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(54) MINIMUM HEIGHT CMOS IMAGE SENSOR

(57) A CMOS image sensor for a camera assembly
is provided, having a sensor die with opposing faces, an
upper face, and a lower face. On the upper face, the
sensor die is provided with a sensor array, an ana-
log-to-digital conversion module, a digital logic circuit,
and a timing and clock control circuit. The sensor array
is substantially centered on the sensor die. The ana-
log-to-digital conversion module is split into two submod-

ules. Each submodule is disposed adjacent to the sensor
array and positioned on one of opposing sides of the
sensor array. The digital logic circuit forms a first row.
The timing and clock control circuit and the analog signal
processing circuit are adjacent and form a second row.
The first and second rows have similar dimensions and
are disposed on opposite sides of the sensor array.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to Complementa-
ry Metal-Oxide Semiconductor-type (CMOS) image sen-
sors.

BACKGROUND

[0002] Generally speaking, the layout for the sensor
die of a CMOS image sensor includes a sensor array, an
Analog-to-Digital (ADC) module, digital logic circuits, and
a timing and control panel. The sensor array is not cen-
tered on the sensor die in order to keep similar compo-
nents together. The sensor die layout design is optimized
to keep like components together, which allows for some
advantages. For example, the ADC module in a conven-
tional image sensor outputs in row-to-row image digital
format, which is compatible with traditional image display
devices. However, there are adverse consequences to
these layout designs. For example, centering the sensor
array on the die is sacrificed in order to keep similar com-
ponents together. Additionally, by keeping like compo-
nents together, the possibility of a smaller footprint for
the sensor is held hostage to conventions. This can es-
pecially problematic for edge mount sensors such as im-
aging barcode scanners.
[0003] Therefore, a need exists for a CMOS image
sensor, which allows the sensor array to be centered on
the die as much as possible, and has a minimum height
versus conventional image sensors.

SUMMARY

[0004] Accordingly, in one aspect, the present inven-
tion embraces a CMOS image sensor for a camera as-
sembly.
[0005] In an exemplary embodiment, the CMOS image
sensor includes a sensor die having opposing faces, an
upper face, and a lower face. The sensor die has com-
ponents on the upper face, which include a sensor array,
an analog-to-digital conversion module, a digital logic cir-
cuit, a timing and clock control circuit, and an analog sig-
nal processing circuit. The sensor array has a first set
and a second set of opposing sides. The first set of op-
posing sides consists of a top edge and a bottom edge.
The second set is a first edge and a second edge. The
sensor array is substantially centered on the sensor die.
The analog-to-digital conversion module is disposed in
two submodules. Each submodule is disposed adjacent
to the sensor array and positioned on opposing sides of
the sensor array. Each submodule is positioned on either
side of the first set of opposing sides of the sensor array
or on either side of the second set of opposing sides of
the sensor array. The digital logic circuit forms a first row.
The timing and clock control circuit with the analog signal
processing circuit are adjacent to each other and form a

second row. The first row and the second row have similar
dimensions and are disposed on opposite sides of the
second set of opposing sides of the sensor array.
[0006] In another exemplary embodiment of the CMOS
image sensor, the analog-to-digital conversion submod-
ules are split evenly dimensionally.
[0007] In another exemplary embodiment of the CMOS
image sensor, each analog-to-digital conversion sub-
module forms a submodule row positioned adjacent each
of the second set of opposing sides. One submodule row
is intermediate the sensor array first edge and the first
row of the digital logic circuitry. The second submodule
row is intermediate the sensor array second edge and
the second row formed of the timing and clock control
circuit with the analog signal processing circuit.
[0008] In another exemplary embodiment of the CMOS
image sensor, each analog-to-digital conversion sub-
module form a submodule column positioned adjacent
each of the first set of opposing sides of the sensor array.
[0009] In another exemplary embodiment, the CMOS
image sensor is further comprised of a memory die. The
memory die includes a frame buffer memory. The mem-
ory die has first and second opposing faces. The memory
die and the sensor die have substantially similar face
dimensions. The first face of the memory die is under,
dimensionally aligned to, and adjacent to the lower face
of the sensor die. The CMOS image sensor further in-
cludes through silicon vias. The through silicon vias elec-
trically connect the memory die and the sensor die.
[0010] In another exemplary embodiment, the CMOS
image sensor is further comprised of a processing die.
The processing die has an upper face. The processing
die and the memory die have substantially similar face
dimensions. The upper face of the processing die being
under, dimensionally aligned to, and adjacent to the sec-
ond face of the memory die. The processing die and the
memory die are electrically connected with through sili-
con vias.
[0011] In another exemplary embodiment of the CMOS
sensor, the sensor die has opposing vertical edges par-
allel to the second set of opposing sides of the sensor
array. The CMOS image sensor further is provided with
bonding pads. The bonding pads form two bonding pad
rows. The first bonding pad row is positioned on the upper
face of the sensor die contiguous to one of the opposing
vertical edges of the sensor die. The second bonding pad
row is positioned on the upper face of the sensor die
contiguous to the second of the opposing vertical edges
of the sensor die.
[0012] In another exemplary embodiment, the CMOS
image sensor is further provided with a processing die
having a central processing unit. The processing die is
on the same die as the memory die.
[0013] In yet another exemplary embodiment of the
CMOS image sensor, the processing die includes a cen-
tral processing unit.
[0014] In another exemplary embodiment of the CMOS
image sensor, the sensor array is a pixel sensor color-
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imaging array consisting of pixels arranged in rows and
columns. Further, the sensor array has an output se-
quence for the pixels captured on the sensor array to the
analog-to-digital conversion module. The output se-
quence is configured to send pixels to the analog-to-dig-
ital conversion module column-by-column, even num-
bered pixels in a column going to one of the analog-to-
digital conversion submodules to be converted into digital
output, and odd numbered pixels in a column going to
the other of the analog-to-digital conversion submodules
to be converted into digital output. The digital output from
the two analog-to-digital conversion submodules are re-
combined at an output port of the sensor die.
[0015] In another exemplary embodiment, the CMOS
image sensor further is provided with a video sequence
converter. The video sequence converter is disposed on
the lower face of the sensor die. The video sequence
converter has a dual port frame buffer, digital logic, and
timing control. The video sequence converter is config-
ured to receive the digital output from the two analog-to-
digital conversion submodules in column-by-column im-
age format. The video sequence converter is further con-
figured to output digital images in row-by-row image for-
mat.
[0016] In another exemplary embodiment, the video
sequence converter frame buffer includes digital read out
logic to correct geometric distortion.
[0017] In another exemplary embodiment, the video
sequence converter is configured to output digital images
in even and odd rows separately in order to support in-
terlace display.
[0018] In another exemplary embodiment, the CMOS
image sensor includes a video sequence converter. The
video sequence has a dual port frame buffer, digital logic,
and timing control. The video sequence converter is con-
figured to receive the digital output from the two analog-
to-digital conversion submodules in column-by-column
image format. The video sequence converter is further
configured to output digital images in row-by-row image
format. The video sequence converter is disposed at a
location other than on the sensor die. The location of the
video sequencer may be a die electrically connected with
through silicon vias to the sensor die.
[0019] In another aspect, the present invention em-
braces a CMOS image sensor for a camera assembly,
which comprises a sensor die having opposing faces,
and upper face and a lower face. The sensor die has
components on its upper face. These include a sensor
array, an analog-to-digital conversion module, a digital
logic circuit, a timing and clock control circuit, and an
analog signal processing circuit. The sensor die has op-
posing vertical edges. The sensor array has a first set
and a second set of opposing sides. The first set consists
of a top edge and a bottom edge. The first set is parallel
to the opposing vertical edges of the sensor die. The
second set consists of a first edge and a second edge.
The sensor array is substantially centered between the
opposing vertical edges on the sensor die. The analog-

to-digital conversion module is disposed adjacent to the
sensor array and positioned in a row proximate to one of
the second set of opposing sides of the sensor array.
The digital logic circuit forms a first row. The timing and
clock control circuit and the analog signal processing cir-
cuit are adjacent to each other and form a second row.
The first row and the second row have similar dimen-
sions. The first and second rows are disposed on oppo-
site sides of the second set of opposing sides of the sen-
sor array.
[0020] In an exemplary embodiment, the CMOS image
sensor further is provided with a memory die. The mem-
ory die has opposing faces. The memory die and the
sensor die have substantially similar face dimensions.
The first face of the memory die is under, dimensionally
aligned to, and adjacent to the lower face of the sensor
die. The CMOS image sensor is also provided with
through silicon vias. The through silicon vias electrically
connect the memory die and the sensor die.
[0021] In another exemplary embodiment, the CMOS
image sensor further being provided with a processing
die. The processing die has opposing faces. The
processing die and the memory die have substantially
similar face dimensions. The first face of the processing
die being under, dimensionally aligned to, and adjacent
to the second face of the memory die. The processing
die and the memory die are electrically connected with
through silicon vias.
[0022] In another exemplary embodiment, the CMOS
image sensor is provided with bonding pads. The bond-
ing pads form two bonding pad rows. The first bonding
pad row is positioned on the upper face of the sensor die
contiguous to one of the opposing vertical edges of the
sensor die. The second bonding pad row is positioned
on the upper face of the sensor die contiguous to the
second of the opposing vertical edges of the sensor die.
[0023] In another exemplary embodiment of the CMOS
image sensor, the memory die includes a frame buffer
memory.
[0024] In another exemplary embodiment of the CMOS
image sensor, the processing die includes a central
processing unit.
[0025] The foregoing illustrative summary, as well as
other exemplary objectives and/or advantages of the in-
vention, and the manner in which the same are accom-
plished, are further explained within the following detailed
description and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1 schematically depicts a prior art CMOS im-
age sensor die layout.

Figure 2 schematically depicts a minimum height
CMOS image sensor die in accordance with the
present invention.
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Figure 3 schematically depicts a split column ADC
CMOS sensor die in accordance with the present
invention.

Figure 4 schematically depicts a row ADC CMOS
sensor die in accordance with the present invention.

Figure 5 schematically depicts a stacked sensor die
in accordance with the present invention.

Figure 6 depicts in a flow chart, the processing output
for the sensor die of Figure 5.

DETAILED DESCRIPTION

[0027] Prior art CMOS image sensors have a layout
generally as depicted in prior art Figure 1. The prior art
CMOS sensor (10), generally speaking, has a layout of
components on the sensor die (11) which includes a sen-
sor array (12), an Analog-to-Digital (ADC) module (13),
digital logic circuits (14), a timing and control panel(15),
an analog signal processing module (17), and may in-
clude bonding pads (18) around the periphery of the sen-
sor die (11). As can be seen from the Figure, the prior
are sensor array (12) is not centered on the sensor die
(11) .
[0028] The present invention embraces a CMOS im-
age sensor for a camera assembly with a sensor array
centered on the sensor die and with a smaller footprint.
[0029] In an exemplary embodiment, referring to Fig-
ure 2, a CMOS image sensor (200) is provided. The par-
ticular embodiment of Figure 2 has a minimum height.
The CMOS sensor (200) has a sensor die (21) which
holds the other components of the sensor. The sensor
die (21) has a set of opposing faces (22), the upper face
designated (22a) and lower face not shown in this Figure.
On the sensor die (21) is a sensor array (24). The sensor
array (24) may be a pixel sensor color-imaging array con-
sisting of pixels arranged in rows and columns. The sen-
sor array (24) has a first set (25) and a second set (26)
of opposing sides. The first set (25) is the top edge (25a)
and the bottom edge (25b) of the sensor array (24). The
second set (26) is the first edge (26a) and the second
edge (26b). The sensor die (21) also has an analog-to-
digital module (ADC) (27). The ADC (27) is split into two
modules, submodule (27a), and submodule (27b). In the
present embodiment, each ADC submodule (27a and
27b), is positioned on either side of the sensor array (24)
adjacent to each of the second set of opposing sides (26)
of the sensor array (24). The sensor die (21) also includes
a digital logic circuit (28) which forms a circuitry row dis-
posed on the first (26a) of the second set of opposing
sides (26) of the sensor array (24). A timing and clock
control circuit (29) and an analog signal processing circuit
(30) form a second row disposed on the second (26b) of
the second set of opposing sides (26b) of the sensor
array (24). The ADC submodules (27a and 27b) are po-
sitioned directly adjacent to the sensor array (24). Bond-

ing pads (39) are arranged on the outer edges (23) of
the sensor die (21). In other embodiments, the bonding
pads (39) may extend on the top and bottom edges of
the sensor die (21). As can be seen, the ADC submodules
(27a and 27b) are substantially similar in dimensions.
[0030] By positioning the ADC submodules (27a and
27b) adjacent to each of the second set of opposing sides
(26a and 26b), the sensor die (21), positioning bonding
pads only on the sensor die (21) contiguous to the vertical
edges (23) of the sensor die (21), and positioning the
digital logic circuit (28) on an opposing side of the sensor
array (24) from the timing and clock control circuit (29)
and the analog signal processing circuit (30), guarantees
that the sensor die (21) has a minimum height, essentially
that of the sensor array (24) itself. In this configuration,
the sensor array (24) is centered both vertically and hor-
izontally on the sensor die (21). The camera assembly
associated with using this minimum height sensor die
can achieve minimum vertical dimension to allow it to be
integrated into thinner mobile application devices. While
many smart devices have thicknesses of 6.5 to 7.0 mm,
soon these may be reduced to less than 6.0 mm. There-
fore, the minimum height embodiment of the present Fig-
ure 2 can meet these new slimmer designs.
[0031] In another exemplary embodiment, depicted in
Figure 3, the CMOS image sensor (300) is similar in con-
figuration in that the sensor array (24) is centered on the
sensor die (21). However, in the present embodiment,
the ADC submodules (27a and 27b) are positioned on
the first set (25) of opposing sides (25a and 25b) of the
sensor array (24). Additionally, the bonding pads (39) are
positioned around all sides of the sensor die. The con-
figuration of the CMOS image sensor (300) in the figure
is an advantage of the prior (Figure 1) in that the sensor
array is centered, however, the sensor height is the same
as the prior art. Offset related lens-sensor assembly di-
mension can be minimized due to the centering of the
sensor array (24).
[0032] Another exemplary embodiment depicted in
Figure 4, shows another option in accordance with the
present invention for the CMOS image sensor (400) lay-
out. The height of the sensor die (21) is reduced by keep-
ing the ADC module (27) as one row, being adjacent to
the one side of the sensor array (24). While the sensor
array (24) remains centered on the sensor die (21) ver-
tically, there is now a horizontal offset. This horizontal
offset becomes a new issue as the wide horizontal direc-
tion dimension with excessive offset will further compli-
cate the lens-sensor integration with non-symmetric
structural and thermal related quality issues.
[0033] In yet another exemplary embodiment depicted
in Figure 5, a CMOS image sensor (500) is provided and
shown from the upper face (22a) of the sensor die and
from a side perspective. The CMOS image sensor (500)
is very similar to the minimum height CMOS image sen-
sor (200) of Figure 1. However, the present embodiment,
there are no bonding pads. The present embodiment
shows a stacked die CMOS image sensor with dual frame
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buffer.
[0034] A memory die (33) is provided. The memory die
has opposing faces (34), and first face (34a) and a sec-
ond face (34b). The memory die’s (33) face dimensions
are similar to the sensor die’s (21). The memory die (33)
is positioned under the lower face (22b) of the sensor die
(21) and aligned with the sensor die (21). Through silicon
vias (36) electrically connect the sensor die (21) to the
memory die (33). The memory die includes a frame buffer
memory (not shown). Although not shown in the Figure,
in some situations, especially as electronic components
get reduced in size, a processing die may be provided
on the same die as the memory die.
[0035] In a further embodiment, depicted in the present
Figure 5, a processing die (37) is also provided on a sep-
arate die. The processing die has an upper face (38).
The processing die’s (37) face dimensions are similar to
the memory die’s (33). The processing die (37) is posi-
tioned under the second face (34b) of the memory die
(33) and aligned with the memory die (33). Through sil-
icon vias (36) electrically connect the memory die (33)
to the processing die (37). The processing die (37) in-
cludes a central processing unit (CPU) (not shown).
[0036] As discussed hereinbefore, the sensor array is
preferably a pixel sensor color-imaging array consisting
of pixels arranged in rows and columns. The sensor array
has an output sequence for the pixels captured on the
sensor array to the ADC module. Because the ADC mod-
ule is split into two row-wise submodules, the sensor ar-
ray output sequence must accommodate this arrange-
ment. Thus, the output sequence of pixels from the sen-
sor array to the ADC submodules is column-by-column
with even-numbered pixels going to one of the ADC sub-
modules and odd-numbered pixels going to the other of
the ADC submodules. The ADC submodules convert the
pixels to digital output and recombine the now digital out-
put at the output port of the sensor die (not shown) in a
column-by-column digital output. Because some display
devices, can only process row-by-row digital output, the
CMOS sensor of the present invention, when using more
than one ADC submodules, (Figures 2, 3, and 5 for ex-
ample) is be provided with a video sequence converter.
The video sequence converter receives digital image sig-
nal in column-by-column format and outputs digital im-
ages in row-by-row image format. In some cases, the
video sequence converter is configured to output the dig-
ital images in even and odd rows separately in order to
support traditional interlace display.
[0037] The video sequence converter may include a
dual port frame buffer, digital logic, and timing control.
The frame buffer may include logic to correct geometric
distortion.
[0038] The video sequence converted may be located
on the lower face of the sensor die. In configurations
where the memory die is located and connected to the
sensor die at the lower face of the sensor die, the video
sequence converter may be located on the memory die,
or for example on the processing die. The video se-

quence converter is electrically connected to the output
of the sensor die with silicon vias if located on a separate
die.
[0039] The video sequence converter gives the inven-
tive CMOS image sensor more versatility. For example,
traditional image display devices such as TV are working
in "raster scan mode" with row-by-row signal input. Con-
ventional CMOS image sensor can directly connected to
these display devices. Minimum height CMOS image
sensor (Figure 2 and Figure 5) requires video sequence
converter to support these traditional display devices.
The video sequence converter is a dual port frame buffer
with digital logical and timing control to read in the col-
umn-by-column image and output row-by-row image.
The same frame buffer can also support traditional inter-
lace display by outputting even and odd rows separately.
Some additional corrections can also be performed with
specially programmed digital read out logic, such as ge-
ometric distortion. The distortion correction can also be
used to correct rolling shutter introduce motion distortion
or even smear.
[0040] Figure 6 shows in a flow chart of the processing
of signals (600) according to the CMOS image sensor
(500) of Figure 5, including the presence of a video se-
quence converter (40). The sensor die (21) includes, as
discussed hereinbefore, the pixel sensor array, the ADC
modules, and timing and control circuits. The memory
die (33) receives data and transmits information to the
CPU on the processing die (37). The sensor outputs pix-
els to the video sequence converter (40) which includes
digital logic and timing functions. The video sequence
converter (40) interacts with the memory die (33) and
outputs to the CPU on the processing die (37). The CPU
on the processing die (37) outputs the digital image data
and control functions.
[0041] In the specification and/or figures, typical em-
bodiments of the invention have been disclosed. The
present invention is not limited to such exemplary em-
bodiments. The use of the term "and/or" includes any
and all combinations of one or more of the associated
listed items. The figures are schematic representations
and so are not necessarily drawn to scale. Unless oth-
erwise noted, specific terms have been used in a generic
and descriptive sense and not for purposes of limitation.

Claims

1. A CMOS image sensor for a camera assembly com-
prising:

a sensor die having opposing faces, an upper
face and a lower face;
the sensor die having components on the upper
face comprising:

a sensor array having a first set and a sec-
ond set of opposing sides; the first set being
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a top edge and a bottom edge, the second
set being a first edge and a second edge,
the sensor array being substantially cen-
tered on the sensor die;
an analog-to-digital conversion module; the
analog-to-digital conversion module being
disposed in two submodules, each submod-
ule disposed adjacent to the sensor array
and positioned on opposing sides of the
sensor array selected from the first set and
the second set;
a digital logic circuit forming a first row;
a timing and clock control circuit;
an analog signal processing circuit;
the timing and clock control circuit and the
analog signal processing circuit being adja-
cent and forming a second row; and
the first row and the second row having sim-
ilar dimensions and being disposed on op-
posite sides of the second set of opposing
sides.

2. The CMOS image sensor of claim 1, wherein the
analog-to-digital conversion submodules are split
evenly dimensionally.

3. The CMOS image sensor of claim 2, wherein each
analog-to-digital conversion submodule form a sub-
module row positioned adjacent each of the second
set of opposing sides, one submodule row being in-
termediate the sensor array first edge and the first
row, and the second submodule row being interme-
diate the sensor array second edge and the second
row.

4. The CMOS image sensor of claim 2, wherein each
analog-to-digital conversion submodule form a sub-
module column positioned adjacent each of the first
set of opposing sides.

5. The CMOS image sensor of claim 1, further com-
prising a memory die, the memory die being provided
with a frame buffer memory, the memory die having
opposing first and second faces; the memory die and
the sensor die having substantially similar face di-
mensions; the first face of the memory die being un-
der, dimensionally aligned to, and adjacent to the
lower face of the sensor die; the CMOS image sensor
further comprising through silicon vias, the through
silicon vias electrically connecting the memory die
and the sensor die.

6. The CMOS image sensor of claim 5, further com-
prising a processing die, the processing die having
an upper face; the processing die and the memory
die having substantially similar face dimensions; the
upper face of the processing die being under, dimen-
sionally aligned to, and adjacent to the second face

of the memory die; the processing die and the mem-
ory die being electrically connected with through sil-
icon vias.

7. The CMOS image sensor of claim 1, wherein the
sensor die has opposing vertical edges parallel to
the second set of opposing sides of the sensor array;
the CMOS image sensor further comprising bonding
pads, the bonding pads forming two bonding pad
rows, the first bonding pad row being positioned on
the upper face of the sensor die contiguous to one
of the opposing vertical edges of the sensor die, the
second bonding pad row being positioned on the up-
per face of the sensor die contiguous to the second
of the opposing vertical edges of the sensor die.

8. The CMOS image sensor of claim 5, further com-
prising a processing die having a central processing
unit; the processing die being on the memory die.

9. The CMOS image sensor of claim 6, wherein the
processing die includes a central processing unit.

10. The CMOS image sensor of claim 1, wherein the
sensor array is a pixel sensor color imaging array
consisting of pixels arranged in rows and columns;
and wherein the sensor array has an output se-
quence for the pixels captured on the sensor array
to the analog-to-digital conversion module; the out-
put sequence configured to send pixels to the ana-
log-to-digital conversion module column-by-column,
even numbered pixels in a column going to one of
the analog-to-digital conversion submodules to be
converted into digital output, and odd numbered pix-
els in a column going to the other of the analog-to-
digital conversion submodules to be converted into
digital output; the digital output from the two analog-
to-digital conversion submodules being recombined
at an output port of the sensor die.

11. The CMOS image sensor of claim 10, further com-
prising a video sequence converter, the video se-
quence converter being disposed on the lower face
of the sensor die; the video sequence converter hav-
ing a dual port frame buffer, digital logic, and timing
control; the video sequence converter being config-
ured to receive the digital output from the two analog-
to-digital conversion submodules in column-by-col-
umn image format; the video sequence converter
being further configured to output digital images in
row-by-row image format.

12. The CMOS image sensor of claim 11, wherein the
video sequence converter frame buffer includes dig-
ital read out logic to correct geometric distortion.

13. The CMOS image sensor of claim 11, wherein the
video sequence converter is configured to output dig-
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ital images in even and odd rows separately to sup-
port interlace display.

14. The CMOS image sensor of claim 10, further com-
prising a video sequence converter, the video se-
quence having a dual port frame buffer, digital logic,
and timing control; the video sequence converter be-
ing configured to receive the digital output from the
two analog-to-digital conversion submodules in col-
umn-by-column image format; the video sequence
converter being further configured to output digital
images in row-by-row image format; the video se-
quence converter being disposed at a location other
than on the sensor die, the location being selected
from a die electrically connected with through silicon
vias to the sensor die.
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