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is improved and [urthermore, simultaneous shutter operation by all the pixels is made possible, and a method for manufacturing
such semiconductor image sensor module are provided. The semiconductor image sensor module is provided by stacking a first
semiconductor chip, which has an image sensor wherein a plurality of pixels composed of a photoelectric conversion element and a
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(57) Abstract: The present invention provides a CMOS
semiconductor image sensor module which has an
increased pixel aperture ratio while also achieving
better chip wusage efficiency, and moreover enabling
simultaneous shuttering of all pixels; and a method for
manufacturing same. The semiconductor image sensor
module according to the present invention is configured
by stacking: a first semiconductor chip comprising an
image sensor in which are arranged a plurality of
pixels configured by a photoelectric conversion element
and a transistor, and a second semiconductor chip
comprising an A/D converter array. The semiconductor
image sensor module is preferably configured by further
stacking a third semiconductor chip comprising a memory
element array. Furthermore, the semiconductor image
sensor module according to the present invention 1is
configured by stacking the first semiconductor chip
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SPECIFICATION
Semiconductor image sensor module and method for

manufacturing same

Technical Field

[0001]

The present invention relates to a semiconductor image
sensor module and a method for manufacturing same. More
specifically, the present invention relates to a
semiconductor image sensor module which achieves
simultaneous shuttering to respond to a higher shutter
speed, for example, in a digital still camera, a video

camera or a camera-equipped cellular telephone, etc.

Background Art

[0002]

A CMOS image sensor uses a single power source and
consumes less power than a CCD image sensor, and can
also Dbe manufactured by means of a standard CMOS
process, which therefore has the advantage of
simplifying system-on-chip. Because of this advantage,
recent years have seen CMOS image sensors come to be
used in advanced single-lens reflex digital still

cameras and cellular telephones.

[0003]
Fig. 54 and 55 show simplified configurations of a CCD

image sensor and a CMOS image sensor, respectively.

In the CCD image sensor 1 shown in fig. 54, a plurality
of light-receiving sensors (photoelectric conversion
elements) 3 constituting pixels are regularly arranged
in the form of a two-dimensional matrix within an
imaging region 2, for example, vertical transfer
registers 4 having a CCD structure for transferring
signal charges 1in a vertical direction are arranged
correspondingly with each light-receiving sensor column,

a horizontal transfer register 5 having a CCD structure
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which 1s connected to each of the wvertical transfer
registers 4 and transfers the signal charges in a
horizontal direction is further provided, and an output
portion 6 for performing charge-voltage conversion and
outputting the conversion result 1s connected to a
final stage of the horizontal transfer register 5. In
this CCD image sensor 1, light received in the imaging
region 2 is converted to signal charges and accumulated
in each light-receiving sensor 3, and the signal charge
of each light-receiving sensor 3 1is read out to the
vertical transfer registers 4 via a readout gate
portion 7, and transferred in the vertical direction.
Furthermore, signal charges read out from the vertical
transfer registers 4 to the horizontal transfer
register 5 line-by-1line are transferred in the
horizontal direction and converted to voltage signals

and output as imaging signals from the output portion 6.

[0004]

Meanwhile, the CMOS image sensor 11 shown in fig. 55
comprises: an imaging region 13 in which a plurality of
pixels 12 are arranged within an imaging region 12, a
control circuit 14, a vertical drive circuit 15, a
column portion 16, a horizontal drive circuit 17, and
an output circuit 18. In the imaging region 12, the
plurality of pixels 12 are regularly arranged in a two-
dimensional form, for example in the form of a two-
dimensional matrix. Each pixel 12 is formed by a
photoelectric conversion element (e.g., a photodiode),
and a plurality of MOS transistors. The control circuit
14 receives an input clock and data for instructing an
operating mode, etc. and also outputs data including

image sensor information.

In this CMOS image sensor 11, a row of pixels 12 1is
selected by means of a drive pulse from the vertical
drive circuit 15, and outputs of the pixels 12 in the

selected row are sent to the column portion 16 through
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vertical selection lines 21. Column signal processing
circuits 19 are arranged in the column portion 16
correspondingly with the columns of pixels 12 and
receive signals of pixels 12 for one row, these signals
undergoing processing such as CDS (Correlated Double
Sampling: processing to remove fixed-pattern noise),
signal amplification, and analog/digital (AD)
conversion. The column signal processing circuits 19
are then selected in succession by means of the
horizontal drive circuit 17, and signals thereof are
conducted to a horizontal signal line 20 and output as

imaging signals from the output circuit 18.

[0005]

Fig. 56A and B show accumulation timing charts of pixel
rows corresponding to respective scanning lines in the
CCD image sensor 1 and the CMOS image sensor 11. In the
case of the CCD image sensor 1, signal charges are
accumulated in each light-receiving sensor 3 during the
same period, and the signal charges are read out from
the light-receiving sensors 3 to the vertical transfer
register 4 simultaneously for all pixels. That is to
say, as shown in fig. 56A, signal charges of the pixels
in all of the rows are accumulated at the same time in
the accumulation period of a certain frame. As a result,
it 1is possible to achieve simultaneous accumulation,

enabling simultaneous electronic shuttering.

[0006]

In contrast to this, the fundamental method of
operation of the CMOS image sensor 11 means that a
pixel 12 which has output a signal resumes accumulation
of a photoelectrically-converted signal from that point
in time, and therefore the accumulation periods are
shifted in accordance with the scanning timing as seen
in a certain frame period, as shown in fig. 56B. As a
result, simultaneous accumulation cannot be achieved,

SO simultaneous electronic shuttering cannot be
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achieved. That is to say, the CMOS image sensor 11 is
lacking the vertical transfer register for delaying the
transfer timing such as in the CCD image sensor, and
therefore the timing for sending data to the column
signal processing circuits is adjusted by adjusting the
pixel accumulation time 1in accordance with a reset
timing. For this reason, it 1is necessary to shift the
signal charge accumulation periods, and it 1is not
possible to achieve simultaneous shuttering in which
all of the pixels accumulate charges at the same timing

(see page 179 of Non-Patent Document 1).

[0007]

This difference 1is especially apparent when an image
moving at high speed is captured. Fig. 57A and B show
recorded images when a fan rotating at a high speed is
recorded by a CCD image sensor and a CMOS image sensor.
As is clear from the drawings, the fan 25 recorded by
the CCD image sensor 1is recorded normally, but the fan
25 recorded by the CMOS image sensor is recorded with a

distorted shape (see page 180 of Non-Patent Document 1).

[0008]

Non-Patent Document 1: “CCD/CMOS A A— & VDL A
(Fundamentals and Applications of CCD/CMOS Image
Sensors”, pp. 179-180, YONEMOTO, Kazuya, published by
CQ Publishing Co., Ltd., August 10, 2003

[0009]

The configuration shown in fig. 52 and 53 has been
proposed as a measure for capturing an image moving at
high speed with the abovementioned CMOS image sensor.
This CMOS image sensor 31 1is applied to a front-
illuminated CMOS image sensor, and, as shown by the
plane block layout in fig. 52, an imaging region, known
as a photodiode PD/sensor circuit region 32, obtained
by arranging pixels comprising a photodiode, which

constitutes a photoelectric conversion element, and a
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plurality of MOS transistors, is formed in a required
region of one semiconductor chip, and an ADC/memory
region 33 provided with a memory means and a plurality
of analog/digital (AD) conversion circuits connected to
each pixel is formed adjacent to the photodiode

PD/sensor circuit region 32.

[0010]

Fig. 53 shows a cross-sectional structure of a unit
pixel of the CMOS image sensor 31. This example relates
to a front-illuminated CMOS image sensor, in which a p-
type semiconductor well region 36 is formed on an n-
type semiconductor substrate 35, a unit pixel 38
comprising a photodiode PD and a plurality of MOS
transistors Tr is formed in the p-type semiconductor
well region 36 of each region defined by pixel
separation regions 37, a multilayer wiring layer 39
formed with multiple layers, e.g., first-layer wiring
441, second-layer wiring 442, third-layer wiring 443,
is formed on the substrate surface side with interlayer
insulating films 43 interposed, and a color filter 41
and an on-chip microlens 42 are further formed thereon.
The photodiode PD 1is configured by an embedded
photodiode comprising an n-type semiconductor region 46
and a pt semiconductor region 47 constituting a surface
accumulation layer. The MOS transistors Tr constituting
the ©pixels may have a three-transistor structure
comprising, for example, a readout transistor, a reset
transistor, and an amplifying transistor, or may also
have a four-transistor structure with a vertical
selection transistor further added, although these are

not depicted.

[0011]

In this CMOS image sensor 31, after photoelectric
conversion has Dbeen performed Dby the photodiodes,
analog/digital conversion is immediately and

simultaneously performed, and the converted signal 1is
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stored in the memory means as data, after which the
data is successively read out from the memory means. In
this configuration, signal processing 1is performed
after the analog/digital-converted signals have been
temporarily stored in the memory means, and therefore

simultaneous shuttering is enabled.

[0012]

With the CMOS image sensor having the configuration of
fig. 52, however, the photodiode PD/sensor circuit
region 32 and the ADC/memory region 33 are present
within a single semiconductor chip, and therefore when
the number of pixels is increased to achieve higher
resolution, the opening surface area of the unit pixels,
i.e., minute pixels, becomes smaller so that high
sensitivity cannot be achieved. The chip usage
efficiency then deteriorates, there is an increase in

the surface area, and higher costs cannot be avoided.

Disclosure of the Invention

[0013]

The present invention provides a CMOS semiconductor
image sensor module which has an increased pixel
aperture ratio while also achieving better chip usage
efficiency, and moreover enabling simultaneous
shuttering of all pixels; and a method for

manufacturing same.

[0014]

The semiconductor image sensor module according to the
present invention is characterized by being configured
by stacking: a first semiconductor chip comprising an
image sensor 1in which a plurality of pixels are
regularly arranged, and each of the pixels 1is
configured by a photoelectric conversion element and a
transistor; and a second semiconductor chip comprising
an analog/digital converter array which comprises a

plurality of analog/digital converters.
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[0015]

In a preferred mode of the present invention, the
abovementioned semiconductor image sensor module is
configured Dby further stacking a third semiconductor
chip comprising a memory element array which comprises

at least a decoder and a sense amplifier.

[0016]

In a preferred mode of the present invention, the first
and second semiconductor chips are arranged in
proximity to the third semiconductor chip so that a
plurality of photoelectric conversion elements and a
plurality of memory elements share a single

analog/digital converter.

[0017]

The memory element may be configured by a volatile
memory, a floating-gate non-volatile memory, a MONOS
non-volatile memory, or a multivalued non-volatile

memory, etc.

The memory element array may have a configuration in
which a memory bit for parity checking is provided in
the memory element array. The memory element array may
have a configuration in which a spare bit for defect

recovery is provided in the memory element array.

[0018]

A semiconductor image sensor module according to the
present invention is characterized by being configured
by stacking: a first semiconductor chip comprising an
image sensor 1in which a plurality of pixels are
regularly arranged, and each of the pixels 1is
configured by a photoelectric conversion element and a
transistor; and a fourth semiconductor chip comprising
an analog non-volatile memory array which comprises a

plurality of analog non-volatile memories, an amount of
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information commensurate with an accumulated charge
amount being stored by means of the analog non-volatile

memories.

[0019]

A method for manufacturing a semiconductor image sensor
module according to the present invention is
characterized by comprising: a step of forming a first
semiconductor chip comprising an image sensor in which
a plurality of pixels, each of which is configured by a
photoelectric conversion element and a transistor, are
regularly arranged in a two-dimensional form; a step of
forming a second semiconductor chip comprising an
analog/digital converter array which comprises a
plurality of analog/digital converters; and a step of
stacking the first semiconductor chip and the second
semiconductor chip and connecting the pixels of the
image sensor with the analog/digital converters. 1In
this connection step, the pixels of the image sensor of
the first semiconductor chip and the analog/digital
converters of the second semiconductor chip are bonded,
with the analog/digital converters facing downward, by
means of bumps, or the pixels and the analog/digital
converters are connected by via-holes penetrating a

wafer vertically in relation to an LSI chip plane.

[0020]

A preferred mode of the method for manufacturing a
semiconductor image sensor module of the present
invention, which is in accordance with the
abovementioned method for manufacturing a semiconductor
image sensor module, comprises a step of forming a
third semiconductor chip having a memory element array
comprising at least a decoder and a sense amplifier;
and a step of stacking the first semiconductor chip,
the second semiconductor chip and the third
semiconductor chip, and connecting the pixels of the

image sensor with the memory wvia the analog/digital
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converters. In this connection step, the pixels of the
image sensor of the first semiconductor chip are
connected with the memory of the third semiconductor
chip via the analog/digital converters of the second
semiconductor chip by means of via-holes penetrating

the wafer perpendicular to a wafer plane.

[0021]

A method for manufacturing a semiconductor image sensor
module according to the present invention is
characterized by comprising: a step of forming a first
semiconductor chip comprising an image sensor in which
a plurality of pixels, each of which is configured by a
photoelectric conversion element and a transistor, are
regularly arranged in a two-dimensional form; a step of
forming a fourth semiconductor chip comprising an
analog non-volatile memory array which comprises a
plurality of analog non-volatile memories; and a step
of stacking the first semiconductor chip and the fourth
semiconductor chip and connecting the pixels of the

image sensor with the analog non-volatile memories.

[0022]

The semiconductor image sensor module according to the
present invention is configured by stacking: the first
semiconductor chip comprising an image sensor in which
the pixels are configured by a photoelectric conversion
element and a transistor; and the second semiconductor
chip comprising an analog/digital converter array which
comprises a plurality of analog/digital converters, and
therefore a large proportion of the first semiconductor
chip can be formed as a pixel region, so the aperture
ratio of the photoelectric conversion elements can be
increased, and the chip wutilization <rate can Dbe
improved. Furthermore, Dby providing a semiconductor
chip having a memory element array comprising a
plurality of memory elements, the pixel signals from

the first semiconductor chip can Dbe subjected to
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analog/digital conversion by the second semiconductor

chip in a short time and temporarily

memory element array,

be performed,

stored in the

after which signal processing can

so simultaneous shuttering of the pixels

can be achieved.

[0023]
By employing

semiconductor

a configuration in which the third

chip, comprising a memory element array

which comprises at least

amplifier, is further

a decoder
stacked with

and a sense

the first

semiconductor chip comprising an image sensor in which

the pixels are configured by a photoelectric conversion

element and a

transistor, and the second semiconductor

chip comprising an analog/digital converter array which

comprises a plurality of analog/digital converters, it

is possible to obtain a single unified device, and it

is also possible to achieve an increased aperture ratio

of the photoelectric conversion elements,

utilization rate,

all pixels.

[0024]

By employing a configuration

a better chip

and also simultaneous shuttering of

in which the first and

third semiconductor chips are arranged in proximity to

the second semiconductor chip so that a plurality of

photoelectric conversion elements and a

plurality of

memory elements share a single analog/digital converter,

the signals

from the ©plurality of

conversion elements can

analog/digital

conversion

photoelectric

be subjected to serial

by the

analog/digital

converters, and the signals can be stored in the memory

elements 1in a

short time,

and simultaneous shuttering

of all pixels can be achieved.

[0025]

By configuring the

according to

the present

semiconductor image

invention by

sensor module

stacking the
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first semiconductor chip comprising an image sensor in
which the pixels are configured by a photoelectric
conversion element and a transistor, and the fourth
semiconductor chip comprising an analog non-volatile
memory array, a large ©proportion of the first
semiconductor chip can be formed as a pixel region, so
the aperture ratio of the photoelectric conversion
elements can be increased, and the chip wutilization
rate can also be improved. Furthermore, the pixel
signals from the first semiconductor chip can be
temporarily stored in analog non-volatile memory cells
and then subjected to signal processing, Yo}

simultaneous shuttering of the pixels can be achieved.

[0026]

The method for manufacturing a semiconductor image
sensor module of the present invention makes it
possible to manufacture a semiconductor image sensor
module comprising a CMOS image sensor that has an
increased aperture ratio of photoelectric conversion
elements, a better chip utilization rate, and also

enables simultaneous shuttering of all pixels.

Brief Description of the Drawings

[0027]

[Fig. 1] is a schematic configuration diagram showing a
first embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 2] 1s a main-part view 1in cross section of a
back-illuminated CMOS image sensor applied to the
present invention.

[Fig. 3] 1is a main-part schematic oblique view of the
embodiment in fig. 1.

[Fig. 4] is a block configuration diagram to illustrate
data transfer in the first embodiment.

[Fig. 5] 1s an overall block diagram of the first

embodiment.
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[Fig. 6] is a schematic configuration diagram showing a
second embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 7] 1is a schematic wview in cross section of a
multivalued non-volatile memory (variable-resistance
multivalued memory) according to the second embodiment.
[Fig. 8] is a circuit diagram of a multivalued memory.
[Fig. 9] is an explanatory diagram of pulse application
in the case of a binary variable-resistance memory.
[Fig. 10] is a voltage-current characteristics diagram
in the case of a binary variable-resistance memory.
[Fig. 11] is a connection wiring diagram of a memory
array.

[Fig. 12] 1is an explanatory diagram of a “0” writing
operation.

[Fig. 13] 1is an explanatory diagram of a “1” writing
operation.

[Fig. 14] is an explanatory diagram of a readout
operation.

[Fig. 15] is a current-voltage characteristics diagram
of the multivalued memory.

[Fig. 16] 1is a program diagram to illustrate the
multivalued memory.

[Fig. 17] is an explanatory diagram of a plurality of
pulse programs in the multivalued memory in an ideal
case.

[Fig. 18] 1s a schematic configuration diagram of a
floating-gate non-volatile memory.

[Fig. 19] is an explanatory diagram to illustrate cell
array connection wiring, a writing operation, and an
erasure operation 1in a typical floating-gate non-
volatile memory.

[Fig. 20] 1s a schematic configuration diagram of a
MONOS non-volatile memory.

[Fig. 21] is an explanatory diagram to illustrate cell
array connection wiring, a writing operation, and an

erasure operation in a MONOS memory.
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[Fig. 22] 1is a schematic configuration diagram showing
a third embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 23] is a memory cell <circuit diagram in a
switched-capacitor analog memory.

[Fig. 24] is a schematic configuration diagram of the
switched-capacitor analog memory.

[Fig. 25] 1is a connection wiring diagram of the
switched-capacitor analog memory.

[Fig. 26] A-C are manufacturing process diagrams
showing an embodiment of a method for manufacturing a
semiconductor 1image sensor module according to the
present invention.

[Fig. 27] A and B are each schematic configuration
diagrams showing a fourth embodiment of the
semiconductor image sensor module according to the
present invention.

[Fig. 28] A and B are each schematic configuration
diagrams showing a fifth embodiment of the
semiconductor 1image sensor module according to the
present invention.

[Fig. 29] A and B are each schematic configuration
diagrams showing a sixth embodiment of the
semiconductor 1image sensor module according to the
present invention.

[Fig. 30] A and B are each schematic configuration
diagrams showing a seventh embodiment of the
semiconductor image sensor module according to the
present invention.

[Fig. 31] A and B are each schematic configuration
diagrams showing an eighth embodiment of the
semiconductor image sensor module according to the
present invention.

[Fig. 32] A and B are schematic configuration diagrams
showing a ninth embodiment of the semiconductor image
sensor module according to the ©present invention,

together with the manufacturing method.
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[Fig. 33] A and B are manufacturing process diagrams
showing the method for manufacturing the semiconductor
image sensor module of fig. 31A according to the eighth
embodiment.

[Fig. 34] A and B are manufacturing process diagrams
showing the method for manufacturing the semiconductor
image sensor module of fig. 31B according to the eighth
embodiment.

[Fig. 35] A and B are schematic configuration diagrams
showing a 10t" embodiment of the semiconductor image
sensor module according to the present invention,
together with the manufacturing method.

[Fig. 36] A and B are schematic configuration diagrams
showing an 11t embodiment of the semiconductor image
sensor module according to the ©present invention,
together with the manufacturing method.

[Fig. 37] A and B are schematic configuration diagrams
showing a 12th embodiment of the semiconductor image
sensor module according to the present invention,
together with the manufacturing method.

[Fig. 38] 1is a pixel equivalent circuit diagram to
illustrate a 13th embodiment of the semiconductor image
sensor module according to the present invention.

[Fig. 39] 1is a schematic configuration diagram showing
a 14th embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 40] 1is a block diagram showing a 15" embodiment
of the semiconductor image sensor module according to
the present invention.

[Fig. 41] is a timing chart to illustrate operation of
the semiconductor image sensor module according to the
15t embodiment.

[Fig. 42] 1is a schematic view in cross section showing
a 1loth embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 43] 1is a block diagram showing the configuration
of the semiconductor image sensor module according to

the 16th embodiment of the present invention.
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[Fig. 44] 1is an equivalent circuit diagram showing the
configuration of a pixel in a CMOS solid-state imaging
element according to the 16" embodiment of the present
invention.

[Fig. 45] A-C are views 1in cross section (1/3) showing
the steps for manufacturing a Dback-illuminated CMOS
solid-state 1imaging element according to the 1le6th
embodiment of the present invention.

[Fig. 46] A and B are views 1in cross section (2/3)
showing the steps for manufacturing the back-
illuminated CMOS solid-state imaging element according
to the 16" embodiment of the present invention.

[Fig. 47] A and B are views in cross section (3/3)
showing the steps for manufacturing the back-
illuminated CMOS solid-state imaging element according
to the 16th embodiment of the present invention.

[Fig. 48] 1is a schematic view in cross section showing
a 17th embodiment of the semiconductor image sensor
module according to the present invention.

[Fig. 49] A-C are views 1in cross section (1/3) showing
the steps for manufacturing a Dback-illuminated CMOS
solid-state 1imaging element according to the 17tk
embodiment of the present invention.

[Fig. 50] A and B are views in cross section (2/3)
showing the steps for manufacturing the back-
illuminated CMOS solid-state imaging element according
to the 17th embodiment of the present invention.

[Fig. 51] A and B are views 1in cross section (3/3)
showing the steps for manufacturing the back-
illuminated CMOS solid-state imaging element according
to the 17th embodiment of the present invention.

[Fig. 52] 1s a schematic planar layout diagram of a
semiconductor 1image sensor module according to the
prior art.

[Fig. 53] 1s a main-part view in cross section of a
front-illuminated CMOS image sensor.

[Fig. 54] is a schematic configuration diagram of a CCD

image sensor.
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[Fig. 55] 1s a schematic configuration diagram of a
CMOS image sensor.

[Fig. 56] A and B are accumulation timing charts for
the CCD image sensor and the CMOS image sensor.

[Fig. 57] A and B are explanatory diagrams showing the
difference between recorded images from high-speed
imaging using the CCD image sensor and the CMOS image

Sensor.

Preferred Embodiments of the Invention
[0028]
Embodiments of the present invention will be described

below with reference to the drawings.

[0029]

Fig. 1 shows the schematic configuration of a first
embodiment of a semiconductor image sensor module
according to the present invention. A semiconductor
image sensor module 51 according to an embodiment of
the present invention 1is configured by stacking: a
first semiconductor chip 52 comprising an image sensor
in which a plurality of pixels are regularly arranged,
and each of the pixels is configured by a photoelectric
conversion element and a transistor; a second
semiconductor chip 53 comprising an analog/digital
converter array (what 1s known as an analog/digital
conversion circuit) which comprises a plurality of
analog/digital converters; and a third semiconductor
chip 54 comprising a memory element array which

comprises at least a decoder and a sense amplifier.

[0030]

In this example, the 1image sensor of the first
semiconductor chip 52 is configured by what is known as
a back-illuminated CMOS image sensor, 1n which a
transistor-forming region 56, where transistors
constituting a unit pixel are formed, is formed on a

chip front surface side, and a photodiode-forming
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region 57 is formed on a chip back surface side, the
photodiode-forming region 57 having an incident face on
which light L falls incident and comprising a plurality
of photodiodes <constituting photoelectric conversion
elements which are arranged regularly in a two-
dimensional form, for example in the form of a two-

dimensional matrix.

[0031]

Fig. 2 shows an example of a unit pixel in the back-
illuminated CMOS image sensor. In a back-illuminated
CMOS image sensor 60 of this example, pixel separation
regions 62 are formed in an imaging region 59 of a
thinned semiconductor substrate, e.g., an n-type
silicon substrate 61, and a plurality of MOS
transistors Tr comprising an n-type source/drain region
64, a gate insulating film 65 and a gate electrode 66,
are formed in a p-type semiconductor well region 63 of
each pixel region defined by the pixel separation
regions 62. The plurality of MOS transistors Tr are
what are known as sensor transistors afforded by an
amplifying transistor and an XY selection switching
transistor, etc., and are formed on the substrate front
surface side. The plurality of transistors Tr may be
configured by, for example, three transistors
comprising a readout transistor having a source/drain
region forming a floating diffusion region FD, a reset
transistor and an amplifying transistor, or by four
transistors, with a vertical selection transistor
further added to the three transistors above. A
multilayer wiring layer 78 in which multilayer wiring
77 is formed with interlayer insulating films 76
interposed 1s formed on the substrate front surface
side. A reinforcing support substrate 79 afforded by a
silicon substrate or the like, for example, 1is further

bonded over the multilayer wiring layer 78.
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A photodiode PD is formed by means of: an nt+ charge
accumulation region 68a and an n-type semiconductor
region 68b; and P+ semiconductor regions 69
constituting accumulation layers, for suppressing dark
current, formed on both front and back surfaces of the
substrate. A color filter 72 is then formed on the
substrate back surface side with a passivation film 71
interposed, and an on-chip microlens 73 corresponding
to each pixel is further formed on the color filter 72.
The imaging region 59 is what is known as a photodiode

PD/sensor circuit region.

[0032]

Meanwhile, a ©plurality of analog/digital converter
arrays comprising a plurality of analog/digital
converters are arranged in a two-dimensional form in

the second semiconductor chip 53.

[0033]

A memory array, in which a plurality of memory element
sub-arrays comprising memory elements are arranged in a
two-dimensional form, are formed in the third
semiconductor chip 54. The memory element sub-arrays
comprise a decoder and a sense amplifier. Each memory
element sub-array is formed as a memory array block
comprising the plurality of memory elements and being
provided with the decoder and the sense amplifier so as
to correspond to each pixel array block in which a
plurality of pixels are assembled as a set, as will be

described later.

Examples of memory elements which may be used include a
volatile memory, typically a DRAM or SRAM, a floating-
gate non-volatile memory, and a MONOS non-volatile

memory, etc.

[0034]
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Fig. 18 and 19 show a schematic configuration of a
floating-gate non-volatile memory. As shown in fig. 18,
the floating-gate non-volatile memory 101 has a
configuration in which a source region 103 and a drain
region 104 are formed on a semiconductor substrate 102,
and a floating gate 105 and a control gate 106 are
formed with a gate insulation film interposed. Fig. 19
shows a cell array connection wiring diagram, a writing
operation, and an erasure operation in typical NAND-,
NOR- and AND-type flash memories. In the NAND type,
contact of bit lines and single cells can be omitted,
so a minimum cell size of 4F2 (F is 1/2 of the minimum
pitch determined by a design rule) can ideally be
achieved. Writing is based on channel FN tunneling
(Fowler-Nordheim Tunneling), and erasure 1is based on
substrate FN tunneling emission. The NOR type enables
high-speed random access and writing is based on CHE
(Channel Hot Electron), with erasure being based on FN
tunneling emission to a source terminal. Writing in the
AND type is based on drain terminal FN tunneling, and
reading 1is based on channel FN tunneling. The writing
speed in a NAND-type flash memory is slow at 25-50 us,
but high-speed data transfer in GBPS (gigabytes/sec) 1is
possible Dby performing ©processing with increased

parallelism, as shown in fig. 4 and 5.

[0035]

Fig. 20 and 21 show a schematic configuration of a
MONOS non-volatile memory. As shown in fig. 20, a MONOS
non-volatile memory 111 has a configuration in which a
source region 113 and a drain region 114 are formed on
a semiconductor substrate 112, and a tunnel oxide film
115, a Si3N4 charge trapping layer 116, a top oxide
film 117, and a gate polyelectrode 118 are formed in
succession. Fig. 21 shows a cell array connection
wiring diagram, a writing operation, and an erasure
operation in the MONOS memory. A program is implemented

by injecting hot electrons into the charge trapping
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layer 116 by CHE, and by varying a threshold. Erasure
is performed by hot hole injection or withdrawal

afforded by FN tunneling.

[0036]

The first semiconductor chip 52 comprising the CMOS
image sensor 60 and the second semiconductor chip 53
comprising the analog/digital converter array are
stacked so that the front surface side opposite a
light-incident side of the first semiconductor chip 52
faces the second semiconductor chip 53, and connection
pads 81, 82 thereof are electrically connected by way
of conductive connectors, e.g. bumps 83. Furthermore,
the second semiconductor chip 53 comprising the
analog/digital converter array and the third
semiconductor chip 54 comprising the memory element
array stacked thereon are bonded fe) that the
analog/digital converters and the memory elements are
electrically connected by way of via-contact portions

84 penetrating the second semiconductor chip 53.

[0037]

An analog/digital converter normally requires a layout
surface area 50 to 100 times that of the surface area
of one pixel. This embodiment is therefore configured
so that one analog/digital converter <collectively
processes the number of pixels in the layout surface
area of one analog/digital converter. This embodiment
is further configured so that data for a plurality of
pixels 1s saved in the memory elements of the third
semiconductor chip 54 stacked thereon. The amount of
data per pixel 1is normally 10-14 bits, so the memory
element array which 1is provided has a number of bits
corresponding to the number of corresponding pixels
directly above one analog/digital converter multiplied
by the number of memory elements, the memory elements
being capable of storing an amount of information for

one pixel.
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[0038]

Fig. 3 is a schematic oblique view showing a
relationship of one pixel array block comprising the
plurality of pixels, one analog/digital converter, and
one memory element sub-array (i.e., a memory array
block) comprising a plurality of memory elements for
storing data corresponding to the number of pixels in
the pixel array block. The first semiconductor chip 52
constituting the image sensor, the second semiconductor
chip 53 constituting the analog/digital converter array,
and the third semiconductor chip 54 constituting the
memory element array are stacked and are connected to
each other so that one analog/digital converter 87
corresponds to one pixel array block 86 comprising a
plurality of pixels, and so that one memory element
sub-array (memory array block) 88 comprising a
plurality of memory elements capable of storing
information of the pixel array block 86 corresponds to

this one analog/digital converter 87.

[0039]

Fig. 4 shows an example of data transfer in one pixel
array block 86. In this example, the pixel array block
86 comprising 64 (= 8x8) pixels 86a corresponds to one
analog/digital converter (ADC) 87. Image data 1is
serially transferred from the pixel array block 86 to
the analog/digital converter 87. Data 1s serially
written to the memory, being written from the
analog/digital converter 87 to the memory array block
88 at a bus width commensurate with the resolution. In
this example, one pixel data item is converted to 12
bits and written to the memory array block 88. The
memory array block 88 comprises a sense amplifier 93,
and a decoder 94 (X decoder 94X, Y decoder 94Y) for
selecting the pixels 86a. For reasons of chip surface
area efficiency, the number of pixels processed by one

analog/digital converter 87 is preferably selected so
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that the surface area of the analog/digital converter
87 1is comparable with the surface area of the pixel
array block 86 because the analog/digital converter 87
is arranged on the sensor, and so that the memory array
block 88 also has a comparable size Dbecause 1t 1is
arranged on the analog/digital converter 87.
Furthermore, the memory array block 88 is arranged on
the analog/digital converter 87. The positional
relationship of the pixel array block 86, the
analog/digital converter 87, and the memory array block
88 need not necessarily be such that they are arranged
directly one over another, and it is sufficient for

signal wiring extraction portions to be overlapping.

[0040]

Fig. 5 1s an overall Dblock diagram. The following
elements are provided: a pixel array 121 in which a
plurality of 64-pixel array blocks 86 are arranged; an
analog/digital converter array 122 in which a plurality
of analog/digital converter arrays, which comprise a
plurality of analog/digital converters 87, are arranged
two-dimensionally so that one analog/digital converter
87 corresponds to each pixel array block 86; a memory
array 123 in which a plurality of memory array blocks
88 are two-dimensionally arranged; and a digital signal
processor 124. The pixel array 121, analog/digital
converter array 122, memory array 123, and digital
signal processor 124 are controlled by means of a
control circuit 125. In this block diagram, data of
each pixel in each 64 (= 8x8) pixel array block 86 in
the pixel array 121 1is serially transferred to one
analog/digital converter 87, and pixel data in each
pixel array block 86 1is furthermore transferred in
parallel to each corresponding analog/digital converter
87 in the analog/digital converter array 122. The data
transferred to the analog/digital converter array 122
is written to the memory array 123 with one pixel data

item being converted to 12 bits in this example, and
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with parallel processing of the number of
analog/digital converters x12 Dbits. The data 1in the
memory array 123 1is processed by the digital signal
processor 124. The data of all pixels or of the number
of pixels in one block is thus transferred in parallel,

so the system enables a very high-speed of transfer.

[0041]

In this embodiment, the memory element array (memory
array block) 88 is around 500-1 kbit and comprises a
readout circuit (sense amplifier), a writing circuit
and a decoder. For example, if the size of the pixel is
2 pm? and the analog/digital converter 87 is 100 um?,
then 50 pixels are processed by one analog/digital
converter 87, and the size of the memory element array
thereon should be a size including a decoder of 50x10-
14 bits. If the maximum amount of information is 14
bits and the cell occupancy in the memory array block
is 60%, then the memory cell surface area is 0.01 um?,
which can be realized by the cell size of a 90 nm

generation DRAM.

[0042]

The back surface side of the first semiconductor chip
52 is for the most part mainly formed as an array of
photodiodes PD, so adequate opening properties, i.e.,
an adequate aperture ratio, can be achieved in terms of
the photodiodes PD. Furthermore, it is also possible to
produce minute pixels on the other hand, because an

adequate aperture ratio is achieved.

[0043]

Signals which have undergone analog/digital conversion
are temporarily stored in the memory element cells. In
the case of serial access using a DRAM, for example,
the writing time to the memory elements can achieve
transfer of us order, which is sufficiently short in

relation to the accumulation time of the photodiodes PD
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and simultaneous shuttering of all pixels can be

achieved as a result.

[0044]
As shown in fig. 3, a bit 89 for parity checking and a
redundant bit 90 for defect recovery may be provided

within the memory element sub-array 88.

[0045]

The semiconductor image sensor module 51 according to
the first embodiment is integrated by stacking: the
first semiconductor chip 52 comprising the Dback-
illuminated CMOS image sensor 60, the second
semiconductor chip 53 comprising the analog/digital
converter array which comprises the plurality of
analog/digital converters 87, and the third
semiconductor <chip 54 comprising the memory element
array, 1i.e., the memory array (memory element array) in
which the ©plurality of memory element sub-arrays
(memory array block) 88 are arranged 1in a two-
dimensional form, whereby it is possible to
sufficiently increase the surface area of the
photodiodes PD on the Dback surface side, 1i.e., the
aperture ratio of the pixels. By this means, it is
possible to produce minute pixels commensurate with
shrinking of an optical system, and it is also possible
to achieve low noise comparable with a CCD image sensor.
In particular, minute pixels having a large aperture
ratio can also be produced, so a high-resolution
semiconductor image sensor module can be obtained.
Furthermore, the semiconductor image sensor module 1is
configured so that the pixel array 86 comprising a
plurality of pixels and the memory element array 88
comprising a plurality of memory elements share a
single analog/digital converter 87, signals from the
pixel array 86 which have undergone analog/digital
conversion in a short time are stored in the memory

element array 88, and then signal ©processing 1is
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performed, so simultaneous shuttering of all pixels can
be performed. Accordingly, it is possible to provide a
CMOS image sensor module having a high-resolution and
enabling simultaneous electronic shuttering. The CMOS
image sensor module according to this embodiment may be
suitably applied to an advanced single-lens reflex
digital still camera and a cellular telephone, etc.,

for example.

[0046]

In the first embodiment, the first, second and third
semiconductor chips 52, 53 and 54 were stacked, but, in
addition to this, it 1is also possible to configure a
semiconductor 1image sensor module, for example, by
stacking the first semiconductor chip 52 constituting
the CMOS image sensor and the second semiconductor chip
53 constituting the analog/digital converter array, and
then, rather than stacking the third semiconductor chip
54 comprising the memory element array, arranging the
third semiconductor chip 54 within a required substrate
or package together with the stack comprising the first
and second semiconductor chips 52, 53, and connecting
the second semiconductor chip 53 and the third

semiconductor chip 54 by way of external wiring.

[0047]

Fig. 6 shows the schematic configuration of a second
embodiment of the semiconductor image sensor module
according to the present invention. A semiconductor
image sensor module 99 according to this embodiment is
configured, in the same way as described above, by
stacking: the first semiconductor chip 52 comprising
the CMOS image sensor 60 having a plurality of pixels
which are regularly arranged, and being configured by
the photodiode-forming region 57 and the transistor-
forming region 56 constituting the pixels; the second
semiconductor chip 53 comprising the analog/digital

converter array which comprises the plurality of
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analog/digital converters; and the third semiconductor
chip 54 comprising the memory element array which

comprises at least the decoder and the sense amplifier.

[0048]

This embodiment is configured by forming a multivalued
non-volatile memory (referred to below as a multivalued
memory) as the memory element of the third
semiconductor chip 54. The non-volatile —resistive
random-access memory (RRAM) afforded by a thin film
having giant magnetoresistance, published on pp. 193-
196 of the IEDM Technical Digest (2002) may be used as

this multivalued memory, for example.

[0049]
An example of this RRAM (Resistance RAM) is illustrated
in fig. 7 (cross-sectional structure) and fig. 8-17

(programming) .

Fig. 8 shows a characteristics evaluation circuit of a
simple element. Fig. 9 shows a pulse application

diagram, and fig. 10 shows a voltage-current diagram.

As shown in fig. 7, in this RRAM, 1i.e., variable-
resistance multivalued memory element, element
separation regions 173 are formed on a silicon
substrate 172, and first, second and third source/drain
regions 174, 175 and 176 are formed on the substrate
172 defined by the element separation regions 173. A
first MOS transistor Trl is formed by the first and
second source/drain regions 174 and 175 and a gate
electrode (known as a word 1line) 177 formed with an
insulating film interposed. Furthermore, a second MOS
transistor Tr2 1is formed by the second and third
source/drain regions 175 and 176 and a gate electrode
(known as a word line) 178 formed with an insulating
film interposed. A sense line 181 1is connected to the

second source/drain region 175 by way of a conduction
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plug 179 penetrating an interlayer insulating film.
Meanwhile, variable-resistance multivalued memory
elements 182 and 183 are connected to the first and
third source/drain regions 174 and 176 by way of
respective conduction plugs 179. The other terminals of
the variable-resistance multivalued memory elements 182
and 183 have a bit 1line 180 connected thereto. An
SrZzr03:Cr-based material may be used for the memory
elements 182 and 183, for example. The memory material
may also be PCMO (Pr0.7Ca0.3Mn0O3) or a material in
which Cu or Ag has been added to chalcogenide, etc. Pt
electrodes 185, 186 are formed above and below the
memory material 184, and the memory elements 182, 183
are thereby formed. One memory element and one MOS
transistor constitute one bit. Memory elements for two
bits are constructed in fig. 7, and these share the
sense line. Fig. 8 shows the circuit of a single memory

element.

[0050]
The case of a binary variable-resistance memory will be

considered first of all.

A pulse voltage is applied to the memory element as
shown in fig. 9. A switching voltage threshold wvaries
according to the material and film thickness. In fig. 9,
the threshold wvoltage is +-0.7 V. The description given
here will assume that the absolute wvalues of the
threshold voltages for “0” writing and for “1” writing
are equal, although this is often not actually the case.
When the pulse wvoltage 1increases to or above the
threshold, the resistance value changes (425, 10>11:
(see fig. 10)). For an actual readout operation, a
voltage lower than the threshold is applied and “0” or
“1” is determined from the current which flows. In many
cases, an 1intermediate resistance Dbetween the “0”
resistance value and the “1” resistance value 1is

produced, and “0” or “1” 1is determined by comparing
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this resistance with the memory resistance. Fig. 11
shows a wiring connection diagram of the memory array.
Fig. 12 shows an explanatory diagram of the “0” writing
operation. When “0” (high resistance) is written to a
“1” (low resistance) bit, the word line of a selection
cell is turned ON, and “0” writing is performed by
applying a pulse voltage to the bit 1line so that a
voltage equal to or greater than the threshold voltage

is applied to the memory cell.

[0051]

“1” writing (Reset) will be described with the aid of
fig. 13. The word 1line of the “1” writing operation
selection cell 1is turned ON, and a pulse voltage 1is
applied between the sense line and bit line so that a
voltage equal to or greater than the threshold voltage
is applied to the memory element to perform “1” writing.
Fig. 14 illustrates the readout operation. A voltage
sufficiently lower than the threshold voltage 1is
applied to the memory element between the sense line
and the bit line, the current thereof is converted to a
voltage, and this is compared with the current flowing
at an intermediate resistance (reference) to determine

\\1// or \\OII.

[0052]

Fig. 15 is a current-voltage characteristics example of
a multivalued memory having four thresholds. In the
example of the current-voltage characteristics in fig.
15 where there are multiple thresholds in the case of a
multivalued memory, readout at VO, V1’, Vv2’, V3’ 1is
performed at a voltage lower than V1 (Vread in the
drawing). In the case of a writing operation to a
higher level than the previous level, level 2 writing
is performed at a voltage between V1 and V2, level 3
writing 1is performed at a voltage between V2 and V3,
and level 4 writing is performed at a voltage equal to

or greater than V3. Furthermore, in the case of writing
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to a lower level than the previous state, 1level 3
writing is performed at a voltage between V3’ and V2',
level 2 writing is performed at a voltage between V2’
and V1’, and level 1 writing is performed at a voltage
between V1’ and V0. Readout is performed by comparing
magnitudes generated at each level with the
intermediate resistance. Multiple values can be
controlled by controlling a bias voltage from outside
of the memory array, so the actual cell array circuit
is the same as for binary wvalues (see fig. 11). The
multivalued memory can also be realized by wvarying the

writing pulse.

[0053]

Fig. 16 shows the results of actual measurements by the
IEDM (International Electron Device Meeting). An ideal
case will be described with the aid of fig. 17. The
element resistance changes stepwise according to the
number of program pulses, as depicted. A reset 1is
performed by applying a pulse in the opposite direction.
For the readout, a voltage sufficiently lower than a
program voltage is applied and the resistance value 1is
detected. In this case also, the cell array circuit is

the same as in fig. 11.

[0054]

In this way, the RRAM can record 1if the number of
memory writing pulses 1is adjusted in accordance with
the accumulated charge amount in the photodiode PD.
Furthermore, the readout may be performed by causing a
current to flow to the memory and detecting a
difference in the resistance value (voltage). If the
amount of data per pixel is x and an n-value memory is
used, the number of memory bits y constituting the
memory cell per pixel 1s the nth root of x, and the
number of memory bits in the memory array block can be

reduced.
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In fig. 6, the rest of the configuration is the same as
that of the first embodiment described above, so the
same reference numbers are applied to corresponding

elements and a further description will not be given.

[0056]

In the CMOS image sensor module 99 according to the
second embodiment, the non-volatile multivalued memory
is used for the memory elements constituting the memory
element array of the third semiconductor chip, whereby
the number of memory elements recording information
corresponding to one pixel is considerably reduced. In
the same way as in the first embodiment, the Dback
surface side is for the most part mainly formed as an
array of photodiodes PD, so an adequate aperture ratio
of the photodiodes PD can be achieved and it is also
possible to produce minute pixels. Signals which have
undergone analog/digital conversion are temporarily
stored in the memory element cells. The writing time to
the memory elements can achieve transfer of ps order if
serial access 1s performed, and therefore the writing
time is sufficiently short in relation to the
accumulation time of the photodiodes PD and
simultaneous shuttering of all pixels can be achieved.
Accordingly, it is possible to provide a CMOS image
sensor module having a high-resolution and enabling

simultaneous electronic shuttering.

[0057]

Fig. 22 shows the schematic configuration of a third
embodiment of the semiconductor 1image sensor module
according to the present invention. A semiconductor
image sensor module 100 according to this embodiment is
configured by stacking: the first semiconductor chip 52
comprising the same CMOS image sensor 60 as above
having a plurality of pixels which are regularly

arranged, and Dbeing configured by the photodiode-
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forming region 57 and the transistor-forming region 56
constituting the pixels; and a fourth semiconductor

chip 55 obtained by forming a memory element array.

[0058]

This embodiment has a configuration in which the memory
elements constituting the memory element array of the
fourth semiconductor chip 55 are formed by an analog
non-volatile memory, which 1is typically a switched-
capacitor memory, for example. In this analog non-
volatile memory, for example, a switched-capacitor
memory, a potential commensurate with the charge amount
accumulated in the photoresist PD of the pixels 1is
generated by means of an amplifier, and the accumulated
charge amount of the capacitor is controlled in
accordance with this potential. The charge accumulated
in the capacitor is proportional to a signal charge
amplified by the amplifier. In this case, the number of
memory elements should correspond to the number of

pixels.

[0059]

Fig. 23 shows a memory cell circuit diagram employing a
switched <capacitor. This memory cell circuit 130
comprises: a memory capacitor 131, a writing switch 132,
a writing dummy switch 133, a writing D-type flip-flop
134, a readout switch 135, and a readout D-type flip-
flop 136. The switches 132, 133, 135 are configured by
an NMOS transistor Trn and a PMOS transistor Trp. That
is to say, the switches are configured by CMOS
transistors. For writing 1in this switched-capacitor
analog memory, when a Q output of the writing D-type
flip-flop 134 1is at a high level (High), the writing
switch 132 is turned ON, and the memory capacitor 131
is charged so as to reach a voltage between Vin-Vc. For
reading out, when the output Q of the readout D-type
flip-flop 136 is at a high level (High), the readout

switch 135 (what is known as a CMOS pass transistor) is
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turned ON and output exits. An amplifier may be
introduced at a stage after this. Data in the switched-
capacitor analog memory is transferred to the

analog/digital converter (ADC).

[0060]

Fig. 24 shows an example of the cross-sectional
structure of a switched capacitor. The drawing shows
the parts of the memory capacitor and the readout
switch. Element separation regions 142 are formed on a
p-type semiconductor substrate 141, and an n-type
source region 143 and drain region 144 are formed on
the substrate 141 defined by the element separation
regions 142, and a gate electrode 145 employing single-
layer polysilicon 1is also formed thereon with a gate
insulating film interposed, whereby the NMOS transistor
Trn 1is formed. A p-type region 146 1is a potential
supply region for fixing a substrate potential. An n-
type semiconductor well region 147 is formed on the p-
type semiconductor substrate 141, and a p-type source
region 148 and drain region 149 are formed in the n-
type semiconductor well region 147, and a gate
electrode 150 employing single-layer polysilicon 1is
also formed thereon with a gate insulating film
interposed, whereby the PMOS transistor Trp is formed.
An n-type region 151 is a potential supply region for
fixing a well region potential. The CMOS transistor
constituting the readout switch 135 is formed by the
NMOS transistor Trn and the PMOS transistor Trp.
Meanwhile, a memory capacitor 131 is formed over the
element separation region 142, the memory capacitor 131
being obtained by stacking a first electrode 153
employing single-layer polysilicon, a dielectric film
(interlayer insulating film) 154, and a second
electrode 155 employing two-layer polysilicon. Wiring
158 1is formed to connect each region by way of
conduction plugs 157 penetrating the interlayer

insulating film 156. The wiring 158 is depicted as only
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a single metal layer, but a multilayer wiring pattern
is equally feasible. A capacitor employing two metal
layers, or a MOS capacitor may also be used as the

memory capacitor 131.

[0061]

Fig. 25 shows a Dblock diagram employing an analog
memory array afforded by the switched-capacitor analog
memory. A plurality of the switched-capacitor analog
memories 130 are arranged in the form of a matrix to
form an analog memory array 161. A writing control
signal input 1line 162 and a readout control signal
input line 163 are connected to the analog memories 130
in each column. Pixel array blocks 164 are respectively
connected to the input side of the analog memory array
161 correspondingly with the analog memories 130 in
each row of the analog memory cell le1l, and
analog/digital converters 165 are connected to the
output side. Analog signals input to the analog memory
array 161 from the pixels in the pixel array blocks 164
are serially accumulated in succession in each analog
memory (memory cell) 130. For readout, signals are
input in succession to the analog/digital converter 165
corresponding to the pixel array block 164 starting
from the leading memory cell, 1in accordance with

readout control signals, and digital signals are output.

[0062]

The rest of the configuration is the same as that of
the first embodiment described above, so the same
reference numbers are applied to corresponding elements

and a further description will not be given.

[0063]

During writing to the analog non-volatile memory, each
of the plurality of pixels 1is associated with the
memory element sub-array in which the information of

the plurality of pixels is stored, and the information
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in the plurality of pixels 1is serially accessed for
writing to the corresponding memory array. The writing
time using this analog memory enables transfer at ups

order or less if serial access is employed.

[0064]

The semiconductor image sensor module 100 according to
the third embodiment 1is integrated by stacking: the
first semiconductor chip 52 comprising the back-
illuminated CMOS image sensor, and the fourth
semiconductor chip 55 comprising the analog non-
volatile memory array, whereby, in the same way as in
the first embodiment described above, the back surface
side of the first semiconductor chip 52 is for the most
part mainly formed as an array of photodiodes PD, an
adequate aperture ratio of the photodiodes PD can be
achieved and it is also possible to produce minute
pixels. Furthermore, the writing time to the analog
non-volatile memory also enables transfer at ps order
or less, which is sufficiently short in relation to the
accumulation time of the photodiodes PD and

simultaneous shuttering of all pixels can be achieved.

[0065]

An embodiment of the method for manufacturing a
semiconductor 1image sensor module according to the
present invention will be described next with the aid
of fig. 26. This example relates to a case of
application to manufacture of the semiconductor image
sensor module 51 according to the first embodiment in
fig. 1.

[0066]

As shown in fig. 26A, the first semiconductor chip 52
is formed first of all, with a transistor-forming
region being formed on a first surface side of a
semiconductor substrate, and a photodiode-forming

region comprising photoelectric conversion elements
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being formed on a second surface constituting a back
surface thereof. Specifically, as shown in fig. 2, a
pixel transistor is formed on a front surface side of a
thinned semiconductor substrate, and a photodiode 1is
formed so that the back surface side serves as a light-
incidence surface. A multilayer wiring layer is formed
on the front surface side of the semiconductor
substrate, and a reinforcing support substrate, e.g., a
silicon substrate, is bonded thereon. A color filter is
formed on the Dback surface side of the semiconductor
substrate with a passivation film interposed, and an
on-chip microlens 1is further formed thereon. Grinding
or CMP (chemical mechanical polishing), etc. is used to
thin the semiconductor substrate after bonding of the
support substrate. Pads 81 connected to the multilayer
wiring are then formed on the support substrate with

via-contacts therebetween, for example.

[0067]

Next, as shown in fig. 26B, at least an analog/digital
converter array is formed on a semiconductor substrate,
pads 82 for connection of the analog/digital converters
are formed on the front surface of the semiconductor
substrate, and, further, the second semiconductor chip
53 formed with wvia-contact portions 84 penetrating the
semiconductor substrate is formed so as to face the
back surface side of the semiconductor substrate. This

semiconductor substrate is also thinned.

Conductive microbumps 83 are provided on the pads 82 of
the second semiconductor chip 53, and the pads 82 of
the second semiconductor chip 53 and the pads 81 on the
front surface side of the first semiconductor chip 52
are electrically connected by way of the microbumps 83

with the second semiconductor chip 53 facing downward.

[0068]
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As shown in fig. 26C, the third semiconductor chip 54
in which the memory element array is arranged in a two-
dimensional form so as to form a memory array is formed
next. The third semiconductor chip 54 is stacked on the
second semiconductor chip 53, and the second
analog/digital converter array and the memory element
array of the third semiconductor chip 54 are
electrically connected by way of the wvia-contact
portions 84. The semiconductor image sensor module 51
comprising the intended CMOS image sensor 1is obtained

as a result.

[0069]

By virtue of the method for manufacturing a
semiconductor image sensor module according to this
embodiment, the back-illuminated CMOS image sensor 1is
mainly formed on the first semiconductor chip 52, so
the aperture ratio of the photodiodes increases and it
is possible to achieve higher resolution even with
minute pixels. The first, second and third
semiconductor chips 52, 53 and 54 are stacked and
electrically connected to one another by means of the
microbumps 83 and the via-contact portions 84, so the
interconnection wiring can be made as short as possible,
data in the photodiodes can be accumulated in the
memory element array at high speed, and simultaneous
shuttering of all pixels 1is possible. Accordingly, it
is possible to manufacture a semiconductor image sensor
module comprising a CMOS image sensor, and having a
high-resolution and enabling simultaneous electronic

shuttering.

[0070]

In the embodiment of fig. 26, the second semiconductor
chip 53 in which the analog/digital converter array is
formed was stacked so as to be connected facing
downward to the front surface side of the first

semiconductor chip 52 in which the CMOS image sensor is
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formed, but, in addition to this, the first
semiconductor chip 52 and the second semiconductor chip
53 may equally be connected by the via-contact portions

penetrating the second semiconductor chip 53.

[0071]

The semiconductor image sensor module 99 according to
the second embodiment in fig. 6 may also Dbe
manufactured Dby essentially the same manufacturing

method as illustrated in fig. 25.

Furthermore, the semiconductor image sensor module 100
according to the third embodiment in fig. 22 may also
be manufactured by providing, in the step of fig. 25B,
microbumps on the pads of the fourth semiconductor chip
55 in which the analog non-volatile memory array 1is
formed, and by connecting the fourth semiconductor
image sensor module 55 face down on the first

semiconductor chip 52.

[0072]

Fig. 27A and B show the schematic configuration of a
fourth embodiment of the semiconductor image sensor
module according to the present invention.
Semiconductor image sensor modules 166, 167 according
to this embodiment are configured, in the same way as
described above, by stacking: the first semiconductor
chip 52 comprising the CMOS image sensor 60 having a
plurality of pixels which are regularly arranged, and
being configured by the photodiode-forming region 57
and the transistor-forming region 56 constituting the
pixels; the second semiconductor chip 53 comprising the
analog/digital converter array which comprises the
plurality of analog/digital converters; and the third
semiconductor chip 54 comprising the memory element
array which comprises at least the decoder and the
sense amplifier. The first semiconductor chip 52 and

the second semiconductor chip 53 are electrically
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connected between the connection pads 81, 82 formed on
each by way of the bumps (microbumps) 83, for example.
Furthermore, the second semiconductor chip 53 and the
third semiconductor chip 54 are bonded so that the
analog/digital converters and the memory elements are
electrically connected by way of the wvia-contact
portions 84 penetrating the second semiconductor chip
53. This embodiment 1is configured by forming the
analog/digital converters 87 on the lower surface side

of the second semiconductor chip 53.

[0073]

The semiconductor image sensor module 166 in fig. 27A
constitutes an example in which the via-contact
portions 84 are not directly connected to the pads 82,
rather they are formed away from directly above the
pads 82. That is to say, the semiconductor image sensor
module 166 is suited to a case in which the via-contact
portions 84 are not to be directly connected to the
pads 82.

[0074]

The semiconductor image sensor module 167 in fig. 27B
constitutes an example in which the via-contact
portions 84 are formed directly above the pads 82. Fig.
27B is a schematic diagram in which the analog/digital
converters 87 can be seen interposed between the via-
contact portions 84 and the pads 82, but the via-
contact portions 84 are 1in actual fact directly
connected to the pads 82, and the analog/digital
converters are formed around the via-contact portions
84. That 1is to say, the semiconductor 1image sensor
module 167 is suited to a case in which the via-contact

portions 84 are to be directly connected to the pads 82.

[0075]
The semiconductor image sensor modules 16606, 167

according to the fourth embodiment in fig. 27A and B
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enable signals to be delivered to the analog/digital
converters 87 without picking up noise in the via-

contact portions 84.

[0076]

Fig. 28A and B show the schematic configuration of a
fifth embodiment of the semiconductor image sensor
module according to the present invention.
Semiconductor image sensor modules 168, 169 according
to this embodiment are configured, in the same way as
described above, by stacking: the first semiconductor
chip 52 comprising the CMOS image sensor 60 having a
plurality of pixels which are regularly arranged, and
being configured by the photodiode-forming region 57
and the transistor-forming region 56 constituting the
pixels; the second semiconductor chip 53 comprising the
analog/digital converter array which comprises the
plurality of analog/digital converters; and the third
semiconductor <chip 54 comprising the memory element
array which comprises at least the decoder and the
sense amplifier. The first semiconductor chip 52 and
the second semiconductor chip 53 are electrically
connected between the connection pads 81, 82 formed on
each by way of the bumps (microbumps) 83, for example.
Furthermore, the second semiconductor chip 53 and the
third semiconductor chip 54 are Dbonded so that the
analog/digital converters and the memory elements are
electrically connected by way of the wvia-contact
portions 84 penetrating the second semiconductor chip
53. This embodiment is configured by forming the
analog/digital converters 87 on the upper surface side
of the second semiconductor chip 53. Signals of the
pixels from the first semiconductor chip 52 ©pass
through the via-contact portions 84 and are subjected
to analog/digital conversion 1in the analog/digital

converters 87.

[0077]
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The semiconductor image sensor module 168 in fig. 28A
the

constitutes an example

in which

via-contact

portions 84 are not directly connected to the pads 82,

rather they are formed away from directly above the
layer 170

pads 82. In this case,

connection to the pads

a wiring

82 1is formed

on

the

for

lower

surface side of the second semiconductor chip 53, and

the pads 82 and the via-contact

portions 84

are

electrically connected by way of this wiring layer 170.

That is to say, the semiconductor image sensor module

168 1s suited to a case 1in which the

via-contact

portions 84 are not to be directly connected to the

pads 82.

[0078]

The semiconductor image sensor module 169 in fig. 28B
the

portions 84 are formed directly above the pads 82.

constitutes an example

in which

via-contact

Fig.

28B is a schematic diagram, and, in the same way as

described above, the via-contact

portions 84

are

connected to the analog/digital converters 87 so as to

be positioned 1in the center of the

converters 87 on the upper surface side.

analog/digital

That is to say,

the semiconductor image sensor module 169 is suited to

a case in which the via-contact portions 84 are to be

directly connected to the pads 82.

[0079]

The semiconductor image

according to the fifth embodiment in fig.

sensor modules

le68,

169

28A and B are

preferably applied to a case in which there is a large

amount of distortion on the lower surface side of the

it difficult to

second semiconductor chip
form the analog/digital

surface side.

[0080]

53, making

converters

87

on

the

lower
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Fig. 29A and B show the schematic configuration of a
sixth embodiment of the semiconductor image sensor
module according to the present invention.
Semiconductor image sensor modules 187, 188 according
to this embodiment are configured, in the same way as
described above, by stacking: the first semiconductor
chip 52 comprising the CMOS image sensor 60 having a
plurality of pixels which are regularly arranged, and
being configured by the photodiode-forming region 57
and the transistor-forming region 56 constituting the
pixels; the second semiconductor chip 53 comprising the
analog/digital converter array which comprises the
plurality of analog/digital converters; and the third
semiconductor chip 54 comprising the memory element
array which comprises at least the decoder and the
sense amplifier. The first semiconductor chip 52 and
the second semiconductor chip 53 are electrically
connected between the connection pads 81, 82 formed on
each by way of the bumps (microbumps) 83, for example.
Furthermore, the second semiconductor chip 53 and the
third semiconductor chip 54 are bonded so that the
analog/digital converters and the memory elements are
electrically connected by way of the wvia-contact
portions 84 penetrating the second semiconductor chip
53. This embodiment is configured by forming the memory
array blocks 88 on the lower surface side of the third
semiconductor chip 54. Signals which have undergone
analog/digital conversion in the analog/digital
converter array of the second semiconductor chip 53 are

stored in the memory array blocks 88.

[0081]

The semiconductor image sensor module 187 in fig. 29A
constitutes an example in which the wvia-contact
portions 84 in the second semiconductor chip 53 are not
directly connected to the pads 82, rather they are
formed away from directly above the pads 82. In this

case, the wiring layer 170 for connection to the pads



10

15

20

25

30

35

WO 2006/129762 PCT/JP2006/311007
- 42 -

82 1is formed on the lower surface side of the second
semiconductor chip 53, and the pads 82 and the via-
contact portions 84 are electrically connected by way
of this wiring layer 170. That is to say, the
semiconductor image sensor module 187 1is suited to a
case in which the via-contact portions 84 in the second
semiconductor chip 53 and the pads 82 are not to be

directly connected.

[0082]

The semiconductor image sensor module 188 in fig. 29B
constitutes an example in which the via-contact
portions 84 in the second semiconductor chip 53 are
formed directly above the pads 82. That is to say, the
semiconductor image sensor module 188 1is suited to a
case in which the via-contact portions 84 in the second
semiconductor chip 53 and the pads 82 are directly

connected.

[0083]

The semiconductor image sensor modules 187, 188
according to the sixth embodiment in fig. 29A and B are
preferably applied to a case in which there is a large
amount of distortion on the upper surface side of the
third semiconductor chip 54, making it difficult to
form the memory array blocks 88 on the upper surface

side.

[0084]

Fig. 30A and B show the schematic configuration of a
seventh embodiment of the semiconductor image sensor
module according to the present invention.
Semiconductor image sensor modules 189, 190 according
to this embodiment are configured, in the same way as
described above, Dby stacking: the first semiconductor
chip 52 comprising the CMOS image sensor 60 having a
plurality of pixels which are regularly arranged, and

being configured by the photodiode-forming region 57
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and the transistor-forming region 56 constituting the
pixels; the second semiconductor chip 53 comprising the
analog/digital converter array which comprises the
plurality of analog/digital converters; and the third
semiconductor chip 54 comprising the memory element
array which comprises at least the decoder and the
sense amplifier. The first semiconductor chip 52 and
the second semiconductor chip 53 are electrically
connected between the connection pads 81, 82 formed on
each by way of the bumps (microbumps) 83, for example.
Furthermore, the second semiconductor chip 53 and the
third semiconductor chip 54 are Dbonded so that the
analog/digital converters and the memory elements are
electrically connected by way of the wvia-contact
portions 84 penetrating the second semiconductor chip
53, and via-contact portions 84’ penetrating the third
semiconductor chip 53. This embodiment is configured by
forming the memory array blocks 88 on the upper surface
side of the third semiconductor chip 54, and by
connecting both via-contact portions 84 and 84’ so as
to Dbe face-to-face. Signals which have undergone
analog/digital conversion in the analog/digital
converter array of the second semiconductor chip 53
pass through the wvia-contact portions 84 and 84’ and

are stored in the memory array blocks 88.

[0085]

The semiconductor image sensor module 189 in fig. 30A
constitutes an example in which the via-contact
portions 84 in the second semiconductor chip 53, which
are connected to the via-contact portions 84’ in the
third semiconductor chip 54, are not directly connected
to the pads 82, rather they are formed away from
directly above the pads 82. In this case, the wiring
layer 170 for connection to the pads 82 is formed on
the lower surface side of the second semiconductor chip
53, and the pads 82 and the via-contact portions 84 are

electrically connected by way of this wiring layer 170.
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That is to say, the semiconductor image sensor module
189 1is suited to a case 1in which the wvia-contact
portions 84 in the second semiconductor chip 53 and the

pads 82 are not to be directly connected.

[0086]

The semiconductor image sensor module 190 in fig. 30B
constitutes an example in which the wvia-contact
portions 84 in the second semiconductor chip 53, which
are connected to the via-contact portions 84’ in the
third semiconductor chip 54, are formed directly above
the pads 82. That is to say, the semiconductor image
sensor module 190 is suited to a case in which the via-
contact portions 84 in the second semiconductor chip 53

and the pads 82 are directly connected.

[0087]

The semiconductor image sensor modules 189, 190
according to fig. 30A and B are preferably applied to a
case in which there is a large amount of distortion on
the lower surface side of the third semiconductor chip
54, making it difficult to form the memory array blocks

88 on the lower surface side.

[0088]

Fig. 31A and B schematically show an eighth embodiment
of the semiconductor image sensor module according to
the present invention. Semiconductor image sensor
modules 191, 192 according to this embodiment are
configured by stacking the first semiconductor chip 52
and a second semiconductor chip 193. The first
semiconductor chip 52 comprises the CMOS image sensor
60 having a plurality of pixels which are regularly
arranged, and Dbeing configured by the photodiode-
forming region 57 and the transistor-forming region 56
constituting the pixels. The second semiconductor chip
193 comprises, on a lower portion side, an

analog/digital converter array which comprises a
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plurality of analog/digital converters, while also
comprising, on an upper portion side, a memory element
array which comprises at least a decoder and a sense
amplifier. Furthermore, in the second semiconductor
chip 193, the analog/digital converters and the memory
elements are electrically connected by way of via-
contact portions 84 penetrating a region in which the

analog/digital converter array is formed.

[0089]

The semiconductor image sensor module 191 in fig. 31A
is configured by forming the pads 82 on the lower
surface of the second semiconductor chip 193, forming
the pads 81 on the upper surface of the first
semiconductor chip 52, and thermocompression bonding
the first semiconductor <chip 52 and the second
semiconductor chip 193 so that both pads 82 and 81 are
connected. The bonding strength between the first and
second semiconductor chips 52 and 193 may be further
increased by using an adhesive material to bond regions
outside the pads 81, 82.

[0090]

The pads are not formed 1in the semiconductor image
sensor module 192 in fig. 31B, rather, the via-contact
portions 84 are formed in a region on the lower portion
side of the second semiconductor chip 193 where the
analog/digital converter array is formed, and contact
portions 84” are formed 1in the transistor-forming
region 56 of the first semiconductor <chip 52. The
semiconductor image sensor module 192 is then
configured by placing both contact portions 84 and 84"
face-to-face and thermocompression bonding same in
order to connect the first semiconductor chip 52 and

the second semiconductor chip 193.

[0091]
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Fig. 32 schematically shows a ninth embodiment of the
semiconductor image sensor module according to the
present invention, together with a method for
manufacturing same. In a semiconductor image sensor
module 194 according to this embodiment, the first
semiconductor chip 52 and the second semiconductor chip
193 are formed first of all as shown in fig. 32A. The
first semiconductor chip 52 has a configuration
comprising the CMOS image sensor 60 having a plurality
of pixels which are regularly arranged, and being
configured by the photodiode-forming region 57 and the
transistor-forming region 56 constituting the pixels,
with the pads 81 being formed on the upper surface of
the transistor-forming region 56. The second
semiconductor chip 193 has a configuration comprising,
on the lower portion side, the analog/digital converter
array which comprises the plurality of analog/digital
converters, while also comprising, on the upper portion
side, the memory element array which comprises at least
the decoder and the sense amplifier. In the second
semiconductor chip 193, the pads 82 are formed on the
lower surface of the lower portion side where the
analog/digital converter array 1is formed, the via-
contact portions 84 penetrating the lower portion side
are formed, and the pads 82 and the via-contact
portions 84 are connected by way of the wiring layer
170.

[0092]

Next, as shown in fig. 32B, the pads 81 of the first
semiconductor chip 52 and the pads 82 of the second
semiconductor chip 193 are joined by thermocompression
bonding by way of the bumps (microbumps) 83. The bumps
83 enable parallel connection 1in units of several
pixels. The semiconductor 1image sensor module 194
according to the ninth embodiment is manufactured in

this way.
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[0093]

Fig. 33 shows a method for manufacturing the
semiconductor image sensor module 191 in fig. 31A. The
first semiconductor chip 52 and the second
semiconductor chip 193 are formed first of all, as
shown in fig. 33A. The first semiconductor chip 52 has
a configuration comprising the CMOS image sensor 60
having a plurality of pixels which are regularly
arranged, and being configured Dby the photodiode-
forming region 57 and the transistor-forming region 56
constituting the pixels, with the pads 81 being formed
on the upper surface of the transistor-forming region
56. The second semiconductor chip 193 has a
configuration comprising, on the lower portion side,
the analog/digital converter array which comprises the
plurality of analog/digital converters, while also
comprising, on the upper portion side, the memory
element array which comprises at least the decoder and
the sense amplifier. In the second semiconductor chip
193, the pads 82 are formed on the lower surface of the
lower portion side where the analog/digital converter
array is formed, the via-contact portions 84
penetrating the lower portion side are formed, and the
pads 82 and the via-contact portions 84 are connected

by way of the wiring layer 170.

[0094]

Next, as shown in fig. 33B, the first semiconductor
chip 52 and the second semiconductor chip 193 are
joined by thermocompression bonding so that the pads 81
and 82 of each are connected face-to-face. Forming
smaller pads 81, 82 enables parallel connection in
units of several pixels. The Dbonding strength 1is
further increased by using an adhesive material to bond
regions outside the regions where the pads 81, 82 are
connected. The semiconductor image sensor module 191 in

fig. 31A is manufactured in this way.
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[0095]

Fig. 34 shows a method for manufacturing the
semiconductor image sensor module 192 in fig. 31B. The
first semiconductor chip 52 and the second
semiconductor chip 193 are formed first of all, as
shown in fig. 34A. The first semiconductor chip 52 has
a configuration comprising the CMOS image sensor 60
having a plurality of pixels which are regularly
arranged, and being configured Dby the photodiode-
forming region 57 and the transistor-forming region 56
constituting the pixels, with the contact portions 84"
being formed in the transistor-forming region 56. The
second semiconductor chip 193 has a configuration
comprising, on the lower portion side, the
analog/digital converter array which comprises the
plurality of analog/digital converters, while also
comprising, on the upper portion side, the memory
element array which comprises at least the decoder and
the sense amplifier. In the second semiconductor chip
193, the via-contact portions 84 are formed on the
lower portion side where the analog/digital converter
array is formed, the via-contact portions 84
penetrating this lower portion side. The first and
second semiconductor chips 52, 193 are formed without

pads.

[0096]

Next, as shown in fig. 34B, the first semiconductor
chip 52 and the second semiconductor chip 193 are
joined by thermocompression bonding so that the contact
portions 84” and the via-contact portions 84 thereof
are connected face-to-face. The semiconductor image
sensor module 192 in fig. 31B is manufactured in this
way. Alignment is difficult in this manufacturing
method, but the number of pixels per unit surface area
can be maximized. Furthermore, in the embodiments of
fig. 32-34, the height from the lower surface of the

first semiconductor chip to the upper surface of the
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second semiconductor chip can be made smallest in the

semiconductor image sensor module 192 in fig. 34.

[0097]

Fig. 35-37 schematically show 10th-12th embodiments of
the semiconductor image sensor module according to the
present invention, together with methods for
manufacturing same. The semiconductor image sensor
modules according to the 10th-12th embodiments are
configured by Jjoining a first semiconductor chip 196
internally comprising a photodiode-forming region 57,
transistor-forming region 56, and analog/digital
converter array 195, and a second semiconductor chip
197 in which a memory array is formed. In the first
semiconductor chip 196, the analog/digital converter
array 195 is connected to the transistor-forming region
56 side. By adopting such a configuration, digital
signals can be obtained by means of the analog/digital
converters, without analog signals generated in the
photodiode-forming region 57 picking up noise in the
bumps (microbumps) 83 of fig. 328, for example.
Consequently, there 1is less noise in the final image

output signal.

[0098]

Fig. 35 shows the semiconductor image sensor module of
the 10th embodiment. A semiconductor image sensor module
198 according to this embodiment is formed with the
first semiconductor chip 196 and the second
semiconductor chip 197. The first semiconductor chip
196 has a configuration internally comprising: a CMOS
image sensor configured Dby the photodiode-forming
region 57 formed on the lower portion side, and the
transistor-forming region 56 formed in an intermediate
part; and the analog/digital converter array 195 formed
on the upper portion side. Via-contact portions 84 are
formed in the region in which the analog/digital

converter array 195 is formed, and pads 81 connected to
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the via-contact portions 84 are formed on the upper
surface. The second semiconductor chip 197 is
configured by forming the memory array, with the pads

82 being formed on the lower surface thereof.

[0099]

Next, as shown in fig. 35B, the first semiconductor
chip 196 and the second semiconductor chip 197 are
joined by thermocompression bonding, with the bumps
(microbumps) 83 being formed between the pads 81 and 82.
The semiconductor image sensor block 198 according to
the 10th embodiment is manufactured by this means. The
bumps 83 enable parallel connection in units of several

pixels in this semiconductor image sensor block 198.

[0100]

Fig. 36 shows the semiconductor image sensor module of
the 11t embodiment. In a semiconductor image sensor
module 199 according to this embodiment, the first
semiconductor chip 196 and the second semiconductor
chip 197 are formed first of all in the same way as
described above, as shown in fig. 306A. The
configuration of the first semiconductor chip 196 and
the second semiconductor chip 197 is the same as in fig.
35, so the same reference numbers are applied to
corresponding elements and a further description will

not be given.

[0101]

Next, as shown in fig. 36B, the first semiconductor
chip 196 and the second semiconductor chip 197 are
joined by thermocompression bonding so that the pads 81
and 82 thereof are connected face-to-face. The
semiconductor image sensor module 199 of the 11tk
embodiment is manufactured by this means. Forming
smaller pads 81, 82 enables parallel connection in
units of several pixels in this semiconductor image

sensor module 199. Moreover, the bonding strength
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between the first and second semiconductor chips 196
and 197 can be further increased by using an adhesive
material to bond regions outside the regions where the

pads 81, 82 are connected.

[0102]

Fig. 37 shows the semiconductor image sensor module of
the 12th embodiment. In a semiconductor image sensor
module 200 according to this embodiment, the first
semiconductor chip 196 and 197 are formed first of all
in the same way as described above, as shown in fig.
37A. The configuration of the first semiconductor chip
196 is the same as in fig. 35, except for being formed
without pads, so the same reference numbers are applied
to corresponding elements and a further description
will not be given. Furthermore, the second
semiconductor chip 197 1s configured by forming the
memory array and also forming contact portions 201 so
as to face the lower surface. The contact portions 201
may have various possible forms, and they may also be
formed in a penetrating manner, for example. The second

semiconductor chip 197 is formed without pads.

[0103]

Next, as shown in fig. 37B, the first semiconductor
chip 196 and the second semiconductor chip 197 are
joined by thermocompression bonding so that the via-
contact portions 84 and contact portions 201 thereof
are connected face-to-face. The semiconductor image
sensor module 200 of the 12t embodiment is manufactured
by this means. Alignment is difficult in the method for
manufacturing the semiconductor image sensor module 200
according to the 12th embodiment, but the number of
pixels per unit surface area can be maximized.
Furthermore, in the 10th-12th embodiments, the height
from the lower surface of the first semiconductor chip

196 to the upper surface of the second semiconductor
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chip 197 can be made smallest in the semiconductor

image sensor module 200 of the second embodiment.

[0104]

A 13th embodiment of the semiconductor image sensor
module according to the present invention will be
described next. The semiconductor image sensor module
according to this embodiment employs a configuration in
which floating diffusion is shared by a plurality of
pixels within the transistor-forming region in the
embodiments described above. This makes it possible to
increase the photodiode surface area per unit pixel

surface area.

[0105]

Furthermore, if floating diffusion is shared by a
plurality of ©pixels within the transistor-forming
region, it 1is then possible to employ a configuration
in which the amplifying transistor is also shared by a
plurality of pixels. This also makes it possible to
increase the photodiode surface area per unit pixel

surface area.

[0106]
Fig. 38 shows a pixel equivalent circuit in a case in
which a portion of a pixel transistor circuit is shared

by four pixels within the transistor-forming region.

This equivalent circuit comprises separate transfer
transistors 212 corresponding to four light-receiving
portions (photodiodes PD) 210 of four pixels, and 1is
configured so that these transfer transistors 212 are
connected to a common floating diffusion (FD) portion,
sharing the subsequent one amplifying transistor 214
and one reset transistor 220, etc. The signal charge is
connected to a signal output line via the amplifying
transistor 214. The output to the signal output line

can also be switched by providing a transfer transistor
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between the amplifying transistor 214 and the output

signal line.

[0107]

The pixel configuration in which floating diffusion is
shared by a plurality of pixels may be applied to the
back-illuminated CMOS image sensor according to the
present invention. For example, when the microbump
requires a surface area corresponding to four pixels,
the floating diffusion FD, the amplifying transistor
214 and the reset transistor 220 are shared by four
pixels. As a result, even if the microbump requires a
large surface area, it 1s wunnecessary to design one
pixel with a large surface area to meet the required
surface area of the microbump, so it is possible to

obtain a greater number of pixels per unit surface area.

[0108]

Furthermore, the configuration above described a case
in which a portion of the pixel transistor circuit 1is
shared by four pixels within the transistor-forming
region, but a case in which a portion of the pixel
transistor circuit is shared by three pixels within the
transistor-forming region, and a <case 1n which a
portion of the pixel transistor circuit is shared by
six pixels within the transistor-forming region are

also feasible.

[0109]

A 14th embodiment of the semiconductor image sensor
module according to the present invention will be
described next. The semiconductor image sensor module
according to this embodiment is configured by including
color coating technology in which the pixels are
arranged 1in a zigzag (what 1is known as a diagonal
arrangement) . This pixel arrangement configuration
makes it possible to increase the number of wvirtual

pixels per unit pixel surface area as compared to a
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square pixel arrangement. This pixel arrangement may be
applied to the Dback-illuminated CMOS 1image sensor
according to the present invention. For example, if the
floating diffusion FD 1s shared by a plurality of
pixels, as in the 13th embodiment described above, when
the microbump requires a surface area corresponding to
a plurality of pixels, 1t is unnecessary to design one
pixel with a large surface area to meet the required
surface area of the microbump. It is therefore possible
to obtain a greater number of pixels per unit surface
area, and it 1i1s also possible to increase the number of
virtual pixels per unit pixel surface area as compared

to a square pixel arrangement.

[0110]

Fig. 39 shows the schematic configuration of the
semiconductor image sensor module, which is to say the
back-illuminated CMOS image sensor, according to the
14th embodiment of the present invention. The
semiconductor image sensor of this embodiment
constitutes an example 1in which color separation is
provided without the use of an on-chip color filter. A
semiconductor image sensor module 261 according to this
embodiment comprises: an imaging region 264
constituting a light-receiving region which 1is formed
on the surface of the same semiconductor chip 262
(corresponding to the first semiconductor chip 52), and
comprises a plurality of pixels 263 arranged in a two-
dimensional form; and peripheral circuits 265, 266 for
selection of pixels 263 and signal output, the
peripheral circuits 265, 266 being arranged outside of
the imaging region 264. The peripheral circuits 265,
266 may be present within the transistor-forming region
56, rather than Dbeing within the photodiode-forming
region 57 described above. One of the peripheral
circuits 265 1s configured by a wvertical scanning
circuit (known as a vertical register circuit) located

on a side edge of the imaging region 264. The other
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peripheral circuit 266 1is configured by a horizontal
scanning circuit (known as a horizontal register
circuit) and an output circuit, etc. (including a
signal amplification circuit, A/D conversion circuit,
synchronizing signal generating circuit, etc.), which

are located on the lower side of the imaging region 264.

[0111]

A plurality of pixels are what is known as diagonally
arranged in the imaging region 264. That is to say, the
plurality of pixels comprise: a first pixel group in
which a plurality of pixels 263A are two-dimensionally
arranged substantially in the form of a lattice at a
predetermined pitch Wl in a horizontal direction and a
vertical direction; and a second pixel group in which a
plurality of pixels 263B are two-dimensionally arranged
offset from the first pixel group by a pitch of
approximately 1/2 of the pitch Wl in both the
horizontal direction and the vertical direction,
thereby precisely forming a square lattice arrangement
in which the pixels 263A, 263B are diagonally offset.
In this example, the pixels 263B are arranged in odd-
numbered rows, and the pixels 263A are arranged offset
by a 1/2 pitch in the even-numbered rows. Red (R),
green (G), and blue (B) primary color filters are used
as on-chip color filters in this example. In fig. 39,
the notation R/B indicates either one of red (R) and
blue (B). That is to say, red (R) and blue (B) are
arranged alternately along the wvertical direction in
fig. 39 in the form of red (R)-blue (B)-red (R)-blue
(B) ...

[0112]

A 15th embodiment of the semiconductor image sensor
module according to the present invention will be
described next. The semiconductor image sensor module
of this embodiment constitutes an example in which a

pixel-sharing ADC is provided. A charge signal flow in
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the case of any of the first-14th embodiments described
above is shown here. The charge signal output from the
transistor-forming region 1is delivered into the AD
conversion array by means of FD pixel sharing (13th

embodiment) and the zigzag coating (14th embodiment) .

[0113]

Fig. 40 is a block diagram showing the configuration of
a solid-state imaging device applied to the
semiconductor image sensor module according to the 15tk
embodiment, for example a CMOS image sensor equipped

with a pixel-parallel ADC.

As shown in fig. 40, a CMOS image sensor 310 according
to this embodiment has a configuration comprising, in
addition to a pixel array portion 312 in which a large
number of unit pixels 311 including photoelectric
conversion elements are two-dimensionally arranged in a
row/column form (matrix form): a row or unit pixel
scanning circuit 313, a column processing portion 314,
a reference voltage supply portion 315, a column or
unit pixel scanning circuit 316, a horizontal output

line 317, and a timing control circuit 318.

[0114]

In this system configuration, the timing control
circuit 318 generates, on the basis of a master clock
MCK, a «clock signal serving as a reference for
operations of the row or unit pixel scanning circuit
313, the column or unit pixel processing portion 314,
the reference voltage supply portion 315, and the
column or unit pixel scanning circuit 316, etc., and
also generates control signals, etc., and the timing
control circuit 318 provides these signals to the row
or unit pixel scanning circuit 313, the column
processing portion 314, the reference voltage supply
portion 315, and the column or unit pixel scanning

circuit 316, etc.
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[0115]

Furthermore, a peripheral drive system for drive-
controlling each wunit pixel 311 1in the pixel array
portion 312, and a signal processing system, i.e., the
row or unit pixel scanning circuit 313, the reference
voltage supply portion 315, the column or unit pixel
scanning circuit 316, and the timing control circuit
318, etc. are integrated in a transistor-forming region
356 on the same chip (corresponding to the first
semiconductor chip 52) 319 as the pixel array portion
312.

[0116]

Although not depicted here, the unit pixels 311 may
employ, 1in addition to the photoelectric conversion
elements (e.qg., photodiodes), a three-transistor
configuration comprising: a transfer transistor for
transferring a charge obtained by photoelectric
conversion performed by the photoelectric conversion
element to the FD (floating diffusion) portion, a reset
transistor for <controlling the potential of the FD
portion, and an amplifying transistor for outputting a
signal commensurate with the potential of the FD
portion, or a four-transistor configuration further
comprising a separate selection transistor for pixel

selection, etc., for example.

[0117]

In the pixel array portion 312, the unit pixels 311 are
arranged two-dimensionally in m columns and n rows, and
row or unit pixel control 1lines 321 (321-1 to 321-n)
are wired to each row or each unit pixel, and column or
unit pixel signal lines 322 (322-1 to 322-m) are wired
to each column or each unit pixel in this pixel
arrangement of m rows and n columns. Alternatively, a
pixel control line may be wired to each pixel in order

to control each pixel in this pixel arrangement of m
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rows and n columns. Terminals of the row control lines
321-1 to 321-n are connected to respective output
terminals corresponding to each row of the row scanning
circuit 313. The row or unit pixel scanning circuit 313
is configured by a shift register, etc., and controls
row or unit pixel addresses and row or unit pixel
scanning of the pixel array portion 312 via the row or
unit pixel control lines 321-1 to 321-n. The column or
unit pixel ©processing portion 314 comprises ADCs
(analog-digital conversion circuits) 323-1 to 323-m
which are provided, for example, in each pixel column
or in each unit pixel of the pixel array portion 312,
i.e., in each column or unit pixel signal line 322-1 to
322-m, and converts analog signals, which are output
from each unit pixel 311 in the pixel array portion 312
to each column or unit pixel, to digital signals, and

outputs said digital signals.

[0118]
A feature of this embodiment lies in the configuration
of the ADCs 323-1 to 323-m, and this will be described

in detail below.

[0119]

The reference voltage supply portion 315 comprises, for
example, a DAC (digital-analog conversion circuit) 351
as a means for generating what 1s known as a RAMP
waveform reference voltage Vref, the 1level of which
varies in an inclined form over time. It should be
noted that the means for generating the RAMP waveform
reference voltage Vref is not limited to the DAC 351.
The DAC 351 generates the RAMP waveform reference
voltage Vref on the basis of a clock CK provided from
the timing control circuit 318, under control afforded
by a control signal CCS1 provided from the timing
control circuit 318, and supplies the RAMP waveform
reference voltage Vref to the ADCs 323-1 to 323-m of

the column or unit pixel processing portion 314.
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[0120]

The detailed configuration of the ADCs 323-1 to 323-m
which are a feature of this embodiment will be
described in specific terms here. It should be noted
that the ADCs 323-1 to 323-m are configured to be
capable of selectively performing AD conversion
operations corresponding to the following operating
modes, namely a normal frame rate mode based on a
progressive scanning method for reading out information
of all the unit pixels 311, and a high-speed frame rate
mode in which an exposure time of the unit pixels 311
is set at 1/N to make the frame rate N times, e.g. two
times, greater than 1in the normal frame rate mode.
These operating modes are switched by means of control
afforded by control signals CS2, CS3 provided from the
timing control circuit 318. Furthermore, instruction
information for switching the operating mode between
the normal frame rate mode and the high-speed frame
rate mode is provided to the timing control circuit 318

from an external system controller (not depicted).

[0121]

The ADCs 323-1 to 323-m all have the same configuration
and are arranged in an AD conversion array of the first
semiconductor chip 52 or the second semiconductor chip
described above. Furthermore, the column or unit pixel
processing portion 314, a comparator 331, an up/down
counter (denoted U/DCNT in the drawings) 332, for
example, which constitutes a counting means, a transfer
switch 333 and memory device 334, the DAC 351, the
reference voltage supply portion 315, and the timing
control circuit 318 may also be arranged 1in the AD
conversion array of the first semiconductor chip 52 or
the second semiconductor chip. Furthermore, instead of
the reference voltage supply portion 315, the column or
unit pixel scanning circuit 316 and the timing control

circuit 318 Dbeing provided in the transistor-forming
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region 56 of the first semiconductor chip 52, a
reference voltage supply portion, a row or unit pixel
scanning circuit, and a timing control circuit may also
be arranged in the AD conversion array of the first

semiconductor chip 52 or the second semiconductor chip.

[0122]

The ADC 323-m will be described here for each column or
unit pixel. The ADC 323-m  has a configuration
comprising: the comparator 331, the up/down counter
(denoted U/DCNT in the drawings) 332, for example,
which constitutes a counting means, the transfer switch

333, and the memory device 334.

[0123]

The comparator 331 compares a signal voltage Vx of the
column or unit pixel signal 1line 322-m commensurate
with a signal output from each unit pixel 311 in the nth
column of the pixel array portion 312, and the RAMP
waveform reference voltage Vref supplied from the
reference voltage supply portion 315, and an output Vco
is at “H” level when the reference voltage Vref 1is
greater than the signal voltage Vx, and the output Vco
is at “L” 1level when the reference voltage Vref 1is
equal to or 1less than the signal voltage Vx, for

example.

[0124]

The up/down counter 332 1is an asynchronous counter
which 1is provided with the clock CK from the timing
control circuit 318 at the same time as the DAC 351
under the control afforded by the control signal CS2
provided from the timing control circuit 318, and which
performs a DOWN count or an UP count synchronously with
the clock CK to thereby measure a comparison period
from the start of a comparison operation by the
comparator 331 to the end of the comparison operation.

Specifically, in a readout operation of the signal from
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one unit pixel 311 in the normal frame rate mode, a
comparison time for a first readout 1is measured by
performing a DOWN count during the first readout
operation, and the comparison time for a second readout
is measured by performing an UP count during the second
readout operation. In the high-speed frame rate mode,
on the other hand, a count result for a unit pixel 311
in a certain row is kept as it is, following which, for
a unit pixel 311 in the subsequent row, the comparison
time for the first readout is measured by performing a
DOWN count from the previous count result during the
first readout operation, and the comparison time for
the second readout 1s measured by performing an UP

count during the second readout operation.

[0125]

In the normal frame rate mode, the transfer switch 333
is turned ON (closed) at the time when the counting
operation of the up/down counter 332 for a unit pixel
311 in a certain row 1s terminated under the control
afforded by the control signal CS3 provided from the
timing control circuit 318, and the transfer switch 333
transfers the count result of the up/down counter 332
to the memory device 334. On the other hand, at an N=2
high-speed frame rate, for example, the transfer switch
333 remains OFF (open) at the time when the counting
operation of the up/down counter 332 for a unit pixel
311 in a certain row 1s terminated, and is then turned
ON at the time when the counting operation of the
up/down counter 332 for a wunit pixel 311 in the
subsequent row is terminated, and the transfer switch
333 transfers the count result of the up/down counter
332 for two vertical pixels to the memory device 334.
In this way, the analog signal supplied to each column
or unit pixel via the column or unit pixel signal lines
322-1 to 322-m from each unit pixel 311 in the pixel
array portion 312 1is converted to an N-bit digital

signal by means of the operations of the comparator 331
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and the up/down counter 332 in the ADCs 323 (323-1 to
323-m), and this digital signal is stored in the memory
device 334 (334-1 to 334-m).

[0126]

The column or wunit pixel scanning circuit 316 1is
configured by a shift register, etc., and controls
column or unit pixel addresses and column or unit pixel
scanning of the ADCs 323-1 to 323-m in the column or
unit pixel processing portion 314. The N-bit digital
signals which have undergone AD conversion in the ADCs
323-1 to 323-m are read out 1n succession to the
horizontal output 1line 317 under the control afforded
by the column or unit pixel scanning circuit 316, and
these digital signals are output as imaging data via

the horizontal output line 317.

[0127]

It should be noted that circuits, etc. for implementing
various types of signal processing in relation to the
imaging data output via the horizontal output line 317
may also be provided in addition to the abovementioned
components, although such circuits are not specifically
illustrated Dbecause they are not directly related to
this embodiment. In the CMOS image sensor 310 equipped
with the column or unit pixel-parallel ADCs according
to this embodiment having the configuration described
above, the count results of the up/down counter 332 can
be selectively transferred to the memory device 334 via
the transfer switch 333, so counting operations of the
up/down counter 332 and readout operations for reading
out the count results of the up/down counter 332 to the
horizontal output line 17 can be independently

controlled.

[0128]
Operation of the CMOS image sensor 310 according to the

15th embodiment having the abovementioned configuration
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will be described next with the aid of the timing chart
in fig. 41.

[0129]

A description of the specific operation of the unit
pixels 311 will not Dbe given here, but, as 1is well
known, reset operations and transfer operations are
performed in the unit pixels 311: in a reset operation,
the potential of the FD portion when there has been a
reset to a predetermined potential is output from the
unit pixel 311 to the column or unit pixel signal lines
322-1 to 322-m as a reset component, and in a transfer
operation, the potential of the FD portion when a
charge produced by photoelectric conversion has been
transferred from the photoelectric conversion element
is output from the unit pixel 311 to the column or unit

pixel signal lines 322-1 to 322-m as a signal component.

[0130]

After a certain row or unit pixel 1 has been selected
by means of row or unit pixel scanning performed by the
row or unit pixel scanning circuit 313, and a first
readout operation from the unit pixel 311 for the
selected row or unit pixel i to the column or unit
pixel signal lines 322-1 to 322-m has stabilized, the
RAMP waveform reference voltage Vref is provided from
the DAC 351 to the comparators 331 of the ADCs 323-1 to
323-m, whereby the comparators 331 perform a comparison
operation of the reference voltage Vref and the signal
voltages Vx of the column or unit pixel signal 1lines
322-1 to 322-m. The clock CK 1is provided from the
timing control circuit 318 to the up/down counter 332
at the same time as the reference voltage Vref 1is
provided to the comparator 331, whereby the comparison
time 1in the comparator 331 for the first readout
operation 1s measured by means of a DOWN count

operation in the up/down counter 332.
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[0131]

The output Vco of the comparator 331 is reversed from
“H” level to “L” level when the reference voltage Vref
and the signal voltage Vx of the column or unit pixel
signal lines 322-1 to 322-m are equal. On receiving the
polarity reversal of the output Vco of the comparator
321, the wup/down counter 332 stops the DOWN count
operation and holds a counted value commensurate with
the first comparison period in the comparator 331. In
this first readout operation, as previously described,
a reset component AV of the unit pixel 311 is read out.
This reset component AV includes fixed pattern noise

which fluctuates for each unit pixel 311 as an offset.

[0132]

However, the fluctuation in this reset component AV is
generally small, and the reset level is also common to
all pixels, so the signal voltages Vx of the column or
unit pixel signal lines 322-1 to 322-m are already
roughly known. It 1is therefore possible to shorten the
comparison period by adjusting the reference voltage

Vref during the first readout of the reset component AV.

[0133]

In this embodiment, the reset component AV is compared
in a 7-bit count period (128 clock). In the second
readout operation, a signal component Vsig commensurate
with the amount of incident 1light on each unit pixel
311 is read out in addition to the reset component AV
by means of the same operation as the first operation
to read out the reset component AV. That 1is to say,
after the second readout from the unit pixel 311 for
the selected row or unit pixel i to the column or unit
pixel signal lines 322-1 to 322-m has stabilized, the
reference voltage Vref is provided from the DAC 351 to
the comparators 331 of the ADCs 323-1 to 323-m, whereby
the comparators 331 perform a comparison operation of

the reference voltage Vref and the signal voltages Vx
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of the column or unit pixel signal lines 322-1 to 322-m.
At the same time, the second comparison time in the
comparator 331 1is measured by means of an UP count
operation opposite to the first time in the up/down

counter 332.

[0134]

In this way, the counting operation of the up/down
counter 332 is performed by a DOWN count operation the
first time, and by an UP count operation the second
time, whereby subtraction processing of (second
comparison period) - (first comparison period) is
automatically performed in the up/down counter 332. The
polarity of the output Vco of the comparator 331 is
then reversed when the reference voltage Vref and the
signal voltage Vx of the column signal lines 322-1 to
322-m are equal, and the counting operation of the
up/down counter 332 1is stopped when this polarity
reversal 1s received. As a result, a counted wvalue
commensurate with the «result of the subtraction
processing of (second comparison period) - (first
comparison period) is held in the up/down counter 332.
It is the case that (second comparison period)-(first
comparison period) = (signal component Vsig + reset
component AV + offset component of ADC 323)-(reset
component AV + offset component of ADC 323) = (signal
component Vsig), and by means of the two readout
operations above and the subtraction processing in the
up/down counter 332, the offset component for each ADC
323 (323-1 to 323-m) 1is also removed in addition to the
reset component AV including the fluctuation in each
unit pixel 311, and therefore it is possible to extract
only the signal component Vsig commensurate with the

amount of incident light on each unit pixel 311.

[0135]
Here, the processing to remove the reset component AV

including the fluctuation in each unit pixel 311 1is
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known as CDS (Correlated Double Sampling) processing.
During the second readout, a signal component Vsig
commensurate with the amount of incident light is read
out, and therefore it 1is necessary to considerably vary
the reference voltage Vref 1in order to determine
magnitudes of the amount of light over a wide range.
For this reason, in the CMOS image sensor 310 according
to this embodiment, the readout of the signal component
Vsig is configured so that a comparison is made in a
10-bit count period (1024 clock). In this case, the
number of bits in the first comparison and the second
comparison are different, but by making the inclination
of the RAMP waveform of the reference voltage Vref the
same for the first time and the second time, the
accuracy of the AD conversion can be made equal, and
therefore the correct subtraction result can Dbe
obtained as the result of the subtraction processing of
(second comparison period)-(first comparison period)

performed by the up/down counter 332.

[0136]

After the abovementioned series of AD conversion
operations has been completed, an N-bit digital wvalue
is held in the up/down counter 332. The N-bit digital
values (digital signals) which have undergone AD
conversion in the ADCs 323-1 to 323-m in the column
processing portion 314 are then externally output in
succession via the horizontal output line 317 having an
N-bit width by means of column or unit pixel scanning
performed by the column or unit pixel scanning circuit
316. After this, a two-dimensional image is generated
by repeating the same operations in succession for each
row or unit pixel. Furthermore, in the CMOS image
sensor 310 equipped with the column or unit pixel-
parallel ADCs according to this embodiment, each of the
ADCs 323-1 to 323-m has a memory device 334, and
therefore, while the AD-converted digital wvalues for

unit pixels 311 in the ith row are being transferred to
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the memory device 34 and externally output from the
horizontal output line 317, the readout operation and
the UP/DOWN count operation can be implemented in

parallel for the unit pixels 311 in the i+1th row.

[0137]

According to this embodiment, in a solid-state imaging
device having a configuration in which analog signals
output from unit pixels wvia column signal lines are
converted to digital wvalues and read out, even if the
digital wvalues are added between a plurality of unit
pixels and read out so that the exposure time of the
unit pixels is shortened, the amount of information in
one pixel information item is not reduced as a result,
and therefore it is possible to achieve a higher frame

rate without this causing a drop in sensitivity.

[0138]

The wvia-contact portions (in the first, second and
third semiconductor chips) and the contact portions 847,
201 in all of the embodiments described above may be
formed by Cu, Al, W, WSi, Ti, TiN, silicide or

combinations thereof.

[0139]

Fig. 42 shows a 16t embodiment of the semiconductor
image sensor module according to the present invention.
Fig. 42 1is a schematic view in cross section showing
the configuration of a semiconductor image sensor
module on which a back-illuminated CMOS solid-state
imaging element is mounted. A semiconductor image
sensor module 400 according to this embodiment 1is
obtained, for example, by mounting a sensor chip 40la
constituting a back-illuminated CMOS solid-state
imaging element provided with an imaging pixel portion,
and a signal ©processing chip 402 provided with
peripheral circuitry for signal processing, etc. on an

interposer (intermediate substrate) 403.
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[0140]

The sensor chip 40la has an interlayer insulating layer
420 which 1is formed on a support substrate 430 and
embedded wiring layers 421 are embedded therein. A
semiconductor layer 412 is formed as a layer thereabove,
and a surface insulating film 411 is formed on a
surface thereof. A photodiode 414 constituting a
photoelectric conversion element and testing electrodes
413, etc. are formed in the semiconductor layer 412.
Furthermore, a portion of the embedded wiring layers
421 constitutes a gate electrode formed with a gate
insulating film interposed in relation to the
semiconductor layer 412, thus configuring an MOS
transistor 415. Additionally, support substrate via-
wiring 431 connected to the embedded wiring layers 421
is formed penetrating the support substrate 430, and
protruding electrodes (bumps) 432 protruding from the
surface of the support substrate 430 are formed on the
surface of the support substrate via-wiring 431. The
bumps (microbumps) 432 are protruding metal electrodes
formed by electrolytic plating, etc. on pads that are

smaller than normal pad electrodes used in wire bonding.

[0141]

The sensor chip 40la having the configuration described
above 1s what is known as a back-illuminated CMOS
solid-state imaging element, in which a signal charge
is generated when the photodiode 414 formed in the
semiconductor layer 412 is irradiated with 1light from
the surface insulating film 411 side, and the signal
charge is accumulated in the photodiode. The MOS
transistor 415 has functions of transferring the signal
charge accumulated in the photodiode 414 to an FD
portion, signal amplification, or resetting, etc. 1In
the configuration described above, the semiconductor
layer 1is obtained by thinning the Dback surface of a

semiconductor substrate, and the semiconductor layer
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has a structure which is bonded to the support

substrate 430 in order to stabilize the substrate shape.

[0142]

As described above, the CMOS solid-state imaging
element according to this embodiment constitutes a
back-illuminated solid-state imaging element in which a
plurality of pixels including photoelectric conversion
elements and field effect transistors are formed in the
semiconductor layer, the embedded wiring which 1is
connected to the plurality of pixels is formed in one
surface of the semiconductor layer, and the other
surface of the semiconductor layer forms a light-
receiving surface of the photoelectric conversion

elements.

[0143]

The sensor chip 40la described above is flip-chip
mounted on the interposer 403, in which wiring 440 and
an insulating layer 441 for insulating same are formed
on the surface, from the support substrate 430 side,
which 1s the opposite side to the 1light irradiation
side, so that lands formed by exposing parts of the
surface of the wiring from openings in the insulating

layer are bonded to the bumps.

Meanwhile, the signal processing chip 402 on which the
peripheral circuitry is formed is flip-chip mounted on

the interposer 403 by way of bumps, for example.

The semiconductor image sensor module 400 having the
configuration described above is used by being mounted
on another mounting substrate together with the
interposer 403, and electrically connected thereto by
means of wire bonding 442 or the like, for example. An
electrode PAD for evaluating the function of one chip
obtained by connecting the abovementioned sensor chip

(CMOS solid-state imaging element) 40la and the signal
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processing chip 402 is formed on the interposer 403,

for example.

[0144]

Fig. 43 is a block diagram showing the configuration of
an 1image sensor incorporating the CMOS solid-state
imaging element (corresponding to the semiconductor
image sensor module) according to this embodiment. Fig.
44 1is an equivalent <circuit diagram showing the
configuration of a pixel 1in the CMOS solid-state
imaging element according to this embodiment. The image
sensor according to this embodiment comprises: an
imaging pixel ©portion 512, a V selection means
(vertical transfer register) 514, an H selection means
(horizontal transfer register) 516, a timing generator
(TG) 518, S/H-CDS (sampling hold-correlated double
sampling) circuitry 520, an AGC portion 522, an A/D
conversion portion 524, and a digital amplifier portion
526, etc. For example, it 1is possible to employ a mode
in which the sensor chip 40la in fig. 42 is obtained by
assembling, on one chip, the imaging pixel portion 512,
the V selection means 514, the H selection means 516
and the S/H-CDS «circuitry 520, and the remaining
circuitry 1is assembled on the signal processing chip
402. Alternatively, it 1s also possible to employ a
configuration in which only the imaging pixel portion

512 is formed on the sensor chip 401la.

[0145]

The imaging pixel portion 512 comprises a large number
of pixels which are arranged in the form of a two-
dimensional matrix, and, as shown in fig. 44, each
pixel is provided with a photodiode (PD) 600
constituting a photoelectric conversion element for
generating and accumulating a signal charge
commensurate with the amount of light received, and is
further provided with four MOS transistors, namely: a

transfer transistor 620 for transferring the signal
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charge converted and accumulated by the photodiode 600
to a floating diffusion portion (FD portion) 610; a
reset transistor 630 for resetting the voltage of the
FD portion 610; an amplifying transistor 640 for
outputting an output signal corresponding to the
voltage of the FD portion 610; and a selection
(address) transistor 650 for outputting the output
signal of the amplifying transistor 640 to a vertical

signal line 660.

[0146]

In the pixel having this configuration, the signal
charge that has undergone photoelectric conversion in
the photodiode 600 is transferred to the FD portion 610
by means of the transfer transistor 220. The FD portion
610 is connected to a gate of the amplifying transistor
640, and the amplifying transistor 640 constitutes a
source follower with a constant-current source 670
provided externally to the imaging pixel portion 512,

and therefore, when the address transistor 650 1is
turned ON, a voltage commensurate with the voltage of
the FD portion 610 is output to the vertical signal
line 660. Furthermore, the reset transistor 630 resets
the voltage of the FD portion 610 to a fixed voltage (a
drive voltage Vdd in fig. 44) independent of the signal
charge. Furthermore, various types of drive wiring for
drive-controlling the MOS transistors are wired in a
horizontal direction into the imaging pixel portion 512,
the pixels 1in the imaging pixel portion 512 are
selected in succession in horizontal 1line (pixel row)

units in the wvertical direction by means of the V
selection means 514, and the MOS transistors of each
pixel are controlled by means of various types of pulse
signals from the timing generator 518, whereby signals
of the pixels are read out for each pixel column to the

S/H-CDS portion 520 via the vertical signal line 660.

[0147]
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The S/H-CDS portion 520 provides an S/H-CDS circuit for
each pixel column in the imaging pixel portion 512 and
performs signal processing such as CDS (correlated
double sampling) in relation to pixel signals read out
from each pixel column of the imaging pixel portion 512.
The H selection means 516 outputs the pixel signal from
the S/H-CDS portion 520 to the AGC portion 522. The AGC
portion 522 performs predetermined gain control in
relation to the pixel signal from the S/H-CDS portion
520 selected by the H selection means 516, and outputs
the pixel signal to the A/D conversion portion 524. The
A/D conversion portion 524 converts the pixel signal
from the AGC portion 522 from an analog signal to a
digital signal and outputs the converted signal to the
digital amplifier portion 526. The digital amplifier
portion 526 performs the required amplification and
buffering in relation to the digital signal output from
the A/D conversion portion 524, and provides output
from an external terminal which is not depicted. The
timing generator 518 also supplies various types of
timing signals to portions outside of the pixels in the

abovementioned imaging pixel portion 512.

[0148]

The semiconductor image sensor module (i.e., the CMOS
image sensor) 400 according to the 1lo6th embodiment
described above enables signals output from pixels of
the CMOS image sensor to be input to a signal
processing device directly via the microbumps in pixel
units or 1in units of multiple pixels, without the
signals output from the pixels being output to a pixel
peripheral circuit and then the output signals being
input to the signal ©processing device from pad
electrodes peripheral to the <chip, as 1is the case
conventionally. As a result, it 1is possible to provide
a high-functioning device which has a high signal
processing speed between devices and high performance,

with the image sensor and the signal processing device
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being constructed as a single chip. Furthermore, the
aperture ratio of the photodiode can be increased, the
chip utilization rate can be improved, and simultaneous

shuttering of all pixels can be achieved.

[0149]

A method for manufacturing the Dback-illuminated CMOS
solid-state 1imaging element according to the 16tk
embodiment will be described. As shown in fig. 45A, for
example, the insulating film 411, which will form a
surface insulating film 1in a subsequent process, 1is
first of all formed on the surface of a semiconductor
substrate 410 comprising silicon or the 1like, the
insulating film 411 comprising silicon oxide or the
like and being formed by means of a thermal oxidation
process or a CVD (chemical vapor deposition) process,
etc. The semiconductor layer 412 comprising silicon or
the 1like is further formed, for example, as a layer
above the insulating film 411 by means of a bonding
process or epitaxial growth, etc., for example, and an
SOI (semiconductor on 1insulator) substrate 1is formed.
Here, the testing electrodes 413 are formed in the

semiconductor layer 412 beforehand.

[0150]

Next, as shown in fig. 45B, for example, a pn junction
is formed by ion implantation of p-type conductive
impurity into the n-type semiconductor layer 412,
whereby the photodiode 414 is formed in the
semiconductor layer 412 as a photoelectric conversion
element, a gate electrode 1is further formed on the
surface of the semiconductor layer 412 with a gate
insulating film interposed, the MOS transistor 415 1is
formed Dby connecting the gate electrode to the
photodiode 414, etc., and a plurality of pixels having
the configuration described above are formed. The
interlayer insulating film 420 covering the MOS

transistor is further formed, for example. At this time,
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the embedded wiring layers 421 are formed while being
embedded in the interlayer insulating layer 420 so as
to be connected to the transistors and the

semiconductor layer 412, etc.

[0151]

Next, as shown in fig. 45C, for example, the support
substrate 430 comprising a silicon substrate or an
insulating resin substrate, etc. is bonded as a layer
above the interlayer insulating layer 420 by means of
thermocompression bonding employing a thermosetting

resin as an adhesive, etc.

[0152]
Next, as shown in fig. 46A, for example, the support
substrate 430 is thinned from the side opposite the
bonding surface by means of mechanical grinding or the
like.

[0153]

Next, as shown in fig. 46B, the support substrate via-
wiring 431 penetrating the support substrate 430 1is
formed so as to be connected to the embedded wiring
layers 421. The support substrate via-wiring 431 may be
formed, for example, by patterning a resist film using
a photolithography process and performing etching such
as dry etching so that openings reaching the embedded
wiring layers 421 are formed in the support substrate
430, and a low-resistance metal such as copper 1is

embedded in the openings.

[0154]

Next, as shown in fig. 47A, for example, the bumps 432
protruding from the surface of the support substrate
430 are formed on the surface of the support substrate
via-wiring 431 by means of a metal plating treatment or
the like.
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[0155]

Next, as shown in fig. 478, for example, the
semiconductor substrate 410 is thinned until the
photodiode 414 is capable of receiving light from the
semiconductor substrate 410 side of the SOI substrate.
For example, the semi-conductor substrate 410 is
thinned from the back surface side by means of
mechanical grinding or a wet etching treatment, etc.
until the insulating film 411 is exposed, the
insulating film 411 serving as a stopper. As a result,
the semiconductor layer 412 of the SOI substrate is
left. Here, the insulating film 412 exposed on the
surface is referred to as a surface insulating film. In
the drawing, the up-down relationship is opposite to
that shown in fig. 47A.

[0156]

The back-illuminated CMOS solid-state 1imaging element
(sensor chip) 40la according to this embodiment is
formed in the manner described above. An insulating
film is preferably further formed by means of a CVD
process, for example, on the back surface of the
semiconductor substrate (semiconductor layer 412)
obtained by thinning. This insulating film may be
provided for the purpose of protecting the silicon
surface on the back surface, while also functioning as

an antireflection film for incident light.

[0157]

The back-illuminated CMOS solid-state imaging element
(sensor chip) 40la formed in the manner described above
is flip-chip mounted on the interposer 03 with the
light-receiving surface side facing upward and the
bumps 432 interposed. For example, the lands or bumps
on the wiring of the interposer 403 and the bumps on
the support substrate of the sensor chip are
compression bonded at a lower temperature than the

melting point of the wiring used in the sensor chip
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40la and the signal processing chip 402, and at a
temperature at which the bumps are stably electrically
connected. Furthermore, for example, a module can also
be constructed by mounting the sensor chip 401la
directly over the signal processing chip 402, and the
method can be performed in the same way as described

above in this case also.

[0158]

Meanwhile, the signal processing chip 402 on which the
peripheral circuitry is formed is also likewise flip-
chip mounted on the interposer 403 with the bumps
interposed. By this means, the back-illuminated CMOS
solid-state imaging element (sensor chip) 40la and the
signal processing chip 402 are connected via the wiring

formed on the interposer 403.

[0159]

An image sensor incorporating the back-illuminated CMOS
solid-state imaging element according to this
embodiment may be manufactured in the manner described
above. Furthermore, the circuits of the sensor chip may
also be tested by using the testing electrodes 413
after the flip-chip mounting.

[0160]

By wvirtue of the method for manufacturing a back-
illuminated CMOS solid-state imaging element according
to this embodiment as described above, the
semiconductor substrate is thinned after the support
substrate has been bonded to maintain strength, and the
support substrate 1is furthermore thinned to form the
via-wiring, and therefore the electrodes can exit from
the support substrate rather than exiting from the back
surface of the semiconductor substrate, which enables a
back-illuminated CMOS solid-state imaging element to be
easily and simply manufactured with a configuration in

which the electrodes exit from the opposite side to the
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irradiation surface. Furthermore, since the electrodes
can be formed on the support substrate side, which is
the opposite side to the surface on which 1light is
incident, there is a greater degree of freedom in the
electrode arrangement, and a large number of microbumps
can be formed directly below the pixels and directly
below the periphery of the pixels without impairing the
aperture ratio of the CMOS image sensor. A high-
performance, high-functioning device can thus be
manufactured by thinning the Dback surface of the
semiconductor substrate and connecting the
semiconductor substrate with a mounting substrate such
as the interposer on which the bumps are formed, and
another semiconductor chip such as the signal

processing chip by means of bumps.

[0161]

A substrate such as an SOI substrate, for example, in
which an oxide film is formed in the substrate in
advance 1s preferred as the semiconductor substrate
because the oxide film in an SOI substrate can be used
as a stopper for wet etching when the semiconductor
substrate is thinned, which is preferable because a
uniform and flat semiconductor substrate can | Dbe

obtained after the thinning.

[0162]

Fig. 48 shows a 17t embodiment of the semiconductor
image sensor module according to the present invention.
Fig. 48 1is a schematic view in cross section showing
the configuration of a semiconductor image sensor
module on which a back-illuminated CMOS solid-state
imaging element is mounted. A semiconductor image
sensor module 401 according to this embodiment 1is
obtained, for example, by mounting a sensor chip 401b
constituting a back-illuminated CMOS solid-state
imaging element provided with an imaging pixel portion,

and the signal processing chip 402 provided with
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peripheral circuitry for signal processing, etc. on the
interposer (intermediate substrate 403, in the same way

as in the 16tt embodiment.

[0163]

The sensor chip 40l1b has the interlayer insulating
layer 420 which is formed on the support substrate 430

and the embedded wiring layers 421 are embedded therein.
The semiconductor layer 412 1is formed as a layer
thereabove, and surface insulating films (411, 419) are
formed on the surface thereof. The photodiode 414 and
testing electrodes 413, etc. are formed in the
semiconductor layer 412. Furthermore, a portion of the

embedded wiring layers 421 constitutes a gate electrode

formed with a gate insulating film interposed in
relation to the semiconductor layer 412, thus

configuring the MOS transistor 415. Furthermore,

semiconductor layer via-wiring 416 connected to the

embedded wiring layers 421 is formed penetrating the

semiconductor layer 412.

[0164]

Additionally, the support substrate via-wiring 431
penetrating the support substrate 430 1is formed, and
the protruding electrodes (bumps) 432 protruding from
the surface of the support substrate 430 are formed on
the surface of the support substrate via-wiring 431.
Meanwhile, for example, semiconductor layer insulating-
layer via-wiring 417 connected to the support substrate
via-wiring 431 is formed penetrating the semiconductor
layer 412 and the interlayer insulating layer 420, and
the semiconductor layer via-wiring 416 and the
semiconductor layer insulating-layer via-wiring 417 are
connected by means of connection wiring 418 formed on

the surface insulating film 411.

[0165]
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In this embodiment, the support substrate via-wiring
431 is configured to be connected to the embedded
wiring layers 421 via the semiconductor layer
insulating-layer via-wiring 417, the connection wiring
418, and the semiconductor layer via-wiring 416, as
described above, Dbut this 1is not 1limiting, and the
support substrate via-wiring 431 may equally Dbe
configured to be connected to the embedded wiring
layers 421 via some of this wiring, or directly without

the intermediary of said wiring.

[0166]

In the sensor <chip 40l1b having the configuration
described above, a signal charge is generated when the
photodiode 414 formed in the semiconductor layer 412 is
irradiated with light from the surface insulating film
(411, 419) side, and the signal charge is accumulated
in the photodiode. The sensor chip 401b constitutes a
back-illuminated solid-state imaging element in which a
plurality of pixels including photoelectric conversion
elements and field effect transistors are formed in the
semiconductor layer, the embedded wiring which 1is
connected to the plurality of pixels is formed in one
surface of the semiconductor layer, and the other
surface of the semiconductor layer forms a light-
receiving surface of the photoelectric conversion

elements.

[0167]

The sensor chip 401b described above 1is flip-chip
mounted on the interposer 403, in which the wiring 440
and the insulating layer 441 for insulating same are
formed on the surface, from the support substrate 430
side, which is the opposite side to the 1light
irradiation side, so that lands formed by exposing
parts of the surface of the wiring from openings in the

insulating layer are bonded to the bumps.
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[0168]

Meanwhile, the signal processing chip 402 on which the
peripheral circuitry 1is formed is flip-chip mounted on
the interposer Dby way of bumps, for example. The
semiconductor image sensor module 401 having the
configuration described above is used by being mounted
on another mounting substrate together with the
interposer 403, and electrically connected thereto by
means of wire bonding 442 or the like, for example. The
configuration of the 1image sensor incorporating the
CMOS solid-state imaging element (corresponding to the
semiconductor 1image sensor module) according to this
embodiment, and the pixel configuration are the same as

in the 16thF embodiment.

[0169]

The semiconductor image sensor module (i.e., the CMOS
image sensor) 401 according to the 17t embodiment
described above demonstrates the same advantages as in

the 16t" embodiment.

[0170]

A method for manufacturing the Dback-illuminated CMOS
solid-state 1imaging element according to the 17tk
embodiment will be described. As shown in fig. 49A, for
example, the insulating film 411, which will form a
surface insulating film 1in a subsequent process, 1is
first of all formed on the surface of the semiconductor
substrate 410 comprising silicon or the 1like, the
insulating film 411 comprising silicon oxide or the
like and being formed by means of a thermal oxidation
process or a CVD (chemical vapor deposition) process,
etc. The semiconductor layer 412 comprising silicon or
the 1like 1is further formed as a layer above the
insulating film 411 by means of a bonding process or
epitaxial growth, etc., for example, and an SOI
substrate is formed. Here, the testing electrodes 413

are formed in the semiconductor layer 412 beforehand.
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[0171]

Next, as shown in fig. 49B, for example, the photodiode

414 1is formed in the semiconductor layer 412 as a

photoelectric conversion element by ion implantation of

conductive impurity, a gate electrode is further formed

on the surface of the semiconductor layer 412 with a

gate insulating film interposed, the MOS transistor 415

is formed by connecting the gate electrode to

the

photodiode 414, etc., and a plurality of pixels having

the configuration described above are formed.
interlayer insulating film 420 covering the

transistor is further formed, for example. At this

The
MOS

time,

the embedded wiring layers 421 are formed while being

embedded in the interlayer insulating layer 420 so as

to be connected to the transistors and

semiconductor layer 412, etc.

[0172]

Meanwhile, the support substrate wiring
constituting the support substrate via-wiring
reaches to at least a predetermined depth from

surface of one main face of the support substrate

the

431
that
the
430

comprising a silicon substrate or an insulating resin

substrate, etc. is formed. Next, as shown in fig.

49C

the support substrate 430 is bonded as a layer above

the interlayer insulating layer 420 from the side of

the surface on which the support substrate wiring

is formed.

[0173]
Next, as shown in fig. 504, for example,
semiconductor substrate 410 is thinned until

photodiode 414 is capable of receiving light from

431

the
the
the

semiconductor substrate 410 side of the SOOI substrate.

For example, the semi-conductor substrate 410
thinned from the Dback surface side Dby means

mechanical grinding or a wet etching treatment,

is
of

etc.
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until the insulating film 411 is exposed, the
insulating film 411 serving as a stopper. As a result,
the semiconductor layer 412 of the SOI substrate is
left. In the drawing, the up-down relationship 1is

opposite to that shown in fig. 49C.

[0174]

Next, as shown in fig. 50B, the connection wiring for
connecting the support substrate wiring 431 and the
embedded wiring layers 421 is formed. Specifically, for
example, the semiconductor layer via-wiring 416
connected to the embedded wiring layers 421 is formed
penetrating the semiconductor layer 412. The
semiconductor layer insulating-layer via-wiring 417
connected to the support substrate via-wiring 431 is
formed penetrating the semiconductor layer 412 and the
interlayer insulating layer 420. The connection wiring
418 connecting the semiconductor layer via-wiring 416
and the semiconductor layer insulating-layer via-wiring
417 is formed. After this, the surface insulating film

419 serving as a protective film is formed.

[0175]

Next, as shown in fig. 51A, for example, the support
substrate 430 is thinned by means of mechanical
grinding, etc. from the opposite side to the bonding
surface until the support substrate wiring 431 1is
exposed, and the support substrate wiring 431 1is
rendered as the support substrate via-wiring

penetrating the support substrate 430.

[0176]

Next, as shown in fig. 51B, for example, the bumps 432
protruding from the surface of the support substrate
430 are formed on the surface of the support substrate
via-wiring 431 by means of a metal plating treatment or
the like. The back-illuminated CMOS solid-state imaging
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element (sensor chip) 401lb according to this embodiment

is formed in the manner described above.

[0177]

The back-illuminated CMOS solid-state imaging element
(sensor chip) 401b formed in the manner described above
is flip-chip mounted on the interposer 403 with the
light-receiving surface side facing upward and the
bumps 432 interposed. The signal processing chip 402 is
also likewise flip-chip mounted. The back-illuminated
CMOS solid-state imaging element (sensor chip) 401lb and
the signal processing chip 402 are connected via the
wiring formed on the interposer 403. An image sensor
incorporating the Dback-illuminated CMOS solid-state
imaging element according to this embodiment may be

manufactured in the manner described above.

[0178]

In this embodiment, the via-electrodes in the support
substrate and the embedded wiring formed on the
semiconductor substrate are connected by means of
wiring after the back surface of the semiconductor
substrate has been thinned, rather than the embedded
wiring and the via-electrodes being directly connected.
In this method, there 1is no need to perform wire
bonding because the connection to the signal processing
device uses the microbumps formed on the back surface
of the support substrate, so the size when a single

chip has been constructed can be further reduced.

[0179]

By virtue of the method for manufacturing a Dback-
illuminated CMOS solid-state imaging element according
to this embodiment as described above, the
semiconductor substrate is thinned after the support
substrate has been bonded to maintain strength, and the
support substrate is furthermore thinned to form the

via-wiring, which enables a Dback-illuminated CMOS
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solid-state 1imaging element to be easily and simply
manufactured with a configuration in which the
electrodes exit from the ©opposite side to the

irradiation surface.

[0180]

The semiconductor image sensor module (i.e., the CMOS
image sensor incorporating the CMOS solid-state imaging
element) 401 according to the 17t embodiment as
described above enables signals output from pixels to
be input to a signal processing device directly via the
microbumps 1in pixel wunits or in wunits of multiple
pixels. As a result, it is possible to provide a high-
functioning device which has a high signal processing
speed between devices and high performance, with the
image sensor and the signal processing device Dbeing
constructed as a single chip. Furthermore, the aperture
ratio of the photodiode can Dbe increased, the chip
utilization rate can Dbe improved, and simultaneous
shuttering of all pixels can be achieved. Furthermore,
there is no need for connection to a chip or wafer by
means of wire bonding, and therefore the size of the
chip can be reduced, the wafer yield can be improved,

and the cost of the chip can be reduced.

[0181]
The via-wiring of the 16t and 17tf embodiments
described above may be formed by Cu, Al, W, WSi, Ti,

TiN, silicide or combinations thereof.

[0182]

The present invention described with the aid of fig. 42
and 48 1s not limited to the descriptions of the 16th
and 17tF  embodiments above. For example, an SOI
substrate is used as the semiconductor substrate in the
embodiments above, but this is not limiting, and
thinning from the surface on the opposite side to the

surface on which the photodiodes and transistors are
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formed 1is also possible with the wuse of a normal
semiconductor substrate. Furthermore, the bumps formed
protruding from the support substrate may be formed
over the whole surface area of the chip, and it is
equally possible for independent bumps to be formed on
each pixel of the CMOS image sensor and to be connected
to the interposer, etc. to enable readout for each
pixel, for example. Various modifications in addition
to the above are possible within a scope that does not
depart from the essential ©point of the ©present

invention.

[0183]

The semiconductor image sensor module according to the
first-17th embodiments described above is applied to a
camera module used in a digital still camera, a video
camera, or a camera-equipped cellular telephone, for
example. The semiconductor image sensor module 1is
further applied to an electronic device module used in

an electronic device, etc.

[0184]

The semiconductor image sensor described above was
configured to comprise a back-illuminated CMOS image
sensor, but it may also be configured to comprise the

front-illuminated CMOS image sensor of fig. 27.

Key to Symbols

[0185]

1.. CCD image sensor, 2.. Imaging region, 3.. Light-
receiving sensor, 4.. Vertical transfer register, 5..
Horizontal transfer register, 6.. Output portion, 7.
Readout gate portion, 11.. CMOS image sensor, 12.. Pixel,
13.. Imaging region, 14.. Control portion, 15.. Vertical
drive circuit, 1l6.. Column portion, 17.. Horizontal drive
circuit, 18.. Output circuit, 19.. Column signal

processing circuit, 20.. Horizontal signal line,
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21.. Vertical signal 1line, 31.. CMOS image sensor, 32..
Photodiode/sensor circuit region, 33.. ADC/memory region,
35.. n-type semiconductor substrate, 36.. p-type
semiconductor well region, 37.. Pixel separation region,

38.. Unit pixel, 41.. Color filter, 42.. On-chip microlens,
43... Interlayer insulating film,

441, 442, 443.. Wiring, 47.. pt+ semiconductor region,

51, 99, 100.. Semiconductor image sensor module, 52..
First semiconductor chip comprising image sensor, 53..
Second semiconductor chip comprising analog/digital
converter array, 54.. Third semiconductor chip
comprising memory elements array, 55.. Fourth
semiconductor chip comprising analog non-volatile
memory array, 56.. Transistor-forming region, 57...
Photodiode-forming region, 6l1.. n-type silicon substrate,
62.. Pixel separation region, 63.. p-type semiconductor
well region, 64... Source/drain region, 65... Gate
insulating film, 66.. Gate electrode, 68a.. nt+ charge
accumulation region, 68b.. n-type semiconductor region,

69.. p* semiconductor region, 71.. Passivation film, 72..
Color filter, 73.. On-chip microlens, 76.. Interlayer
insulating film, 77.. Multilayer wiring, 78.. Multilayer
wiring layer, 81, 82.. Pad, 83.. Microbump, 84.. Via-
contact portion, 84, 201.. Contact portion, 86.. Pixel
array block, 86a.. Pixel, 87.. AD converter, 88.. Memory
element sub-array, 89.. Bit for parity checking, 90..
Redundant bit, 93.. Sense amplifier, 94X.. X decoder,

94Y.. Y decoder, 101.. Floating-gate non-volatile memory,

102.. Semiconductor substrate, 103.. Source region, 104..
Drain region, 105.. Floating gate, 106.. Control gate,

111.. MONOS non-volatile memory, 112.. Semiconductor
substrate, 113.. Source region, 114.. Drain region, 115..
Tunnel oxide film, 116.. Si3N4 charge trapping layer,

117.. Trap oxide film, 118.. gate polyelectrode, 121..
Pixel array, 122.. A/D converter array,

123.. Memory array, 124. Digital signal processor,

125.. Control circuit, 130.. Memory cell circuit, 131..
Memory capacitor, 132.. Writing switch, 133.. Writing
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dummy switch, 134.. Writing D-type flip-flop, 135..
Readout switch, 136.. Readout D-type flip-flop, 141.. p-
type semiconductor substrate, 142.. Element separation
region, 143.. n-type source region, 144.. n-type drain
region, 145.. Gate electrode, 146.. p-type region, 147..
n-type semiconductor well region, 148.. p-type source
region, 149.. p-type drain region, 150.. Gate electrode,
151.. n-type region,

153.. First electrode, 154.. Dielectric film, 155.. Second
electrode,

156.. Interlayer insulating film, 157.. Conduction plug,
158.. Wiring, 16l.. Analog memory cell, 162.. Writing
control signal input line, 163.. Readout control signal
input line, 164.. Pixel array block, 165.. A/D converter,
170.. Wiring layer, 172.. Silicon substrate, 173.. Element
separation region,

174, 175, 176.. Source/drain region, 177, 178.. Word line,
179.. Conduction plug, 180.. Bit 1line, 181l.. Sense line,
182, 183.. Variable-resistance multivalued memory
element, 184.. Memory material, 185, 186.. Pt electrode,
le66, 167, 168, 169, 187, 188, 189, 190.. Semiconductor
image sensor module, 193.. Second semiconductor chip,
196.. First semiconductor chip, 197.. Second
semiconductor chip, 191, 192, 194, 198, 199..
Semiconductor image sensor module, 200, 261, 300...
Semiconductor image sensor module, 210.. Photodiode,
212.. Transfer transistor, 214.. Amplifying transistor,
220.. Reset transistor, 262.. Semiconductor chip,

263 (263A, 263B).. Pixel, 264.. Imaging region, 265, 266..
Peripheral circuit, 311.. Unit pixel, 312.. Pixel array
portion, 313.. Row or unit pixel scanning circuit, 314..
Column or unit pixel processing portion, 315.. Reference
voltage supply portion, 316.. Column or unit pixel
scanning circuit, 317.. Horizontal output 1line, 318..
Timing control circuit, 319.. Chip, 356.. Transistor-
forming region, 400.. Semiconductor image sensor module,
40la, 402b.. Sensor chip, 402.. Signal processing chip,

403.. Interposer, 410.. Semiconductor substrate, 411..
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(Surface) insulating film, 412.. Semiconductor layer,
413.. Testing electrode, 414.. Photodiode (photoelectric
conversion element), 415.. Transistor, 416..
Semiconductor layer via-electrode, 417.. Semiconductor
layer insulating-layer via-wiring, 418.. Connection
wiring, 419.. Surface insulating film, 420.. Interlayer
insulating layer, 421.. Embedded wiring, 430.. Support
substrate, 431.. Support substrate via-wiring (support
substrate wiring), 432.. Bump (protruding electrode),
440.. Wiring, 441.. Insulating layer, 442.. Wire bonding,
512.. Imaging pixel portion, 514.. V selection means,
516.. H selection means, 518.. Timing generator (TG),
520.. S/H-CDS circuitry, 522.. AGC portion, 524.. A/D
conversion portion, 526.. Digital amplifier portion,
600.. Photodiode (PD), 610.. Floating diffusion portion
(FD portion), 620.. Transfer transistor, ©30.. Reset
transistor, 640.. Amplifying transistor, 650.. Address
transistor, 660.. Vertical signal 1line, 660, 670...

Constant-current source
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CLAIMS
[1] A semiconductor image sensor module characterized
by being configured by stacking:
a first semiconductor chip comprising an image sensor
in which a plurality of pixels are regularly arranged,
and each of the pixels is configured by a photoelectric
conversion element and a transistor; and
a second semiconductor chip comprising an
analog/digital converter array which comprises a

plurality of analog/digital converters.

[2] The semiconductor image sensor module as claimed in
claim 1, characterized by being configured by further
stacking a third semiconductor chip comprising a memory
element array which comprises at least a decoder and a

sense amplifier.

[3] The semiconductor image sensor module as claimed in
claim 2, characterized in that the first and second
semiconductor chips are arranged in proximity to the
third semiconductor chip so that a plurality of
photoelectric conversion elements and a plurality of

memory elements share a single analog/digital converter.

[4] The semiconductor image sensor module as claimed in
claim 3, characterized in that the memory element is a

volatile memory.

[5] The semiconductor image sensor module as claimed in
claim 3, characterized in that the memory element is a

floating-gate non-volatile memory.

[6] The semiconductor image sensor module as claimed in
claim 3, characterized in that the memory element is a

MONOS non-volatile memory.
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[7] The semiconductor image sensor module as claimed in
claim 3, characterized in that the memory element is a

multivalued non-volatile memory.

[8] The semiconductor image sensor module as claimed in
claim 2, characterized in that a memory bit for parity

checking is provided in the memory element array.

[9] The semiconductor image sensor module as claimed in
claim 2, characterized in that a spare bit for defect

recovery 1is provided in the memory element array.

[10] A semiconductor image sensor module characterized
by being configured by stacking:

a first semiconductor chip comprising an image sensor
in which a plurality of pixels are regularly arranged,
and each of the pixels is configured by a photoelectric
conversion element and a transistor; and

a fourth semiconductor chip comprising an analog non-
volatile memory array which comprises a plurality of
analog non-volatile memories,

an amount of information commensurate with an
accumulated charge amount being stored by means of the

analog non-volatile memories.

[11] A method for manufacturing a semiconductor image
sensor module, characterized by comprising:

a step of forming a first semiconductor chip comprising
an image sensor in which a plurality of pixels, each of
which 1is configured by a photoelectric conversion
element and a transistor, are regularly arranged 1in a
two-dimensional form;

a step of forming a second semiconductor chip
comprising an analog/digital converter array which
comprises a plurality of analog/digital converters; and
a step of stacking the first semiconductor chip and the
second semiconductor chip and bonding the pixels of the

image sensor and the analog/digital converters, with
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the analog/digital converters facing downward, by means
of bumps, or connecting the pixels and the
analog/digital converters by via-holes penetrating a

wafer vertically in relation to an LSI chip plane.

[12] The method of manufacturing a semiconductor image
sensor module as claimed in claim 11, characterized by
comprising:

a step of forming a third semiconductor chip having a
memory element array comprising at least a decoder and
a sense amplifier; and

a step of stacking the first semiconductor chip, the
second semiconductor chip and the third semiconductor
chip, and connecting the pixels of the image sensor
with the memory wvia the analog/digital converters, by
means of via-holes penetrating the wafer perpendicular

to a wafer plane.

[13] A method for manufacturing a semiconductor image
sensor module, characterized by comprising:

a step of forming a first semiconductor chip comprising
an image sensor in which a plurality of pixels, each of
which 1is configured by a photoelectric conversion
element and a transistor, are regularly arranged 1in a
two-dimensional form;

a step of forming a fourth semiconductor chip
comprising an analog non-volatile memory array which
comprises a plurality of analog non-volatile memories;
and

a step of stacking the first semiconductor chip and the
fourth semiconductor chip and connecting the pixels of

the image sensor with the analog non-volatile memories.
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[Fig. 3]

FIG. 3
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[Fig. 6]
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[Fig. 9]
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[Fig. 11]
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[Fig. 13]
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