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(57) ABSTRACT

An mmaging sensor device has an array of pixel sensors in
rows and columns. The array comprises: a plurality of stitch-
ing blocks, each comprising a plurality of pixel sensors dis-
posedin at least one row group; and first and second groups of
addressing lines, the arrangement of pixel sensors and
addressing lines 1n each stitching block being the same. Row
addressing circuitry 1s disposed along an external edge of the
array parallel to the rows of pixel sensors, coupled to the pixel
sensors using the first group of addressing lines for perform-
ing a row addressing action and group addressing circuitry 1s
disposed along the same edge of the array, coupled to the pixel
sensors using at least some of the second group of addressing
lines for performing a group addressing action. Each stitching
block combines a row addressing action with a group address-
ing action to select only one row of one row group of one
stitching block simultaneously.

18 Claims, 8 Drawing Sheets
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1
IMAGING SENSOR DEVICE

TECHNICAL FIELD OF THE INVENTION

The mvention relates to an 1imaging sensor device, a com-
posite imaging sensor device and methods of manufacturing,
such an 1imaging sensor device and composite imaging sensor
device.

BACKGROUND OF THE INVENTION

Imaging sensor arrays are used 1n a large variety of differ-
ent applications. In some applications, a large array area size
1s desirable, for example medical X-ray imaging, telescope
tocal planes and X-ray detectors 1n a synchrotron. In practice,
such a large detection area may be achieved by tiling several
smaller detector units. To avoid the loss of parts of the image,
the gaps between each individual unit should be as small as
possible.

Often, CMOS 1mage sensors or semiconductor detectors
bump-bonded to a CMOS readout chip are used. A CMOS
imaging sensors (CIS) 1s a pixelated electronic device which
can sense electromagnetic radiation (often light) and translate
this mto a readable output voltage. In a standard CIS, each
pixel converts recerved radiation to voltage and stores 1t until
a read-out phase. FIG. 1 shows a known type of CIS 10. This
comprises: a plurality of pixels 20; row addressing circuitry
30; row addressing signal lines 33; read-out circuitry 40; and
read-out lines 45. During read-out, a row 1s addressed using
the row circuitry 30 which 1s located along one edge of the
device. All pixels in that row are read out along a respective
column read-out line 45. Each pixel 1n a different column 1s
coupled to the same read-out line 45. In order to produce a
uniform 1mage, all of the pixels are desirably 1dentical.

In the CMOS part of the detector, control and read-out
clectronics 1s therefore typically provided on at least two
sides of the sensor array. Read-out amplifiers and column
controlled circuitry are often provided on the bottom of the
array and row addressing circuits are often provided on the
left-hand side, as shown 1n FIG. 1. In view of the circuitry
present on these two sides, any attempt to tile sensor arrays
using these sides will result 1n significant gaps 1n the resultant
composite array. If the sensor arrays are square and only a 2x2
tiling 1s necessary, these gaps do not cause a problem.

Nevertheless, larger imaging sensors are increasingly
desirable. This 1s difficult to achieve 1n view of the limitations
discussed above. A known approach to increase the number of
buttable sides (that 1s, sides of the pixel array along which no
circuitry 1s placed and which can therefore abut other sensor
arrays to create a composite device) 1s to place the addressing
circuitry and read-out circuitry along the same edge of the
pixel array. For example, U.S. Pat. No. 7,009,646 considers
such an approach.

To create even larger composite sensors, the individual
sensor arrays making up the composite should preferably be
as large as possible themselves. The largest possible sensors
are the size of a full CMOS wafter and are called watfer-scale.
Such large-scale individual devices are produced using a
process known as stitching. Identical blocks of circuitry are
repeated across the sensor. Selecting a single row of pixel
sensors when all of the circuitry blocks are the same creates
significant difficulties.

When stitching 1s combined with the strategy of placing all
clectronic circuitry on only one edge of the sensor array, there
1s a further challenge. Devices where row addressing can be
carried out essentially using horizontal lines and read-out
essentially using vertical lines have a symmetrical nature.
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When all of the electronic circuitry 1s placed along a single
edge, both addressing and read-out rely on lines with the
basically same orientation. A repeatable arrangement of pixel
sensors and addressing lines from which a single row can be
selected 1s not easy. Moreover, 1t 1s desirable that the sensor
array be produced using as few different types of repetition
unit (known as stitching blocks) as possible. This not only
results 1n a device that 1s easier and less costly to manufacture,
but also improves the likelihood that each pixel sensor will be
the same. Image quality 1s improved thereby. Achieving all of
these aims remains a difficulty.

SUMMARY OF THE INVENTION

Against this background, the present invention provides an
imaging sensor device, comprising: an array of pixel sensors
arranged 1n rows and columns, the array comprising: a plu-
rality of stitching blocks, each stitching block comprising a
plurality of pixel sensors disposed 1n at least one row group;
and first and second groups of addressing lines for addressing
the pixel sensors, the arrangement ol pixel sensors and
addressing lines in each of the stitching blocks being the
same; row addressing circuitry external to the array, disposed
along an edge of the array parallel to the rows ol pixel sensors,
coupled to the pixel sensors using the first group of addressing
lines and configured to perform a row addressing action 1n
which a single corresponding row 1n each of the row groups of
cach stitching block 1s simultaneously addressed; and group
addressing circuitry external to the array, disposed along the
same edge ol the array as the row addressing circuitry,
coupled to the pixel sensors using at least some of the second
group of addressing lines and configured to perform a group
addressing action 1 which all of the rows in a single row
group of a single stitching block are simultaneously
addressed. Each stitching block 1s further arranged to com-
bine a row addressing action with a group addressing action
such that only one row of one row group of one stitching block
1s selected simultaneously.

Thus, two addressing lines are used to address a single row
of pixel sensors. The pixel sensors are advantageously
divided into row groups across all of the stitching blocks, each
row group may comprise a plurality of pixel sensors across a
plurality of rows and at least one column. Each row group
preferably has 1ts own addressing signal. Moreover, an
addressing signal 1s also provided to 1dentily a row within a
row group. That addressing signal may therefore be provided
to every row group. The first group of addressing lines pro-
vide the row addressing signal and the second group of
addressing lines provide the row group addressing signal.

It has been recognised that using only one signal to address
the pixels of a single row results 1n a sensor that 1s not possible
to fabricate using a single repeating unit, when all of the
addressing circuitry 1s placed along one edge of the sensor
array. In contrast, the use of two addressing signals for 1den-
tifying a row makes such a structure possible.

Preferably, each stitching block comprises a plurality of
second addressing line segments, at least some of which are
cach arranged to couple with a respective second addressing
line segment of an adjacent stitching block. The second
addressing line segments coupled form the second group of
addressing lines. Hence, each stitching block is designed to
match both to the stitching block placed immediately below 1t
and to the stitching block placed immediately above it, 11 any.
Even then, the stitching blocks are identical 1n terms of their
addressing line segments. This allows a large structure to be
built up from smaller identical pieces.
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More preferably, each row group has a single respective
second addressing line segment coupled to 1t 1n each stitching
block. The other second addressing line segments 1n a stitch-
ing block may each be configured to couple with a respective
second addressing line segment 1n a stitching block placed
above. This may result 1n a stitching block pattern 1n which
those second addressing line segments that are configured to
couple to a respective second addressing line segment 1n
another stitching block having a configuration 1n which the
starting point of the segment at the bottom of the stitching
block and the end point of the segment at the top of the
stitching block are laterally displaced. This may result 1n the
second addressing line segment being step-shaped or diago-
nal 1n nature.

Advantageously, the stitching blocks are arranged in at
least one column. In this context, a column should be under-
stood as referring the stitching blocks, rather than the pixel
sensors. Then, the number of row groups 1n the column of
stitching blocks may be no greater than the number of second
addressing line segments in each stitching block. This may
apply 1f each row group 1s to be individually addressed. It may
be considered that the number of second addressing line
segments 1n a stitching block that are coupled to a row group
1s the same as the number of row groups 1n a stitching block.
Moreover, 1t may be understood that the stitching block clos-
est to the row addressing circuitry and group addressing cir-
cuitry may require at least the same number of second
addressing line segments as there are row groups in the whole
column. Since each of the stitching blocks have the same
pattern of second addressing line segments, it may be appre-
ciated that the number of second addressing line segments 1n
a stitching block limits the number of row groups that can be
provided in the column. Optionally, some of the second
addressing line segments may not be coupled either to any
pixel sensors 1n a stitching block or to other addressing line
segments that are coupled to pixel sensors. In some embodi-
ments, the second group of addressing lines may be config-
ured such that a single second addressing line 1s coupled to
more than one row group.

Advantageously, each of the pixel sensors 1s made using
CMOS transistors. Optionally, each of the pixel sensors 1s an
active pixel sensor, although passive pixel sensors can alter-
natively be used.

Combining the row addressing action with the group
addressing action may be achieved using logic circuitry, such
as a logic gate. For example, each stitching block may further
comprise a logic gate for each pixel sensor of the stitching
block. This logic gate may be coupled to a respective one of
the first group of addressing lines and the respective one of the
second group ol addressing lines. In this way, a single
addressing signal may be provided to each pixel sensor,
despite the fact that two addressing signals are provided from
the addressing circuitry that 1s external to the array. Unlike
some known imaging sensors, this means that some of the
logic circuitry 1s provided within the pixel sensors. As a
result, a portion of the pixel sensor array 1s used for address-
ing circuitry, reducing the sensitivity of the overall pixel
sensor. This portion can be kept small. Nevertheless, some
image degradation may then result, but this can be mitigated.
Beneficially, the position of the plurality of logic gates 1n
relation to their associated pixel sensor of the stitching block
may not all be the same. If the position of the logic gates were
all the same, a pattern may be noticeable on the 1mage. Desir-
ably though, the arrangement of logic gates within a stitching
block 1s the same for each stitching block. Preferably, the
positions of the plurality of logic gates in each stitching block
are distributed pseudo-randomly. This may result in improved
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image quality, as compensation for random or pseudo-ran-
dom degradations can be made more effectively than for
degradations 1n a pattern.

The row addressing circuitry and group addressing cir-
cuitry may be provided using separate functional elements or
as part of an integrated logic or circuit structure.

Optionally, each stitching block comprises a plurality of
pixel sensors disposed 1n one row group. In such cases, the
group addressing circuitry 1s configured to form a group
addressing action 1n which all of the rows 1n a stitching block
are simultaneously addressed. Then, second groups of
addressing lines may be configured such that only one second
addressing line 1s coupled to the pixel sensors 1n each stitch-
ing block.

In a preferred embodiment, the array of pixel sensors fur-
ther comprises a group of read-out lines. Then, each read-out
line may be arranged to provide a combined signal from a
single pixel sensor of each of a plurality of rows 1n the array.
More preferably, each read-out line 1s arranged to provide a
combined signal from a single pixel sensor of each row in the
array. Then, the selection of only one row of one row group of
one stitching block by the combination of a row addressing
action with a group addressing action means that only the
signals from that selected row are provided on the group of
read-out lines. Alternative configurations of read-out lines are
possible. For example, there may be multiple groups of read-
out lines. Each group of read-out lines may be configured to
provide combined signals from one or more rows of pixel
sensors. The one or more rows of pixel sensors preferably
come Irom multiple row groups. Advantageously, the
arrangement ol read-out lines 1n each of the stitching blocks
1s the same. As above, this may mean that the fabrication of
the stated device 1s made more straightforward and less
costly, since a large number (or even all) of the stitching
blocks may be made in exactly the same way. For example,
the same photolithography process may be used (with the
same mask or masks).

Preferably, read-out circuitry 1s provided external to the
array. This 1s advantageously disposed along the same edge of
the array of the row addressing circuitry (and the group
addressing circuitry) and coupled to the pixel sensors using
the group of read-out lines.

Beneficially, most circuitry 1s disposed adjacent to the
edges of the pixel array other than the edge along which the
row addressing circuitry 1s disposed. As detailed before, the
group addressing circuitry 1s disposed along the same edge as
the row addressing circuitry and, optionally, read-out cir-
cuitry 1s also disposed along the same edge. Since all of the
circuitry 1s disposed along one edge, the other three edges of
the pixel array are buttable. Then, a composite imaging sensor
device may comprise a first array of pixel sensors as described
above and at least one further array of pixel sensors are
positioned to abut the first array of pixel sensors along a
common edge, the common edge being an edge having no
circuitry disposed adjacent to it. In this way, a 2xN composite
pixel sensor array can be fabricated, where N 1s any integer.

Optionally, the array of pixel sensors may further comprise
a third group of addressing lines for addressing the pixel
sensors. Then, the group addressing circuitry may be further
coupled to the pixel sensors using at least some of the third
group ol addressing lines and may be configured to perform a
second group addressing action using the third group of
addressing lines 1n which all of the rows 1n a single row group
of a single stitching block are simultaneously addressed.
Moreover, each stitching block may then be further arranged
to combine a row addressing action with a second group
addressing action such that only one row of one row group of
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one stitching block 1s selected simultaneously. Beneficially,
the first group addressing action and the second group
addressing action may be effected simultaneously. In some
embodiments, the combination of the row addressing action
and the second group addressing action may cause pixel
sensors 1n the selected row to be reset.

In another aspect, the present invention provides a com-
posite imaging sensor device, comprising a plurality of imag-
ing sensor devices arranged 1n opposing pairs, each imaging
sensor device being as described above. Thus, a 2xN com-
posite 1maging sensor array may be provided thereby.

In a further aspect of the present invention, there may be
provided a method of operating an imaging sensor device, the
imaging sensor device being provided as described above.
Then, a method of operating the 1maging sensor device may
comprise: configuring the row addressing circuitry to per-
form a row addressing action; configuring the group address-
ing circuitry to form a group addressing action; and carrying
out a read-out, so as to read-out the selected row of the row
group of the stitching block.

In another aspect, there 1s a method of providing an 1mag-
ing sensor device, comprising: arranging pixel sensors 1n an
array of row and column, the array comprising: a plurality of
stitching blocks, each stitching block comprising a plurality
ol pixel sensors disposed 1n at least one group; and first and
second groups of addressing lines for addressing the pixel
sensors, the arrangement of pixel sensors and addressing lines
in each of the processing blocks being the same; providing
row addressing circuitry external to the array, disposed along,
an edge of the array parallel to the rows of pixel sensors,
coupled to the pixel sensors using the first group of addressing
lines and configured to perform a row addressing action 1n
which a single corresponding row 1n each of the row groups of
cach stitching block 1s simultaneously addressed; and group
addressing circuitry external to the array, disposed along the
same edge of the array as the row addressing circuitry,
coupled to the pixel sensors using at least some of the second
group of addressing lines and configured to perform a group
addressing action 1n which all of the rows 1n a single row
group ol a single stitching block are simultaneously
addressed. Each stitching block 1s further arranged to com-
bine a row addressing action with a group addressing action,
such that only one row of one row group of one stitching block
1s selected simultaneously.

The method of providing an imaging sensor device may
have turther method steps so as to provide any of the features
described 1 connection with the imaging sensor device
described above. Moreover, a composite 1maging sensor
device may be provided by arranging a plurality of such
imaging sensor devices 1 opposing pairs.

Optionally, the method of providing an imaging sensor
device may be such that the step of arranging pixel sensors
comprises forming at least some of the plurality of stitching
blocks using identical processing steps. In the preferred
embodiment, the at least some of the plurality of stitching
blocks are formed using the same photolithographic process.
Advantageously, the same photolithographic process may
mean that the same mask or masks are used.

It will be understood that any combination or sub-combi-
nation of the individual apparatus features or method features
described may be implemented, even though not explicitly

disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention may be put into practice 1n various ways, a
number of which will now be described by way of example
only and with reference to the accompanying drawings in
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FIG. 1 shows a known type of CMOS 1maging sensor;
FIG. 2 depicts part of an imaging sensor device in accor-

dance with the present invention;

FIG. 3 illustrates a first embodiment of stitching blocks of
an 1maging sensor device in accordance with the present
invention;

FIG. 4 shows a second embodiment of stitching blocks of
an 1maging sensor device in accordance with the present
imnvention;

FIG. 5 shows more detail regarding the connections for the
embodiments of FIGS. 3 and 4;

FIG. 6 details the arrangement of a single pixel sensor;

FIG. 7 illustrates the pixel sensors in accordance with FIG.
6 when arranged 1n a row group of a pixel sensor array; and

FIG. 8 depicts an embodiment of a composite pixel sensor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring first to FIG. 2, there 1s shown an 1imaging sensor
device 100 1n accordance with the present invention. Where
the same features are described as shown in connection with
FI1G. 1, 1dentical reference numerals have been used. The
imaging sensor device 100 comprises: a plurality of pixel
sensors 120 1n an array; vertical row addressing lines 135;
horizontal row addressing lines 136; row addressing circuitry
130; read-out lines 45; and read-out circuitry 40. The plurality
of pixel sensors 120 are CMOS.

The row addressing circuitry 130, which would normally
be placed along a vertical side of the sensor array 100 (as
shown 1n FI1G. 1) 1s moved to the bottom edge. Row selecting
signals are then run up the chip using vertical row addressing
lines 1335 and turned through 90 degrees using horizontal row
addressing lines 136 to run to every pixel in a row. This allows
the pixel sensors 120 to extend fully to three edges of the
imaging sensor device 100. Each of the read-out lines 45
allows signals from every pixel sensor 1n a respective column
to be read-out via the read-out circuitry 40. However, 11 this
design 1s implemented using stitching blocks, with the rows
being selected only using the vertical row addressing lines
135 and horizontal row addressing lines 136, 1t 1s desirable to
avold one or more rows 1n every stitching block being
selected. This may lead to corrupted data.

There 1s 1llustrated 1n FIG. 3, a first embodiment of stitch-
ing blocks of an imaging sensor device in accordance with the
present invention. These may be implemented i order to
cifect the design shown 1n FIG. 2. The stitching blocks 200
shown are only part of the imaging sensor. The read-out
circuitry and row addressing circuitry shown in FIG. 2 1s
omitted for clarity. There 1s shown a first stitching block 201,
a second stitching block 202 and a third stitching block 203.
Nevertheless, all three stitching blocks are 1n fact 1dentical.

The first stitching block 201 comprises: pixel sensors 220
(although only one 1s labelled 1n the drawing) arranged 1n two
rows; a first group addressing line segment 241; a second
group addressing line segment 242; a third group addressing
line segment 243; and a fourth group addressing line segment
244 . Connections 230 are also provided to a first row of pixel
sensors 220 in the first stitching block 201 and to a second row
of pixel sensors 220 1n the stitching block 201. It will be
understood that these features are only shown in connection
with the first stitching block 201, but they are repeated in
respect of each of the other stitching blocks (second stitching
block 202 and third stitchung block 203).

Each of the group addressing line segments 241, 242, 243
and 244 has an L-shape or step-shape. Moreover, the group
addressing line segments 241, 242, 243 and 244 are disposed




US 9,247,169 B2

7

so that the second group addressing line segment 242, third
group addressing line segment 243 and the fourth group
addressing line segment 244 will couple to other group
addressing line segments 1n adjacent stitching blocks. For
example, 1n the second stitching block 202, the third group
addressing line segment 243 (not labelled 1 this block)
couples to the second group addressing line segment 242 1n
the first stitching block 201. Moreover, the first group
addressing line segment 241 1n each stitching block uses
contacts 230 to cause that addressing line to be coupled to the
pixel sensors in that stitching block.

In this way, the group addressing lines couple from the
logic circuitry at the bottom of the sensor array, up through
stitching blocks. As these lines are staggered, they effectively
run diagonally across the sensor array 200. This means that, 1T
every stitching block connects to one of these lines at the same
point, 1t 1s actually connected to a different signal at the
bottom of the sensor array 200. The placement of stitch lines
inside the sensor array 200 allows the addressing circuitry
logic to be placed at the bottom edge of the sensor array 200.
It will be understood that the row addressing lines are missing
from FIG. 3, but are as shown 1n FIG. 2.

Referring now to FIG. 4, there 1s shown a second embodi-
ment of stitching blocks 1n an 1maging sensor device in accor-
dance with the present mmvention. Again, only the group
addressing line segments in each stitching block are shown.
Three types of stitching block are shown. A first type of
stitching block 1s labelled B, a second type of stitching block
1s labelled E, and a third type of stitching block 1s labelled H.
In the completed sensor array, seven groups can individually
be addressed. These are labelled A0, A1, A2, A3, A4, A5, A6
and A7. For each addressing block, a single group addressing
line 1s provided at the base of the array. The second type of
stitching block E 1s similar to those shown in connection with
FIG. 3 and are the most commonly repeated type. The first
type of stitching block B and the third type of stitching block
H are used for edges of the sensor array. Thus, at least some of
the stitching blocks have the same configuration of pixel
sensors and addressing lines, although others may have a
different configuration.

Using these configurations, each row may be selected
using two signals. A first signal selects a row within a stitch-
ing block and a second signal selects a single stitching block.
However, the combination of these two signals means that
only one row 1n the whole sensor array is selected at any time.
Means to implement this selection will now be discussed.

Referring now to FIG. 5, more detail 1s shown regarding the
connections for the embodiments of FIG. 3 and FIG. 4. A
sensor array 300 comprises a plurality of pixel sensors (not
shown). Row addressing logic circuitry 330 1s provided out-
side of the sensor array 300. In common with the configura-
tion shown 1n FIG. 2, this circuitry 1s placed at the bottom of
the sensor array 300. The row addressing circuitry 330 pro-
vides two signals: a row addressing signal 335; and a group
addressing signal 345. The row addressing signal 335 is
coupled to horizontal row addressing lines 336 1n every 1den-
tical stitching block. The group addressing signal 345 1s only
coupled to a single stitching block, via horizontal line 346.
Other group addressing signals (not shown) are coupled to
other specific stitching blocks. For each row of pixel sensors,
a logic gate 350 1s provided. This 1s coupled to the row
addressing signal provided through horizontal line 336 and
the group addressing signal provided through horizontal line
346. If both s1ignals indicate a logical ‘high’ the logic gate 350
provides a selection signal onto horizontal line 355, which 1s
connected to each pixel sensor along the row. This causes
cach pixel sensor along the row to send its read-out data.
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The logic gate 350 1s a single AND gate and 1s provided on
every row ol the device, with the group addressing signal as
its input. This AND gate represents a slight variation 1n layout
ol the pixel sensors. Intelligent placement of the logic gates
can mitigate any problems due to this effect. If the logic gates
are distributed randomly, they will be almost 1nvisible 1n the
image output of the sensor array, and flat-field uniformity
may be preserved. In practice, the position of the gates 1s
known and 1dentical from one sensor array to another. Thus,
the distribution of the gates 1s effectively pseudo-random.

In FIG. 6, there 1s detailed the arrangement of a single pixel
sensor 400. The pixel sensor 400 comprises: active pixel
sensor circuitry 410; a read-out line 420; horizontal row
addressing line 336; horizontal row reset line 337; horizontal
group addressing line 346; first AND gate 430; and second
AND gate 440. Also shown are auxiliary addressing lines
450, which are addressing lines intended for connection to
other rows or row groups, but not for connection to the pixel
sensor 400 shown.

A group addressing signal i1s coupled to the horizontal
group addressing line 346 and this 1s provided as an input to
both the first AND gate 430 and the second AND gate 440. A
row addressing signal 1s coupled to the horizontal row
addressing line 336 and this 1s provided as an 1nput to the first
AND gate 430 only. Thus, when both the group addressing
signal and the row addressing signal indicate a logical high,
the output of the first AND gate 430 1s also a logical high and
the pixel sensor 410 1s caused to provide a read-out output on
the read-out line 420. A row reset signal 1s coupled to the
horizontal row reset addressing line 337 and this 1s provided
as an 1nput to the second AND gate 440 only. Hence, when
both the group addressing signal and the row reset addressing
signal indicate a logical high, the output of the second AND
gate 440 15 also a logical high and the pixel sensor 410 1s
caused to reset.

FIG. 7 illustrates the pixel sensors in accordance with FIG.
6 when arranged 1n a row group 500 of a pixel sensor array. In
particular, this exemplary row group 500 1s an entire stitching
block. The pixel sensors within the row group 500 are labelled
by column from A to D and by row from 1 to 4. Thus pixel
sensor Al refers to the pixel sensor in column A and row 1.
Similarly, pixel sensor C3 refers to the pixel sensor 1n column
C and row 3, etc.

A group addressing signal for the row group 500 1s pro-
vided on a first group addressing line 510. A group addressing
signal for a row group 1n an identical stitching block posi-
tioned immediately above stitching block 500 1s provided on
a second group addressing line 3520. Similarly, a group
addressing signal for a row group 1n an identical stitching
block positioned immediately above the stitching block
located immediately above stitching block 300 1s provided on
a third group addressing line 530.

It will be seen that the row addressing lines and row reset
addressing lines are coupled to individual rows 1n the pixels.
In pixel sensor Al the vertical lines carrying signals for the
first row are coupled to corresponding horizontal lines. Simi-
larly, 1n pixel sensor B2 the vertical lines carrying signals for
the second row are coupled to corresponding horizontal lines.
In pixel sensor C3, the vertical lines carrying signals for the
third row are coupled to corresponding horizontal lines.
Finally, the vertical lines carrying signals for the fourth row
are coupled to corresponding horizontal lines 1n pixel sensor
D4. In this way, individual rows within the row group 500
may be addressed for read-out or reset.

The first group addressing line 1s coupled to a horizontal
line 1n every row of pixel sensors. This connection 1s shown 1n

pixel sensors D1, D2, D3 and D4. The AND gates are distrib-
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uted in a pseudo-random fashion across the stitching block, in
pixel sensors D1, B2, C3 and A4. In a larger-scale stitching
block, with a much greater number of pixel sensors, such a
pseudo-random distribution of AND gates would be more
noticeable.

In designs as described herein, a standard stitching process
can be used. Complex stepping processors are not needed.
Moreover, all of the pixel sensors have the same level of
sensitivity. Shift registers along the length of the array are not
necessary to effect read-out. Use of such shiit registers may
lead to light-insensitive stripes forming 1n the output signal,
which may be removed using 1mage processing soiftware.
Moreover, the use of one AND logic gate per row may etlect
reduced power consumption. A flip-tlop forming part of a
shift register can consume significantly more power than this
arrangement.

It will be understood that a composite 1maging sensor
device can then be created by arranging each of these imaging
sensor devices 1 a 2xN structure, with the addressing and
read-out circuitry located on opposite edges for each oppos-
ing pair ol sensor arrays. Since three sides of the array are
buttable, there 1s theoretically no limit on N and any integer
value 1s possible. FIG. 8 depicts an embodiment of a com-
posite pixel sensor. The pixel sensor arrays are arranging,
pairs. The sensor arrays are positioned and oriented so that the
edge circuitry (comprising addressing circuitry and read-out
circuitry) of the pixel sensor arrays are located on opposite
sides along one dimension (vertical in FIG. 8) of the compos-
ite structure. The edge circuitry of the pixel sensor arrays
along the other dimension (horizontal 1n FIG. 8) are located
on the same side of the composite structure. Thus, the 2xN
structure 1s formed.

Whilst preferred embodiments have been described above,
the skilled person will recognise that various modifications
and variations are possible. For example, each stitching block
may be divided into a plurality of row groups. Then, rather
than providing a single group addressing line for each stitch-
ing block, there 1s a single addressing line for each row group.
In this way, there may be more than one group addressing line
coupled to pixels 1n each stitching block.

Some of the group addressing lines may be connected to
more than one row group or stitching block for specific appli-
cations. Similarly, one or more of the row addressing lines
may be connected to more than one row 1n each row group or
stitching block. Additionally or alternatively, some of the row
groups or stitching blocks might not be connected to any
group addressing lines, row addressing lines or both. Ditfer-
ent types of 1imaging sensor can be eflected.

Rather than an AND logic gate, other types of logic gate
circuitry might be used, for example NAND.

In a further development, a second group addressing line
signal can be provided for each row group or block, instead of
or 1n addition to a second row addressing line, as shown 1n
FIGS. 6 and 7. This second line may act as a reset signal for a
row group, for example. It may be possible thereby to simul-
taneously select one row 1n one row group and reset one row
in another row group. Further group addressing line signals
for other applications may be envisaged, 1f desirable.

The mvention claimed 1s:

1. An 1maging sensor device, comprising;:

an array of pixel sensors arranged 1n rows and columns, the

array comprising: a plurality of stitching blocks, each
stitching block comprising a plurality of pixel sensors
disposed 1n at least one row group; and first and second
groups of addressing lines for addressing the pixel sen-
sors, the arrangement ol pixel sensors and addressing
lines 1n each of the stitching blocks being the same;
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row addressing circuitry external to the array, disposed
along an edge of the array parallel to the rows of pixel
sensors, coupled to the pixel sensors using the first group
of addressing lines and configured to perform a row
addressing action 1n which a single corresponding row 1n
cach of the row groups of each stitching block 1s simul-
taneously addressed; and

group addressing circuitry external to the array, disposed

along the same edge of the array as the row addressing
circuitry, coupled to the pixel sensors using at least some
of the second group of addressing lines and configured
to perform a group addressing action in which all of the
rows 1n a single row group of a single stitching block are
simultaneously addressed; and

wherein each stitching block 1s further arranged to com-

bine a row addressing action with a group addressing
action such that only one row of one row group of one
stitching block 1s selected simultaneously.
2. The imaging sensor of claim 1, wherein each stitching
block comprises a plurality of second addressing line seg-
ments at least some of which are each arranged to couple with
a respective second addressing line segment of an adjacent
stitching block, the second addressing line segments coupled
forming the second group of addressing lines.
3. The imaging sensor of claim 2, wherein each row group
has a single respective second addressing line segment
coupled to 1t 1n each stitching block.
4. The imaging sensor of claim 2, wherein the stitching
blocks are arranged 1n at least one column, the number of row
groups in the column being no greater than the number of
second addressing line segments in each stitching block.
5. The imaging sensor of claim 1, wherein each stitching
block further comprises a logic gate for each pixel sensor of
the stitching block coupled to a respective one of the first
addressing lines and a respective one of the second addressing
lines, so as to combine the row addressing action and group
addressing actions.
6. The imaging sensor of claim 3, wherein the position of
cach logic gate 1n relation to the respective pixel sensor of the
stitching block 1s not the same.
7. The imaging sensor of claim 6, wherein the positions of
the plurality of logic gates 1n each stitching block are distrib-
uted pseudo-randomly.
8. The imaging sensor of claim 1, wherein the array of pixel
sensors further comprises a group of read-out lines, each
read-out line being arranged to provide a combined signal
from a single pixel sensor of each of a plurality of rows in the
array.
9. The imaging sensor of claim 8, wherein the arrangement
of read-out lines 1n each of the stitching blocks 1s the same.
10. The imaging sensor of claim 8, further comprising
read-out circuitry external to the array, disposed along the
same edge of the array as the row addressing circuitry and
coupled to the pixel sensors using the group of read-out lines.
11. The imaging sensor of claim 1,
wherein the array of pixel sensors further comprises a third
group of addressing lines for addressing the pixel sen-
SOT'S;

wherein the group addressing circuitry 1s further coupled to
the pixel sensors using at least some of the third group of
addressing lines and configured to perform a second
group addressing action using the third group of
addressing lines 1n which all of the rows 1n a single row
group ol a single stitching block are simultaneously
addressed; and

wherein each stitching block 1s further arranged to com-

bine a row addressing action with a second group
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addressing action such that only one row of one row
group of one stitching block 1s selected simultaneously.
12. The imaging sensor of claim 11, wherein the combina-
tion of the row addressing action and the second group
addressing action causes pixel sensors 1n the selected row to
be reset.
13. The imaging sensor of claim 11, wherein the first group
addressing action and the second group addressing action

may be effected simultaneously.
14. The imaging sensor of claim 1, wherein no circuitry 1s

disposed adjacent the edges of the pixel array other than the
edge along which the row addressing circuitry 1s disposed.
15. A composite imaging sensor device, comprising a plu-
rality of imaging sensor devices arranged 1n opposing pairs,
cach imaging sensor device being in accordance with claim 1.
16. A method of providing an 1maging sensor device, coms-
prising:
arranging pixel sensors in an array of rows and columns,
the array comprising: a plurality of stitching blocks,
cach stitching block comprising a plurality of pixel sen-
sors disposed 1n at least one row group; and first and
second groups of addressing lines for addressing the
pixel sensors, the arrangement of pixel sensors and
addressing lines 1in each of the stitching blocks being the
same;
providing row addressing circuitry external to the array,
disposed along an edge of the array parallel to the rows
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of pixel sensors, coupled to the pixel sensors using the
first group of addressing lines and configured to perform
a row addressing action in which a single corresponding
row 1n each of the row groups of each stitching block 1s
simultaneously addressed; and

group addressing circuitry external to the array, disposed

along the same edge of the array as the row addressing
circuitry, coupled to the pixel sensors using at least some
of the second group of addressing lines and configured
to perform a group addressing action in which all of the
rows 1n a single row group of a single stitching block are
simultaneously addressed; and

wherein each stitching block 1s further arranged to com-

bine a row addressing action with a group addressing
action such that only one row of one row group of one
stitching block 1s selected simultaneously.

17. The method of providing an imaging sensor device
according to claim 16, wherein the step of arranging pixel
sensors comprises forming at least some of the plurality of
stitching blocks using 1dentical processing steps.

18. The method of providing an imaging sensor device
according to claim 17, wherein the at least some of the plu-
rality of stitching blocks are formed using the same photo-
lithographic process.
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