types of CFA patterns.

SUMMARY OF THE INVENTION

INlustrative embodiments of the invention provide CCD image
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sensors having VCCD and HCCD structures that facilitate binning of same-color
pixels for a wide variety of CFA patterns, including Bayer CFA patterns and other
common CFA patterns.

In accordance with one aspect of the invention, a CCD image
sensor comprises photodiodes or other photosensitive elements arranged in rows
and columns, VCCDs each having vertical shift elements associated with
respective ones of the photosensitive elements of a corresponding one of the
columns, and an HCCD comprising horizontal shift elements. The image sensor
further comprises a transition region arranged between the VCCDs and the
HCCD. The transition region is configured to separate each of a plurality of
signal channels provided by respective ones of the VCCDs into first and second
parallel signal channels and to controllably direct selected ones of the parallel
signal channels to the horizontal shift elements of the HCCD in accordance with a
designated readout sequence.

The transition region may comprise a plurality of transition region
shift elements including first, second and third rows of gates. The gates in the
first row of gates may be configured to receive charge packets from the VCCDs
and to direct the charge packets from the VCCDs into selected ones of the first
and second parallel signal channels responsive to one or more applied control
signals. The gates in the second row of gates receive charge packets from the
gates in the first row of gates and are each configured to store two different
received charge packets in respective ones of the first and second parallel signal
channels. The gates in the third row of gates receive charge packets from the
gates in the second row of gates and direct the charge packets received from the
second row of gates into corresponding ones of the horizontal shift elements of the
HCCD.

In an illustrative embodiment in which the photosensitive elements
are configured in accordance with a Bayer CFA pattern, first and second parallel
signal channels of the transition region corresponding to a first one of the VCCDs
are configured to provide vertical binning of charge packets for pairs of green

pixels of a first one of the columns and vertical binning of charge packets for pairs
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of blue pixels of that same column. Similarly, first and second parallel signal
channels of the transition region corresponding to a second one of the VCCDs are
configured to provide vertical binning of charge packets for pairs of green pixels
of a second one of the columns and vertical binning of charge packets for pairs of
red pixels of that same column.

An image sensor in accordance with the invention may be
advantageously implemented in a digital camera or other type of imaging device.
The illustrative embodiments provide a variable resolution image sensor that
provides efficient on-chip vertical binning. In one such embodiment, image
resolution is reduced by a factor of two by vertically combining pairs of charge
packets for same-color pixels into respective single charge packets. This provides
nearly a factor of two increase in the image readout or frame rate. Also, signal-to-
noise ratio (SNR) is improved, which results in better performance, particularly

under low light conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of the
present invention will become more apparent when taken in conjunction with the
following description and drawings wherein identical reference numerals have
been used, where possible, to designate identical features that are common to the
figures, and wherein:

FIG. 1 is a block diagram of a digital camera having a CCD image
sensor configured in accordance with an illustrative embodiment of the invention;

FIG. 2 shows the image sensor implemented in the digital camera
of FIG. 1;

FIG. 3 shows a Bayer CFA pattern utilized in the image sensor of
FIG. 2;

FIG. 4 is a more detailed view of the image sensor of FIG. 2
illustrating its VCCD and HCCD structures;

FIG. 5 is a timing diagram of a readout process for the image
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sensor as shown in FIG. 4; and
FIG. 6 is a set of diagrams illustrating the movement of charge
packets in the FIG. 4 image sensor at various points in time specified in the FIG. 5

timing diagram.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be illustrated herein in conjunction with
particular embodiments of digital cameras, image sensors and associated readout
processes. It should be understood, however, that these illustrative arrangements
are presented by way of example only, and should not be viewed as limiting the
scope of the invention in any way. Those skilled in the art will recognize that the
disclosed arrangements can be adapted in a straightforward manner for use with a
wide variety of other types of imaging devices, image sensors and associated
readout processes.

FIG. 1 shows a digital camera 100 in an illustrative embodiment of
the invention. In the digital camera, light from a subject scene is input to an
imaging stage 102. The imaging stage may comprise conventional elements such
as a lens, a neutral density filter, an iris and a shutter. The light is focused by the
imaging stage 102 to form an image on an image sensor 104, which converts the
incident light to electrical signals. The digital camera 100 further includes a
processor 106, a memory 108, a display 110, and one or more additional
input/output (I/O) elements 112.

Although shown as separate elements in the embodiment of FIG. 1,
the imaging stage 102 may be integrated with the image sensor 104, and possibly
one or more additional elements of the digital camera 100, to form a compact
camera module.

The image sensor 104 is a CCD image sensor. The image sensor
generally comprises a pixel array having a plurality of pixels arranged in rows and
columns and may include additional circuitry associated with readout of the pixel
array. This additional circuitry may comprise, for example, an analog signal

processor for processing analog signals read out from the pixel array and an
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analog-to-digital converter for converting such signals to a digital form. These
and other types of circuitry suitable for use in the digital camera 100 are well
known to those skilled in the art and will therefore not be described in detail
herein. Portions of the readout circuitry may be arranged external to the image
sensor, or formed integrally with the pixel array, for example, on a common
integrated circuit with photosensitive elements and other elements of the pixel
array. Circuitry that is formed integrally with the pixel array on a common
integrated circuit is referred to herein as “on-chip” circuitry.

The image sensor 104 will typically be implemented as a color
image sensor having an associated CFA pattern. An example of a CFA pattern
that may be used in the image sensor 104 is the Bayer pattern disclosed in the
above-cited U.S. Patent No. 3,971,065, although other CFA patterns may be used.
Other examples of CFA patterns that may be used with the image sensor 104
include those described U.S. Patent Application Publication No. 2007/0024931,
entitled “Image Sensor with Improved Light Sensitivity,” which is incorporated
by reference herein. These include patterns which provide certain of the pixels
with a panchromatic photoresponse. Such patterns are also generally referred to
herein as “sparse” CFA patterns.

The processor 106 of digital camera 100 may comprise, for
example, a microprocessor, a central processing unit (CPU), an application-
specific integrated circuit (ASIC), a digital signal processor (DSP), or other
processing device, or combinations of multiple such devices. Various elements of
the imaging stage 102 and the image sensor 104 may be controlled by timing
signals or other signals supplied from the processor 106.

The memory 108 may comprise any type of memory, such as, for
example, random access memory (RAM), read-only memory (ROM), Flash
memory, disk-based memory, removable memory, or other types of storage
elements, in any combination.

Functionality associated with readout of the pixel array and the

processing of corresponding image data may be implemented at least in part in the
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form of software that is stored in memory 108 and executed by processor 106.

A given image captured by the image sensor 104 may be stored by
the processor 106 in memory 108 and presented on display 110. The display 110
is typically an active matrix color liquid crystal display (LCD), although other
types of displays may be used. The additional /O elements 112 may comprise,
for example, various on-screen controls, buttons or other user interfaces, network
interfaces, memory card interfaces, etc.

Additional details regarding the operation of a digital camera of the
type shown in FIG. 1 can be found, for example, in the above-cited U.S. Patent
Application Publication No. 2007/0024931.

It is to be appreciated that the digital camera as shown in FIG. 1
may comprise additional or alternative elements of a type known to those skilled
in the art. Elements not specifically shown or described herein may be selected
from those known in the art. As noted previously, the present invention may be
implemented in a wide variety of other types of digital cameras or imaging
devices. Also, as mentioned above, certain aspects of the embodiments described
herein may be implemented at least in part in the form of software executed by
one or more processing elements of an imaging device. Such software can be
implemented in a straightforward manner given the teachings provided herein, as
will be appreciated by those skilled in the art.

The image sensor 104 will now be described in greater detail with
reference to FIGS. 2 through 6. It should be noted that the image sensor figures
are simplified in order to clearly illustrate various aspects of the present invention,
and are not necessarily drawn to scale. For example, these figures show a
relatively small number of pixels, while in practice a given image sensor will
typically include a much larger number of pixels. A given embodiment may
include a variety of other features or elements that are not explicitly illustrated but
would be familiar to one skilled in the art as being commonly associated with
image sensors of the general type described.

Referring now to FIG. 2, image sensor 104 includes a pixel array

200 comprising a plurality of photosensitive elements 202 arranged in rows and
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columns. The photosensitive elements 202 may comprise, for example,
photodiodes or photocapacitors. The image sensor further comprises a horizontal
CCD (HCCD) 210 and an output amplifier 212. Although not explicitly
illustrated in the figure, vertical CCDs (VCCDs) are integrated into pixel array
200 with the photosensitive elements 202. The HCCD and the VCCDs are each
typically implemented as a shift register comprising a plurality of shift elements.
The HCCD and VCCD structures will be described in greater detail in conjunction
with FIG. 4.

FIG. 3 shows the Bayer CFA pattern that is assumed to be
implemented in the image sensor 104 in the present embodiment. The minimal
repeating unit in this CFA pattern includes four contiguous pixels: one red (R),
two green (G) and one blue (B). The green pixels that share a row with red pixels
are more particularly denoted Gr, and the green pixels that share a row with blue
pixels are more particularly denoted Gb.

FIG. 4 is a more detailed view of the image sensor 104 showing the
configuration of the VCCD and HCCD structures. This embodiment
advantageously allows on-chip combining or binning of same-color pixels in the
vertical direction. Each column of the pixel array 200 includes a VCCD 400
which provides a signal channel for transfer of charge packets from the pixels of
that column to the HCCD 210. The image sensor further includes a transition
region 402 arranged between the VCCDs 400 of the pixel array 200 and the
HCCD 210. The VCCDs and HCCD generally operate as shift registers, as will
be described below. The transition region 402 is configured to separate each of a
plurality of signal channels provided by respective ones of the VCCDs into first
and second parallel signal channels and to controllably direct selected ones of the
parallel signal channels to horizontal shift elements of the HCCD in accordance
with a designated readout sequence. An example of such a readout sequence will
be described in conjunction with FIGS. 5 and 6.

The portion of the pixel array 200 shown in FIG. 4 includes pixels
arranged in rows and columns. The rows are denoted Ry through R,, and the four

columns that are shown are denoted C,, C,+1, C,+2 and Cpe3. A given column of
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the pixel array more particularly includes a corresponding VCCD 400 in the form
of a shift register comprising vertical shift elements 410 associated with respective
ones of the photosensitive elements of that column. The vertical shift elements
may be integrated within, coupled to, or otherwise associated with the respective
photosensitive elements. For example, a given VCCD may combine photosensing
and charge transport functionality, as is well known. Thus, the photosensitive
elements may be implemented integrally with the vertical shift elements of the
VCCDs. Numerous alternative arrangements are possible.

In this embodiment, the VCCDs are assumed to be true two-phase
VCCDs, such that each vertical shift element further comprises a first phase shift
element 412 and a second phase shift element 414. Other embodiments can utilize
single-phase VCCDs or VCCDs having more than two phases.

The image sensor 104 as shown in FIG. 4 includes only 16 pixels,
for clarity and simplicity of illustration, although as indicated previously a typical
practical implementation will include many more pixels configured in a manner
similar to those shown in the figure.

The exemplary image sensor arrangement shown in FIG. 4 is
configured for combination or binning of same-color pixels in the vertical
direction only. Alternative embodiments may vary the configuration of the
HCCD 210 in order to allow for horizontal combination of pixels also. This may
involve, for example, the use of an additional on-chip HCCD structure, or off-chip
signal combining circuitry not integrated with the pixel array into a common
integrated circuit. These and other HCCD structures utilizable with the present
invention are well understood by those skilled in the art, and accordingly will not
be described in detail herein.

The VCCDs 400 in the illustrative embodiment of FIG. 4 are
assumed without limitation to comprise typical N-type buried channel CCD
structures formed on a p-type substrate. In such an arrangement, the first and
second phase shift elements 412 and 414 may correspond to respective metal-
oxide-semiconductor (MOS) gates. Each of the VCCDs 400 of pixel array 200 is
thus configured in this embodiment as a true two-phase CCD shift register with
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two gates per pixel.

The first phase shift elements 412 of the pixel array 200 are
controlled by a control line denoted V1 and the second phase shift elements 414 of
the pixel array 200 are controlled by a control line denoted V2. When a control
signal applied to the V1 or V2 control line is at a logic low level, electronic charge
tends to be pushed out of the associated MOS gates. When a control signal
applied to the V1 or V2 control line is at a logic high level, electronic charge tends
to collect underneath the associated MOS gates. Each of the MOS gates typically
comprises a barrier region that includes an implant, under only a portion of the
gate, used for pixel isolation and charge transfer. These barrier region and
implant elements are not explicitly shown in the figure, but are well known to
those skilled in the art. Also omitted from the figure for clarity and simplicity of
illustration are other types of conventional elements that may be included in a
given embodiment of the pixel array, such as pixel overflow drains for blooming
control and pulse flush gates for pixel reéet.

The transition region 402 also includes a plurality of shift elements.
These include shift elements denoted Ta, Tb, Sa and Sb, as well as additional shift
elements 420. The shift elements 420 are controlled by a control line denoted
VI1T. Each of these shift elements, like the shift elements 412 and 414, will
typically comprise a MOS gate, configured in a well-known manner to include the
above-noted barrier region and implant.

The MOS gates controlled by the V1, V2 and V1T control lines are
also referred to herein as V1 gates, V2 gates and V1T gates, respectively. The
MOS gates associated with the Ta, Tb, Sa and Sb shift elements are also referred
to herein as Ta gates, Tb gates, Sa gates and Sb gates, respectively.

The channel potentials of the barrier regions within the V1 and
VIT gates are deeper than those within the V2, Ta, Tb, Sa and Sb gates for the
same applied voltage. This arrangement, for example, facilitates the sharing of
charge in a given pixel between its associated V1 and V2 gates without leaking
over to an adjacent pixel.

The VCCDs 400 of the pixel array 200 transfer rows of charge

-10 -
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packets into the transition region 402. Each of the VCCDs generally provides a
signal channel for transfer of charge packets within the corresponding column C,,
Ca+1, etc. A given such signal channel is subsequently split into two separate and
isolated signal channels for each column within the transition region 402. These
two separate and isolated signal channels are examples of what are more generally
referred to herein as first and second “parallel” signal channels. As noted above,
the transition region includes the Ta, Tb, V1T, Sa and Sb gates. The Ta and Tb
gates determine whether a particular row of charge packets is guided into the left
or right half of the split signal channel. Likewise, the Sa and Sb gates determine
whether charge packets in the left or right half of the split signal channel are
released into the HCCD 210. The shift elements 420 controlled by respective
ones of the VIT gates can each hold two distinct charge packets within a single
column. Because the width of the signal channel is reduced in these elements, the
lengths of the Ta, Tb and V1T gates are elongated to match the charge holding
capacity of a given pair of the V1 and V2 gates.

Control lines for the Ta and Sa gates are assumed to be electrically
connected to one another on-chip in the FIG. 4 embodiment, although this
connection is not explicitly shown in the figure. Likewise, Tb and Sb control lines
are electrically connected to one another, and V1 and V1T control lines are
electrically connected to one another. Thus, the use of the transition region 402
configured as shown in FIG. 4 requires only two additional control signals, one
for the common control lines for the Ta and Sa gates, and another for the common
control lines for the Tb and Sb gates.

The HCCD 210 comprises a horizontal shift register configured for
two-phase operation. Each horizontal shift element coupled to a given column of
the pixel array comprises a first phase shift element 422 and a second phase shift
element 424. The first phase shift elements 422 receive charge packets from the
Sa and Sb gates of the transition region 402. Other embodiments can utilize
single-phase HCCDs or HCCDs having more than two phases.

Like the corresponding elements of the VCCD, the first and second
phase shift elements 422 and 424 of the HCCD may correspond to respective

-11 -
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MOS gates. The first phase shift elements 422 of the HCCD are controlled by a
first common control line H1 and the second phase shift elements 424 of the
HCCD are controlled by a second common control line H2. The MOS gates
associated with the shift elements 422 and 424 are also referred to H1 gates and
H2 gates, respectively. Each of the H1 and H2 gates, like those of the VCCDs
400 and transition region 402, typically comprises a barrier region that includes an
implant.

The HCCD 210 further comprises an overflow drain 426 for
blooming control. This overflow drain is coupled to each of the H1 gates via
respective overflow channels 428. A control line HD is coupled to the overflow
drain 426. The overflow channels 428 may be formed by barrier implants within
respective extended regions of the respective H1 gates. These and other elements
of the HCCD 210 can be configured in a well-known conventional manner.

An exemplary readout process for the image sensor 104 as shown
in FIG. 4 will now be described with reference to the timing diagram of FIG. 5
and the set of diagrams shown in FIG. 6. The diagrams shown in FIG. 6 illustrate
the same portion of the FIG. 4 image sensor at different points in time denoted p0
through p5 and t0 through t12. These points in time are indicated by respective
vertical dashed lines in the FIG. 5 timing diagram.

The timing diagram of FIG. 5 shows control signals applied to the
control lines for the V1, V2, V1T, Ta, Tb, Sa and Sb gates, as well as clock
signals used to provide two-phase clocking of the HCCD 210. It was noted above
that the V1 and V1T gates share common control lines, as do the Ta and Sa gates,
and the Tb and Sb gates. Thus, in the figure, four gate control signals are shown,
denoted V1T = V1, V2, Ta= Sa, and Tb = Sb. It is assumed that when a given
such signal is at a logic high level, any gates which receive that signal are in an on
state. Similarly, when a given control signal is at a logic low level, any gates

which receive that signal are in an off state. This assumes use of N-type MOS

' gates in the CCD structures. Alternative embodiments may utilize P-type MOS

gates in the CCD structures, in which case the control signal polarities are
reversed, that is, logic low level signals turn the gates on, while logic high level

-12-
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signals turn the gates off.

The portion of the image sensor shown in the FIG. 6 diagrams is an
eight-pixel portion of the image sensor, which corresponds to the left half, or
columns C, and C,.,, of the 16-pixel portion shown in FIG. 4. This eight-pixel
portion comprises two 2x2 blocks of pixels, also referred to below as an upper 2x2
block and a lower 2x2 block, each configured in accordance with the minimal
repeating unit of the Bayer CFA pattern shown in FIG. 3. Thus, the eight-pixel
portion comprises two Gr pixels, two Gb pixels, two R pixels and two B pixels.

At time p0, light incident on the image sensor 104 has been
integrated in the photosensitive elements 202 to form respective charge packets.
As indicated previously herein, collected charge from one photosensitive element
for a given image capture period is referred to as a charge packet. The p0 diagram
in FIG. 6 shows the charge packets for the upper and lower 2x2 blocks of pixels.
The image capture period is also referred to herein as an integration period. Upon
completion of the integration period, the charge packet for a given pixel is shared
between the V1 and V2 gates of that pixel as shown.

As will be described, the readout process shown in FIGS. 5 and 6
combines or bins pairs of same-color pixels, that is, combines the charge packets
for the two Gr pixels into a single charge packet, combines the charge packets for
the two Gb pixels into a single charge packet, combines the charge packets for the
two R pixels into a single charge packet, and combines the charge packets for the
two B pixels into a single charge packet. This combination of same-color pixels
occurs vertically using the VCCD and HCCD structures of FIG. 4. As a result of
the combination, only four charge packets are read out for each group of eight
pixels of the pixel array. Image resolution is reduced by a factor of two, but
image readout speed is increased by nearly a factor of two. The increase in image
readout speed is slightly less than a factor of two due to the overhead time
associated with clocking two rows together prior to reading out the combined
charge packets from the HCCD.

The charge packets for the eight-pixel portion of the pixel array are

also referred to herein by line. More specifically, the lower 2x2 block includes a
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first line of Gr and R charge packets and a first line of B and Gb charge packets.
The upper 2x2 block includes a second line of Gr and R charge packets and a
second line of B and Gb charge packets.

The times pO through p5 are part of a one-time preload period
immediately following the integration period. This is followed by an optional
dummy readout period. The times t0 through t12 illustrate a repeating pattern for
reading out the pixels of the array. Only one diagram is shown in FIG. 6 for times
t0 and t12 as the readout process repeats itself starting with t12. This single
diagram is labeled t12 = t0 in FIG. 6.

During the portion of the preload period that includes times p1
through p5, the eight original charge packets shown at time p0 are shifted
vertically through the V1 and V2 gates of the VCCDs 400 and the Ta, Tb and
VIT gates of the transition region 402. The charge packets of the lower 2x2 block
are transferred into the transition region 402 by alternately routing the charge
packets into one side of a signal channel using gate Ta, as indicated in the p2
diagram, or the other side of the signal channel using gate Tb, as indicated in the
p4 diagram. It can be seen from the p4 diagram that each of the Gr and R charge
packets of the lower 2x2 block is now shared among corresponding Ta and V1T
gates. This is because the V1T gate has turned off while the Sa gate is also off,
leading some amount of charge to transfer backwards and be shared among the Ta
and V1T gates.

The preload period is completed at p5 with the charge packets
arranged as shown in the p5 diagram. It can be seen from the p5 diagram that
each of the B and Gb charge packets of the lower 2x2 block is now shared among
corresponding Tb and V1T gates. Again, this is because the V1T gate has turned
off while the Sa gate is also off, leading some amount of charge to transfer
backwards and be shared among the Tb and VIT gates. The charge packets of the
upper 2x2 block have been shifted to occupy respective positions that were
occupied by those of the lower 2x2 block at time p0.

At this point, a dummy readout of the HCCD 210 is performed as
shown in the timing diagram of FIG. 5. This is a dummy readout because the
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HCCD does not yet contain any charge packets. Such a dummy readout is useful
in order to maintain consistent line times with subsequent pattern readouts, but
can be eliminated in other embodiments of the invention.

After completion of the preload and dummy readout periods,
binning and readout of the Gr and R pixels proceeds as shown in the t1 through t6
diagrams of FIG. 6. This involves combining the two Gr charge packets vertically
into a single charge packet 2Gr and combining the two R charge packets vertically
into a single charge packet 2R. This process begins by turning on the V1 and V1T
gates, which moves the charge packets from their respective shared positions in
the pS diagram down into the V1 or V1T gates as shown in the t1 diagram. Next,
the Sa and V2 gates turn on which transfers the first line of Gr and R charge
packets into the HCCD 210 while, at the same time, shifts all other charge packets
downward. The result is shown in the t2 diagram.

Because the V1T gates have turned off and the Sb gates are also
off, the first line of B and Gb charge packets in the transition region is held back
under the shared space of the V1T and Tb gates. This also allows the second line
of Gr and R charge packets to enter the transition region beside the held back first
line of B and Gb charge packets.

At time t3, all charge packets are advanced downward by turning
on the V1 and V1T gates while the first line of Gr and R charge packets is held in
the HCCD 210.

At time t4, the V2, Ta and Sa gates are turned on, which combines
the two vertically adjacent lines of Gr and R charge packets in the HCCD 210
while the first line of B and Gb charge packets is again held back in the transition
region. Also, the second line of B and Gb charge packets is loaded adjacent to the
first line of B and Gb charge packets within the split channel transition region.

At time t5, the V1T, Ta and Sa gates are turned off, which results
in sharing of the second line of B and Gb charge packets among the Ta and V1T
gates as shown.

The binned 2Gr and 2R charge packets are then read out from the
HCCD 210 using standard two-phase readout. This part of the process is
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completed at time t6.

The binning and readout of the B and Gb pixels then proceeds as
shown in the t7 through t12 diagrams of FIG. 6. This involves combining the two
B charge packets vertically into a single charge packet 2B and combining the two
Gb charge packets vertically into a single charge packet 2Gb. This part of the
process begins by turning on the V1 and V1T gates, which moves the charge
packets from their respective shared positions in the t6 diagram down into the
V1T gates as shown in the t7 diagram.

At time t8, the V2 and Sa gates are turned on which transfers the
first line of B and Gb charge packets into the HCCD 210. Because the V1T gates
have turned off and the Sb gates are also off, the second line of B and Gb charge
packets in the transition region is held back under the shared space of the V1T and
Tb gates. It is arbitrary which of the two lines of B and Gb charge packets is
transferred first into the HCCD, as both are in the transition region. In this
embodiment, it is assumed that the first line is transferred first.

At time t9, the second line of B and Gb charge packets is advanced
downward by the V1T gates being turned on while the first line of B and Gb
charge packets is held in the HCCD 210.

At time t10, the V2 and Sb gates are turned on, which combines the
two vertically adjacent lines of B and Gb charge packets in the HCCD 210.

The binned 2B and 2Gb charge packets are then read out from the
HCCD 210 using standard two-phase readout. This part of the process is
completed at time t12.

The readout process described above can be extended in a
straightforward manner to readout of additional pixels. For example, if additional
lines of pixels were being used, the t12 diagram in FIG. 6 would look the same as
the p5 diagram, and the readout process for times t0 through t12 would be
repeated.

The above-described illustrative embodiments considerably
facilitate the on-chip vertical binning of same-color pixels. As mentioned

previously, the image resolution has been reduced by a factor of two by
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combining pairs of charge packets for vertically-adjacent same-color pixels into
respective single charge packets. The image readout or frame rate is increased by
nearly a factor of two due to the fact that the HCCD is cleared only once for every
two rows in the pixel array. Also, signal-to-noise ratio (SNR) is improved, which
results in better performance, particularly under low light conditions.

It should be further noted that the image sensor 104 may operate in
a full resolution mode by connecting the Sa and Ta control line to the V2 control
line while holding the Sb and Tb control line in an off state and using
conventional pixel array timing.

Although illustrated with reference to a particular exemplary
readout process, the image sensor 104 may be utilized with a wide variety of other
readout processes. For example, numerous alternative forms of pixel binning are
possible through appropriate modification of the control signals and readout
sequence.

Also, the particular CFA pattern used in the illustrative
embodiments is merely an example. Other types of CFA patterns may be used,
including sparse CFA patterns such as the panchromatic checkerboard patterns
disclosed in the above-cited U.S. Patent Application Publication No.
2007/0024931.

The invention has been described in detail with particular reference
to certain illustrative embodiments thereof, but it will be understood that
variations and modifications can be effected within the scope of the invention as
set forth in the appended claims. For example, the invention can be implemented
in other types of image sensors and digital imaging devices, using alternative
VCCD, HCCD and transition region structures. The particular structures used
may include single-phase structures, or two-phase, pseudo-two-phase or other
types of multi-phase structures, in any combination. In addition, features such as
the particular types of CFA patterns that are used, the configuration of the pixel
array, and the readout sequences, may be altered in other embodiments to
accommodate the needs of other image capture devices and operating modes.

Also, although the illustrative embodiments are configured for progressive

-17-



WO 2010/047742 PCT/US2009/005516

scanning of the pixel array, these arrangements may be adapted in a
straightforward manner to implement interlaced scanning of the pixel array.
These and other alternative embodiments will be readily apparent to those skilled

in the art.
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PARTS LIST
digital camera
imaging stage
image sensor
processor
memory
display
input/output (I/O) elements
pixel array
photosensitive element
horizontal CCD (HCCD)
output amplifier
vertical CCD (VCCD)
transition region
vertical shift element
first phase vertical shift element
second phase vertical shift element
transition region shift element
first phase horizontal shift element
second phase horizontal shift element
overflow drain

overflow channel
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CLAIMS:

1. A charge-coupled device (CCD) image sensor, comprising:

a plurality of photosensitive elements arranged in rows and
columns;

a plurality of vertical CCDs each having vertical shift elements
associated with respective ones of the photosensitive elements of a corresponding
one of the columns;

a horizontal CCD comprising horizontal shift elements; and

a transition region arranged between the plurality of vertical CCDs
and the horizontal CCD, the transition region being configured to separate each of
a plurality of signal channels provided by respective ones of the vertical CCDs
into first and second parallel signal channels and to controllably direct selected
ones of the parallel signal channels to the horizontal shift elements of the

horizontal CCD in accordance with a designated readout sequence.

2. The image sensor of claim 1 wherein the transition region
comprises a plurality of transition region shift elements including first, second and

third rows of gates.

3. The image sensor of claim 2 wherein the gates in the first
row of gates receive charge packets from the vertical CCDs and direct the charge
packets from the vertical CCDs into selected ones of the first and second parallel

signal channels responsive to one or more applied control signals.

4. The image sensor of claim 2 wherein the gates in the
second row of gates receive charge packets from the gates in the first row of gates
and are each configured to store two different charge packets in respective ones of

the first and second parallel signal channels.

S. The image sensor of claim 2 wherein the gates in the third
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row of gates receive charge packets from the gates in the second row of gates and
direct the charge packets from the second row of gates into corresponding ones of

the horizontal shift elements of the horizontal CCD.

6. The image sensor of claim 1 wherein the transition region
comprises a plurality of transition region shift elements and one or more of the
transition region shift elements are each configured to simultaneously store two
different charge packets generated by respective photosensitive elements in a

single one of the columns.

7. The image sensor of claim 1 wherein the vertical CCDs
comprise two-phase vertical CCDs and each vertical shift element comprises a

first phase vertical shift element and a second phase vertical shift element.

8. The image sensor of claim 7 wherein the transition region
comprises a plurality of transition region shift elements including a row of
elongated transition region shift elements wherein a given one of the elongated
transition region shift elements has approximately the same charge holding
capacity as a pair of the first and second phase vertical shift elements of the
vertical CCD.

9. The image sensor of claim 8 wherein the first phase vertical
shift elements and the elongated transition region shift elements are each

controlled by a common control signal.

10.  The image sensor of claim 1 wherein the separation of the
signal channels provided by the vertical CCDs into first and second parallel signal
channels in the transition region permits vertical binning of same-color charge

packets generated by respective ones of the photosensitive elements.

11.  The image sensor of claim 1 wherein the photosensitive
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elements are configured in accordance with a Bayer color filter array pattern.

12.  The image sensor of claim 11 wherein the first and second
parallel signal channels of the transition region corresponding to a first one of the
vertical CCDs are configured to provide vertical binning of charge packets for
pairs of green pixels of a first one of the columns and vertical binning of charge

packets for pairs of blue pixels of that same column.

13. The image sensor of claim 12 wherein the first and second
parallel signal channels of the transition region corresponding to a second one of
the vertical CCDs are configured to provide vertical binning of charge packets for
pairs of green pixels of a second one of the columns and vertical binning of charge

packets for pairs of red pixels of that same column.

14.  The image sensor of claim 1 wherein the photosensitive

elements are configured in accordance with a sparse color filter array pattern.

15. A method of reading out a charge-coupled device (CCD)
image sensor, the image sensor comprising a plurality of photosensitive elements
arranged in rows and columns, a plurality of vertical CCDs each having vertical
shift elements associated with respective ones of the photosensitive elements of a
corresponding one of the columns, and a horizontal CCD comprising horizontal
shift elements, the method comprising the steps of:

providing a transition region arranged between the plurality of
vertical CCDs and the horizontal CCD;

separating each of a plurality of signal channels provided by
respective ones of the vertical CCDs into first and second parallel signal channels
in the transition region; and

controllably directing selected ones of the parallel signal channels
of the transition region to the horizontal shift elements of the horizontal CCD in

accordance with a designated readout sequence.
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16.  The method of claim 15 wherein the separating and
controllably directing steps are implemented utilizing transition region shift
elements at least a subset of which are each configured to simultaneously store
two different charge packets generated by respective photosensitive elements in a

single one of the columns.

17.  The method of claim 15 wherein the separating and
controllably directing steps provide vertical binning of same-color charge packets

generated by respective ones of the photosensitive elements.

18.  The method of claim 15 wherein the photosensitive
elements are configured in accordance with a Bayer color filter array pattern,
wherein the first and second parallel signal channels of the transition region
corresponding to a first one of the vertical CCDs are configured to provide
vertical binning of charge packets for pairs of green pixels of a first one of the
columns and vertical binning of charge packets for pairs of blue pixels of that
same column, and wherein the first and second parallel signal channels of the
transition region corresponding to a second one of the vertical CCDs are
configured to provide vertical binning of charge packets for pairs of green pixels
of a second one of the columns and vertical binning of charge packets for pairs of

red pixels of that same column.

19. A digital imaging device comprising:

a charge-coupled device (CCD) image sensor; and

one or more processing elements configured to process outputs of
the image sensor to generate a digital image;

wherein said image sensor comprises:

a plurality of photosensitive elements arranged in rows and
columns;

a plurality of vertical CCDs each having vertical shift elements

associated with respective ones of the photosensitive elements of a corresponding
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one of the columns;

a horizontal CCD comprising horizontal shift elements; and

a transition region arranged between the plurality of vertical CCDs
and the horizontal CCD, the transition region being configured to separate each of
a plurality of signal channels provided by respective ones of the vertical CCDs
into first and second parallel signal channels and to controllably direct selected
ones of the parallel signal channels to the horizontal shift elements of the

horizontal CCD in accordance with a designated readout sequence.

20.  The digital imaging device of claim 19 wherein said digital

imaging device comprises a digital camera.

-24-



WO 2010/047742 PCT/US2009/005516
1/7

N\
@ iy " i
Y
maane | [ mace |, —
— M L e [ PROCESSOR [« DISPLAY
¥
108 10
t / /
MENORY ~ OMER

FIG. 1



WO 2010/047742

2/7
N
7202
1-200
Mg ™ -2

PCT/US2009/005516



WO 2010/047742 PCT/US2009/005516
3/7

PIXEL ARRAY COLUMNS

TN A

I L & R
Vi .:.:.:.:.—;:.:.:.:J.h;:.:.:.:;-SL;_.;._:_.E._ZEDC:LZ
‘.

10 ERICHEN Ml Koo it I PIXEL ARRAY ROWS
T A AN A A ~

— A N

>0

S

‘ ;
- 426 e



PCT/US2009/005516

WO 2010/047742

Lo
O
L

4/7

~—
pr—

o

+ 1N0Qv3y

6 8 49 9N o 0
A T 0 2 R S
IR I 2/ R
- :____J.‘N_:_____Z -
W_I.L“Jm .

R
LU

e o el b O R

R ek ke k. R Y

S

—

~—
pead
ey

(e 2
[~

.
[= N

L et et L LT YT S

R Bl T T
TTTTTTTTTIT T T "’1""""""3

L ]




WO 2010/047742 PCT/US2009/005516
57

Cn Cnt1 Cn Cot!
" V2
s I V!
V2 V2[R B
VI G R vt
V2 V2| Gri iR
VLB B vt
V2 Vo[BG
] S R v

Tamb TalTb Gf R

Wit VAT VT

SalSh Sa/Sh Sa/Sh
HCCD ' HCCD HCCD

po - p1 p2

en Cn+t Cn Cn+ Cn Cntt
V2 V2 V2
Ve T V1 » Ve
v V2 V2
VAR B G V1 Vi
VI Gr R V1 Vi
V2 V2L G R V2
ViR i Gh Vi T ] &%

TalTb TalTb

s T T s~ T safT-1T T~
HCCD HCCD HCCD

FIG. 6A



WO 2010/047742

Cn

Cnt1

V2

Vi

V2
Vi
V2

V2

Vi

Ta/Tb

sash

V1 z ::'.".-'_:"_':

HCTE

Gr priiRE

ViT} 6 87 6

HCCD

V2
Vi
V2
V1
V2
Ul
V2

VT

HeeD |

Cn

t1

Cn+1

i

SalSh ] HE .

Cn

6/7

Cnt1

V2

V1

V2

Vi

V2

i

VBT

Gb

wf ..

vIT

{6 [

SaISb R

Cn

Cn+

V2
Vi

V2
Vi

V2
)

V2
-V

Y e e
E R Ry
LA 52 ) SE SRk

SaISb RESIES O BN B

£

PCT/US2009/005516

Cn

Cnt+1

V2

Vi
V2
Vi
V2
Vi
V2

TalTb

oo & [T

V2
Vi

V2
Vi

V2
Vi

V2
Vi

T

. SalSh
HCCD

VIE B

[

Cn

13

Cnt+1




WO 2010/047742 PCT/US2009/005516
717

Cn Cn+ Cn Cn#1 Cn Cn+1

V2 V2 V2
Vi Vi %]
V2 V2 V2
Vi Vi )
V2 V2 V2
Vi1 ' Vi Vi
V2 V2 V2
Vi Vi )

TafTb TalTb TalTb

EECE Rl L T
s T ssERT T s T
HCCD HOOD P B2 B ] HOOD B b

{7 8 19

Cn Cn#+1 Cn Cn#1 Cn Cn+1

V2 2 V2
Vi Vi V1
\\ﬁ - V2 V2
Vi ~ ]

V2
Vil V2 V2

ol Vi V1

Vi | V2 | | V2
— Vi - Vi

T ,
Tarmb | '  Talb

T , : it . mull

- Salsh[ T S 1 L |  Sah
- HeD[i) HeeD [:£5B=Fa6bi ] Hoo

2+t




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/005516

CLASSIFICATION OF SUBJECT MATTER

A
INV. HO4N9/04 HO4N3/15

According to Intemational Patent Classification (IPC) or to bath national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consuilted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

18 August 1999 (1999-08-18)
paragraphs [0042], [0043]; figures 3a, 16

Category* | Citation of documnent, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 027 218 A (UEDA KAZUHIKO [JP]) 1-11,
25 June 1991 (1991-06-25) 14-17,
19-20
Y figures 2a, 3a-3h 12-13,18
Y EP 0 936 806 A2 (SONY CORP [JP]) 12-13,18

D Fusther documents are listed inthe continuation of Box C.

E See patent family annex.

Spetial categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L* document which may thraw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not In conflict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the ar.

"&" document member of the same patent famity

Date of the actual completion of the intematicnal search

15 January 2010

Date of mailing of the intemational search report

28/01/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bequet, Thierry

Form PCT/ISA/210 (second shaset) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

Internationat application No

PCT/US2009/005516
Patant document Publication Patent family Publication
cited in search report date member(s) date
US 5027218 A 25-06-1991 Jp 1253372 A 09-10-1989
EP 0936806 A2 18-08-1999 JP 11234569 A 27-08-1999
us 7002630 Bl 21-02-2006

Form PCT/ISA/210 (patent family annex) (April 2005}



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

